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FOREWORD

The general philosophy underlying this Power Piping Code is to parallel those provisions of
Section I, Power Boilers, of the ASME Boiler and Pressure Vessel Code, as they can be applied
to power piping systems. The Allowable Stress Values for power piping are generally consisten

with those assigned for power boilers. This Code is more conservative than some other piping
codes, reflecting the need for long service life and maximum reliability in power plant installations

The Power Piping Code as currently written does not differentiate among the design, fabrication
and erection requirements for critical and noncritical piping systems, except for certain stress
calculations and mandatory nondestructive tests of welds for heavy wall, high"temperaturg
applications. The problem involved is to try to reach agreement on how to evaluate criticality]
and to avoid the inference that noncritical systems do not require competence infdesign, fabrication
and erection. Someday such levels of quality may be definable, so that the\rieed for the many
different piping codes will be overcome.

There are many instances where the Code serves to warn a designer, fabricator, or erector
against possible pitfalls; but the Code is not a handbook, and canfiot substitute for education
experience, and sound engineering judgment.

Nonmandatory Appendices are included in the Code. Eagh'contains information on a specifig
subject, and is maintained current with the Code. Although written in mandatory language, thesg
Appendices are offered for application at the user’s diseretion.

The Code never intentionally puts a ceiling limit onzconservatism. A designer is free to specify
more rigid requirements as he feels they may be justified. Conversely, a designer who is capable
of a more rigorous analysis than is specified in the Code may justify a less conservative design
and still satisfy the basic intent of the Code;

The Power Piping Committee strives to kéep abreast of the current technological improvements
in new materials, fabrication practices, ‘and testing techniques; and endeavors to keep the Codsg
updated to permit the use of acceptable new developments.

vii
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INTRODUCTION

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

requirements, and the applicability of other codes and
standards. All applicable requirements of the selected
Code Section shall be met. For some installations, more

ASME C¢mmittee B31, Code for Pressure Piping.

Rules for each Section have been developed consider-
ing the n¢ed for application of specific requirements for
various types of pressure piping. Applications consid-
ered for ¢ach Code Section include

B31.1  [Power Piping: piping typically found in elec-
tric power generating stations, in industrial
and institutional plants, geothermal heating
ystems, and central and district heating and
cooling systems

Process Piping: piping typically found in
petroleum refineries; chemical, pharmaceuti-
cal, textile, paper, semiconductor, and cryo-
cenic plants; and related processing plants
pnd terminals

Pipeline Transportation Systems for Liquids
pnd Slurries: piping transporting products
that are predominately liquid between plants
pnd terminals and within terminals, pump-
ing, regulating, and metering stations
Refrigeration Piping and Heat Transfer
Components: piping for refrigerants arnd
secondary coolants

(Gas Transmission and Distributien Piping
Systems: piping transporting products that
pre predominately gas between sources and
terminals, including compressor, regulating,
pnd metering stationg;"and gas gathering
pipelines

Building Services-Riping: piping typically
found in industftal, institutional, commercial,
and public buildings, and in multi-unit resi-
dences, syhich does not require the range of
Sizes spressures, and temperatures covered in
B31%1

Hvdrogen Piping and Pipelines: piping in

B31.3

B31.4

B31.5

B31.8

B31.9

B31.12

than one Code Section may apply to different parts pf the
installation. The owner is also responsible for imppsing
requirements supplementary to those of the selected
Code Section, if necessary, to assure safe\piping f¢r the
proposed installation.

Certain piping within a facility miay-be subject tojother
codes and standards, including,but not limited tq

— ASME Boiler and Pressure\Vessel Code, Sectign III:
nuclear power piping

— ANSI Z223.1/NFPAY54 National Fuel Gas Code:
piping for fuel gas from the point of delivery tp the
connection of each/fuel utilization device

— NFPA FireFProtection Standards: fire protectiof sys-
tems usingswater, carbon dioxide, halon, foam|, dry
chemicalg.and wet chemicals

— NEPA 85 Boiler and Combustion Systems Hafards
Code

+building and plumbing codes, as applicable, for[pota-
ble hot and cold water, and for sewer and drain sy$tems

The Code sets forth engineering requirements depmed
necessary for safe design and construction of prgssure
piping. While safety is the basic consideration, this factor
alone will not necessarily govern the final specificgtions
for any piping system. The designer is cautioned that
the Code is not a design handbook; it does not elinjinate
the need for the designer or for competent engindering
judgment.

To the greatest possible extent, Code requiremerits for
design are stated in terms of basic design principles and
formulas. These are supplemented as necessary|with
specific requirements to ensure uniform application of
principles and to guide selection and application of pip-
ing elements. The Code prohibits designs and praftices
known to be unsafe and contains warnings wher¢ cau-
tion, but not prohibition, is warranted.

The specific design requirements of the Code ugually

gaseous and liquid hydrogen service, and
pipelines in gaseous hydrogen service

This is the B31.1 Power Piping Code Section. Hereafter,
in this Introduction and in the text of this Code
Section B31.1, where the word Code is used without
specific identification, it means this Code Section.

It is the owner’s responsibility to select the Code
Section that most nearly applies to a proposed piping
installation. Factors to be considered by the owner
include limitations of the Code Section, jurisdictional

Xii

revolve-around-a-simplified-engineering-approach to a
subject. It is intended that a designer capable of applying
more complete and rigorous analysis to special or
unusual problems shall have latitude in the develop-
ment of such designs and the evaluation of complex or
combined stresses. In such cases the designer is responsi-
ble for demonstrating the validity of his approach.

This Code Section includes the following:

(a) references to acceptable material specifications
and component standards, including dimensional
requirements and pressure—temperature ratings
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(b) requirements for design of components and
assemblies, including pipe supports

(c) requirements and data for evaluation and limita-
tion 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

to be generally applicable. However, it is cautioned that
supplementary requirements to the Section chosen may
be necessary to provide for a safe piping system for
the intended application. Technical limitations of the
various Sections, legal requirements, and possible appli-
cability of other codes or standards are some of the
factors to be considered by the user in determining the
applicability of any Section of this Code.

The Committee has established an orderly procedure

erectfon ot piping

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

(g)| requirements for operation and maintenance of
pipinjg systems

It if intended that this edition of Code Section B31.1
not be retroactive. Unless agreement is specifically made
betwpen 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] to the original contract date for the first phase of
activjty covering a piping system or systems shall be
the gpverning document for all design, materials, fabri-
catiop, erection, examination, and testing for the piping
until|the completion of the work and initial operation.

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

Cofle users will note that clauses in the Code are not
necegsarily numbered consecutively. Such discontinu-
ities tesult from following a common outline, insofar as
practicable, for all Code Sections. In this way corres-
ponding material is correspondingly numbered in most
Codgq Sections, thus facilitating reference by those who
have|occasion to use more than one‘Section.

The¢ Code is under the direction 'of ASME Committee
B31, [Code for Pressure Piping, which is organized and
operates under procedures-of-The American Society of
Mechanical Engineers which have been accredited by
the American Natienal Standards Institute. The
Comjmittee is a cofitinuing one, and keeps all Code
Sectipns current.with new developments in materials,
consfruction,and industrial practice. New editions are
published atiintervals of two to five years.

When@me Section of the ASME Code for Pressure
Piping,\specifically covers a piping system, at the user’s

toconsider Tequests for interpretatiomand Tevision of
Code requirements. To receive consideration)| inquiries
must be in writing and must give full (particplars (see
Mandatory Appendix H covering preparation|of techni-
cal inquiries). The Committee will notrespond|to inquir-
ies requesting assignment of a Cede Section t¢ a piping
installation.

The approved reply to an(inquiry will be seft directly
to the inquirer. In addifion, the question and peply will
be published as part.of an Interpretation Supplement
issued to the applicable Code Section.

A Case is the prescribed form of reply to an inquiry
when studyindicates that the Code wording n¢eds clari-
fication or’ when the reply modifies existing require-
ments Jof. the Code or grants permission to| use new
matetials or alternative constructions. The Case will be
published as part of a Case Supplement issyed to the
applicable Code Section.

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

Materials are listed in the Stress Tables oply when
sufficient usage in piping within the scope of{the Code
has been shown. Materials may be covered Hy a Case.
Requests for listing shall include evidence of sdtisfactory
usage and specific data to permit establishment of allow-
able stresses, maximum and minimum temperpture lim-
its, and other restrictions. Additional critesjia can be
found in the guidelines for addition of new [materials
in the ASME Boiler and Pressure Vessel Code, pection II.
(To develop usage and gain experience, unlistgd materi-
als may be used in accordance with para. 123.1.)

Requests for interpretation and suggestiong for revi-
sion should be addressed to the Secretary, ASME B31
Committee, Two Park Avenue, New York, NY

action to
effective

discretion, he/she may select any Section determined

xiii

10016-5990.
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ASME B31.1-2016
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.1-2016

fvas approved by the American National Standards Institute on May 31, 2016.
Changes given below are identified on the pages by a margin note, (16), placed next to the
hffected area.
Page Location Change
i1 Introduction (1) Second paragraph revised
(2) Footnote deleted
1-12 100.1.2 In subpara. (A), third and last paragraphs
revised
Fig. 100.1.2(B.1) Fig. 100.1.2(B) redesignated as
Fig. 100.1.2(B.1)
Fig. 100.1.2(B.2) Added
Fig. 100.1.2(B.3) Added
100.1.4 Revised
100.2 (1) Definitions of alteration, cold spring,
failure, failure analysis, and repair
added
(2) Definitions of component and covered
piping systems (CPS) revised
(3) For stresses, subdefinitions rearranged
15 101.7.2 Revised
19 102.4.6 In subpara. (A), first paragraph revised
D1, 24 104.1.2 Subparagraphs (C.3.1) and (C.3.2) revised
Table 104.1.2(A) Row for UNS No. N06690 added
D5, 31 104.3.1 (1) DN values added in 13 places
(2) In subpara. (C.2), cross-references
revised
B2, 33 104.5.1 In subpara. (A), first two paragraphs
revised
B4, 35 104.8 Revised
10481 Nomenctature for S;, Tevised
104.8.3 Revised
38 107.4 Revised
41, 43 Table 112 General Note (c) revised
48 119.7.3 Second paragraph revised
119.10.1 Nomenclature for S;, revised
50 1214 First paragraph revised
Table 121.5 Column for Diameter Nominal added

Xiv
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Page Location Change
51 121.7.2 In subpara. (A), first paragraph revised
53 122.1.1 In subparas. (E), (F), and (H), DN values
added
55-58 122.1.7 Subparagraphs (B.5), (C.5), and (C.12)
revised
59 122.3.2 Subparagraph (A.1) revised
60 122.3.6 Subparagraph (A.5) revised
74-80 Table 126.1 (1) API 570 added
(2) For MSS SP-45, SP-51, SP-61;.SP-75,
SP-83, and SP-95, titles retrised
(3) ASME B31] added
(4) For AWS QCl, title’revised
84-91 127.4.8 Subparagraph (F) révised
Fig. 127.4.8(E) Note (4) revised
Fig. 127.4.8(F) Title revised
Fig. 127.4.8(G) Title revised
127.4.10 Revised
94 129.3.3 First paragraph revised
129.3.3.1 Revised in its entirety
95 Table 129.3.3.1 Added
129.3.4.5 Revised
9% Table 129.3.4.1 (1) Row for Grade 690 added
(2) In last row, Grade deleted
(3) Note (2) revised
97, 98 132.1.1 Revised
100, 103 132.4.2 In subparagraph (E), equation revised
104 132.6 Subparagraph (B) revised
106 136.1.4 Revised in its entirety
107-109 136.3.2 Last paragraph revised
136.4.2 First paragraph revised
136.4.3 First paragraph revised
Table 136.4 (1) Seven DN values added
(2) General Note (b) revised
(3) Note (5) redesignated as (6), and new
Note (5) added
136.4.4 First paragraph revised
110 136.4.5 First paragraph revised
136.4.6 First paragraph revised
114 138 Last paragraph revised
139 Subparagraph (E) revised
140 Third paragraph added

XV
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Page
115, 116
140, 141

142, 143
144, 145

Location
141
Table A-3

Table A-3
Table A-3

Change
Revised in its entirety

Under Seamless Pipe and Tube,
Austenitic, A312 N08904 added

A312 TP317LMN added

(1) Under Ferritic/Austenitic, A789 and
A790 S32101 added

148, 149

150, 151

156, 157

158, 159

162, 163

164, 165

Table A-3

Table A-3

Table A-3

Table A-3

Table A-3

Table A-3

Tall A2

(2) For A789 2205, Type or Grade revised

(3) For A790 2205, Type or Grade,
Specified Minimum Tensile, and stress
values revised

Under Welded Pipe and Tube<— Without
Filler Metal, Austenitic, A312 N08904
and TP317LMN added

(1) Under Ferritic/ Austenitic, A789 and
A790 S32101 added

(2) For A789 2205, Type or Grade revised

(3) For A790-2205, Type or Grade,
Specified ‘Wlinimum Tensile, and stress
values, revised

(1) Under Welded Pipe — Filler Metal
Added, Ferritic/ Austenitic, A928 2205
added

(2) Under Plate, Sheet, and Strip,
Austenitic, A240 N08904 added

(1) A240 317LMN added

(2) Under Ferritic/ Austenitic, A240
S32101 added

(3) For A240 2205, Type or Grade,
Specified Minimum Tensile, and stress
values revised

(4) Under Forgings, Austenitic, A182
F904L added

Under Fittings (Seamless and Welded),
Austenitic, for A403 WP304 and
WP304H, Notes revised

(1) A403 WPS31726 added
(2) Under Ferritic/ Austenitic, A815
S32101 added

470 NINoQN4
TNUO

170, 171

TaDTC 7Y

Table A-3

Table A-4

XVi

Il d 2 A £ sk A |
OO CT Dot 7y asteratrc, 7t/ UT arrcr

317LMN added

(1) Under Ferritic/ Austenitic, A479
532101 and 2205 added
(2) Note (23) revised

(1) Under Seamless Pipe and Tube, B167
N06690 added

(2) For B444 N06625, Notes revised, and
stress values for 1,150°F and 1,200°F
deleted
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Page
174, 175

Location

Table A-4

Change

(1) Under Welded Pipe and Tube, for
B704 and B705 N06625, Notes revised,
and stress values for 1,150°F and
1,200°F deleted

(2) Under Plate, Sheet, and Strip, B168
N06690 added

(3) For B443 N06625, Notes revised, and

176, 177

178, 179

181
182, 183

188, 189

Table A-4

Table A-4

Table A-4
Table A-5

Table A-7

stress vatues for 1;150°F and 1;206°F

deleted

(1) Under Bars, Rods, Shapes, and
Forgings, B166 N06690 added

(2) For B446 and B564 N06625, Notes
revised, and stress valties’for 1,150°F
and 1,200°F deleted

Under Welded Fittings, for B366 N06625,
Notes revisedj-and stress values for
1,150°F and:41,200°F deleted

Note (23).added

(1) Column for —20°F to 650°F deleted

(2) \Under Gray Cast Iron, for A126
Classes A, B, and C, Notes revised

(3) For A278 Classes 40 through 60,
stress values added

(4) Under Ductile Cast Iron, for A395
60-40-18, Ab36 60-42-10, and A536
70-50-05, stress values added

(1) Under Drawn Seamless Tube, for
B210 A96061 T4, stress value for 250°H
revised

(2) For B210 A96061 Té6, stress values for
250°F and 300°F revised

(3) For B210 A96061 T4, T6 welded,
Specified Minimum Yield deleted and
first four stress values revised

(4) Under Seamless Pipe and Seamless
Extruded Tube, for B241 A95083
H112, Notes revised

(5) For B241 A96061 T4, stress value for
250°F revised

(6) For first B241 A96061 T6, Size or
Thickness and stress value for 250°F

Xvii

Tevised

(7) For second B241 A96061 T6, Size or
Thickness, Notes, and stress values
for 250°F and 300°F revised

(8) For B241 A96061 T4, T6 welded,
Specified Minimum Yield deleted and
first four stress values revised

(9) Under Drawn Seamless Condenser
and Heat Exchanger Tube, for B234
A96061 T4, stress value for 250°F
revised
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Page

190, 191

Location

Table A-7

Change

(10) For B234 A96061 T6, stress values
for 250°F and 300°F revised

(11) For B234 A96061 T4, T6 welded,
Specified Minimum Yield deleted and
first four stress values revised

(1) Under Arc-Welded Round Tube, eight
B547 A96061 lines referencing

192, 193

195

P08, 209

Table A-7

Table A-7

Table A-10

XViii

Note(25)added

(2) Under Sheet and Plate, for B209
A96061 T4, Size or Thickness and
stress value for 250°F revised

(3) For B209 A96061 T451, stress yalue
for 250°F revised

(4) For B209 A96061 T4 welded) Size or
Thickness revised, Specified
Minimum Yield deleted, and first four
stress values revised

(5) For B209 A96061 T451 welded,
Specified Minimum Yield deleted and
first four~stress values revised

(6) For B209 'A96061 T6 and T651, stress
valueMor 250°F revised

(7) ForB209 A96061 T6 welded and T651
welded, Specified Minimum Yield
deleted and first four stress values
revised

(1) Under Die and Hand Forgings, for
B247 A96061 T6, stress value for 250°F
revised

(2) For B247 A96061 T6 welded, Specified
Minimum Yield deleted and first four
stress values revised

(3) Under Rods, Bars, and Shapes, for
B221 A96061 T4 and T6, stress value
for 250°F revised

(4) For A96061 T4 welded and T6
welded, Specified Minimum Yield
deleted and first four stress values
revised

(1) Note (17) revised

(2) Notes (24) and (25) added

Under Stainless Steels, Austenitic, for

A453 660, stress values for 200°F

through 1,000°F added

O CWCT

added

(2) Editions updated for ASTM A240/
A240M, A312/A312M, A403/A403M,
A479/A479M, A789/A789M, A790/
A790M, A928/A928M, B166, B167,
and B168

(3) Editions updated for 16 MSS
standard practices

(4) API 570 and ASME B31] added

(5) List of organizations updated
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Page Location Change

237-243 Mandatory Appendix G (1) D,, q, and AT deleted
(2) References updated for D,, d,, f, N,
NEI Ni/ R SC/ Sh/ Slp/ SA/ and SE

(3) g; added

298 IV-5.2 Second paragraph revised

Table IV-5.2 SI units added

IV-5.3 Revised
301 V-3.1 Revised

V-4 First paragraph revised
302, 303 V-6 Revised in its entirety
309 V-10 Revised in its entirety

312 V-14 Added

XiX
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ASME B31.1-2016

POWER PIPING

Chapter |

100 | GENERAL

This Power Piping Code is one of several Sections of
the American Society of Mechanical Engineers Code for
Presqure Piping, B31. This Section is published as a sepa-
rate document for convenience.

Stapdards and specifications specifically incorporated
by reference into this Code are shown in Table 126.1. It
is nof considered practical to refer to a dated edition of
each [of the standards and specifications in this Code.
Instepd, the dated edition references are included in an
Addé¢nda and will be revised yearly.

100.1 Scope

Rules for this Code Section have been developed con+
siderfng the needs for applications that include piping
typicplly found in electric power generating statighs, in
indugtrial and institutional plants, geothermall/heating
systems, and central and district heating and’ cooling
systems.

100.1.1  This Code prescribes requirements for the
design, materials, fabrication, erection, test, inspection,
operation, and maintenance of piping systems.

Piping as used in this Code)includes pipe, flanges,
bolting, gaskets, valves;pressure-relieving valves/
deviges, fittings, and _the\pressure-containing portions
of other piping components, whether manufactured in
accotdance with Staridards listed in Table 126.1 or spe-
cially designedsIt also includes hangers and supports
and jother equipment items necessary to prevent
overgtressing the pressure-containing components.

Ruleszgoverning piping for miscellaneous appurte-

Scope and Definitions

100.1.2 Power piping systems as cover¢d by this
Code apply to all piping and)their comporjent parts
except as excluded in para:,100.1.3. They influde but
are not limited to steams:Water, oil, gas, and aif services.

(A) This Code coversboiler external piping s defined
below for power ¢boilers and high-temperatiyire, high-
pressure water boilers in which steam or vapof is gener-
ated at a pressure of more than 15 psig [100 kHa (gage)];
and high{temperature water is generated at [pressures
exceeding 160 psig [1 103 kPa (gage)] and/or|tempera-
tures<exceeding 250°F (120°C).

Boiler external piping shall be considered jps piping
that begins where the boiler proper terminat¢s at

(1) the first circumferential joint for welding end
connections; or
(2) the face of the first flange in bolteql flanged
connections; or
(3) the first threaded joint in that type gf connec-
tion; and that extends up to and including the valve or
valves required by para. 122.1.

The terminal points themselves are considerpd part of
the boiler external piping. The terminal point§ and pip-
ing external to power boilers are illustrated by
Figs. 100.1.2(A.1), 100.1.2(A.2), 100.1.2(B.1), 10.1.2(B.2),
100.1.2(B.3), and 100.1.2(C).

Piping between the terminal points and th¢ valve or
valves required by para. 122.1 shall be provided with
Data Reports, inspection, and stamping as refjuired by
Section I of the ASME Boiler and Pressure Vegsel Code.
All welding and brazing of this piping shall be per-

formed by manufacturers or contractors authorized to
CNAE £3L

Nances,; SUC as Water COTUINNS, TeIMote water fevel indi=
cators, pressure gages, gage glasses, etc., are included
within the scope of this Code, but the requirements for
boiler appurtenances shall be in accordance with
Section I of the ASME Boiler and Pressure Vessel Code,
PG-60.

The users of this Code are advised that in some areas
legislation may establish governmental jurisdiction over
the subject matter covered by this Code. However, any
such legal requirement shall not relieve the owner of
his inspection responsibilities specified in para. 136.1.

1 A 2 M N 1 | 1
wse—theAoME-CertttteatitonMaricaneappropriate

Designators shown in Figs. PG-105.1 through PG-109 of
Section I of the ASME Boiler and Pressure Vessel Code.
The installation of boiler external piping by mechanical
means may be performed by an organization not holding
an ASME Certification Mark. However, the holder of a
valid ASME Certification Mark, Certificate of
Authorization, with an “S,” “A,” or “PP” Designator
shall be responsible for the documentation and hydro-
static test, regardless of the method of assembly. The
quality control system requirements of Section I of the

(16)
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Fig. 100.1.2(A.1) Code Jurisdictional Limits for Piping — An Example of Forced Flow Steam Generators With
No Fixed Steam and Water Line

Turbine valve or

Code stop valve
para 122 1. 7(A)

Superheater /
( O: (><l<] Turbine

——><p--~-- To equipmeént

Reheater X

-

Convection ( ~—_ A

and radiant ) :. __________ .
section [ Start-up system L
may vary(to suit e ‘\\
boiler'manufacturer / \
) I | Condenser
(_ Economizer N Y

Para. 122.1.7(B)  “S=—-~
Dt -~ —--
_____ From feed

pumps

Alternatives
para. 122.1.7(B.9)

Administrative Jurisdiction and Technical Responsibility

——  Boiler Proper>=/The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdictior] and
echnical sresponsibility. Refer to ASME BPVC Section | Preamble.

o——— BoilersExternal Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandtory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authofized
nspéction) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC Section | Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, para. 100.1.2(A). Applicable
ASME B31.1 Editions and Addenda are referenced in ASME BPVC Section |, PG-58.3.

O----= Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative and technical responsibility.
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Fig. 100.1.2(A.2) Code Jurisdictional Limits for Piping — An Example of Steam Separator Type Forced Flow
Steam Generators With No Fixed Steam and Water Line

Turbine valve or Code
stop valve para. 122.1.7(A)

Superheater \
4[><l<] Turbine
/J_\ —D><p-—— To equigmient

Steam

Convection separator

and radiant

Y

. Reheater
section

Water -
collector

-

A Start-up sy§tem
N

GE{ (if used)

may vary to suit
boilermanufacturer

Economizer

) _Recirculation pump
(if used)

Para. 122.1.7(B)

(if used) (if used)

P———
——-ag \
_ Boiler feed pump

Alternatives para. 122.1.7(B.9)

Administrative Jurisdiction and Technical Responsibility
Boiler Proper - The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total

@®—— Boiler External Piping and Joint (BEP) - The ASME BPVC has total administrative jurisdiction
(mandatory certification by stamping the Certification Mark with the appropriate Designator,
ASME Data Forms, and Authorized Inspection) of BEP. The ASME Section Committee B31.1 has
been assigned technical responsibility. Refer to ASME BPVC Section | Preamble, fifth, sixth,
and seventh paragraphs and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions
and Addenda are referenced in ASME BPVC Section |, PG-58.3.

O———— Nonboiler External Piping and Joint (NBEP) - The ASME Code Committee for Pressure Piping,
B31, has total administrative and technical responsibility.
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Fig. 100.1.2(B.1) Code Jurisdictional Limits for Piping — Drum-Type Boilers
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Administrative Jurisdiction and Technical Responsibility

technical\eesponsibility. Refer to ASME BPVC Section | Preamble.

certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Autho

drum sample]

1

-=-=-=-12215
D<o = ===
_——— &S —D<F—<——— - - -~ - Single boiler
Economizer y—@—qx)—q/b----- Single boiler
§ >d—1 PP Two or more
Feedwater systems and Boiler No. 1 :—--- boilers fed from
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122.1.4 (| Wate( dyhm D Regulating valves
- — i — KDy
Blowoft BolerNo. 1+ Ly -~ 1o or more
single and_multiple Boiler No. 2 1
installations &-N—: from a common
______ source
~ Drain

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

Boiler)External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandgtory

rized

nspection) of BEP. The ASME Section Committee B3T1.T has been assigned technical responsibility. Refer to ASME
BPVC Section | Preamble and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Addenda

are referenced in ASME BPVC Section |, PG-58.3.

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

administrative jurisdiction and technical responsibility.
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100.1.2(B.3) Code Jurisdictional Limits for Piping — Nonintegral Separately Fired Superheaters
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Administrative Jurisdiction and Technical Responsibility

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

Boiler External Piping and Joint (BEP) — The ASME BPVC has)rtotal administrative jurisdiction (mandd
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Autho
Inspection) of BEP. The ASME Section Committee B31.1 has'kbéen assigned technical responsibility. Refer to Al
BPVC Section | Preamble and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Add
are referenced in ASME BPVC Section |, PG-58.3.

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

and

tory
rized
SME
bnda

total

ASME Bpiler and Pressure Vessel Code-shall apply.
These requirements are shown in Mandatory Appendix ]
of this C¢de.

The valve or valves required.by_para. 122.1 are part
of the bojler external piping,but'do not require ASME
Boiler anld Pressure Vessel \Code, Section I inspection
and stamping except fof safety, safety relief, and relief
valves; sge para. 107.8.2) Refer to PG-11.

Pipe cdnnectionstimeeting all other requirements of
this Cod¢ but_riof-éxceeding NPS % (DN 15) may be
welded t¢ pipe-or boiler headers without inspection and
stamping| required by Section I of the ASME Boiler and

less, or hot water heating systems designed for 3
[200 kPa (gage)] or less.

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

(D) piping for marine or other installations ynder
Federal control.

(E) towers, building frames, tanks, mechanical equip-
ment, instruments, and foundations.

(F) piping included as part of a shop-assembled pack-
aged equipment assembly within a B31.1 Code piping
installation when such equipment piping is constrjicted

psig

Pressure Vessel Code.

(B) Nonboiler external piping includes all the piping
covered by this Code except for that portion defined
above as boiler external piping.

100.1.3  This Code does not apply to the following;:

(A) economizers, heaters, pressure vessels, and
components covered by Sections of the ASME Boiler
and Pressure Vessel Code.

(B) building heating and distribution steam and con-
densate piping designed for 15 psig [100 kPa (gage)] or

to another B31 Code Section (e.g., B31.3 or B31.9) with
the owner’s approval. See para. 100.2 for a definition of
packaged equipment.

100.1.4 This Code does not provide procedures for
flushing, cleaning, start-up, operating, or maintenance.

100.2 Definitions

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

(16)

(16)
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Fig. 100.1.2(C)_Code Jurisdictional Limits for Piping — Spray-Type D |
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Administrative Jurisdiction and Technical Responsibility

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

@—— Boiler ExternakPiping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mpndatory
certification“by=stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Alithorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC,Section | Preamble and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and |[Addenda
aregeferenced in ASME BPVC Section |, PG-58.3.

O——|—- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, jhas total
administrative and technical responsibility.
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specified reference to piping. For welding terms used in
this Code, but not shown here, definitions of AWS A3.0
apply.

alteration: a change in any item described in the original
design that affects the pressure-containing capability of
the pressure-retaining component.

anchor: a rigid restraint providing substantially full fixa-
tion, permitting neither translatory nor rotational dis-
placement of the pipe

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

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

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

annealing] see heat treatments.

arc welding: a group of welding processes wherein coales-
cence is produced by heating with an electric arc or arcs,
with or without the application of pressure and with or
without the use of filler metal.

assembly: |the joining together of two or more piping
componehts by bolting, welding, caulking, brazing, sol-
dering, c¢dmenting, or threading into their installed loca-
tion as specified by the engineering design.

automatid welding: welding with equipment that per-
forms the entire welding operation without constant
observatipn and adjustment of the controls by an opera-
tor. The equipment may or may not perform the loading
and unlopding of the work.

backing ring: backing in the form of a ring that can be
used in the welding of piping.
ball joint: fa component that permits universal rotational
movement in a piping system.

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

branch conection: the attachment of a branch pipe to the
run of a nain pipe with or without the use of fittings.

braze welding: a method of welding whereby a groove,
fillet, plug, or slot weld is made using.a'nonferrous filler
metal haying a melting point below that of the base
metals, blut above 840°F (4502C)..The filler metal is not
distributgd in the joint by capillary action. (Bronze weld-
ing, formlerly used, is agnisnomer for this term.)

brazing: o metal joining process wherein coalescence is
produced by use of\a nonferrous filler metal having a
melting point above 840°F (450°C) but lower than that
of the bage metals joined. The filler metal is distributed
between thé/closely fitted surfaces of the joint by capil-

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

covered piping systems (CPS): piping systems on which
condition assessments are to be conducted. As a mini-
mum for electric power generating stations, thg CPS
systems are to include NPS £(DN 100) and larger of
the main steam, hot reheatisteam, cold reheat steam,
and boiler feedwater piping/systems. In addition fo the
above, CPS also includes NPS 4 (DN 100) and larger
piping in other systerhs that operate above 750°F (4D0°C)
or above 1,025 psi(7 100 kPa). The Operating Confpany
may add othef)piping systems to the scope of coyered
piping systéms.
creep strength enhanced ferritic steel: steel in which the
microstructure, consisting of lower transformation prod-
ucts ‘such as martensite and bainite, is stabilizgd by
controlled precipitation of temper-resistant carbides,
Carbonitrides, and/or nitrides.

defect: a flaw (imperfection or unintentional discontinu-
ity) of such size, shape, orientation, location, or prpper-
ties as to be rejectable.

discontinuity: a lack of continuity or cohesion; an fnter-
ruption in the normal physical structure of materfial or
a product.

employer: the owner, manufacturer, fabricator, contrpctor,
assembler, or installer responsible for the welding, praz-
ing, and NDE performed by his organization inclfiding
procedure and performance qualifications.

engineering design: the detailed design developed|from
process requirements and conforming to Code require-
ments, including all necessary drawings and spedifica-
tions, governing a piping installation.

equipment connection: an integral part of such equigment

lary action.

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

capacitor discharge welding (CDW): stud arc welding pro-
cess in which DC arc power is produced by a rapid
discharge of stored electrical energy with pressure
applied during or immediately following the electrical
discharge. The process uses an electrostatic storage sys-
tem as a power source in which the weld energy is stored
in capacitors.

a5 PIESSUTe VESSELs, reat exciangers, pumps, etc.,
designed for attachment of pipe or piping components.

erection: the complete installation of a piping system,
including any field assembly, fabrication, testing, and
inspection of the system.

examination: denotes the procedures for all nondestruc-
tive examination. Refer to para. 136.3 and the definition
for visual examination.

expansion joint: a flexible piping component that absorbs
thermal and/or terminal movement.
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fabrication: primarily, the joining of piping components
into integral pieces ready for assembly. It includes bend-
ing, forming, threading, welding, or other operations
upon these components, if not part of assembly. It may
be done in a shop or in the field.

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

failure: a physical condition that renders a system or
component unable to perform its intended function(s)

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

postweld heat treatment: any heat treatment subsequent
to welding.

preheating: the application of heat to a base metal
immediately prior to a welding or cutting operation.

stress-relieving: uniform heating of a structure or por-

or isfa hazard to personnel safety.

failurp analysis: the process of collecting and evaluating
data [fo determine the damage mechanism(s) and cause
of a failure.

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

fillet feld: a weld of approximately triangular cross sec-
tion joining two surfaces approximately at right angles
to each other in a lap joint, tee joint, corner joint, or
socket weld.

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

flaw: pn imperfection or unintentional discontinuity that
is defectable by a nondestructive examination.

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

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

gas Yow: a process to clean and remove debtis from
the gas supply piping by releasing gas (flammable or
nonflammable) at a high pressure andvelocity through
the piping system while venting to-atmosphere.

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

gas elding: a group df'welding processes wherein
coalescence is produced by heating with a gas flame or
flame¢s, with or without the application of pressure, and
with [or without the use of filler metal.

groove weld: aweld made in the groove between two
memper$p*be joined.

tion thereof to a sulticient temperature to. r¢lieve the
major portion of the residual stresses, followgd by uni-
form cooling.

imperfection: a condition of being imperfect; a fleparture
of a quality characteristic from its intended cpndition.

indication: the response or evidence from the application
of a nondestructive examifation.

inert gas metal arc welding: an arc welding process
wherein coalescence.is/produced by heating with an
electric arc betwéen'a metal electrode and the work.
Shielding is obtained from an inert gas, such ps helium
or argon. Pressure may or may not be used |and filler
metal mag)or' may not be used.

inspection: denotes the activities performged by an
Authotized Inspector, or an owner’s Inspectot to verify
that’all required examinations and testing have been
completed, and to ensure that all the documerijtation for
material, fabrication, and examination confoqms to the
applicable requirements of this Code and fthe engi-
neering design.

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

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

joint penetration: the minimum depth of p groove
weld extends from its face into a joint, exqlusive of

heat affected zone: Pnann aof the base metal that has not
been melted, but whose mechanical properties or micro-
structure have been altered by the heat of welding or
cutting.

heat treatments

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

reinforcement.

low energy capacitor discharge welding: a resistance weld-
ing process wherein coalescence is produced by the rapid
discharge of stored electric energy from a low voltage
electrostatic storage system.

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

maximum allowable stress: the maximum stress value that
may be used in the design formulas for a given material
and design temperature.
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maximum allowable working pressure (MAWP): the pres-
sure at the coincident temperature to which a boiler or
pressure vessel can be subjected without exceeding the
maximum allowable stress of the material or pressure—
temperature rating of the equipment. For this Code, the
term “MAWP” is as defined in the ASME Boiler and
Pressure Vessel Code, Sections I and VIII.

may: used to denote permission; neither a requirement
nor a recommendation.

A pipe is a tube with a round cross section conforming
to the dimensional requirements for nominal pipe size
as tabulated in ASME B36.10M, Table 1, and
ASME B36.19M, Table 1. For special pipe having a diam-
eter not listed in these Tables, and also for round tube,
the nominal diameter corresponds with the outside
diameter.

A tube is a hollow product of round or any other cross
section having a continuous periphery. Round tube size

strength

namicdl 7o int for th : romical Y be—specifiedwithr respecttoany two, but ot all
mecianmag ]f mlt<. a pmt or t E p}l: rp(i:,e N hmec a;luca.l three, of the following: outside diameter, inside(djame-
v leak resistance, or both, where the mechani- yop (4] thickness; types K, L, and M coppéritubg may

cal strength is developed by threaded, grooved, rolled,
flared, or|flanged pipe ends, or by bolts, pins, and com-
pounds, gaskets, rolled ends, caulking, or machined and
mated suffaces. These joints have particular application
where eape of disassembly is desired.

miter: tw(
joined on
produce

or more straight sections of pipe matched and
a line bisecting the angle of junction so as to
h change in direction.

nominal fhickness: the thickness given in the product
material gpecification or standard to which manufactur-
ing tolergnces are applied.

normalizifg: see heat treatments.

Operatingl Company: the owner, user, or agent acting on
behalf of the owner, who has the responsibility for per-
forming the operations and maintenance functions on

the piping systems within the scope of the Code.

owner: the party or organization ultimately responsiblé
for operation of a facility. The owner is usually the.one
who woulld be granted an operating license by therégu-
latory aythority having jurisdiction or whe_lhas the
administfative and operational responsibility for the
facility. The owner may be either the operating organiza-
tion (may not be the actual owner of-the‘physical prop-
erty of the facility) or the organization that owns and
operates the plant.

oxygen cufting: a group of cutting processes wherein the
severing pf metals is effected by means of the chemical
reaction ¢f oxygen withithe base metal at elevated tem-
peratures. In the case.of oxidation-resistant metals, the
reaction s facilitatéd by use of a flux.

oxygen gojiging:an application of oxygen cutting wherein
a chamfef gr-groove is formed.

also be specified by nominal size and type orily. Dimen-
sions and permissible variations (tolerances) are gpeci-
fied in the appropriate ASTM o»~ASME stan|dard
specifications.
Types of pipe, according to the method of marfufac-
ture, are defined as follows:
(A) electric resistance welded pipe: pipe produced in
individual lengths or if continuous lengths from doiled
skelp and subsequently cut into individual lengths| hav-
ing a longitudin@ljbutt joint wherein coalescence i$ pro-
duced by the‘heat obtained from resistance of the pipe
to the flow.of electric current in a circuit of whidh the
pipe is a'part, and by the application of pressure
(B)cftrrnace butt welded pipe
(B.1) furnace butt welded pipe, bell welded: pipg¢ pro-
diiced in individual lengths from cut length skelpf hav-
ing its longitudinal butt joint forge welded bl the
mechanical pressure developed in drawing the fufnace
heated skelp through a cone shaped die (commonly
known as a “welding bell”) that serves as a combined
forming and welding die.
(B.2) furnace butt welded pipe, continuous welded:
pipe produced in continuous lengths from coiled skelp
and subsequently cut into individual lengths, havihg its
longitudinal butt joint forge welded by the mechanical
pressure developed in rolling the hot formed $kelp
through a set of round pass welding rolls.
(C) electric fusion welded pipe: pipe having a longjtudi-
nal butt joint wherein coalescence is produced ih the
preformed tube by manual or automatic electrfc 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 use of filler metal.

packaged equipment: an assembly of individual compo-
nents or stages of equipment, complete with its intercon-
necting piping and connections for piping external to
the equipment assembly. The assembly may be mounted
on a skid or other structure prior to delivery.

peening: the mechanical working of metals by means of
hammer blows.

pipe and tube: the fundamental difference between pipe
and tube is the dimensional standard to which each is
manufactured.

10

Spiral-welded-pipe-is-alse-madeby—the-eleetriefusion
welded process with either a butt joint, a lap joint, or a
lock seam joint.

(D) electric flash welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced, simulta-
neously over the entire area of abutting surfaces, by
the heat obtained from resistance to the flow of electric
current between the two surfaces, and by the application
of pressure after heating is substantially completed.
Flashing and upsetting are accompanied by expulsion
of metal from the joint.
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(E) double submerged arc welded pipe: pipe having a
longitudinal butt joint produced by the submerged arc
process, with at least two passes, one of which is on the
inside of the pipe.

(F) seamless pipe: pipe produced by one or more of
the following processes:

(E1) rolled pipe: pipe produced from a forged billet
thatis pierced by a conical mandrel between two diamet-
rically opposed rolls. The pierced shell is subsequently

preheating: see heat treatments.

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

Procedure Qualification Record (PQR): a record of the weld-
ing data used to weld a test coupon. The PQR is a record
of variables recorded during the welding of the test
coupons It also contains the test results of the tested

rollef-and expanded over mandrels ol increasingly
largey diameter. Where closer dimensional tolerances
are dpsired, the rolled pipe is cold or hot drawn through
dies,|and machined.

Ongk variation of this process produces the hollow shell
by extrusion of the forged billet over a mandrel in a
vertigal, hydraulic piercing press.

F.2) forged and bored pipe: pipe produced by boring
or tr¢panning of a forged billet.

F.3) extruded pipe: pipe produced from hollow or
solid| round forgings, usually in a hydraulic extrusion
presq. In this process the forging is contained in a cylin-
dricall die. Initially a punch at the end of the extrusion
plunger pierces the forging. The extrusion plunger then
forcep the contained billet between the cylindrical die
and the punch to form the pipe, the latter acting as a
mangdlrel.

F.4) centrifugally cast pipe: pipe formed from the
solidjfication of molten metal in a rotating mold. Both
metal and sand molds are used. After casting, the pipe
is majchined, to sound metal, on the internal and external
diamfeters to the surface roughness and dimensional
requirements of the applicable material specification.

Onje variation of this process utilizes\auitofrettage
(hydraulic expansion) and heat treatment, above the
recryptallization temperature of thematerial, to produce
a wrpught structure.

F.5) statically cast pipe: pipe-formed by the solidifi-
cation of molten metal in a4 sahd mold.

pipe qupporting elementsipipe supporting elements con-
sist df hangers, supports, and structural attachments.
hawgers and sypports: hangers and supports include
elements that transfer the load from the pipe or struc-
tural|attachmeént to the supporting structure or equip-
men{. They include hanging type fixtures, such as
hangef r6ds, spring hangers, sway braces, counter-

specimens. Recorded variables normally falll within a
small range of the actual variables that-will He used in
production welding.

qualified (personnel): individuals who have demlonstrated
and documented abilities gained-through training and/
or experience that enable thefm to perform g required
function to the satisfaction{of the Operating Company.

readily accessible: for visual examination, readily accessi-
ble inside surfaces are-defined as those insid¢ surfaces
that can be examined without the aid of opticgl devices.
(This definition does not prohibit the use ¢f optical
devices forfa visual examination; however, thq selection
of the device should be a matter of mutual dgreement
between the owner and the fabricator or eredtor.)

ammable
Standard
Products

Reid,vapor pressure: the vapor pressure of a f
or combustible liquid as determined by ASTMj
Test Method D323 Vapor Pressure of Petroleun
(Reid Method).

reinforcement of weld: weld metal on the face o
weld in excess of the metal necessary for the
weld size.

a groove
specified

repair: the work necessary to restore pressurejretaining
items to a safe and satisfactory operating corjdition.

restraint: any device that prevents, resists, or limits move-
ment of a piping system.
root opening: the separation between the members to be
joined, at the root of the joint.

root penetration: the depth a groove weld extends into
the root opening of a joint measured on the fenterline
of the root cross section.

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

semiautomatic arc welding: arc welding with efjuipment

weights, Turnbuckles, struts, chains, guides, and
anchors, and bearing type fixtures, such as saddles,
bases, rollers, brackets, and sliding supports.

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

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

postweld heat treatment: see heat treatments.
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that controls only the filler metal feed. The advance of
the welding is manually controlled.

shall: “shall” or “shall not” is used to indicate that a
provision or prohibition is mandatory.

shielded metal arc welding: an arc welding process wherein
coalescence is produced by heating with an electric arc
between a covered metal electrode and the work.
Shielding is obtained from decomposition of the elec-
trode covering. Pressure is not used and filler metal is
obtained from the electrode.


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

should: “should” or “it is recommended” is used to indi-
cate that a provision is not mandatory but recommended
as good practice.

size of weld

fillet weld: for equal leg fillet welds, the leg lengths of
the largest isosceles right triangle that can be inscribed
within the fillet weld cross section. For unequal leg fillet
welds, the leg lengths of the largest right triangle that

“effective” stresses and are generally lower than those
predicted by theory or measured in strain-gage tests.!
peak stress: the highest stress in the region under con-
sideration. The basic characteristic of a peak stress is
that it causes no significant distortion and is objection-
able only as a possible source of a fatigue crack initiation
or a brittle fracture. This Code does not utilize peak
stress as a design basis, but rather uses effective stress
values for sustained stress and for displacement stress;

can be inpcribed within the Iillet weld cross section.

groove @eld: the joint penetration (depth of chamfering
plus the foot penetration when specified).

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

soldering:la metal joining process wherein coalescence is
produced by heating to suitable temperature and by
using a njonferrous alloy fusible at temperatures below
840°F (45D°C) and having a melting point below that of
the base mnetals being joined. The filler metal is distrib-
uted between closely fitted surfaces of the joint by capil-
lary actign. In general, solders are lead-tin alloys and
may conftain antimony, bismuth, silver, and other
elements

steel: an dlloy of iron and carbon with no more than 2%
carbon by weight. Other alloying elements may include
mangangse, sulfur, phosphorus, silicon, aluminum,
chromiurh, copper, nickel, molybdenum, vanadium, and
others depending upon the type of steel. For acceptablé
material [specifications for steel, refer to Chapter III,
Materials,

stresses

sustaingd stress: a stress developed by animposed load-
ing that is necessary to satisfy the-laws of equilibrium
between external and internal forces and moments. The
basic chafacteristic of a sustdined stress is that it is not
self-limifing. If a sustainedstress exceeds the yield
strength ¢f the materialthirough the entire thickness, the
preventign of failureis-entirely dependent on the strain-
hardening properfies of the material. A thermal stress is
not classified as.asustained stress. Further, the sustained
stresses dalculated in this Code are “effective” stresses
and are genérally lower than those predicted by theory

the peak stress effect is combined with the dispracgment
stress effect in the displacement stress range calcilation.

stress-relieving: see heat treatments.

submerged arc welding: an arc welding process wherein
coalescence is produced by heating-with an electrjic arc
or arcs between a bare metal electrode or electfodes
and the work. The welding is¢hielded by a blanket of
granular, fusible material on.the work. Pressure {s not
used, and filler metal is obtained from the electrodp and
sometimes from a supplémentary welding rod.

supplementary steel: steel members that are instfalled
between existing members for the purpose of installing
supports for pipihg or piping equipment.

swivel joint>acomponent that permits single-plane|rota-

tional movement in a piping system.

tack:qpeld: a weld made to hold parts of a weldmg¢nt in
proper alignment until the final welds are made.

throat of a fillet weld

actual: the shortest distance from the root of a
weld to its face.

theoretical: the distance from the beginning of th
of the joint perpendicular to the hypotenuse of the
est right triangle that can be inscribed within the
weld cross section.

fillet

P root
larg-
fillet

toe of weld: the junction between the face of the|weld

and the base metal.
tube: refer to pipe and tube.

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

n arc

undercut: a groove melted into the base metal adjacent
to the toe of a weld and not filled with weld metgal.

visual examination: the observation of whatever poftions
of components, joints, and other piping elements that

or measured in strain-gage tests.

displacement stress: a stress developed by the self-
constraint of the structure. It must satisfy an imposed
strain pattern rather than being in equilibrium with an
external load. The basic characteristic of a displacement
stress is that it is self-limiting. Local yielding and minor
distortions can satisfy the displacement or expansion
conditions that cause the stress to occur. Failure from one
application of the stress is not to be expected. Further,
the displacement stresses calculated in this Code are

12

are exposed to such observatiom either before, during,
or after manufacture, fabrication, assembly, erection,

! Normally, the most significant displacement stress is encoun-
tered in the thermal expansion stress range from ambient to the
normal operating condition. This stress range is also the stress
range usually considered in a flexibility analysis. However, if other
significant stress ranges occur, whether they are displacement stress
ranges (such as from other thermal expansion or contraction events,
or differential support point movements) or sustained stress ranges
(such as from cyclic pressure, steam hammer, or earthquake inertia
forces), paras. 102.3.2(B) and 104.8.3 may be used to evaluate their
effect on fatigue life.
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inspection, or testing. This examination may include
verification of the applicable requirements for materials,
components, dimensions, joint preparation, alignment,
welding or joining, supports, assembly, and erection.
weld: a localized coalescence of metal that is produced
by heating to suitable temperatures, with or without the
application of pressure, and with or without the use of
filler metal. The filler metal shall have a melting point
approximately the same as the base metal.

amanner described in a Welding Procedure Specification
that meets prescribed standards.

welding operator: one who operates machine or automatic
welding equipment.

Welding Procedure Specification (WPS): a written qualified
welding procedure prepared to provide direction for
making production welds to Code requirements. The
WPS or other documents may be used to provide direc-

weldgr: one who is capable of performing a manual or
semigutomatic welding operation.
Weldgr/Welding Operator Performance Qualification (WPQ):

demgnstration of a welder’s ability to produce welds in

tiorto the wetder or wetding operator to ensute compli-

ance with the Code requirements.

weldment: an assembly whose component
joined by welding.

parts are

13
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Chapter Il
Design

PART 1

(B) Where a fluid passes through heat exchangers in

CONDITIONS AND CRITERIA
101 DESIGN CONDITIONS
101.1 General

These design conditions define the pressures, temper-
atures, and various forces applicable to the design of
power piping systems. Power piping systems shall be
designed| for the most severe condition of coincident
pressure,| temperature, and loading, except as herein
stated. The most severe condition shall be that which
results in| the greatest required pipe wall thickness and
the highdst flange rating.

101.2 Pressure

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

101.2{2 Internal Design Pressure. The internal
design ptessure shall be not less than the maximuni
sustained operating pressure (MSOP) within the piping
system irjcluding the effects of static head.

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

101.2.5 Pressure Cycling«~ This Code does not
address the contribution to fatigde in fittings and com-
ponents ¢aused by pressure cycling. Special consider-
ation may be necessary Where systems are subjected to
a very high numberof large pressure cycles.

101.3 Temperature

101.341 _ “All temperatures referred to in this Code,
unless otherwise stated, are the average metal tempera-

series, the design temperature of the pipingn|each
section of the system shall conform to the most severe
temperature condition expected to be produiced Hy the
heat exchangers in that section of the system.
(C) For steam, feedwater, and hot water piping|lead-
ing from fired equipment (such asboiler, reheater, super-
heater, economizer, etc.), the desigh temperature|shall
be based on the expected contirfuous operating dondi-
tion plus the equipment maniifacturers guaranteedfmax-
imum temperature, tolerance. For operatigqn at
temperatures in excess,of this condition, the limitgtions
described in paraf102.2.4 shall apply.
(D) Accelerated creep damage, leading to exce
creep strains and potential pipe rupture, cause
extended, operation above the design temperature
be considered in selecting the design temperatu
pipingto be operated above 800°F (425°C).

ssive
d by
shall
e for

101.4 Ambient Influences

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

101.4.2 Fluid Expansion Effects. Where the expan-
sion of a fluid may increase the pressure, the piping
system shall be designed to withstand the incrgased
pressure or provision shall be made to relieve the gxcess
pressure.

101.5 Dynamic Effects

101.5.1 Impact. Impact forces caused by all external
and internal conditions shall be considered in the piiping
design. One form of internal impact force is due fo the
propagation of pressure waves produced by sufdden
changes in fluid momentum. This phenomena is [often

tures of the respective materials expressed in degrees
Fahrenheit, i.e., °F (Celsius, i.e., °C).

101.3.2 Design Temperature

(A) The piping shall be designed for a metal tempera-
ture representing the maximum sustained condition
expected. The design temperature shall be assumed to
be the same as the fluid temperature unless calculations
or tests support the use of other data, in which case the
design temperature shall not be less than the average of
the fluid temperature and the outside wall temperature.

14

called water or steam “hammer.” It may be caused by
the rapid opening or closing of a valve in the system. The
designer should be aware that this is only one example of
this phenomena and that other causes of impact load-
ing exist.

101.5.2 Wind. Exposed piping shall be designed to
withstand wind loadings. The analysis considerations
and loads may be as described in ASCE/SEI 7, Minimum
Design Loads for Buildings and Other Structures.
Authoritative local meteorological data may also be
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used to define or refine the design wind forces. Where
local jurisdictional rules covering the design of building
structures are in effect and specify wind loadings for
piping, these values shall be considered the minimum
design values. Wind need not be considered as acting
concurrently with earthquakes.

101.5.3 Earthquake. The effect of earthquakes shall
be considered in the design of piping, piping supports,

and restraints. The analvsis considerations and loads

101.7.2 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Joints of the corrugated bel-
lows, slip, sleeve, ball, or swivel types and flexible metal
hose assemblies may be used if their materials conform
to this Code, their structural and working parts are of
ample proportions, and their design prevents the com-
plete disengagement of working parts while in service.
In determining expansion joint design criteria, the
designer shall give due consideration to conditions of

may pe as described in ASCE/SEI 7. Authoritative local
seismological data may also be used to define or refine
the design earthquake forces. Where local jurisdictional
rules| covering the design of building structures are in
effect and specify seismic loadings for piping, these val-
ues ghall be considered the minimum design values.
ASME B31E, Standard for the Seismic Design and
Retrqfit of Above-Ground Piping Systems, may be used
as a1} alternate method of seismic qualification or for
guidgnce in seismic design. Earthquakes need not be
considered as acting concurrently with wind.

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

101.6 Weight Effects

The¢ following weight effects combined with loads and
forcep from other causes shall be taken into account in the
design of piping. Piping shall be carried on adjustable
hangprs or properly leveled rigid hangers or supports,
and guitable springs, sway bracing, vibration(dampen-
ers, gtc., shall be provided where necessaty:

101.6.1 Live Load. The live load\consists of the
weight of the fluid transported. Sn¢wjand ice loads shall
be cgnsidered in localities where such conditions exist.

101.6.2 Dead Load. The)dead load consists of the
weight of the piping comiponents, insulation, protective
lining and coating, and-other superimposed permanent
loads.

101.6.3 Test or Cleaning Fluid Load. The test or
cleaning fluidload consists of the weight of the test or
cleanfingflyid.

service, inctuding; but ot tmited to; temperature, pres-
sure, externally imposed displacements,grrosion/
erosion, fatigue, and flow velocity.

102 DESIGN CRITERIA
102.1 General

These criteria cover pressute-temperature rptings for
standard and specially-designed components, pllowable
stresses, stress limits;;and various allowances fo be used
in the design of piping and piping componets.

102.2 Pressufe-Temperature Ratings for Piging
Components

102.2.1 Components Having Specific Ratings.
Pressuire-temperature ratings for certain pipirjg compo-
nents have been established and are containeql in some
of the standards listed in Table 126.1.

Where piping components have established pressure—
temperature ratings that do not extend to the upper
material temperature limits permitted by this [Code, the
pressure—temperature ratings between those egtablished
and the upper material temperature limit may| be deter-
mined in accordance with the rules of this Codd, but such
extensions are subject to restrictions, if any, imposed by
the standards.

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

102.2.2 Components Not Having Specific Ratings.
Some of the Standards listed in Table 126.1, sudh as those
for buttwelding fittings, specify that componfents shall
be furnished in nominal thicknesses. Unless linpited else-
where in this Code, such components shall bq rated for
the same allowable pressures as seamless pipe of the
same nominal thickness, as determined in paras. 103

101.7 Thermal Expansion and Contraction Loads

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

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

Hangers and supports shall permit expansion and con-
traction of the piping between anchors.

15

and 104 for material-having the same alfowable stress.

Piping components, such as pipe, for which allowable
stresses have been developed in accordance with
para. 102.3, but that do not have established pressure
ratings, shall be rated by rules for pressure design in
para. 104, modified as applicable by other provisions of
this Code.

Should it be desired to use methods of manufacture
or design of components not covered by this Code or
not listed in referenced standards, it is intended that
the manufacturer shall comply with the requirements

(16)
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of paras. 103 and 104 and other applicable requirements =~ metal temperature. Where applicable, weld joint effi-
of this Code for design conditions involved. Where com-  ciency factors and casting quality factors are included
ponents other than those discussed above, such as pipe in the tabulated values. Thus, the tabulated values are
or fittings not assigned pressure—-temperature ratingsin ~ values of S, SE, or SF, as applicable.

an American National Standard, are used, the manufac- (B) Allowable stress values in shear shall not exceed
turer’s recommended pressure-temperature rating shall ~ 80% of the values determined in accordance with the
not be exceeded. rules of para. 102.3.1(A). Allowable stress values in bear-

102.2.3 Rati N Lo ting Conditi A ing shall not exceed 160% of the determined values.
-¢.> Ratings: Normal Uperating tondition. (C) The basis for establishing the allowable stress val-

PIPIE Sy ) . Tes in this Code Section are the same as those in the
the maxithum sustained operating pressure and temper- ASME Boiler and Pressure Vessel Code, Sectipn 11,
ature that may act on any part or component of the  py D, Mandatory Appendix 1; except that alloyable
system dges not exceed the maximum pressure and tem-

1 d by this Code for th cul stresses for cast iron and ductile iron are in‘accordlance
perature pllowed by this Code for that particular part 4 gection VIII, Division 1,,Nonmandatory

or comp¢nent. The design pressure and temperature ppendix P for Tables UCI-23 and UED-23, respectively.
shall not exceed the pressure-temperature rating for the T-n

particulaf component and material as defined in the 102.3.2 Limits for Sustained and Displace
applicablp specification or standard listed in Table 126.1.  Stresses
(A) Sustained Stresses

(A.1) Internal Pressufe Stress. The calculated ptress
due to internal presstre shall not exceed the alloyable
stress values given in the Allowable Stress Tables in
) ° o - Mandatory Appendix A. This criterion is satisfied fhen
Itis rec gruzed that variations in pressure a.nd temper- the wall thickness of the piping component, incliiding
ature 1new71’5ab.ly occur, and therefore the piping system, any reinforcement, meets the requiremenfs of
except ag limited by component standards referred to paras. 104.1 through 104.7, excluding para. 104.1 but

in para. 102.2.1 or by manufacturers of components including the consideration of allowances permittpd by
referred to in para. 102.2.2, shall be considered safe for patas. 102.2.4, 102.3.3(B), and 102.4.

occasiongl short operating periods at higher than design

pressure pr temperature. For such variations, either pres- 3 o, torna] pressure shall be considered safe when th¢ wall

sure or temperature, or I?Oth’ may e.xceed the desigh thickness and means of stiffening meet the requirefents
values if [the computed circumferential pressure stress ¢ para. 104.1.3.

does not|exceed the maximum allowable stress\from
Mandatdry Appendix A for the coincident tempera-
ture by

ent

102.2.+ Ratings: Allowance for Variation From Normal
Operatio). The maximum internal pressure and tem-
perature pllowed shall include considerations for occa-
sional loads and transients of pressure and temperature.

(A.2) External Pressure Stress. Piping subj¢ct to

(A.3) Longitudinal Stress. The sum of the longjtudi-
nal stresses, S;, due to pressure, weight, and othef sus-

tained loads shall not exceed the basic material alloyvable
(A) 15% if the event duration occursforno more than stress in the hot condition, Sj.

8 hr at aty one time and not more than 800 hr/yr, or The longitudinal pressure stress, Sy, may be deter-
(B) 20% if the event duration odcurs for not more than  mined by either of the following equations:
1 hr at any one time and not rotre than 80 hr/yr

PD,
102.2]5 Ratings at Transitions. Where piping sys- Sp = at,

tems operating at diffefent design conditions are con-

nected, 4 division valve shall be provided havinga  or

pressuretemperature rating equal to or exceeding the

more severe conditions. See para. 122 for design require- Pd,?
ments peftaihing to specific piping systems. Sip = D2 -d,>2

102.3 Allowable Stress Values and Other Stress

Limits for Piping Components (B) Displacement Stresses
(B.1) Cyclic Displacement Stress Ranges. The calcu-
102.3.1 Allowable Stress Values ) lated reference displacement stress range, S (see paras.
(A) Allowable stress values to be used for the design 104.8.3 and 119.6.4), shall not exceed the allowable stress

of power piping systems are given in the Tables in range, Sy, calculated by eq. (1A)
Mandatory Appendix A, also referred to in this Code

Section as the Allowable Stress Tables. These tables list Sa = f(1.255, + 0.255)) 1A)
allowable stress values for commonly used materials at
temperatures appropriate to power piping installations. When S, is greater than S;, the difference between

In every case the temperature is understood to be the  them may be added to the term 0.255; in eq. (1A). In

16
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that case, the allowable stress range, Sy, is calculated by
eq. (1B)

Su = f(1.255, + 1.258, - Sy) (1B)

where
f = cyclic stress range factor' for the total number of
equivalent reference displacement stress range
cycles, N, determined from eq. (1C)

N; = number of cycles associated with displacement
stress range, S;
q; = Si/Sk
S; = anycomputed stress range other than the refer-

ence displacement stress range, psi (kPa)

(B.2) Noncyclic Displacement Stress Ranges. Stress
ranges caused by noncyclic movements such as those
due to settlement or uplift of pipe-supporting structures

or-componentssuchas-buildingspiperacks, pipe

f=6/N"2<10 (1C)

N |= total number of equivalent reference displace-
ment stress range cycles expected during the
service life of the piping. A minimum value for
fis 0.15, which results in an allowable displace-
ment stress range for a total number of equiva-
lent reference displacement stress range cycles
greater than 10° cycles.

S, |= basic material allowable stress from Mandatory
Appendix A at the minimum metal tempera-
ture expected during the reference stress range
cycle,? psi (kPa)

Sy |= basic material allowable stress from Mandatory
Appendix A at the maximum metal tempera-
ture expected during the reference stress range
cycle,? psi (kPa)

In fletermining the basic material allowable stresses,
S; and Sy, for welded pipe, the joint efficiency factor, £
need[not be applied (see para. 102.4.3). The values of
the allowable stresses from Mandatory Appendix A'may
be divided by the joint efficiency factor givetfor that
matefial. In determining the basic matetial*allowable
stresges for castings, the casting quality factor, F, shall
be applied (see para. 102.4.6).

WHen considering more than, a\sihgle displacement
stres$ range, whether from thermal expansion or other
cycli¢ conditions, each significant stress range shall be
computed. The reference-displacement stress range, S,
is defined as the greatesthcomputed displacement stress
rangé¢. The total number of equivalent reference displace-
ment stress range.cycles, N, may then be calculated by

eq. ()

N'= N+ 3(@°N) fori = 1,2,...,n ()

P
anchors, or rigid supports will not significarilylinfluence

fatigue life. Stress ranges caused by sueh*mpovements
may be calculated using eq. (17), replacing S|, with an
allowable stress range of 3.0Sc and ‘replacing M with
the moment range due to the noncyclic movement. The
stress ranges due to noncycli¢-displacements|need not
be combined with cyclic stfess ranges in accordance with
(B.1) above.

102.3.3 Limits{of Calculated Stresses Due to
Occasional Loads
(A) During{©peration. The sum of the longitudinal
stresses produced by internal pressure, live pnd dead
loads and<those produced by occasional loadp, such as
the temporary supporting of extra weight, may exceed
the allowable stress values given in the Allowdble Stress
Tables by the amounts and durations of timg¢ given in
para. 104.8.2.
(B) During Test. During pressure tests performed in
accordance with para. 137, the circumferentjal (hoop)
stress shall not exceed 90% of the yield strength (0.2%
offset) at test temperature. In addition, the sunp of longi-
tudinal stresses due to test pressure and live and dead
loads at the time of test, excluding occasional 1gads, shall
not exceed 90% of the yield strength at test temperature.

102.4 Allowances

102.4.1 Corrosion or Eresion. When cofrosion or
erosion is expected, an increase in wall thicknless of the
piping shall be provided over that required| by other
design requirements. This allowance in the judigment of
the designer shall be consistent with the expected life
of the piping.

102.4.2 Threading and Grooving. The cplculated
minimum thickness of piping (or tubing) thqt is to be

wher
Ng = number of cycles of the reference displacement
stress range, Sg

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

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

threaded shall be increased by an allowancq equal to
thread depth; dimension & of ASME B1.20.1 or equiva-
lent shall apply. For machined surfaces or grooves, where
the tolerance is not specified, the tolerance shall be
assumed to be %, in. (0.40 mm) in addition to the speci-
fied depth of cut. The requirements of para. 104.1.2(C)
shall also apply.

102.4.3 Weld Joint Efficiency Factors. The use of
joint efficiency factors for welded pipe is required by
this Code. The factors in Table 102.4.3 are based on
full penetration welds. These factors are included in the
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Table 102.4.3 Longitudinal Weld Joint Efficiency Factors

No. Type of Joint Type of Seam Examination Factor £
1 Furnace butt weld, con- T Straight As required by listed 0.60
tinuous weld M specification [Note, (1)]
2 lectric resistance weld Straight or spiral As required by listed 0:85
Q specification [Note (1)]
3 lectric fusion weld
@) Single butt weld Straight or spiral As required by listed 0.85
(without filler metal) specificatiod
Additionally;200% 1.00
volumetric exami- [Note ()]

nation (RT or UT)

b) Single butt weld Straight or spiral As required by listed 0.80
(with filler metal) specification
% Additionally 100% 1.00
volumetric exami- [Note (P)]

nation (RT or UT)

c) Double butt weld Straight or spiral As required by listed 0.90

(without filler metal) )' specification
5
Additionally 100% 1.00
[Note (P)]

volumetric exami-
nation (RT or UT)

d) Double butt weld Straight or spiral As required by listed 0.90
(with filler metal) specification
Additionally 100% 1.00
volumetric exami- [Note ()]
nation (RT or UT)
4 PI 5L Submerged arc weld Straight with As required by speci- 0.90
(SAW) one or two fication
seams
Gas metal arc weld Additionally 100% 1.00
(GMAW) Spiral volumetric exami- [Note (2)]

ti RT or U
Combined GMAW, SAW nation (RT or UT)

NOTES:

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

(2) RT (radiographic examination) shall be in accordance with the requirements of para. 136.4.5 or the material specification, as applica-
ble. UT (ultrasonic examination) shall be in accordance with the requirements of para. 136.4.6 or the material specification, as
applicable.

18
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Table 102.4.5 Bend Thinning Allowance

Minimum Thickness
Recommended Prior to
Bending

Radius of Bends

1.06t,,
1.08t,,
1.14t,,
1.25t,

6 pipe diameters or greater
5 pipe diameters
4 pipe diameters
3 pipe diameters

Fig. 102.4.5 Nomenclature for Pipe Bends

1

1

1

i End of bend
i (typ.)

R /

GENERAT NOTES:

(@) Interpolation is permissible for bending to intermediate radii.

(b) tn|is determined by eq. (7) or (8) of para. 104.1.2(A).

(c) Pipe diameter is the nominal diameter as tabulated in
A$ME B36.10M, Tables 1, and ASME B36.19M, Table 1. For
piping with a diameter not listed in these Tables, and also for
tuping, the nominal diameter corresponds with the outside
dipmeter.

allowable stress values given in Mandatory Appendix A.
The factors in Table 102.4.3 apply to both straight seam
and gpiral seam welded pipe.

102.4.4 Mechanical Strength. Where necessary for
mecHhanical strength to prevent damage, collapse, exces-
sive gag, or buckling of pipe due to superimposed loads
from|supports or other causes, the wall thickness of the
pipe [should be increased; or, if this is impractical or
would cause excessive local stresses, the superimposed
loadg or other causes shall be reduced or eliminated by
other design methods. The requirements ~of
para|104.1.2(C) shall also apply.

102.4.5 Bending. The minimum wall thickness at
any point on the bend shall conform to (A)yor(B) below.
(A} The minimum wall thickness at-any point in a
completed bend shall not be less than.tequired by eq. (7)
or (8) of para. 104.1.2(A).
A.1) Table 102.4.5 is a guideto the designer who
mustispecify wall thickness for ordering pipe. In general,
it haq been the experiencethat when good shop practices
are employed, the minimiun thicknesses of straight pipe
shown in Table 10245 should be sufficient for bending
and $till meet the€ minimum thickness requirements of
para|104.1.2(A);
A.2) Thébend thinning allowance in Table 102.4.5
may |be provided in all parts of the cross section of
the piper¢ircumference without any detrimental effects

Extradog

where at the intrados (inside of bend)

_4RD) -1

I'=3®mpy—2

©)

and at the extrados (outside of bend)

_ 4R/D,) +1

I'=3®py+2

(6)

and at the sidewall on the bend centerline
I =10

where
R = bend radius of pipe bend

Thickness variations from the intrados to th¢ extrados
and at the ends of the bend shall be gradual. The thick-
ness requirements apply at the center of the [bend arc,
at the intrados, extrados, and bend centegline (see
Fig. 102.4.5). The minimum thickness at th¢ ends of
the bends shall not be less than the requir¢ments of
para. 104.1.2 for straight pipe. For bends to conform to
this paragraph, all thickness requirements mupt be met.

102.4.6 Casting Quality Factors
(A) General. Except for gray iron castings, the use of

being produced:

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

by = __PDo A 3
m = 2SEA+ Py) T ®)
or
Pd + 2SEA/I + 2yPA

" = T2(SE/[l + Py - P)

19

a casting quality factor s Tequired for ait tast compo-
nents that use the allowable stress values of Mandatory
Appendix A as the design basis. The factor, 0.80 for
castings and 0.85 for centrifugally cast pipe, is included
in the allowable stress values given in Mandatory
Appendix A.

This required factor does not apply to component stan-
dards listed in Table 126.1, if such standards define
allowable pressure-temperature ratings or provide the
allowable stresses to be used as the design basis for the
component.

(16)
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Table 102.4.6(B.1.1) Maximum Severity Level for Casting Thickness 4% in. (114 mm) or Less

Severity Level
Discontinuity <1 in. (25 mm) >1 in. (25 mm) Discontinuity
Category Designation Thick Thick Category Designation Severity Level
For E446 [Castings up to 2 in. For E186 [Castings 2 in. to
(50 mm) Thickness] 4Y, in. (50 mm to 114 mm)
Thickness]
A 1 2
A, B, and Types 1 and 2 of C 2
B 2 3
Type 3 of C 3
C Types 1, P, 1 3
3, and 4
D, E, and F Nore
D, E, F, and G None None accepfable
acceptable acceptable
(B) Foy steel materials, a casting quality factor not (B.1.3) Where morethan one casting of a pafticu-
exceeding 1.0 may be applied when the following  lar design is producedseach of the first five castingg shall
requirempnts are met: be inspected as above, Where more than five castings are
(B.1) All steel castings having a nominal body  being produced, the examination shall be performed on
thickness| of 4% in. (114 mm) or less (other than pipe  the first five plus one additional casting to repfesent

flanges, flanged valves and fittings, and butt welding
end valvgs, all complying with ASME B16.5 or B16.34)
shall be inspected visually (MSS SP-55 may be used for
guidance) as follows:

(BJ1.1) All critical areas, including the junctions
of all gafes, risers, and abrupt changes in section or
direction|and area of weld end preparation shall be
volumetrjcally examined in accordance with Section V of
the ASMK Boiler and Pressure Vessel Code. Radiographs
shall copform to the requirements of ASTM\E446,
Referende Radiographs for Steel Castings up to
2 in. (50 mm) in Thickness, or ASTM E186, Reference
Radiographs for Heavy Walled (2 f0)4% in. [50 to
114 mm]) Steel Castings, depending iipon the section
thickness| MSS SP-54 may be used for guidance. The
maximur acceptable severity-level for a 1.0 quality fac-
tor shall Qe as listed in Table$02.4.6(B.1.1). Where appro-
priate, ragliographic exantination (RT) of castings may be
suppleménted or replaced with ultrasonic examination
(UT), prpvided itkds*performed in accordance with
MSS SP-94.

(B|1.2)-All surfaces of each casting, including
machined gasket seating surfaces, shall be examined by

each five additional castings. If this additional c3
proves técbe unacceptable, each of the remaining]
ings_in(the group shall be inspected.

sting
cast-

(B.1.4) Any discontinuities in excess of the fnaxi-
mum permitted in (B.1.1) and (B.1.2) above shgll be
rémoved, and the casting may be repaired by welding
after the base metal has been inspected to ensure|com-
plete removal of discontinuities. [Refef to
para. 127.4.11(A).] The complete 4d repair shall bg sub-
ject to reinspection by the same method as was uded in
the original inspection and shall be reinspected|after
any required postweld heat treatment.

(B.2) All steel castings having a nominal pody
thickness greater than 4% in. (114 mm) (other than pipe
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or B]6.34)
shall be inspected visually (MSS SP-55 may be us¢d for
guidance) as follows:

(B.2.1) All surfaces of each casting incly
machined gasket seating surfaces, shall be examin
the magnetic particle or dye penetrant method
heat treatment. The examination techniques shall[be in
accordance with Article 6 or 7_as applicable andl with

ding
bd by
after

the magreticparticte or dye pernetrant Tmethod after
heat treatment. The examination techniques shall be in
accordance with Article 6 or 7, as applicable, and
Article 9 of Section V of the ASME Boiler and Pressure
Vessel Code. MSS SP-53 and SP-93 may be used for
guidance. Magnetic particle or dye penetrant indications
exceeding degree 1 of Type I, degree 2 of Type II, and
degree 3 of Type III, and exceeding degree 1 of Types IV
and V of ASTM E125, Standard Reference Photographs
for Magnetic Particle Indications on Ferrous Castings,
are not acceptable and shall be removed.

20

Article 9 of Section V of the ASME Boiler and Pressure
Vessel Code. Magnetic particle or dye penetrant indica-
tions exceeding degree 1 of Type I, degree 2 of Type II,
degree 3 of Type III, and degree 1 of Types IV and V of
ASTM E125, Standard Reference Photographs for
Magnetic Particle Indications on Ferrous Castings, shall
be removed.

(B.2.2) All parts of castings shall be subjected to
complete volumetric examination (RT or UT) in accor-
dance with Section V of the ASME Boiler and Pressure
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Table 102.4.6(B.2.2) Maximum Severity Level for
Casting Thickness Greater Than 4% in. (114 mm)

Discontinuity
Category Designation

Severity Level

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

in Table 102.4.7. The designer is responsible to assess
application of weld strength reduction factor require-
ments for welds other than longitudinal and spiral, as
applicable (e.g., circumferential welds).

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

103 CRITERIA FOR PRESSURE DESIGN OF PIPING

Vessgl Code. Radiographs shall conform to the require-
ments of ASTM E280.

The¢ maximum acceptable severity level for a 1.0 qual-
ity factor shall be as listed in Table 102.4.6(B.2.2).
MSS|SP-54 may be used for guidance. Where appro-
priatg, radiographic examination (RT) of castings may be
supplemented or replaced with ultrasonic examination
(UT)}, provided it is performed in accordance with
MSS [SP-94.

(B.2.3) Any discontinuities in excess of the maxi-
mun| permitted in (B.2.1) and (B.2.2) above shall be
removed and may be repaired by welding after the base
metdl has been magnetic particle or dye penetrant
inspgcted to ensure complete removal of discontinuities.
[Refdr to para. 127.4.11(A).]

(B.2.4) All weld repairs of depth exceeding 1 in,
(25 mpm) or 20% of the section thickness, whichever is
the lgsser, shall be inspected by volumetric examination
(RT ¢r UT) in accordance with (B.2.2) above and by
magnetic particle or dye penetrant inspection’ of the
finished weld surface. All weld repairs (ofydepth less
than|20% of the section thickness, aor 1, in. (25 mm),
whichever is the lesser, and all weld:zepairs of section
that gannot be effectively radiographed shall be exam-
ined |by magnetic particle or,dye/penetrant inspection
of the first layer, of each Yodn. (6 mm) thickness of
depopited weld metal, andyof the finished weld surface.
Magnmnetic particle or dye pénetrant testing of the finished
weldjsurface shall bé dene after postweld heat treatment.

(CJ} For castirenand nonferrous materials, no increase
of the casting, quality factor is allowed except when
specipl methods of examination, prescribed by the mate-
rial specification, are followed. If such increase is specifi-
cally| petmitted by the material specification, a factor

COMPONENTS

The design of piping components shall*consider the
effects of pressure and temperature, i accordance with
paras. 104.1 through 104.7, including, the consgideration
of allowances permitted by parass102.2.4 and 102.4. In
addition, the mechanical strength of the pipzlf system
shall be determined adéequdte in accordance with
para. 104.8 under other.applicable loadings, fincluding
but not limited to thdse)loadings defined in para. 101.

104 PRESSURE-DESIGN OF COMPONENTS
104.1 Straight Pipe

104:1.1 Straight Pipe Under Internal Pressure.
Straight pipe under internal pressure shall haye a mini-
mum wall thickness calculated per para. 1041.2 if the
pipe is of seamless construction or is designefd for sus-
tained operation below the creep range. Strdight pipe
under internal pressure shall have a minimum wall
thickness calculated per para. 104.1.4 if the pipe is of
longitudinal-welded or spiral-welded conptruction
designed for sustained operation within the cr¢ep range.
(See para. 123.4 for definition of the creep range.)

104.1.2 Straight Pipe Under Internal Pfessure —
Seamless, Longitudinal Welded, or Spiral Welded and
Operating Below the Creep Range

(A) Minimum Wall Thickness. The minimum|thickness
of pipe wall required for design pressures andl for tem-
peratures not exceeding those for the various|materials
listed in the Allowable Stress Tables, includipg allow-
ances for mechanical strength, shall not be lesq than that
determined by eq. (7) or (8), as follows:

PD,

not exceeding 1.0 may be applied.

102.4.7 Weld Strength Reduction Factors. At ele-
vated temperatures, seam welds on longitudinal-welded
or spiral-welded pipe can have lower creep strength
than the base material. This reduction is a factor in
determining the minimum wall thickness for longitudi-
nal-welded or spiral-welded pipe (i.e., not seamless),
whether fabricated in accordance with a material specifi-
cation or fabricated in accordance with the rules of this
Code. The weld strength reduction factor, W, is given

21

_ 3
tn = 2GE+ Py T4 @)
_ Pd +25EA +2yPA 8)’
" = TO(SE + Py - D) (
Design pressure shall not exceed
_ 25E(t, - A) ,
D2 - A ©

3 SF shall be used in place of SE where casting quality factors
are intended. See definition of SE. Units of P and SE must be
identical. Mandatory Appendix A values must be converted to
kPa when the design pressure is in kPa.

(16)
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Table 102.4.7 Weld Strength Reduction Factors to Be Applied When Calculating the Minimum Wall
Thickness or Allowable Design Pressure of Components Fabricated With a Longitudinal Seam Fusion Weld

Weld Strength Reduction Factor for Temperature, °F (°C) [Notes (1)-(7)]
700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Steel Group (371) (399) 427) (454) (482) (510) (538) (566) (593) (621) (649)

CrMo [Notes (8), (9), (10)] . .. 1.00 0.95 0.91 0.86 0.82 0.77 0.73 0.68 0.64

CSEF (N+T7) [Notes 8y, (T, (12} - - - - - 1700 095 09T 0.86 0.82 0.77

CSEF (Sub (rit) [Notes (8), (13)] - . - - 1.00 0.50 0.50 0.50 0.50 050 0.50

Austenitic qtainless (incl. 800H & - - - - - 1.00 0.95 0.91 0.86 0.82 0.77
800HT) [Notes (14), (15)]

Autogenoudly welded austenitic - . - - - 1.00 1.00 1.00 1.00. 1.00 1.00

stainless |Note (16)]

NOTES:

(1) NP = not permitted.

(2) Longitudinal welds in pipe for materials not covered in this Table operating in the creep regime are_not permitted. For the purppses
of thip Table, the start of the creep range is the highest temperature where the nonitalicized stress values end in Mandatory
Appendix A for the base material involved.

(3) All wgld filler metal shall be a minimum of 0.05% C for CrMo and CSEF materials, and 0.04% C for austenitic stainless in this Table.

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

(5) Longifudinal seam welds in CrMo and CSEF materials shall be subjected to, and.pass, a 100% volumetric examination (RT or UJ). For
matetfials other than CrMo and CSEF, see para. 123.4(B).

(6) At terhperatures below those where WSRFs are tabulated, a value of 1.0_sh@all be used for the factor W where required by the riles of
this Jection. However, the additional rules of this Table and Notes do nat.apply.

(7)  Carbdn steel pipes and tubes are exempt from the requirements of pata. 102.4.7 and Table 102.4.7.

(8) Basicfty index of SAW flux > 1.0.

(9) The OrMo steels include Y Cr-YMo, 1Cr-%;Mo, 1Y,Cr-YMo-Si2Y,Cr-1Mo, 3Cr-1Mo, and 5Cr-Y,Mo. Longitudinal welds shall either
be ngrmalized, normalized and tempered, or subjected to proper subcritical PWHT for the alloy.

(10) Longifudinal seam fusion welded construction is not permitted for C—%4Mo steel for operation in the creep range [see Notes (2) and
@]

(11) The CSEF (creep strength enhanced ferritic) steels(include Grades 91, 92, 911, 122, and 23.

(12) N+T F normalizing + tempering PWHT.

(13) Sub Qrit = subcritical PWHT is required. Nosexeémptions from PWHT are permitted. The PWHT time and temperature shall meet the
requifements of Table 132; the alternate PWHT requirements of Table 132.1 are not permitted.

(14) WSRFp have been assigned for austenitic)stainless (including 800H and 800HT) longitudinally welded pipe up to 1,500°F as follows:

Temperature; °F Temperature, °C Weld Strength Reduction Factor
1,250 677 0.73
1,300 704 0.68
1,350 732 0.64
1,400 760 0.59
1,450 788 0.55
1,500 816 0.5

(15) Certain hedts of the austenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitafion of
tempér-résistant carbides and carbo-nitrides, can suffer from an embrittlement condition in the weld heat affected zone that canp lead
to premature failure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area
mitigates this susceptibility.

(16) Autogenous SS welded pipe (without weld filler metal) has been assigned a WSRF up to 1,500°F of 1.00, provided that the product
is solution annealed after welding and receives nondestructive electric examination, in accordance with the material specification.

22
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2SE(t,, — A)

stock, the actual measured inside diame-

— 3
©d = 2y(t, - A) + 2, 10 ter and actual measured minimum wall
thickness at the thinner end of the pipe
where the nomenclature used above is may be used to calculate this pressure.
(A1) t,, = minimum required wall thickness, in. (A.5) SE
(mm) or SF = maximum allowable stress in material
(A.1.1) 1f pipe is ordered by its nomi- due to internal pressure and joint effi-
nal wall thickness, the manufacturing tol- ciency (or casting quality factor) at the
erance on wall thickness must be taken design temperature, psi (MPa). The value
mto account. After the minimum pipe of SE or SF shall not exceed that given
wall thickness t,, is determined by eq. (7) in Mandatory Appendik 4| for the
or (8), this minimum thickness shall be respective material and design|tempera-
iucreased by an amount sufﬁcient to pro- ture. These values include the weld joint
vide th'e manufscturmg toleruuce efficiency, E, or the.casting facfor, F.
erllowed in the applicable pipe specifica- (A.6) A = additional thickgess, in. (mm)
tion or required by the process. The next .
heavier commercial wall thickness shall (A.6.1) \ To comp.ensate for .materlal
then be selected from thickness schedules remeved in threading, grooyling, etc.,
such as contained in ASME B36.10M or required.to make a mechanical joint, refer
from manufacturers” schedules for other to para. 102.4.2.
than standard thickness. (A.6.2) To provide for m¢chanical
(A.1.2) Tocompensate for thinning in strength of the pipe, refer to para. 102.4.4
bends, refer to para. 102.4.5. (not intended to provide for extreme con-
(A.1.3) For cast piping components, ditions of Irtisapplied external loads or
refer to para. 102.4.6. for mechanical abuse).
(A.1.4) Where ends are subject to (A.6.3) To provide for corropion and /
forming or machining for jointing, the or erosion, refer to para. 102.4{1.
wall thickness of the pipe, tube, or com4 (A.7) y = coefficient having values as|given in

ponent after such forming or machining
shall not be less than t,, minus the ameunt
provided for removal by para:104.1.2
(A.6.1).

(4.2) P = internal design pressure; psig [kPa

(gage)]

NOTH: When computing the design pressure for a pipe of a
definife minimum wall thickness by eq:1(9) or (10), the value of P
obtairfed by these formulas may,be'roinded out to the next higher
unit of 10. For cast iron pipessee-para. 104.1.2(B).

(A3) D, = outside diameter of pipe, in. (mm). For
design calculations, the outside diameter
of>pipe as given in tables of standards
and specifications shall be used in
obtaining the value of t,. When calculat-
ing the allowable working pressure of

sured out51de diameter and actual mea-

sured minimum wall thickness at the
thinner end of the pipe may be used to
calculate this pressure.

(A4) d = inside diameter of pipe, in. (mm). For
design calculations, the inside diameter
of pipe is the maximum possible value
allowable under the purchase specifica-
tion. When calculating the allowable
working pressure of pipe on hand or in

Table 104.1.2(A)

AWWA C115/A21.15 or ANSI/AWWA C15p/A21.50.
These thicknesses include allowances for foundry toler-
ances and water hammer.

(C) While the thickness determined from

q. (7) or

(8) is theoretically ample for both bursting pressure and

material removed in threading, the following

inimum

requirements are mandatory to furnish added|mechani-

cal strength:

(C.1) Where steel pipe is threaded and|used for
steam service at pressure above 250 psi (1790 kPa) or

Mith water

temperature above 220°F (105°C), the pipe shall be seam-
less having the minimum ultimate tensile strength of
48,000 psi (330 MPa) and a weight at least equal to
Schedule 80 of ASME B36.10M.

(C.2) Where threaded brass or copper pipe is used
for the services described in (C.1) above, it shall comply
with pressure and temperature classifications permitted
for these materials by other paragraphs of this Code
and shall have a wall thickness at least equal to that
specified above for steel pipe of corresponding size.
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Table 104.1.2(A) Values of y

Temperature, °F (°C)

900 1,250

(482) 677)

and 950 1,000 1,050 1,100 1,150 1,200 and

Material Below (510) (538) (566) (593) (621) (649) Above
Ferritic steels 0.4 0.5 0.7 0.7 0.7 0.7 0.7 0.7
Austenitic steels 0.4 0.4 0.4 0.4 0.5 0.7 0.7 0.7
Nickel alloy UNS No. N06690 0.4 0.4 0.4 0.4 0.5 0.7 0.7 N
Nickel alloys UNS Nos. N06617, 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7

N08800, N08810, N08825

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

GENERAL NOTES:

Table.

NOTE:

above.

(C.3)| Plain end nonferrous pipe or tube shall have
minimunf wall thicknesses as follows:

((;131) For nominal sizes smaller than NPS ¥,
(DN 20), fhe thickness shall not be less than that specified
for Type K of ASTM BS8S.

(Cl3.2) For nominal sizes NPS % (DN 20).and
larger, the wall thickness shall not be less than 0,049 in.
(1.25 mm). The wall thickness shall be further increased,
as required, in accordance with para. 1024.

104.13 Straight Pipe Under External Pressure. For
determinjng wall thickness and stiffening requirements
for straight pipe under external presstire, the procedures
outlined [n UG-28, UG-29, and UG-30 of Section VIII,
Division | of the ASME Boilerand Pressure Vessel Code
shall be followed.

104.1)4 Longitudinal-Welded or Spiral-Welded Pipe
Operating in the Creep Range. The minimum thickness
of pipe wall requiréd for design pressures and for tem-
perature notlexceeding that for the various materials
listed in [the"Allowable Stress Tables shall not be less

(@ The value of y may be interpolated between the 50°F (27.8°C) incremental values shown in the

(b) For pipe with a D, /t, ratio less than 6, the value of y for ferritic and austenitic steels ‘designed for
temperatures of 900°F (480°C) and below shall be taken as

y=d+D0

(1) Metals listed in Mandatory Appendix A that are not covered by the/Categories of materials listed

d

_ 2SEW(t, - A)
T d =2yt — A) + 2ty

Where the nomenclature used above is givén in
para. 104.1.2 and

E = weld joint efficiency factor (as givén in
Table 102.4.3 and referenced in Mandptory
Appendix A tables)
maximum allowable stress in material due to
internal pressure and joint efficiency 3t the
design temperature, psi (MPa). The vacl‘Fe of

SE

SE shall not exceed that given in Mandatory
Appendix A, for the respective materia] and
design temperature. These values include the
weld joint efficiency factor, E.

weld strength reduction factor
para. 102.4.7)

144 (see

Also see requirements in para. 123.4 and Table 1(2.4.3.

104.2 Curved Segments of Pipe

than that determined by eq. (11) or (12) as follows:

by = __PDo A 11
" = 2(SEW + Py) an
_ Pd + 2SEWA + 2yPA )

" = T2(SEW + Py - P)
Design pressure shall not exceed

_ 2SEW(t, - A)
" Dy - 2yt — A)

24

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

(A) The minimum wall thickness shall meet the
requirements of para. 102.4.5 and the fabrication require-
ments of para. 129.

(B) Limits on flattening and buckling at bends may
be specified by design, depending upon the service, the
material, and the stress level involved. Where limits on
flattening and buckling are not specified by design, the
requirements of para. 129.1 shall be met.
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104.2.2 Elbows. Elbows manufactured in accor-
dance with the standards listed in Table 126.1 are suit-
able for use at the pressure-temperature ratings
specified by such standards, subject to the requirements
of para. 106.

104.3 Intersections

104.3.1 Branch Connections
(A) This paragraph gives rules governing the design

not have sufficient thickness to provide the proper depth
of socket, an alternate type of construction shall be used.

(B.4.1.3) the clearance between the bottom of
the socket and the end of the inserted branch pipe is in
accordance with Fig. 127.4.4(C).

(B.4.1.4) the size of the fillet weld is not less
than 1.09 times the nominal wall thickness of the
branch pipe.

(B.4.2) threaded right angle branch connections

of branch connections to sustain internal and external
presdure in cases where the axes of the branch and the
run intersect, and the angle between the axes of the
bran¢h and of the run is between 45 deg and 90 deg,
inclupive.

Brdnch connections in which the smaller angle
betwpen the axes of the branch and the run is less than
45 deg or branch connections where the axes of the
branfh and the run do not intersect impose special
design and fabrication problems. The rules given herein
may be used as a guide, but sufficient additional strength
musf| be provided to ensure safe service. Such branch
conngctions shall be designed to meet the requirement
of para. 104.7.

(B) Branch connections in piping may be made from
matefials listed in Mandatory Appendix A by the use
of the following:

B.1) fittings, such as tees, laterals, and crosses
madg¢ in accordance with the applicable standards listed
in Taple 126.1 where the attachment of the branch pipe
to the fitting is by butt welding, socket welding, brazing,
soldgring, threading, or by a flanged connection:

B.2) weld outlet fittings, such as cast or forged
nozzles, couplings and adaptors, or similaritems where
the dttachment of the branch pipe tovthe fitting is by
butt yelding, socket welding, threading, or by a flanged
conngction. Such weld outlet fittings are attached to the
run By welding similar to thdt shown in Fig. 127.4.8(E)
or Fig. 127.4.8(F), as applicable. MSS SP-97 may be used
for design and manufactuting standards for integrally
reinfprced forged branch outlet fittings. Couplings are
restricted to a maxithum of NPS 3 (DN 80).

B.3) extruded outlets at right angles to the run
in accordance with (G) below, where the attach-
of therbranch pipe is by butt welding.

Bi4) -piping directly attached to the run pipe by

1274 Q o 1

pipe,

ment

may be made by attaching the branch pipe dJirectly to
the run provided
(B.4.2.1) the nominal size of-the brgnch does
not exceed NPS 2 (DN 50) or one-fourth of th¢ nominal
size of the run, whichever is smaller.
(B.4.2.2) the minimwmn_thread engagement is
six full threads for NPS % (DN/15) and NPS ¥, (DN 20)
branches; seven for NPSWSDN 25), NPS 1% (DN 32),
and NPS 1% (DN 40):branches; and eight for NPS 2
(DN 50) branches. Ifrthe run pipe wall does[not have
sufficient thickness to provide the proper depth for
thread engagement, an alternative type of cofstruction
shall be uséd,
(C) Bravich Connections Not Requiring Reinforfement. A
pipe having a branch connection is weaken¢d by the
opening that must be made in it. Unless the wall thick-
ness of the branch and/or run pipe is sufficiently in
excess of that required to sustain the pressure, {t is neces-
sary to provide additional material to meet the freinforce-
ment requirements of (D) and (E) below. Howgver, there
are certain branch connections for which syipporting
calculations are not required. These are as follows:
(C.1) branch connections made by the uge of a fit-
ting (tee, lateral, cross, or branch weld-on fittinjg), manu-
factured in accordance with a standard [listed in
Table 126.1, and used within the limits of [pressure—
temperature ratings specified in that standardgl.
(C.2) branch connections made by welding a cou-
pling or half coupling directly to the run pipq in accor-
dance with Fig. 127.4.8(F), provided the[nominal
diameter of the branch does not exceed NPS 2 (DN 50) or
one-fourth the nominal diameter of the run, whichever
is less. The minimum wall thickness of the|coupling
anywhere in the reinforcement zone (if thredds are in
the zone, wall thickness is measured from the root of
the thread to the minimum O.D.) shall not b less than

weldkng-inaecordance-with-para—27-4-8-or-by—seecket
welding or threading as stipulated below.

(B.4.1) socket welded right angle branch connec-
tions may be made by attaching the branch pipe directly
to the run pipe provided

(B.4.1.1) the nominal size of the branch does
not exceed NPS 2 (DN 50) or one-fourth of the nominal
size of the run, whichever is smaller.

(B.4.1.2) the depth of the socket measured at
its minimum depth in the run pipe is at least equal to
that shown in ASME B16.11. If the run pipe wall does

25

that-of-the-tunthreaded-branchpipe—dnno-casé shall the
thickness of the coupling be less than extra heavy or
Class 3000 rating.

Small branch connections NPS 2 (DN 50) or smaller
as shown in Fig. 127.4.8(G) may be used, provided ¢, is
not less than the thickness of schedule 160 pipe of the
branch size.

(C.3) integrally reinforced fittings welded directly
to the run pipe when the reinforcements provided by
the fitting and the deposited weld metal meets the
requirements of (D) below.
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(C.4) integrally reinforced extruded outlets in the
run pipe. The reinforcement requirements shall be in
accordance with (G) below.

(D) Branch Connections Subject to Internal Pressure
Requiring Reinforcement

(D.1) Reinforcement is required when it is not pro-
vided inherently in the components of the branch con-
nection. This paragraph gives rules covering the design
of branch connections to sustain internal pressure in

longitudinal welds, care shall be taken to ensure that
the two welds do not intersect each other.

(D.2.2) Therequired reinforcement area in square
inches (square millimeters) for branch connections shall
be the quantity

Ay = Ag(2 — sin @) = (t,y, — A)dqy (2 — sin @)

For right angle connections, the required reinforce-
ment becomes

cases whpre the angle between the axes of the branch
and of the run is between 45 deg and 90 deg. Subpara- Ay = Ag = (b — A)dy
graph (E) below gives rules governing the design of
connectigns to sustain external pressure. The required reinforcement must be within the Jimits
(D.2) Figure 104.3.1(D) illustrates the notations of the reinforcement zone as defined,in (D.2.4) bglow.
used in the pressure-temperature design conditions of (D.2.3) The reinforcement required by (D.2) shall
branch cdnnections. These notations are as follows: be that provided by any combindtion of areas A}, A,,
b| = subscript referring to branch Asj, Ay, and As, as defined below and illustratpd in
Dy| = outside diameter of branch, in. (mm) Fig. 104.3.1(D) where
Dy| = outside diameter of header, in. (mm) A; = area provided by.excess pipe wall in thg run
di| = inside centerline longitudinal dimension = (2d, - dlz)(Th _Ztmh) ) )
of the finished branch opening in the run Ay = area, in{mm°), provided by excess pipg wall
of the pipe, in. (mm) in the branch fqr a distance Ly above thg run
= [Dy - 2(T, - A)]l/sin a = 2Ly (@ = ty)/sin @
dy| = “half width” of reinforcing zone, in. (mm) Az = area proYlded .by deposited weld metal bgyond
= the greater of d; or (Ty — A) + (T; — A) + the out51.de diameter of the run ar.ld branch,
d,/2 but in no case more than D,y, in. (mm) and for fillet weld attachments of rings, pads,
h| = subscript referring to run or header and saddles
Ll = altitude of reinf ¢ tside of A, = area provided by a reinforcing ring, pdd, or
* aftituce of remiorcement zohe otiside © integral reinforcement. The value of A, may
_ ;u;z’Tzn_ (X;n:_) b, or 2.5(T, — A), whichevek be taken in the same manner in which gxcess
N ! ’ ’ header metal is considered, provided the|weld
is smaller . completely fuses the branch pipe, run [pipe,
Ty, Tyl = actual wall thickness (by measurenient) or and ring or pad, or integral reinforcefuent.
the minimum wall thickness permissible For welding br,anch connections reﬂrelr to
under the purchase specification of the para. 127.4.8.
branc.h or he.ao.ler pipe, 1. (mm) . As = area provided by a saddle on right gngle
tubs tun| = t‘equ;redf ir}lllntmumhwallklthgkne§s, in. connections
mm), of the bran¢h)or header pipe as — (O.D. of saddle — D),
determined byNst of eq. (7) or (8) in Ag = pressure design area expected at the epd of
f F}irinm“?(ﬁ hed reinforcing pad, i service life
| = thickness of attached reinforcing pad, in - _
Example Ay'in. (mm); or height of the larg- (b = Ay
est 60vdeg right triangle supported by the Portions of the reinforcement area may be comjposed
runand branch outside diameter projected ~ of materials other than those of the run pipe, but [if the
surfaces and lying completely within  allowable stress of these materials is less than that for
the area of integral reinforcement, in  the run pipe, the corresponding calculated reinforce-
Exampte B, I (mm) et areda provided by this materiat sttt bereduced in
a = angle between axes of branch and run, deg  the ratio of the allowable stress being applied to the

(D.2.1) If the run pipe contains a longitudinal
seam that is not intersected by the branch, the stress
value of seamless pipe of comparable grade may be
used to determine the value of t,;, for the purpose of
reinforcement calculations only. If the branch intersects
a longitudinal weld in the run, or if the branch contains
a weld, the weld joint efficiency for either or both shall
enter the calculations. If the branch and run both contain

26

reinforcement area. No additional credit shall be taken
for materials having higher allowable stress values than
the run pipe.

(D.2.4) Reinforcement Zone. The reinforcement
zone is a parallelogram whose width shall extend a
distance d, on each side of the centerline of the branch
pipe, and whose altitude shall start at the inside surface
of the run pipe and extend to a distance L, from the
outside surface of the run pipe.
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(D.2.5) Reinforcement of Multiple Openings. It is
preferred that multiple branch openings be spaced so
that their reinforcement zones do not overlap. If closer
spacing is necessary, the following requirement shall be
met. The two or more openings shall be reinforced in
accordance with (D.2), with a combined reinforcement
that has a strength equal to the combined strength of the
reinforcement that would be required for the separate
openings. No portion of the cross section shall be consid-

branch connection by thermal expansion and contrac-
tion, by dead weight of piping, valves, and fittings, cov-
ering and contents, or by earth settlement, the branch
connection shall be analyzed considering the stress
intensification factors as specified in Mandatory
Appendix D. Use of ribs, gussets, and clamps designed
in accordance with para. 104.3.4 is permissible to stiffen
the branch connection, but their areas cannot be counted
as contributing to the required reinforcement area of the

ered S dpPllelg 1O IIIOIC Illd[l OIlC Upeuing, Or bt’ evalu-
ated more than once in a combined area.

WHen more than two adjacent openings are to be pro-
vided with a combined reinforcement, the minimum
distapce between centers of any two of these openings
should preferably be at least 1% times their average
diamjeter, and the area of reinforcement between them
shall[be at least equal to 50% of the total required for
thesg two openings.

(D.2.6) Rings, Pads, and Saddles. Reinforcement
provided in the form of rings, pads, or saddles shall not
be appreciably narrower at the side than at the crotch.

A vient hole shall be provided at the ring, pad, or saddle
to prpvide venting during welding and heat treatment.
Refeq to para. 127.4.8(E).

Rings, pads, or saddles may be made in more than
one piece, provided the joints between pieces have full
thickness welds, and each piece is provided with a
vent fhole.

(D.2.7) Other Designs. The adequacy of designs
to which the reinforcement requirements of parax104.3
cannpt be applied shall be proven by burst ‘er proof

bldllLll LUI[I[ULLiUIl.
(G) Extruded Outlets Integrally Reinforced

(G.1) The following definitions,\modifications,
notations, and requirements are specifically gpplicable
to extruded outlets. The designer shall make pfoper wall
thickness allowances in order‘that the requiped mini-
mum reinforcement is ensured’ over the design life of
the system.

(G.2) Definitions An extruded outlet
defined as a headefint which the extruded [ip at the
outlet has an altittide above the surface of the run that
is equal to or greater than the radius of curvatjure of the
external contoured portion of the outlet; i.e., i, > 7,. See
nomenclatare and Fig. 104.3.1(G).

(G.3) These rules apply only to cases whete the axis
of the.outlet intersects and is perpendicular tp the axis
of\the run. These rules do not apply to any [nozzle in
which additional nonintegral material is applied in the
form of rings, pads, or saddles.

(G.4) The notation used herein is illustrated
in Fig. 104.3.1(G). All dimensions are jn inches
(millimeters).

header is

tests|on scale models or on full size structures, or by Dy, = outside diameter of branch pipg
calcullations previously substantiated by suecessful ser- D,;, = outside diameter of run
vice pf similar design. d, = corroded internal diameter of branch pipe
(E} Branch Connections Subject(to,External Pressure d. = corroded internal diameter of fextruded
Requfring Reinforcement. The teinforcement area in outlet measured at the level of the outside
squate inches (square millimeters) required for branch surface of the run
conngctions subject to extérnal pressure shall be d, = corroded internal diameter of rjin
h, height of the extruded lip. Thif must be
05 (2 — sin @) equal to or greater than r,, exceptas shown
in (G.4.2) below.
wherte t,, is the-xéquired header wall thickness deter- Lg = altitude of reinforcement zone
mined for stfaight pipe under external pressure, using = 0.7/DgT,
procgdureSoutlined in UG-28, UG-29, UG-30, and UG-31 T, — A = actual wall thickness (by measurement) or
of Sqction’ VIII, Division 1, of the ASME Boiler and the minimum wall thickness p¢rmissible
Pressure-Vessel-Code: under—the—ptirchase—specification of the
Procedures established heretofore for connections sub- branch pipe minus the corrosion allow-
ject to internal pressure shall apply for connections sub- ance, in. (mm)
ject to external pressure provided that D,,, Dy, and ¢, T, — A = actual wall thickness (by measurement) or
are reduced to compensate for external corrosion, if the minimum wall thickness permissible
required by design conditions. under the purchase specification of the
(F) Branch Connections Subject to External Forces and header pipe minus the corrosion allow-
Moments. The requirements of the preceding para- ance, in. (mm)
graphs are intended to ensure safe performance of a T, = corroded finished thickness of extruded

branch connection subjected only to pressure. However,
when external forces and moments are applied to a

29

outlet measured at a height equal to 7,
above the outside surface of the run
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Fig. 104.3.1(G) Reinforced Extruded Outlets
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(1) Taper bore inside diameter (if required) to match branch pipe 1:3 maximum taper.
(2) Sketch to show method of establishing T, when the taper encroaches on the crotch radius.
(3) Sketch is drawn for condition where k = 1.00.
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tmwp — A = required thickness of branch pipe
according to wall thickness eq. (7) or (8)
in para. 104.1.2(A), but not including any
thickness for corrosion

tun — A = required thickness of the run according to
eq. (7) or (8) in para. 104.1.2(A), but not
including any allowance for corrosion

(G.6) Reinforcement Area. The reinforcement area
shall be the sum of areas

A+ Ay + Ay

as defined below.
(G.6.1) Area A is the area lying within the rein-
forcement zone resulting from any excess thickness

r1 = half width of reinforcement zone (equal . .
! (eq available in the run wall.
to d.)
ro — Iddiub Ulr Curvdaturc Ulr CXLCIlldl LUllLUUlUL‘l Al = dC(Th — tmh)

portion of outlet measured in the plane
containing the axes of the run and branch.
This is subject to the following limitations:

(G.4.1) Minimum Radius. This dimension
shall not be less than 0.05D,;, except that
on branch diameters larger than NPS 30
(DN 750), it need not exceed 1.50 in.
(38 mm).

(G.4.2) Maximum Radius. For outlet pipe
sizes 6 in. (150 mm) nominal and larger,
this dimension shall not exceed 0.10D,; +
0.50 in. (0.10D,, + 12.7 mm). For outlet
pipe sizes less than NPS 6 (DN 150), this
dimension shall be not greater than
1.25 in. (32 mm).

(G.4.3) When the external contour con-
tains more than one radius, the radius of
any arc sector of approximately 45 deg
shall meet the requirements of (G.4.1) and
(G.4.2) above. When the external contour
has a continuously varying radius; the
radius of curvature at every point on the
contour shall meet the requirements of
(G.4.1) and (G.4.2) abovge.

(G.4.4) Machining other than grinding
for weld cleanup shall not be employed
in order to meet the’above requirements.

G.5) Required Area. Therequired area is defined as
An =K (b — A) d.

where K shall bé.taken as follows:

For IDo/D . greater than 0.60,

K = 1.00

(G.6.2) Area A, is the area lying Wwithin} the rein-
forcement zone resulting from any excess thickness
available in the branch pipe wall,

Ay = 2L8(Tb pJ tmb)

(G.6.3) Area A, is the area lying within} the rein-
forcement zone resulting from excess thicknesg available
in the extruded outlet lip.

Ay =21, [T, - (Tb - A)]

(G.7 ) Reinforcement of Multiple Openings.|It is pre-
ferred that multiple branch openings be spacg¢d so that
their'teinforcement zones do not overlap. If clpser spac-
inglis necessary, the following requirementq shall be
met. The two or more openings shall be reinforced in
accordance with (G) with a combined reinforcament that
has a strength equal to the combined strength of the
reinforcement that would be required for sepafate open-
ings. No portion of the cross section shall be cpnsidered
as applying to more than one opening, or be gvaluated
more than once in a combined area.

(G.8) In addition to the above, the manufacturer
shall be responsible for establishing and markjng on the
section containing extruded outlets, the design pressure
and temperature. The manufacturer’s name |or trade-
marks shall be marked on the section.

104.3.3 Miters. Miter joints, and the terminology
related thereto, are described in Mandatory Appendix D.
A widely spaced miter with

b
0<9 \/;deg

shall be considered to be equivalent to a gfirth butt-

For D,,/D,;, greater than 0.15 and not exceeding 0.60,
K = 0.6 + % Doy/Do
For D,,/D,;, equal to or less than 0.15,
K =070

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

welded jomnt, and the rules of this paragraph do not
apply. Miter joints, and fabricated pipe bends consisting
of segments of straight pipe welded together, with 6
equal to or greater than this calculated value may be
used within the limitations described below.
(A) Pressure shall be limited to 10 psi (70 kPa) under
the following conditions:
(A.1) The assembly includes a miter weld with
0>22.5 deg, or contains a segment that has a dimension

B < 6t,


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

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

(A.3) The contained fluid is nonflammable, non-
toxic, and incompressible, except for gaseous vents to
atmosphere.

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

(A.5) Full penetration welds are used in joining

104.4 Closures

104.4.1 General. Closures for power piping sys-
tems shall meet the applicable requirements of this Code
and shall comply with the requirements described in
(A) or (B) below. Closures may be made

(A) by use of closure fittings, such as threaded or
welded plugs, caps, or blind flanges, manufactured in
accordance with standards listed in Table 126.1, and

miter segfments.

(B) Prdssure shall be limited to 100 psi (700 kPa) under
the conditions defined in (A.2), (A.3), (A4), and (A.5)
above, in|addition to the following;:

(B.1)| the angle 6 does not exceed 22.5 deg
(B.2)| the assembly does not contain any segment
that has ¢ dimension

B < 6t,

(C) Miters to be used in other services or at design
pressuregabove 100 psi (700 kPa) shall meet the require-
ments of [para. 104.7.

(C.1)| When justification under para. 104.7 is based
on compgdrable service conditions, such conditions must
be establjshed as comparable with respect to cyclic as
well as sfatic loadings.

(C.2)| When justification under para. 104.7 is based
on an anfalysis, that analysis and substantiating tests
shall congider the discontinuity stresses that exist at the
juncture petween segments; both for static (including
brittle frgcture) and cyclic internal pressure.

(C.3)| The wall thickness, t;, of a segment of.a miter
shall not be less than specified in (C.3.1) or (C.3.2)below,
depending on the spacing.

(C}3.1) For closely spaced miteribends (see
Mandatoty Appendix D for definition)

2 —1/R

b= b 5 IR)

(C}3.2) For widely-spaced miters (see Mandatory
Appendix D for definition)

ts & bi(1 + 0.64,/r/t; tan 6)

(The aboYe_équation requires an iterative or quadratic
solution for(t..)

used within the specified pressure—temperature rat-
ings, or

(B) in accordance with the rules contained in the
ASME Boiler and Pressure Vessel Code, Section I, Jower
Boilers, PG-31, or Section VIII, Pressure Vegsels,
Division 1, UG-34 and UW-13, calculated from

tn = t +/A

where
pressure design\thickness, calculated fqr the
given closure shape and direction of logding
using apprepriate equations and procedutes in
Section-I'or Section VIII, Division 1 of the ASME
Boiler and Pressure Vessel Code

The definition of A and the symbols used in determfining
t shallvhave the definitions shown herein, instepd of
those” given in the ASME Boiler and Pressure Yessel
Code.

Attachment of a welded flat permanent closure]
only a single fillet weld is not permitted.

with

104.4.2 Openings in Closures. Openings in clgsures
may be made by welding, extruding, or threafling.
Attachment to the closure shall be in accordance| with
the limitations provided for such connections in [para.
104.3.1 for branch connections. If the size of the opgning
is greater than one-half of the inside diameter gf the
closure, the opening shall be designed as a reduger in
accordance with para. 104.6.

Other openings in closures shall be reinforced in gccor-
dance with the requirements of reinforcement|for a
branch connection. The total cross-sectionallarea
required for reinforcement in any plane passing thjough
the center of the opening and normal to the surfgce of
the closure shall not be less than the quantity qf dst,
where

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

32

ds = diameter of the finished opening, in. (mm)
t = as defined in (B) above

104.5 Pressure Design of Flanges and Blanks

104.5.1 Flanges — General

(A) Flanges of sizes NPS 24 (DN 600) and smaller,
that are manufactured in accordance with ASME B16.1
and B16.5, shall be considered suitable for use at the
primary service ratings (allowable pressure at service
temperature) except the slip-on flanges to ASME B16.5

(16)
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shall be limited in application to no higher than Class 300
primary pressure service rating. Refer to para. 127.4.4.
For flanges larger than NPS 24 (DN 600), and manufac-
tured in accordance with the Specifications and
Standards listed in Table 126.1, the designer is cautioned
about the dimensionally different designs that are avail-
able, as well as the limitations of their application.
Flanges not made in accordance with the
Specifications and Standards listed in Table 126.1 shall

where
t = pressure design thickness as calculated for the
given style of blind flange from the appropriate
equations for bolted flat cover plates in Section I
of the ASME Boiler and Pressure Vessel Code.
Certain notations used in these equations,
namely, P and SE [see para. 104.1.2(A),
footnote 3], shall be considered to have the mean-
ings described in para. 104.1.2(A) instead of

be d¢signed in accordance with Section VIII, Division 1
of the ASME Boiler and Pressure Vessel Code, except
that the requirements for fabrication, assembly, inspec-
tion, pnd testing, and the pressure and temperature lim-
its for materials of this Code for Pressure Piping shall
govern. Certain notations used in the ASME Code,
namgly, P, §;, Sy, and S, shall have the meanings
descilibed below instead of those given in the ASME
Codg. All other notations shall be as defined in the
ASMEE Code.

P |= design pressure, psi (kPa) (see paras. 101.2.2
and 101.2.4)

Sa |= bolt design stress at atmospheric temperature,
psi (kPa)

Sy |= bolt design stress at design temperature, psi
(kPa)

S¢|= allowable stress for flange material or pipe, psi
(kPa) (see para. 102.3.1 and Allowable Stress
Tables) (stress values converted from MPa~to
kPa)

For certain specific applications, see the'lithitations of

. 122.1.1(F), (G), and (H).

(B) These flange design rules afe 'not applicable to
flat face designs employing full face gaskets that extend
beyohd the bolts.

(C) The bolt design stress/in (A) above shall be as
establlished in Section VHI, Division 1 of the ASME Boiler
and Pressure Vessel’'@ode, Nonmandatory Appendix P
for fgrrous materials.

(D) Application of bolting materials for flanged joints
is coyered. in\para. 108.5.

paras

104.5.2 Blind Flanges

those given in the ASME Code. All_other nota-
tions shall be as defined in the ASMH Code.

104.5.3 Blanks
(A) The required thickness of permanent blanks (see
Fig. 104.5.3) shall be calculated-from the equation

tn E=AA+ A

where

pressure «design thickness as calculdted from

eq. (14)
3P
b= do\/T6SE

See para. 104.1.2(A), footnote 3.
inside diameter of gasket for rais¢d or flat
(plain) face flanges, or the gasket pitch diameter
for retained gasketed flanges, in. (mn)

(14)

dg

(B) Blanks to be used for test purposes only shall have
a minimum thickness not less than the pressire design
thickness t specified above except that P shall be not
less than the test pressure and SE [see para. 104.1.2(A),
footnote 3] may be taken as the specified ninimum
yield strength of the blank material if the tept fluid is
incompressible.

(C) Attachment of a welded flat permangnt blank
with only a single fillet weld is not permitted.

104.6 Reducers

Flanged reducer fittings manufactured in a¢cordance
with the Standards listed in Table 126.1 shall pe consid-
ered suitable for use at the specified pressure-
temperature ratings. Where butt welding reducers are
made to a nominal pipe thickness, the reducets shall be
considered suitable for use with pipe of the same nomi-

(A) Blind flanges manufactured in accordance with
the standards listed in Table 126.1 shall be considered
suitable for use at the pressure-temperature rating speci-
fied by such standards.

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

by =t+A (13)
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nal thickness.

104.7 Other Pressure-Containing Components

104.7.1 Listed Components. Pressure-containing
components manufactured in accordance with the stan-
dards listed in Table 126.1 shall be considered suitable
for use under normal operating conditions at or below
the specified pressure-temperature ratings. However,
the user is cautioned that where certain standards or
manufacturers may impose more restrictive allowances
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Fig. 104.5.3 Types of Permanent Blanks

L~

S LN

T

I

e

for variafion from normal operation than those estab-
lished by|this Code, the more restrictive allowances shall
apply.

104.7.2 Specially Designed Components. The'pres-
sure design of components not covered by the standards
listed in [fable 126.1 or for which design formulas and
procedurgs are not given in this Code shall be based on
calculatigns consistent with the desigh criteria of this
Code. These calculations shall be substantiated by one
or more pf the means stated.in (A), (B), (C), and (D)
below.

(A) extensive, successful service experience under
comparaple conditiofs,with similarly proportioned
componehts of thesame or similar material

(B) experimental stress analysis, such as described in
the ASME Boilerrand Pressure Vessel Code, Section VIII,
Division P,fAnnhex 5-F

classes and to determine analogies among re|ated
materials.

Calculations and documentation showing compliance
with this paragraph shall be available for the owner’s
approval, and, for boiler external piping, they shall be

available for the Authorized Inspector’s review.

104.8 Analysis of Piping Components

To validate a design under the rules in this paragraph,
the complete piping system must be analyzed for dondi-
tions and criteria dealing with the effects of the¢rmal
expansion, weight, other sustained loads, and applicable
occasional loads such as those described in para} 101.
Each component in the system must meet the linits in
this paragraph. For pipe and fittings, the pressure|term
in egs. (15) and (16) may be replaced with the alterrfative
term for S;, as defined in para. 102.3.2(A.3). The prassure
term in egs. (15) and (16) may not apply for bejlows

(C) proof testimraccordarce withreither ASME B16:5;
MSS SP-97; or the ASME Boiler and Pressure Vessel
Code, Section I, A-22

(D) detailed stress analysis, such as finite element
method, in accordance with the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 2, Part 5,
except that the basic material allowable stress from the
Allowable Stress Tables of Mandatory Appendix A shall
be used in place of S,

For any of (A) through (D) above, it is permissible to
interpolate between sizes, wall thicknesses, and pressure

34

and expansion joints. Whemn evatuating 5tresses in the
vicinity of expansion joints, consideration must be given
to actual cross-sectional areas that exist at the expan-
sion joint.

104.8.1 Stress Due to Sustained Loads. The effects
of pressure, weight, and other sustained mechanical
loads shall meet the requirements of eq. (15).

(U.S. Customary Units)

_ PD, , 0.75iM,
L= 4, Z

<1065, (15)

(16)

(16)
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(SI Units)

PD,

, 0.75iM,
(1 000)4t,

SL= 7

<108,

where

stress intensification factor (see Mandatory
Appendix D). The product 0.75i shall never
be taken as less than 1.0.

Fig. 104.8.4 Cross Section Resultant
Moment Loading

M, = resultant momentloading on cross section due
to weight and other sustained loads, in-Ib
(mm-N) (see para. 104.8.4)

S} = basic material allowable stress at maximum
(hot) temperature [see para. 102.3.2(B)]

S| = sum of the longitudinal stresses due to pres-
sure, weight, and other sustained loads

4 = section modulus, in.? (mm?®) (see para. 104.8.4)

104.8.2 Stress Due to Occasional Loads. The effects

of pressure, weight, other sustained loads, and occa-

siond
ment

(u.s.

(SI U

Term|

M4

1(
The ¢
shall

(16)

| loads including earthquake shall meet the require-
5 of eq. (16).

Customary Units)

PD,
a *

0.75iM 4
Z

0.75iMj
Z

+

<kSy (16)

nits)

PD,
A 000y,

0.75iM 4
Z

0.75iMj
Z

< kSy

s same as para. 104.8.1, except

1.15 for occasional loads acting formo more
than 8 hr at any one time and fio)jmore than
800 hr/yr [see para. 102.3.3(A)]

1.2 for occasional loads actifig\for no more than
1 hr at any one time and-niomore than 80 hr/yr
[see para. 102.3.3(A)]

resultant moment-1oading on the cross section
due to occasiomal*oads, such as thrusts from
relief/safety. valve loads, from pressure and
flow transients, and earthquake, in.-1Ib (mm-N)
[see paras) 102.3.3(A) and 104.8.4]

4.8.3 Stress Due to Displacement Load Ranges.
ffectsiof thermal expansion and other cyclic loads

104.8.4 Moments and Section Modulus
(A) For'egs. (15), (16), and (17), the resultant
for straight through components, curved pipe
ing-elbows may be calculated as follows:

M; = (M, + M7 + M.H)V?

where
j = A, B, or C as defined in paras. 104.8.
and 104.8.3
Z = section modulus of piping, in.® (mm?

(B) For full outlet branch connections, cal
resultant moment of each leg separately in a
with (A) above. Use Z, section modulus, in
(16), and (17) as applicable to branch or 1
Moments are taken at the junction point of th¢
Fig. 104.8.4.

(C) For reduced outlets, calculate the
moment of each leg separately in accordancd
above. Moments are to be taken at the junctio!
the legs, unless the designer can demonstrate tl
of a less conservative method. See Fig. 104.8.
reduced outlet branch, except for branch co|
covered by Mandatory Appendix D, Fig. D-1

moments
or weld-

1, 104.8.2,

rulate the
rcordance
egs. (15),
un pipe.
legs. See

resultant
with (A)
h point of
evalidity
1. For the
nnections

Term

meét-the requirements of eq. (17).
iMc

s same as para. 104.8.1, except

Mc = resultant moment loading range on the cross

section due to the reference displacement load
range. For flexibility analyses, the resultant
moment due to the ambient to normal
operating load range and eq. (1A) are typically
used, in.-lb (mm-N) [see paras. 102.3.2(B),
104.8.4, and 119.7].
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MA/ MB/
Mc = M@+ Mg+ M.

and
Z = mr’t, (effective section modulus)
r, = branch mean cross-sectional radius, in.
(mm)
t, = effective branch wall thickness, in. (mm)

lesser of t,, or ity in eq. (17), or lesser of

tn or 0.75it,,, where 0.75i > 1.0, in egs. (15)

and (16)
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For the reduced outlet branch connections covered by

Fig. D-1,
My, Mg,
MC = \/ng,z + My32 + Mz32

and
Z = wr,’Ty

If L; in Fig. D-1, illustrations (a), (b), and (c) equals or

(B) Copper and brass pipe for air may be used in
accordance with the allowable stresses given in the
Allowable Stress Tables.

(C) Copper tubing may be used for dead-end
instrument service with the limitations stated in
para. 122.3.2(D).

(D) Copper, copper alloy, or aluminum alloy pipe or
tube may be used under the conditions stated in
para. 124.7. Copper, copper alloy, or aluminum pipe or

exceeds (5~ #Frthen+ecarnbetakenastheraditsto
the centef of T, when calculating the section modulus
and the ptress intensification factor. For such a case,
the transjtion between branch pipe and nozzle must be
evaluated separately from the branch connection.

For thelmain run outlets,

My, Mp
M = M2+ My% + M.

M2+ M2 + M2

and
Z = spction modulus of pipe, in.> (mm?)
PART 3
SELECTION AND LIMITATIONS OF PIPING
COMPONENTS
105 PI[E
105.1 General

Pipe cgnforming to the standards and specifications
listed in Mandatory Appendix A shall be used\within
the rangq of temperatures for which allowable-stresses
are given| within the limitations specified therein.

105.2 Metallic Pipe

105.2{1 Ferrous Pipe

(A) Fufnace butt welded steel-pipe shall not be used
for flamnhable, combustible; of toxic fluids.

(B) Dultile iron pipe may be used for design pressures
within the ratings established by the standards and spec-
ification$ listed in \Tables 126.1 and A-5 and Notes
thereto, gnd the\limitations herein and in para. 124.6.
Ductile ifon pipe shall not be used for flammable, com-
bustible, pr\toxic fluids. Temperature limits for the use

tube shall not be used for flammable, combustibjle, or
toxic fluids except as permitted in paras. 122.7 and [ 22.8.

105.3 Nonmetallic Pipe

(A) Rules and service limitations, for plasti¢ and
elastomer-based piping materials, with or without fabric
or fibrous material added for/pressure reinforcenent,
are given in Mandatory Appendix N. These matgrials
include thermoplastics afid,reinforced thermosdtting
resins.

(B) Metallic pipinglined with nonmetals may bgused
for fluids that would corrode or be contaminat¢d by
unprotected nietal. See para. 122.9 and Mandgtory
Appendix N.

(C) Reinforced concrete pipe may be used in gccor-
dance with the specifications listed in Table 126|1 for
water, service up to 150°F (65°C).

(D) A flexible nonmetallic pipe or tube assembly may
be used in applications where

(D.1) satisfactory service experience exists
(D.2) the pressure and temperature conditions are
within the manufacturer’s recommendations
(D.3) theconditions described in paras. 104.7, 124.7,
and 124.9 are met

106 FITTINGS, BENDS, AND INTERSECTIONS

106.1 Fittings

(A) Threaded, flanged, grooved and shouldered
socket-welding, buttwelding, compression, push-on,
mechanical gland, and solder-joint fittings magde in
accordance with the applicable standards in Table[126.1
may be used in power piping systems within the mate-
rial, size, pressure, and temperature limitations of those
standards, and within any further limitations spefified

sadhic Codn NAodazaa] £ Cttin oo 100 Ll Ao "1bus—
H-tHS-coat—ratefar o e s H- a6, €0f

of ductile iron pipe are often determined by the type of
elastomeric gasket used in the pipe joints, or the lining
material used on the internal surface of the pipe. It is
the reponsibility of the Designer to determine whether
these components are suitable for use in the particular
application being considered. See para. 106.1(E).

105.2.2 Nonferrous Pipe

(A) Copper and brass pipe for water and steam ser-
vice may be used for design pressures up to 250 psi
(1 750 kPa) and for design temperatures to 406°F (208°C).

tible, or toxic fluid systems shall in addition conform
to the requirements of paras. 122.7 and 122.8.

(B) Fittings not covered by the Standards listed in
Table 126.1 may be used if they conform to para. 104.7.

(C) Cast buttwelding steel fittings not covered by the
dimensional standards listed in Table 126.1 may be used
up to the manufacturer’s pressure and temperature rat-
ings, provided they are radiographed in accordance with
MSS SP-54. Fittings with discontinuities in excess of
those permitted by MSS SP-54 shall be rejected. The
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purchaser may allow the repair of a rejected fitting pro-
vided it is reexamined and accepted in accordance with
the requirements of MSS SP-54.

(D) Fabricated ends for grooved and shouldered type
joints are acceptable, provided they are attached by full
penetration welds, double fillet welds, or by threading.
Fabricated ends attached by single fillet welds are not
acceptable.

(E) Elastomeric gasket bell end fittings complying

this Code, provided that the conditions described in
(A) above are met. For application subject to internal
pressure the flexible element shall be contained within
one or more separate layers of braided metal perma-
nently attached at both coupling ends by welding or
brazing. For application in toxic fluid systems, it is rec-
ommended that the designer also review the standards
published by the relevant fluid industry for any addi-
tional safety and materials requirements that may be

with [applicable standards fisted i Tabte 126.1 may be
used|for water service. Temperature limits for gray and
ductille iron fittings using ANSI/AWWA C111/A21.11
joints are 150°F (65°C) for push-on joints and
120°F (49°C) for mechanical joints, based on standard
watel service gasket and lining materials. Fittings of this
type jusing alternative materials, as allowed by AWWA
C111} may be used for nonflammable, nontoxic service
to 212°F (100°C), where suitability for the fluid and
operating conditions has been established by test or
expetience. Temperature limits for bell and spigot fit-
tings|in nonmetallic pipe shall be per para. 105.3.

106.2 Bends and Intersections

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

106.

(A) Cast iron and malleable iron pipe couplings'shall
be lipited in application as referenced in patas: 124.4
and 124.5, respectively.

(B) Straight thread couplings shall not be used.

(C) Class 3000 steel pipe unions constriicted in accor-
dancg with the MSS standard SP-83\ymay be used, pro-
videfl the system design conditions are within the
standard’s listed pressure-temperature ratings.

B Pipe Couplings and Unions

106.
(A

i Flexible Metal Hose Assembly

Flexible metal)hose assemblies may be used to
provide flexibility(inya piping system, to isolate or control
vibration, or,to-eompensate for misalignment. The
design conditions shall be in accordance with para. 101
and ithin the limitations of the assembly as recom-
mendledbby the manufacturer. The basis for their applica-

Nnecessary.

(C) A flexible metal hose assembly gongisting of
wound interlocking metal strips may be appliedl to atmo-
spheric vent systems only and shall not’be used in sys-
tems that convey high temperature,flammabple, toxic,
or searching-type fluids. Whete,applicable, |as deter-
mined by the designer and{within the litnitations
described in para. 122.6 and(those imposed by the manu-
facturer, this type of hese assembly may be¢ used at
pressure relieving dewices.

107 VALVES

107.1 General

(A)\Valves complying with the standards arnd specifi-
cations listed in Table 126.1 shall be used Within the
specified pressure-temperature ratings. Unlg¢ss other-
wise required in the individual standards and|specifica-
tions listed in Table 126.1, such steel valveg shall be
pressure tested in accordance with MSS SP-6[l.

(B) Valves not complying with (A) above ghall be of
a design, or equal to the design, that the manufacturer
recommends for the service as stipulated in para. 102.2.2.
Such valves shall be pressure tested in accordhnce with
MSS SP-61.

(C) Some valves are capable of sealing simulfaneously
against a pressure differential between an interjnal cavity
of the valve and the adjacent pipe in both directions.
Where liquid is entrapped in such a valve and is subse-
quently heated, a dangerous rise in pressure dan result.
Where this condition is possible, the owner shalll provide
means in design, installation, and/or operation to
ensure that the pressure in the valve shall npt exceed
the rated pressure for the attained temperature. A relief
device used solely for the overpressure protedtion from
(B) above

such-entravped-fluid-and-conforminetolA) o
rr S A

tion stattirchudethefottowingservice conditiors:
thermal cycling, bend radius, cycle life, and the possibil-
ity of corrosion and erosion. Installation shall be limited
to a single-plane bend, free from any torsion effects
during service conditions and nonoperating periods.
Type of end-connector components shall be consistent
with the requirements of this Code.

(B) A flexible metal hose assembly, consisting of one
continuous length of seamless or butt welded tube with
helical or annular corrugations, is not limited as to appli-
cation in piping systems that are within the scope of

37

need not comply with the requirements of para. 107.8.
Any penetration of the pressure retaining wall of the
valve shall meet the requirements of this Code.

(D) Only valves designed such that the valve stem is
retained from blowout by an assembly that functions
independently of the stem seal retainer shall be used.

(E) Materials used for pressure retention for valves
in flammable, combustible, or toxic fluid systems shall
in addition conform to the requirements of paras. 122.7
and 122.8.
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(F) When selecting diaphragm valves in accordance
with MSS standard SP-88, the designer shall specify
the proper category pressure—temperature rating for the
system design conditions, and should consider the
expected in-service and shelf lives of the diaphragm
material.

(G) Pressure regulating valves may have pressure rat-
ings in accordance with ANSI/FCI Standard 79-1. Regu-
lators having two static pressure ratings, i.e., inlet vs.
outlet, shttbeir ftha 2 rpT [CPT
tection dgvices to prevent excessive downstream pres-
sure resplting from any system failure. Refer to
paras. 12P.5 and 122.14.

107.2 Marking

Each valve shall bear the manufacturer’s name or
trademark and reference symbol to indicate the service
conditions for which the manufacturer guarantees the
valve. The marking shall be in accordance with
ASME B16.5 and B16.34. MSS SP-25 may also be used
for guidance.

107.3 Ends

Valves nay be used with flanged, threaded, butt weld-
ing, sockpt welding, or other ends in accordance with
applicable standards as specified in para. 107.1(A).

Where fthreaded stem valves are used, stem threads
may be internal or external with reference to the valve
bonnet. Qutside screw and yoke design shall be wsed
for valveg NPS 3 (DN 80) and larger for pressuresiabove
600 psi (4 135 kPa). This requirement is not applicable
to quartep-turn valves that comply with allother provi-
sions of Tis Code.

107.5 B

Bonnetfoints may be of flanged,welded, pressure seal,
union type, or other design,éxdept that screwed bonnet
connectigns in which the-Seal depends on a steam tight
threaded |joint shall net be permitted as source valves
in steam pervice at pressures above 250 psi (1 750 kPa).

nnet Joints

107.6 Bypasses

Sizes
MSS SP

fcbypasses shall be in accordance with

5 as a-minimum-standard-Pive for I'\trpaccoc

107.8.2 Pressure-Relieving Valves on Boiler External
Piping. Safety, safety-relief, and power-actuated
pressure-relieving valves on boiler external piping shall
be in accordance with para. 122.1.7(D.1) of this Code.

107.8.3 Pressure Relief Requirements on Nonboiler
External Piping

(A) Reheater safety valves on reheat piping shall con-
form to para. 122.1.7(D.1).

pressure relief valves shall be in accordance witHJ(5-126
of ASME Boiler and Pressure Vessel Code, Section] VIII,
Division 1.

(C) Nonreclosing pressure relief devices, such ag rup-
ture disks, pin devices/valves, and spring-loaded nonre-
closing devices shall be in accordance with UG-127 of
Section VIII, Division 1.

(D) Valves and devices ifnny(B) and (C) above shhll be
constructed, manufactured,rated, and marked in gccor-
dance with the requirements of UG-128 through U(-132
and UG-136 through 'UG-138 of Section VIII, Divisjon 1.

(E) An ASME€obde Stamp and capacity certifiqation
are not requifedfor valves with set pressures 1§ psig
[100 kPa (gage)] and lower.

107:8.4 Nonmandatory Appendix. For nonmgnda-
toryrules for the design of safety valve installafions,
see\Nonmandatory Appendix II of this Code.

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

108.1 Flanges

Flanges shall conform to the design requiremefts of
para. 104.5.1 or to the standards listed in Table [26.1.
They may be integral or shall be attached to pipe by
threading, welding, brazing, or other means within the
applicable standards specified in Table 126.1.

108.2 Blanks

Blanks shall conform to the design requirements of
para. 104.5.3.

108.3 Flange Facings

Flange facings shall be in accordance with the applica-

shall be at least schedule 80 seamless, and of a material
of the same nominal chemical composition and physical
properties as that used for the main line. Bypasses may
be integral or attached.

107.8 Pressure-Relieving Valves and Devices

107.8.1 General. Pressure-relieving valves and
devices shall conform to the requirements specified in
this Code for flanges, valves, and fittings for the pres-
sures and temperatures to which they may be subjected.

ble standards listed in Tables 112 and 126.1. When bolt-
ing Class 150 standard steel flanges to flat face cast iron
flanges, the steel flange shall be furnished with a flat
face. Steel flanges of Class 300 raised face standard may
be bolted to Class 250 raised face cast iron.

108.4 Gaskets

Gaskets shall be made of materials that are not injuri-
ously affected by the fluid or by temperature. They shall
be in accordance with Table 112.
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108.5 U.S. Customary Bolting

108.5.1 General

(A) Bolts, bolt studs, nuts, and washers shall comply
with applicable standards and specifications listed in
Tables 112 and 126.1. Bolts and bolt studs shall extend
completely through the nuts.

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

heavy hex in accordance with ASME B18.2.3.5M and
B18.2.3.6M, respectively. Heavy hex heads are recom-
mended for headed bolt sizes M18 and smaller.

(D) Bolt studs are recommended in lieu of headed
bolts for sizes M39 and larger.

108.6.2 Responsibilities When Specifying or
Allowing Metric Bolting
(A) The piping designer is responsible for specifying

the metric bolt size to be used with each class and size

(C) Nuts shall be provided in accordance with the
requirements of the specification for the bolts and bolt
studg.

(D) Alloy steel bolt studs shall be either threaded full
length or provided with reduced shanks of a diameter
not less than that at the root of the threads. They shall
have|ASME heavy hexagonal nuts. Headed alloy bolts
shall|not be used with other than steel or stainless steel
flanges.

(E) All alloy steel bolt studs and carbon steel bolts or
bolt gtuds and accompanying nuts shall be threaded in
accordance with ASME B1.1 Class 2A for external
threalds and Class 2B for internal threads. Threads shall
be th coarse-thread series except that alloy steel bolting
1% ir. and larger in diameter shall be the 8-pitch-thread
series.

(F)| Carbon steel headed bolts shall have square, hex,
or hdgavy hex heads (ASME B18.2.1) and shall be used
with|hex or heavy hex nuts (ASME B18.2.2). For bolt
sizes|smaller than % in., square or heavy hex heads aid
heavy hex nuts are recommended. For bolt sizeslarger
than [1% in., bolt studs with a hex or heavy heXmnut on
each|end are recommended. For cast iren\or bronze
flanges using % in. and larger carbon steel héaded bolts,
squate nuts may be used.

108.5.2  For the various combinations of flange
materials, the selection of bolting-materials and related
rules| concerning flange faces-and gaskets shall be in
accoldance with para. 108\and Table 112.

108.5.3  Bolting,requirements for components not
covefed by para,108.5.2 shall be in accordance with
para/102.2.2.

108.6 Metric. Bolting

1(08:6.1” General. The use of metric bolts, bolt studs,
nuts, tre= : elds

ments of para. 108.5, but the following are allowed:

(A) Threads shall be in accordance with
ASME B1.13M, M profile, with tolerance Class 6g for
external threads and Class 6H for internal threads.

(B) Threads shall be the coarse-thread series for size
M68 and smaller, and 6 mm fine-pitch for M70 and larger
sizes, except that alloy steel bolting M30 and larger shall
be the 3 mm fine-pitch.

(C) Nuts shall be heavy hex in accordance with
ASME B18.2.4.6M. Headed bolts shall be either hex or

of flange.

(B) The designer shall ensure that the-selecfed metric
size will fit within the flange bolt holes,“and|that ade-
quate space exists for bolt heads, nuts, and the assem-
bly tool.

(C) In those instances whete,the selected npetric bolt
size is smaller in root thread.area than the corrgsponding
U.S. Customary size, the.designer shall ensure that the
selected size is capable”of the required assembly torque
and of producing; the required gasket loading to ade-
quately seal at design pressure. Further, the designer
shall ensure-sufficient contact area exists befween the
flange metaland both the nut and bolt head to ithstand
the required bolt loading. If not, larger bolting or a
higher flange class shall be selected.

PART 4
SELECTION AND LIMITATIONS OF PIPING|JOINTS

110 PIPING JOINTS

The type of piping joint used shall be suitaljle for the
design conditions and shall be selected with [consider-
ation of joint tightness, mechanical strength} and the
nature of the fluid handled.

111 WELDED JOINTS
111.1 General

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

All welds shall be made in accordance with the appli-
cable requirements of Chapter V.

111.2.1 Design of Butt Welds. The design of butt
welds shall include the evaluation of any expected joint
misalignment [para. 127.3(C)] that may result from speci-
fication of joint geometries at variance with the recom-
mendations of this Code.

111.2.2 Backing Rings for Butt Welds. If backing
rings are used in services where their presence will result
in severe corrosion or erosion, the backing ring shall be
removed and the internal surface ground smooth. In
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such services, where it is impractical to remove the back-
ing ring, consideration shall be given to welding the
joint without a backing ring, or with a consumable type
insert ring.

111.3 Socket Welds

111.3.1 Restrictions on size of socket welded com-
ponents are given in paras. 104.3.1(B.4), 122.1.1(H), and
122.8.2(C). Special consideration should be given to fur-

114.1

All threads on piping components shall be taper pipe
threads in accordance with the applicable standards
listed in Table 126.1. Threads other than taper pipe
threads may be used for piping components where tight-
ness of the joint depends on a seal weld or a seating
surface other than the threads, and where experience or
test has demonstrated that such threads are suitable.

ther restificting the use of socket welded piping joints
where teinperature or pressure cycling or severe vibra-
tion is expected to occur or where the service may accel-
erate creyice corrosion.

11132 Dimensions for sockets of socket welding
componehts shall conform to ASME B16.5 for flanges
and ASME B16.11 for fittings. Assembly of socket
welded joints shall be made in accordance with
para. 127|3(E).

111.3.3 A branch connection socket welded
directly ipto the wall of the run pipe shall be in accor-
dance with requirements of para. 104.3.1(B.4).

111.3J4 Drains and bypasses may be attached to
a fitting dr valve by socket welding, provided the socket
depth, bqre diameter, and shoulder thickness conform
to the requirements of ASME B16.11.

111.4 Fillet Welds

Fillet welds shall have dimensions not less than the
minimuin dimensions shown in Figs. 127.4.4(B),
127.4.4(C), and 127.4.8(D).

111.5 Seal Welds

Seal we]ding of connections, including threéaded joints,
may be uged to avoid joint leakage, but the welding shall
not be cqnsidered as contributing any strength to the
joint. Alsp see para. 127.4.5. Seal welded threaded joints
are subje¢t to the limitations,ef-para. 114.

112 FLANGED JOINTS

Expanded or rolled joints may be used where experi-
ence or test has demonstrated that the joint is suitable
for the design conditions and where adequate provisions
are made to prevent separation of the joint.

114 THREADED JOINTS

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

114.2

114.2.1
(A) Threaded joints are prohibited where-any o¢f the
following conditions is expected to occut
(A.1) temperatures above 925°E(496°C), excgpt as
permitted by paras. 114.2.2 and 113.2.3
(A.2) severe erosion
(A.3) crevice corrosion
(A.4) shock
(A.5) vibration
(B) The maximtm™size limitations in Table 1[4.2.1
apply to threadéd)joints in the following services
(B.1) steam and water at temperatures above P20°F
(105°C)
(B.2) flammable gases, toxic gases or liquids, and
nonflammable nontoxic gases [also subject to the excep-
tions'identified in paras. 122.8(B) and 122.8.2(C.2]]

114.2.2 Threaded access holes with plugs, which
serve as openings for radiographic inspection of welds,
are not subject to the limitations of para. 114.2.] and
Table 114.2.1, provided their design and installation
meets the requirement of para. 114.1. A represenfative
type of access hole and plug is shown in PFI ES-16.

114.2.3 Threaded connections for insertion| type
instrument, control, and sampling devices are not sfibject
to the temperature limitation stated in para. 114.2]1 nor
the pressure limitations stated in Table 114.2.1 proyided
that design and installation meet the requirements of
paras. 104.3.1 and 114.1. At temperatures greater| than
925°F (495°C) or at pressures greater than 1,500 psi
(10 350 kPa), these threaded connections shall b¢ seal
welded in accordance with para. 127.4.5. The desigh and
installation of insertion type instrument, controll and
sampling devices shall be adequate to withstanfl the

. S . [ and

vibration.

1143

Pipe with a wall thickness less than that of standard
weight of ASME B36.10M steel pipe shall not be
threaded, regardless of service. See para. 104.1.2(C.1) for
additional threading limitations for pipe used in

(A) steam service over 250 psi (1 750 kPa)

(B) water service over 100 psi (700 kPa) and 220°F
(105°C)
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Table 114.2.1 Threaded Joints Limitations

Maximum Size

Maximum Pressure

115.3 Threads

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

115.4 Fitting and Gripping

Flareless fittings shall be of a design in which the
gripping member or sleeve shall grip or bite into the
outer surface of the tube with sufficient strength to hold
the tube against pressure, but without appreciably dis-

NPS DN psi MPa
3 80 400 3
2Y 65 500 3.5
2 50 600 4
1Y, 40 900 6
1Y, 32 1,000 7
1 25 1,200 8
< <20 1,500 10

GENERAL NOTE: For instrument, control, and sampling lines, refer
to parp. 122.3.6(A.5).

115 | FLARED, FLARELESS, AND COMPRESSION

JOINTS, AND UNIONS

Flafed, flareless, and compression type tubing fittings,
and gast copper alloy fittings for flared copper tubes,
may pe used for tube sizes not exceeding 2 in. (50 mm)
and finions may be used for pipe sizes not exceeding
NPS B (DN 80) within the limitations of applicable stan-
dardfs and specifications listed in Table 126.1. Pipe
unions shall comply with the limitations of para. 114.2.1.

In the absence of standards, specifications, or allow-
able ptress values for the material used to manufacture
the fitting, the designer shall determine that the type
and {he material of the fitting selected is adequate-and
safe for the design conditions in accordance .with the
folloying requirements:

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

(B) A suitable quantity of the type;size, and material
of the fittings to be used shall meet-successful perform-
ance [tests to determine the safety of the joint under
simulated service conditions,“When vibration, fatigue,
cycli¢ conditions, low tefiiperature, thermal expansion,
or hydraulic shock are expected, the applicable condi-
tions|shall be incorporated in the test.

115.

Fitfings and their joints shall be compatible with the
tubirlg.or plpe with which they are to be used and shall
confd : AT k a
of assembly recommended by the manufacturer.

| Compatibility

115.2 Pressure-Temperature Ratings

Fittings shall be used at pressure-temperature ratings
not exceeding the recommendations of the manufac-
turer. Unions shall comply with the applicable standards
listed within Table 126.1 and shall be used within the
specified pressure-temperature ratings. Service condi-
tions, such as vibration and thermal cycling, shall be
considered in the application.
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torting the inside tube diameter. The gripping member
shall also form a pressure seal against the.fitfing body.
When using bite type fittings, a spot.check shall be
made for adequate depth of bite and\coridition| of tubing
by disassembling and reassembling:selected joints.
Grip-type fittings that are-tightened in adcordance
with manufacturer’s instructionis need not be flisassem-

bled for checking.

116 BELL END JOINTS
116.1 Elastomeric-Gasket Joints

Elastomeric‘gasket bell end joints may be|used for
water and‘other nonflammable, nontoxic servljice where
experience or tests have demonstrated that the joint is
safe for the operating conditions and the flpiid being
ttansported. Provisions shall be made to prevent disen-
gagement of the joints at bends and dead endls, and to
support lateral reactions produced by branch connec-
tions or other causes.

116.2 Caulked Joints

Caulked joints, if used, shall be restricted to dold water
service, shall not use lead as the caulking nfaterial in
potable water service, and shall be qualified ag specially
designed components in accordance with parp. 104.7.2.
Provisions shall be made to prevent disengagement of
the joints at bends and dead ends, and to suppprt lateral
reactions produced by branch connectiong or other
causes.

117 BRAZED AND SOLDERED JOINTS
117.1 Brazed Joints

Brazed socket-type joints shall be made with suitable
brazmg alloys The minimum socket depth shal

be end fed into the socket or shall be prov1ded in the
form of a preinserted ring in a groove in the socket. The
brazing alloy shall be sufficient to fill completely the
annular clearance between the socket and the pipe or
tube. The limitations of paras. 117.3(A) and (D) shall

apply.
117.2 Soldered Joints

Soft soldered socket-type joints made in accordance
with applicable standards listed in Table 126.1 may be
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used within their specified pressure-temperature rat-
ings. The limitations in paras. 117.3 and 122.3.2(E.2.3)
for instrument piping shall apply. The allowances of
para. 102.2.4 do not apply.

117.3 Limitations

(A) Brazed socket-type joints shall not be used on
systems containing flammable or toxic fluids in areas
where fire hazards are involved.

EXPANSION, FLEXIBILITY, AND PIPE-SUPPORTING
ELEMENT

119 EXPANSION AND FLEXIBILITY
119.1 General

In addition to the design requirements.for pressure,
weight, ahd other sustained or occasional loadings (see
paras. 10¢.1 through 104.7, 104.8.1, and 104.8.2), power
piping systems subject to thermal expansion, contrac-
tion, or other displacement stress/producing loads shall
be designied in accordance with the flexibility and dis-
placement stress requirefnénts specified herein.

119.2 Displacement Stress Range

Piping pystemtstrésses caused by thermal expansion
and piping displacements, referred to as displacement
stresses, Whenof sufficient initial magnitude during sys-

the elapsed time. While the displacement stresses in the
hot or displaced condition tend to diminish with time
and yielding, the sum of the displacement strains for
the maximum and minimum stress conditions during
any one cycle remains substantially constant. This sum
is referred to as the strain range. However, to simplify
the evaluation process, the strain range is converted to
a stress range to permit the more usual association with
an allowable stress range. The allowable stress range
T T with
para. 102.3.2(B).

119.3 Local Overstrain

Most of the commonly used methods of piping flexibil-
ity and cyclic stress analysis assufite elastic or partly
elastic behavior of the entire piping system.|This
assumption is sufficiently acgutate for systems where
plastic straining occurs at many points or over relafively
wide regions, but fails toreflect the actual strain disfribu-
tion in unbalanced systems where only a small portjon of
the piping undergoes-plastic strain, or where, in pliping
operating in the areep range, the strain distributjon is
very uneverti/In these cases, the weaker or higher
stressed portions will be subjected to strain concg¢ntra-
tions dué\to elastic follow-up of the stiffer or Jower
stressed-portions. Unbalance can be produced

(A)-by use of small pipe runs in series with larger or
stiffer pipe, with the small lines relatively highly strpssed

(B) by local reduction in size or cross section, o1 local
use of a weaker material

(C) in a system of uniform size, by use of a line c
uration for which the neutral axis or thrust line if situ-
ated close to the major portion of the line itself,| with
only a very small offset portion of the line absorbing
most of the expansion strain

Conditions of this type should preferably be avdided,
particularly where materials of relatively low dugtility
are used.

nfig-

119.5 Flexibility

Power piping systems shall be designed to have|suffi-
cient flexibility to prevent piping displacements|from
causing failure from overstress of the piping compo-
nents, overloading of anchors and other supports,|leak-
age at joints, or detrimental distortion of conngcted
equipment. Flexibility shall be provided by changes in

tem startup Orextreme displacernents, Tetax i the Taxi-
mum stress condition as the result of local yielding or
creep. A stress reduction takes place and usually appears
as a stress of reversed sign when the piping system
returns to the cold condition for thermal loads or the
neutral position for extreme displacement loads. This
phenomenon is designated as self-springing (or shake-
down) of the piping and is similar in effect to cold
springing. The extent of self-springing depends upon
the material, the magnitude of the displacement stresses,
the fabrication stresses, the hot service temperature, and
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direction in the piping through the use of fittings, bends,
loops, and offsets. When piping bends, loops, and offsets
are not able to provide adequate flexibility, provisions
may be made to absorb piping displacements by utiliz-
ing expansion, swivel, or ball joints, or flexible metal
hose assemblies.

119.5.1 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Except as stated in para.
101.7.2, these components may be used where experi-
ence or tests have demonstrated that they are suitable
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for expected conditions of pressure, temperature, ser-
vice, and cyclic life.

Restraints and supports shall be provided, as required,
to limit movements to those directions and magnitudes

7,000 total cycles), and satisfies the following approxi-
mate criterion:
U.S. Customary Units

permitted for the specific joint or hose assembly selected. DY ~<30 ;_A
(L - u) c
119.6 Piping Properties
The coefficient of thermal ex i d moduli of SI Units

pansion and moduli o
elasticity shall be determined from Mandatory DY s,
Appé¢ndices B and C, which cover more commonly used - =TI
pipirlg materials. For materials not included in those
Appg¢ndices, reference shall be to authoritative source  (yhere
data |such as publications of the National Institute of D = nominal pipe size (NPS), in. (mm)

Standlards and Technology. E. = modulus of elasticity at room temperature,
119.6.1 Coefficient of Thermal Expansion. The coef- psi (kPa) ) .
ficien}t of thermal expansion shall be determined from L = developed length O.f pipe (tota.l leng h of pipe
valugs given in Mandatory Appendix B. The coefficient taken along the\piping longitudinal axes),

used|shall be based on the highest average operating ft (m) -

meta|] temperature and the lowest ambient metal tem- Sa = all'owa‘t')le dlsplacement' stress range deter-
perature, unless other temperatures are justified. mined in af:cordance with para. 1p2.3.2(B),
Manglatory Appendix B values are based on the assump- eq, (1A), psi (kPa)

tion fhat the lowest ambient metal temperature is 70°F U = anchor distance (length of straight ling between
(20°Q). If the lowest metal temperature of a thermal the anchors), ft (m)

rang¢ to be evaluated is not 70°F (20°C), adjustment of Y, & resultant displacement between the gnchors to

the vplues in Mandatory Appendix B may be required.

119.6.2 Moduli of Elasticity. The cold and hot mod-
uli offelasticity, E. and Ej, shall be as shown in Mandatory,
Appgndix C, Table C-1 for ferrous materials and
Tablg C-2 for nonferrous materials, based on the temper-
atures established in para. 119.6.1.

119.6.3 Poisson’s Ratio. Poisson’statio, when
required for flexibility calculations, shall betaken as 0.3
at alll temperatures for all materials.

119.6.4 Stresses. Calculatighs-for the stresses shall
be based on the least cross section.area of the component,
using nominal dimensions @t\thie location under consid-
eratipn. Calculation for the reference displacement stress
range, Sk, shall be based on the modulus of elasticity,
E., af room temperatiire, unless otherwise justified.

119.

11
the f

y Flexibility Analysis

9.7.1\Method of Analysis. All piping shall meet
llewing requirements with respect to flexibility:

1o

be absorbed by the piping system, if. (mm)

WARNING: No general proof can be offered that this equation
will yield accurate or consistently conservative restilts. It was
developed for ferrous materials and is not applicable to systems
used under severe cyclic conditions. It should be usefl with cau-
tion in configurations such as unequal leg U-benfls, or near
straight “saw-tooth” runs, or for large diameter thin-wall pipe, or
where extraneous displacements (not in the direction|connecting
anchor points) constitute a large part of the total digplacement,
or where piping operates in the creep range. There is np assurance
that anchor reactions will be acceptably low, even when a piping
system meets the above requirements.

(B) All systems not meeting the above ctiteria, or
where reasonable doubt exists as to adequate [flexibility
between the anchors, shall be analyzed by simplified,
approximate, or comprehensive methods of analysis that
are appropriate for the specific case. The results of such
analysis shall be evaluated using para. 104.8.3, eq. (17).

(C) Approximate or simplified methodp may be
applied only if they are used for the range of donfigura-
tions for which their adequate accuracy has been

(A
an analysis unless the system meets one of the following
criteria:

(A.1) The piping system duplicates a successfully
operating installation or replaces a system with a satis-
factory service record.

(A.2) The piping system can be adjudged adequate
by comparison with previously analyzed systems.

(A.3) The piping system is of uniform size, has not
more than two anchors and no intermediate restraints,
is designed for essentially noncyclic service (less than

Lol laitlhad M 7 dotlites £ L
TSI DT TNC O SIE NCT S TCS POTISTUHIT y TO P CTTOTITT
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demonstrated:

(D) Acceptable comprehensive methods of analysis
include: analytical, model tests, and chart methods that
provide an evaluation of the forces, moments, and
stresses caused by bending and torsion from the simulta-
neous consideration of terminal and intermediate
restraints to thermal expansion of the entire piping sys-
tem under consideration, and including all external
movements transmitted to the piping by its terminal
and intermediate attachments. Correction factors shall
be applied for the stress intensification of curved pipe


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

(16)

ASME B31.1-2016

and branch connections, as provided by the details of
these rules, and may be applied for the increased flexibil-
ity of such component parts.

119.7.3 Basic Assumptions and Requirements. In
calculating the flexibility or displacement stresses of a
piping system between anchor points, the system
between anchor points shall be treated as a whole. The
significance of all parts of the line and of all restraints,
such as supports or guides, including intermediate

their range, are significant. Credit for cold springing is
accordingly allowed in the calculation of thrusts and
moments, provided an effective method of obtaining the
designed cold spring is specified and used.

119.10 Reactions

119.10.1 Computing Hot and Cold Reactions. In a
piping system with no cold spring or an equal percent-
age of cold springing in all directions, the reactions

restraints| introduced for reducing moments and forces
on equipient or small branch lines, shall be considered.

Flexibiljty calculations shall take into account stress-
intensifying conditions found in components and joints.
Credit may be taken when extra flexibility exists in such
componehts. In the absence of more directly applicable
data, the flexibility factors and stress-intensification fac-
tors shoyn in Mandatory Appendix D may be used.!
Alternatiyely, B31] may be used to determine stress-
intensifichtion factors.

Dimengional properties of pipe and fittings used in
flexibilify calculations shall be based on nominal
dimensiops.

The totgl reference displacement range resulting from
using thq coefficient of thermal expansion determined
in accordpnce with para. 119.6.1 shall be used, whether
or not thq piping is cold sprung. Not only the expansion
of the lin¢ itself, but also linear and angular movements
of the equipment to which it is attached, shall be
considerqgd.

Where simplifying assumptions are used in calcula:
tions or npodel tests, the likelihood of attendant underes-
timates of forces, moments, and stresses, including the
effects of|stress intensification, shall be evaluated.

119.8 Mpvements

Movements caused by thermal expansion and load-
ings shal|] be determined for considération of obstruc-
tions and design of proper supports.

119.9 Cgld Spring

The beheficial effect of judicious cold springing in
assisting Ja system to-attain its most favorable position
sooner is|recognized. Inasmuch as the life of a system
under cycligconditions depends on the stress range
rather thanthe stress level at any one time, no credit

(forces and moments) of R;, and R,, in the hot and cold
conditions, respectively, shall be obtained frontthelreac-
tion, R, derived from the flexibility calculations based

on the modulus of elasticity at room temperatusge, E,

using egs. (18) and (19).

E
R, = (1 - 2/3c) (E—h R) (18)
R, = - GR, o1
(Sn) (Ec):|

L _ |1 -—=2. 19
[ G & 49

whichever is'greater, and with the further conditiof that

(S, (E)

o g g

(Se) (Ep)

where
cold spring factor varying from zero for no
cold spring to 1.00 for 100% cold sprjng

modulus of elasticity in the cold condjition,
psi (MPa)
modulus of elasticity in the hot condjition,
psi (MPa)
maximum reaction for full expansion fange
based on E,, which assumes the most spvere
condition (100% cold spring, whether| such
is used or not), Ib and in.-Ib (N and mm-N)
maximum reactions estimated to ocdur in
the cold and hot conditions, respectively, Ib
and in.-Ib (N and mm:-N)
computed thermal expansion stress range,
psi (MPa)
basic material allowable stress at maximum
(hot) temperature, without the 20 ksi limita-

Rcz Rh =

SE=

for cold spring s attowed withr Tegard—to stresses. I
calculating end thrusts and moments acting on equip-
ment, the actual reactions at any one time, rather than

* The stress-intensification factors in Mandatory Appendix D
have been developed from fatigue tests of representative commer-
cially available, matching product forms and assemblies manufac-
tured from ductile ferrous materials. The allowable stress range is
based on tests of carbon and stainless steels. Caution should be
exercised when applying egs. (1) and (13) for the allowable stress
range for certain nonferrous materials (e.g., copper and aluminum
alloys) for other than low-cycle applications.
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tion as noted in para 102 3 ')(R)

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

119.10.2 Reaction Limits. The reactions computed
shall not exceed limits that the attached equipment can

(16)
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sustain. Equipment allowable reaction limits (forces and
moments) on piping connections are normally estab-
lished by the equipment manufacturer.

120 LOADS ON PIPE-SUPPORTING ELEMENTS
120.1 General

(A) The broad terms “supporting elements” or “sup-
ports” as used herein shall encompass the entire range

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

120.2.4 Supplementary Steel. Where it is necessary
to frame structural members between existing steel
members, such supplementary steel shall be designed
in accordance with American Institute of Steel

of thf various methods of carrying the weight of pipe
lines| insulation, and the fluid carried. It, therefore,
inclydes “hangers” that are generally considered as
thosq elements that carry the weight from above, with
the spipporting members being mainly in tension. Like-
wise it includes “supports” that on occasion are deline-
ated ps those that carry the weight from below, with the
suppprting members being mainly in compression. In
many cases a supporting element may be a combination
of bath of these.

(B) In addition to the weight effects of piping compo-
nentq, consideration shall be given in the design of pipe
suppprts to other load effects introduced by service pres-
sure,| wind, earthquake, etc., as defined in para. 101.
Hangers and supporting elements shall be fabricated
and gssembled to permit the free movement of piping
causpd by thermal expansion and contraction. The
design of elements for supporting or restraining piping
systems, or components thereof, shall be based on all
the cpncurrently acting loads transmitted into the sujp*
portihg elements.

(C) Where the resonance with imposed wibration
and/or shock occurs during operation, suitablé damp-
enerd, restraints, anchors, etc., shall be added to remove
thesq effects.

120.2 Supports, Anchors, and Guaides

120.2.1 Rigid-Type Supports

(A) The required strength of all supporting elements
shall(be based on the lpadings as given in para. 120.1,
including the weight of-the fluid transported or the fluid
used| for testing, wHichever is heavier. The allowable
stresg in supporting equipment shall be as specified in
para|121.2.

(B) Exceptions may be made in the case of supporting
elements{or large size gas or air piping, exhaust steam,

conditions where the possibility of the line becoming
full of water or other liquid is very remote.

120.2.2 Variable and Constant Supports. Load cal-
culations for variable and constant supports, such as
springs or counterweights, shall be based on the design
operating conditions of the piping. They shall not
include the weight of the hydrostatic test fluid. However,
the support shall be capable of carrying the total load
under test conditions, unless additional support is pro-
vided during the test period.

Construction specifications, or similar recognifed struc-
tural design standards. Increases of allowable tress val-
ues shall be in accordance with the fructugal design
standard being used. Additional intreases of pllowable
stress values, such as allowed in"para. 121.2(]), are not
permitted.

121 DESIGN OF PIPE-SUPPORTING ELEMENTS

121.1 General

Design of standard pipe-supporting elements shall be
in accordanee<with the rules of MSS SP-58. Allowable
stress values.and other design criteria shall b¢ in accor-
dance with this paragraph. Supporting elempnts shall
be cdpable of carrying the sum of all concurreritly acting
loads as listed in para. 120. They shall be dgsigned to
provide the required supporting effort and alJow pipe-
line movement with thermal changes withot causing
overstress. The design shall also prevent fomplete
release of the piping load in the event of spring failure
or misalignment. All parts of the supporting efjuipment
shall be fabricated and assembled so that they will not
be disengaged by movement of the supportdd piping.
The maximum safe loads for bolts, threaded hapger rods,
and all other threaded members shall be baspd on the
root area of the threads. MSS SP-58 may be used for
guidance with respect to selection and applfcation of
pipe hangers and supports.

121.2 Allowable Stress Values

(A) Allowable stress values tabulated in MISS SP-58
or in Mandatory Appendix A of this Code Se¢tion may
be used for the base materials of all partq of pipe-
supporting elements.

(B) Where allowable stress values for a matefrial speci-
fication listed in Table 126.1 are not tab

of the ASME Boiler and Pressure Vessel Code may be
used, provided the requirements of para. 102.3.1(B) are
met. Where there are no stress values given in Section II,
Part D, Tables 1A and 1B, an allowable stress value of
25% of the minimum tensile strength given in the mate-
rial specification may be used, for temperatures not
exceeding 650°F (345°C).

(C) For a steel material of unknown specification, or
of a specification not listed in Table 126.1 or MSS SP-58,
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an allowable stress value of 30% of yield strength (0.2%
offset) at room temperature may be used at temperatures
not exceeding 650°F (345°C). The yield strength shall be
determined through a tensile test of a specimen of the
material and shall be the value corresponding to 0.2%
permanent strain (offset) of the specimen. The allowable
stress values for such materials shall not exceed 9,500 psi
(65.5 MPa).

(D) The allowable shear stress shall not exceed 80%

Table 121.5 Suggested Steel Pipe Support

of the vaftues determined in accordance with the Tutes
of (A), (H), and (C) above.

(E) The¢ allowable compressive stress shall not exceed
the value|as determined in accordance with the rules of
(A), (B), pr (C) above. In addition, consideration shall
be given [to structural stability.

(F) Th¢ allowable bearing stress shall not exceed 160%
of the value as determined in accordance with the rules
of (A), (B), or (C) above.

(G) The allowable stress in tension determined from
(A), (B), ar (C) above shall be reduced 25% for threaded
hanger rqds.

(H) Thie allowable stress in partial penetration or fillet
welds in pupport assemblies shall be reduced 25% from
those defermined in accordance with (A), (B), (C), or
(D) abov¢ for the weaker of the two metals joined.

(D) If mpaterials for attachments have different allow-
able stresp values than the pipe, then the allowable stress
for the w¢ld shall be based on the lower allowable stress
of the materials being joined.

(J) Incgeases in the allowable stress values shall be
permitted as follows:

(J.1) lan increase of 20% for short time overloading
during operation.

(].2)] an increase to 80% of the minimum yield
strength 4t room temperature during hydrostatic testing.
Where thg material allowable stress has’been established
in accordphnce with the rules of (C).above, the allowable
stress vallie during hydrostatic\testing shall not exceed
16,000 psf (110.3 MPa).

121.3 Te¢mperature Limjtations

Parts of supporting elements that are subjected princi-
pally to bending 01" tension loads and that are subjected
to working temperatures for which carbon steel is not
recommehdéd shall be made of suitable alloy steel, or

Spacing
Suggested Maximum Span

Nominal Diameter Watfer St;:‘;\m, Ga.s,
Pipe Size, Nominal, Service or Air Service

NPS DN ft m ft m
1 25 7 2.1 9 2.7
2 50 10 3.0 13 4.0
3 20 12 37 15 4.6
4 100 14 4.3 17 5.2
6 150 17 5.2 21 6.4
8 200 19 5.8 R4 7.3
12 300 23 7.0 30 9.1
16 400 27 8.2 35 10.7
20 500 30 9.1 39 11.9
24 600 32 9.8 42 12.8

GENERAL NOTES:

(@) Suggested maximum spacing-between pipe supports for [hori-
zontal straight runs of standard and heavier steel pipe af maxi-
mum operating température of 750°F (400°C).

(b) Does not apply wheére span calculations are made or where
there are concéntrated loads between supports, such as
flanges, valves, specialties, etc.

(c) The spacing'is based on a fixed beam support with a bepding
stress not’exceeding 2,300 psi (15.86 MPa) and insulated pipe
filledcwith water or the equivalent weight of steel pipe fgr
steam, gas, or air service, and the pitch of the line is sugh
that a sag of 0.1 in. (2.5 mm) between supports is
permissible.

Class 2 fit turnbuckles and adjusting nuts shalllhave
the full length of thread in engagement. Means shhll be
provided for determining that full thread length|is in
engagement. All screw and equivalent adjustmentq shall
be provided with suitable locking devices.

121.5 Hanger Spacing

Supports for piping with the longitudinal axis in
approximately a horizontal position shall be spaded to
prevent excessive sag, bending and shear stresses jn the
piping, with special consideration given where compo-
nents, such as flanges and valves, impose concent]rated

shall be protected so that the temperature of the support-
ing member will be maintained within the appropriate
temperature limits of the material.

121.4 Hanger Adjustments

Hangers used for the support of piping, NPS 2%
(DN 65) and larger, shall be designed to permit adjust-
ment after erection while supporting the load. Screwed
adjustments shall have threaded parts to conform to
ASME B1.1.

loads. Where calculations are not made, suggested maxi-
mum spacing of supports for standard and heavier steel
pipe are given in Table 121.5. Vertical supports shall be
spaced to prevent the pipe from being overstressed from
the combination of all loading effects.

121.6 Springs

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

(16)
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121.7 Fixtures

121.7.1 Anchors and Guides
(A) Anchors, guides, pivots, and restraints shall be
designed to secure the desired points of piping in rela-
tively fixed positions. They shall permit the piping to
expand and contract freely in directions away from the
anchored or guided point and shall be structurally suit-
able to withstand the thrusts, moments, and other loads

(C) Cast iron in accordance with ASTM A48 may be
used for bases, rollers, anchors, and parts of supports
where the loading will be mainly compression. Cast iron
parts shall not be used in tension.

(D) Malleable iron castings in accordance with
ASTM A47 may be used for pipe clamps, beam clamps,
hanger flanges, clips, bases, swivel rings, and parts of
pipe supports, but their use shall be limited to tempera-
tures not in excess of 450°F (230°C). This material is

imposed
(B) Rolling or sliding supports shall permit free move- not recommended for services where Impact
. . . anticipated.
ment| of the piping, or the piping shall be designed to

include the imposed load and frictional resistance of
theseq types of supports, and dimensions shall provide
for the expected movement of the supported piping.
Matefrials and lubricants used in sliding supports shall
be syitable for the metal temperature at the point of
sliding contact.

(C) Where corrugated or slip-type expansion joints,
or flgxible metal hose assemblies are used, anchors and
guides shall be provided where necessary to direct the
expansion into the joint or hose assembly. Such anchors
shall|be designed to withstand the force specified by
the nanufacturer for the design conditions at which the
joint |or hose assembly is to be used. If this force is
othefqwise unknown, it shall be taken as the sum of the
prodfict of the maximum internal area times the design
presdqure plus the force required to deflect the joint or
hose [assembly. Where expansion joints or flexible metal
hose jassemblies are subjected to a combination of lengi-
tudinal and transverse movements, both movements
shall|be considered in the design and application of the
joint jor hose assembly.

Flekible metal hose assemblies, applied in accordance
with [para. 106.4, shall be supportedsin*such a manner
as to|be free from any effects due.to torsion and undue
strain as recommended by the manhufacturer.

121.7.2 Other Rigid Types

(A) Hanger Rods. Safeloads for threaded hanger rods
shall|be based on the root area of the threads and 75%
of the allowable stress of the material as provided in

loads are

(E) Brackets shall be designed to withstand forces and
moments induced by sliding frictioniin additign to other
loads.

121.7.3 Variable Supports
(A) Variable spring supports shall be depigned to
exert a supporting force equal to the load, as d¢termined
by weight balance caletilations, plus the weight of all
hanger parts (suchias clamp, rod, etc.) that will be sup-
ported by the’spring at the point of attachment to the
pipe.
(B) Vatiable spring supports shall be provided with
means-to limit misalignment, buckling, eccenjtric load-
ing, orto prevent overstressing of the spring
(€) It is recommended that all hangers employing
springs be provided with means to indicate at all times
the compression of the spring with respect to tHe approx-
imate hot and cold positions of the piping systgm, except
where they are used either to cushion agains{ shock or
where the operating temperature of the piping system
does not exceed 250°F (120°C).
(D) It is recommended that the support be|designed
for a maximum variation in supporting effoft of 25%
for the total travel resulting from thermal mqvement.

121.7.4 Constant Supports. On high temhperature
and critical service piping at locations subject|to appre-
ciable movement with thermal changes, the upse of con-
stant support hangers, designed to pfrovide a
substantially uniform supporting force throughout the
range of travel, is recommended.

para] 121.2(G).<Ilixho case shall hanger rods less than

% in| (9.5 mfn) diameter be used for support of pipe (A) Constant support hangers shall have § support
NPS P (DN50) and smaller, or less than % in. (12.5 mm) variation of no more than 6% throughout the tptal travel
diamjeter rod for supporting pipe NPS 2% (DN 65) and ~ Fange

largc g Scc Tubl\: 121.7.2(A) ij. \.oubull otccl LUdD. (B) Fn11nfprwpighf ‘I‘VPP Ql]PPﬂY‘fQ shall be prOVided

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

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

(B) Welded link chain of % in. (5.0 mm) or larger
diameter stock, or equivalent area, may be used for pipe
hangers with a design stress of 9,000 psi (62 MPa)
maximum.
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with stops, and the weights shall be positively secured.
Chains, cables, hanger and rocker arm details, or other
devices used to attach the counterweight load to the
piping, shall be subject to requirements of para. 121.7.2.

(C) Hydraulic type supports utilizing a hydraulic
head may be installed to give a constant supporting
effort. Safety devices and stops shall be provided to
support the load in case of hydraulic failure.

(D) Boosters may be used to supplement the opera-
tion of constant support hangers.


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table 121.7.2(A) Carrying Capacity of Threaded ASTM A36, A575, and A576
Hot-Rolled Carbon Steel

Max. Safe Load at Rod

Nominal
Rod Root Area of Temp. of 650°F (343°C)
Diameter, in. Thread, in.2 b kN
A 0.0678 730 3.23
Y 0.126 1,350 5.98
A 0.202 2,160 9.61
3 0302 3,230 14.4
A 0.419 4,480 19.9
1 0.551 5,900 26.2
1Y, 0.890 9,500 42.4
1% 1.29 13,800 61.6
1%, 1.74 18,600 82.8
2 2.30 24,600 109
2Y, 3.02 32,300 144
2% 3.72 39,800 177
2%, 4.62 49,400 220
3 5.62 60,100 267
3Y, 6.72 71,900, 320
3Y, 7.92 84,700 377
3%, 9.21 98,500 438
4 10.6 114,000 505
4Y, 121 129,000 576
4Y, 13.7 146,000 652
4%, 15.4 165,000 733
5 17.2 184,000 819

GENERAL NOTES:

121.7}5 Sway Braces. Sway braces or vibration
dampenelrs shall be used to\control the movement of
piping die to vibration,

121.76 Shock Suppressors. For the control of pip-
ing due t¢ dynamicleads, hydraulic or mechanical types
of shock |suppressors are permitted. These devices do
not suppprt pipe weight.

(@) Tabulated loads are based on a minimum-tensile stress of 50 ksi (345 MPa) divided by a safety
factor of 3.5, reduced by 25%, resulting/in an allowable stress of 10.7 ksi.

(b) Root areas of thread are based upon'the following thread series: diameters 4 in. and below —
coarse thread (UNC); diameters ‘above 4 in. — 4 thread (4-UN).

() The corresponding table fofsmetric size rods is available in MSS SP-58.

the total load on either arm in the event the load phifts
due to pipe and/or hanger movement.

121.8.2 Integral Type
(A) Integral attachments include ears, shoes,|lugs,
cylindrical attachments, rings, and skirts that are fabri-
cated so that the attachment is an integral part ¢f the

piping component. Integral attachments shall be[used
in rnnj11nrfinn with restraints or braces where multiaxial

121.8 Structural Attachments

121.8.1 Nonintegral Type

(A) Nonintegral attachments include clamps, slings,
cradles, saddles, straps, and clevises.

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

(C) In addition to the provision of (B) above, clamps
to support vertical lines should be designed to support

restraint in a single member is to be maintained. Consid-
eration shall be given to the localized stresses induced
into the piping component by the integral attachments.
Where applicable, the conditions of para. 121.8.1(C) are
to apply.

(B) Integral lugs, plates, angle clips, etc., used as part
of an assembly for the support or guiding of pipe may
be welded directly to the pipe provided the materials
are compatible for welding and the design is adequate
for the temperature and load. The design of hanger lugs
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for attachment to piping for high temperature service
shall be such as to provide for differential expansion
between the pipe and the attached lug.

121.9 Loads and Supporting Structures

Considerations shall be given to the load carrying
capacity of equipment and the supporting structure.
This may necessitate closer spacing of hangers on lines
with extremely high loads.

Boiler and Pressure Vessel Code is in operation. The
steam piping shall comply with the requirements for
the maximum sustained operating conditions as used
in (A) above, or for the design throttle pressure plus 5%,
whichever is greater.

(C) Provision shall be made for the expansion and
contraction of piping connected to boilers to limit forces
and moments transmitted to the boiler, by providing
substantial anchorage at suitable points, so that there

121.

Pipe supports shall be fabricated in accordance with
the requirements of para. 130.

10 Requirements for Fabricating Pipe Supports

PART 6
SYSTEMS

DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS

Exqept as specifically stated otherwise in this Part 6,
all pfovisions of the Code apply fully to the piping
systems described herein.

122

122.1 Boiler External Piping; in Accordance With
Para. 100.1.2(A) — Steam, Feedwater, Blowoff,

and Drain Piping

122.1.1 General. The minimum pressure and tem-
perature and other special requirements to be used in
the design for steam, feedwater, blowoff, and drainpip-
ing from the boiler to the valve or valves required by
para] 122.1 shall be as specified in the following para-
graphs. Design requirements for desuperheater spray
pipir|g connected to desuperheaters located’in the boiler
proper and in main steam piping.are provided in
para|122.4.

(A) Itisintended that the designpressure and temper-
ature be selected sufficiently\in excess of any expected
operating conditions, notnecéssarily continuous, to per-
mit satisfactory operatidnwithout operation of the over-
presdqure protection/devices. Also, since the operating
temperatures of fired equipment can vary, the expected
temperature atsthe connection to the fired equipment
shallfinclude.the manufacturer’s maximum temperature
tolerance:

(B) Inra“forced flow steam generator with no fixed

Stratbe o urdue Straii transinitted to the poijer. Steam
reservoirs shall be used on steam mains, When heavy
pulsations of the steam currents cause, vibrat{on.
(D) Piping connected to the outlet of/a boiler for any
purpose shall be attached by
(D.1) welding to a nozzle brysocket welding fitting
(D.2) threading into a‘tapped openirlg with a
threaded fitting or valvetafithe other end
(D.3) screwing edchrend into tapered flanges, fit-
tings, or valves withjor without rolling or pepning
(D.4) boltedyjoints including those of the Van
Stone type
(D.5)-blowoff piping of firetube boiler} shall be
attached in accordance with (D.2) above if exposed to
products of combustion or in accordance wjith (D.2),
(D3), or (D.4) above if not so exposed
(E) Nonferrous pipe or tubes shall not excded NPS 3
(DN 80) in diameter.
(F) American National Standard slip-on flahges shall
not exceed NPS 4 (DN 100). Attachment qf slip-on
flanges shall be by double fillet welds. The throats of
the fillet welds shall not be less than 0.7 times|the thick-
ness of the part to which the flange is attach¢d.
(G) Hub-type flanges shall not be cut frjom plate
material.
(H) American National Standard sockeft welded
flanges may be used in piping or boiler nozzles provided
the dimensions do not exceed NPS 3 (DN 80) for
Class 600 and lower, and NPS 2% (DN 65) in (lass 1500.
(I) The use of expansion joints of all typ¢s, swivel
and ball joints, and flexible metal hose assemblies as
described in para. 101.7.2 is prohibited.

122.1.2 Steam Piping
(A) The value of P to be used in the formulas in
para. 104 shall be as follows:

steanTard water line, it s permissibie to design the
external piping, valves, and fittings attached to the pres-
sure parts for different pressure levels along the path
through the steam generator of water-steam flow. The
values of design pressure and the design temperature
to be used for the external piping, valves, and fittings
shall be not less than that required for the expected
maximum sustained operating pressure and tempera-
ture to which the abutted pressure part is subjected
except when one or more of the overpressure protection
devices covered by PG-67.4 of Section I of the ASME
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{A-H—Forsteampiping—connected—tothe steam
drum or to the superheater inlet header up to the first
stop valve in each connection, the value of P shall be
not less than the lowest pressure at which any drum
safety valve is set to blow, and the S value shall not
exceed that permitted for the corresponding saturated
steam temperature.

(A.2) For steam piping connected to the super-
heater outlet header up to the first stop valve in each
connection, the design pressure, except as otherwise pro-
vided in (A.4) below shall be not less than the lowest
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pressure at which any safety valve on the superheater
is set to blow, or not less than 85% of the lowest pressure
at which any drum safety valve is set to blow, whichever
is greater, and the S value for the material used shall
not exceed that permitted for the expected steam
temperature.

(A.3) For steam piping between the first stop valve
and the second valve, when one is required by para.
122.1.7, the design pressure shall be not less than the

(A.4) Inaforced flow steam generator with no fixed
steam and water line, the value of P for feedwater piping
from the boiler to and including the required stop
valve may be in accordance with the requirements of
para. 122.1.1(B).

(B) The S value used, except as permitted in (A.4)
above, shall not exceed that permitted for the tempera-
ture of saturated steam at the maximum allowable work-
ing pressure of the boiler.

expected maximum sustained operating pressure ot 8o
of the lowest pressure at which any drum safety valve
is set to hlow, whichever is greater, and the S value for
the matefial used shall not exceed that permitted for
the expedted steam temperature.

(A.4)| For boilers installed on the unit system (i.e.,
one boiler and one turbine or other prime mover) and
provided|with automatic combustion control equipment
responsiyie to steam header pressure, the design pressure
for the seam piping shall be not less than the design
pressure pt the throttle inlet plus 5%, or not less than
85% of the lowest pressure at which any drum safety
valve is spt to blow, or not less than the expected maxi-
mum sugtained operating pressure at any point in the
piping syjstem, whichever is greater, and the S value for
the matefial used shall not exceed that permitted for
the expedted steam temperature at the superheater out-
let. For forced-flow steam generators with no fixed
steam an{l water line, the design pressure shall also be
no less thhn the expected maximum sustained operating
pressure.

(A.5)| The design pressure shall not be taken at\less
than 100 psig [700 kPa (gage)] for any conditipiof ser-
vice or material.

122.1/3 Feedwater Piping
(A) The value of P to be used ifi the formulas in
para. 104{shall be as follows:

(A.1)| For piping from the(boiler to and including
the requifed stop valve and‘the check valve, the mini-
mum valijie of P except as-Permitted in para. 122.1.3(A.4)
shall excged the maximuin allowable working pressure
of the boiler by eithei25% or 225 psi (1 550 kPa), which-
ever is the lesser For an installation with an integral
economiger without valves between the boiler and econ-
omizer, this_paragraph shall apply only to the piping

from the lecnomizer inlet header to and inr]11ding the

{C)~Thesize of the feed piping between the boitgr and
the first required valve [para. 122.1.7(B)] or the(btanch
feed connection [para. 122.1.7(B.4)] shall, as.a minimum,
be the same as the boiler connection.

122.1.4 Blowoff and Blowdown Piping. Blowoff and
blowdown piping are defined as@iping connected to a
boiler and provided with valves,or cocks through which
the water in the boiler may be blown out under pregsure.
This definition is not intended to apply to (i) drain pip-
ing, and (ii) piping such as used on water columns]gage
glasses, or feedwater@egulators, etc., for the purpgse of
determining the dperating condition of the equipment.
Requirements\for (i) and (ii) are describdd in
paras. 122.1:5 and 122.1.6, respectively. Blowoff systems
are operated intermittently to remove accumulated]sedi-
ment from equipment and/or piping, or to lower boiler
watef level in a rapid manner. Blowdown systen}s are
primarily operated continuously to control the cohcen-
trations of dissolved solids in the boiler water.

(A) Blowoff piping systems from water spaceg of a
boiler, up to and including the blowoff valves, shpll be
designed in accordance with (A.1) to (A.4) below| Two
shutoff valves are required in the blowoff system} spe-
cific valve requirements and exceptions are given in
para. 122.1.7(C).

(A.1) The value of P to be used in the formujas in
para. 104 shall exceed the maximum allowable wofrking
pressure of the boiler by either 25% or 225 psi (1 55() kPa)
whichever is less, but shall be not less than 100 psig
[690 kPa (gage)]. The exception to this requirement per-
tains to miniature boilers as described in Sectjon I,
Parts PEB and PMB of the ASME Boiler and Pressure
Vessel Code, where the value of P to be used in the
formulas in para. 104 shall be 100 psi [690 kPa (ghge)].

(A.2) The allowable stress value for the p}ping
materials shall not exceed that permitted for the tefpper-
able

4 £ & tad ot il : 1
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required stop valve and the check valve.

(A.2) For piping between the required check valve
and the globe or regulating valve, when required by
para. 122.1.7(B), and including any bypass piping up to
the shutoff valves in the bypass, the value of P shall be
not less than the pressure required to feed the boiler.

(A.3) The value of P in the formula shall not be
taken at less than 100 psig [700 kPa (gage)] for any
condition of service or material, and shall never be less
than the pressure required to feed the boiler.

54

working pressure of the boiler.

(A.3) All pipe shall be steel except as permitted
below. Galvanized steel pipe and fittings shall not be
used for blowoff piping. When the value of P does not
exceed 100 psig [690 kPa (gage)], nonferrous pipe may
be used and the fittings may be bronze, cast iron, mallea-
ble iron, ductile iron, or steel.

CAUTION: Nonferrous alloys and austenitic stainless steels
may be sensitive to stress corrosion cracking in certain aqueous
environments.
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When the value of P exceeds 100 psig [690 kPa (gage)],  single valve where drain lines are intended to be used for
the fittings shall be steel, and the thickness of pipe and  both blowoff and periodic automatic or manual flushing
fittings shall not be less than that of Schedule 80 pipe. prior to startup. The single valve shall be designed for
(A.4) The size of blowoff piping shall be not less  blowoff service but need not have locking capability.
than the size of the connection on the boiler, and shall (D) When a drain is intended for use only when the
be in accordance with the rules contained in the ASME  boiler is not under pressure (pressurizing the boiler for
Boiler and Pressure Vessel Code, Section I, PG-59.3, rapid drainage is an exception), a single shutoff valve

PMB-12, and PEB-12. is acceptable under the following conditions: either the

(B) The blowdown piping system from the boiler, to Valve shall be a type that can be locked in the closed
and {ncluding the shutoif valve, shall be designed in ction that
accotdance with (B.1) through (B.4) below. Only one acceptsablank insert shall be located on the dopvnstream
shutoff valve is required in the blowdown system. side of the valve. When a single valve syusef, it need

B.1) The value of P to be used in the formulas in not be designed for blowoff service. Single yalves on
para| 104 shall be not less than the lowest set pressure ~ miniature boilers constructed in, accordance| with the

of arfy safety valve on the boiler drum. rules contained in the ASME Béiler and Presspire Vessel
B.2) The allowable stress value for the piping Code, Section I, Parts PMB“and PEB do n¢t require

mategials shall not exceed that permitted for the temper- locking capability.

aturg of saturated steam at the maximum allowable (E) Drain piping fronrthe drain connection, fincluding

worlding pressure of the boiler. the required valve(s);or’the blanked flange cqnnection,

B.3) All pipe shall be steel except as permitted shall be designed*for the temperature and pfessure of
beloy. Galvanized steel pipe and fittings shall not be ~ the drain connection. The remaining piping shall be
used|for blowdown piping. When the value of P does  designed fof"the expected maximum temperpture and
not dxceed 100 psig [690 kPa (gage)], nonferrous pipe ~ Pressure. Static head and possible choked flgw condi-

may be used and the fittings may be bronze, cast iron, ~ tions shall be considered. In no case shall the design
malldable iron, ductile iron, or steel. pressiure and temperature be less than 100 psig [690 kPa

(gage)] and 220°F (105°C), respectively.
CAUTION: Nonferrous alloys and austenitic stainless steels A L. .
may He sensitive to stress corrosion cracking in certain aqueous 122.1.6 Boiler External Piping — Miscellaneous
envirgnments. Systems

. (A) Materials, design, fabrication, examindtion, and
When the value of P exceeds 100 psie [690 kPa '(gage)], erection of piping for miscellaneous accessorigs, such as
the fittings shall be steel and the thickness of pipe and

level indi 1 k
fittings shall not be less than that of Schedulé 80 pipe. wraetsesltlrivea lzjlzﬁgolf St;e‘,\i]itz:oorgl;l?es’vgiiﬁet}fgz > 1??;
B.4) The size of blowdown piping sHall be not less p gages  app

. . ) ble sections of this Code.
than |the size of the connection on the baoiler, and shall (B) The value of P to be used in the for

be infaccordance with the rules contained in the ASME
Boilgr and Pressure Vessel Code}.Section I, PG-59.3,
PMB{12, and PEB-12.

(C) The blowoff and blowdown piping beyond the
required valves describedin(A) and (B) above are classi-
fied as nonboiler external*piping. The requirements are
given in para. 122.2,

mulas in
para. 104 shall be not less than the maximum pllowable
working pressure of the boiler except as prgvided by
para. 122.1.1(B).

(C) Valve requirements for water level indjicators or
water columns, special gage glass and gage codk require-
ments, minimum line sizes, and special piping configu-
rations required specifically for cleaning, gccess, or

122.1.5 Boiler Drains reliability shall be in accordance with PG-60 of Section I

(A]| Complefe drainage of the boiler and attached pip- ~ ©Of the ASME Boiler and Pressure Vessel Codg.
ing shall be;provided to the extent necessary to ensure 122.1.7 Valves and Fittings. The minimuny pressure
proper operatron Of the steam supply system The plpe, and temperature ratmg for all Valves and fittings in
fittings vatveso a ' j 3 aneous piping
than the drain connectlon Double Valvmg shall be shall be equal to the pressure and temperature specified
required for each boiler drain connection except as per-  for the connected piping on the side that has the higher
mitted in (C) and (D) below. pressure, except that in no case shall the pressure be

(B) If the drain lines are intended to be used both as less than 100 psig [690 kPa (gage)], and for pressures
drains and as blowoffs, then two valves are required not exceeding 100 psig [690 kPa (gage)] in feedwater
and all conditions of paras. 122.1.4,122.1.7(C), and 122.2  and blowoff service, the valves and fittings shall be equal

shall be met. at least to the requirements of the ASME standards for
(C) Miniature boilers constructed in accordance with Class 125 cast iron or bronze, or Class 150 steel or bronze.
the rules contained in the ASME Boiler and Pressure (A) Steam Stop Valves. Each boiler discharge outlet,

Vessel Code, Section I, Parts PMB and PEB may use a  except safety valve or safety relief valve connections, or
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reheater inlet and outlet connections, shall be fitted with
a stop valve located at an accessible point in the steam-
delivery line and as near to the boiler nozzle as is conve-
nient and practicable.

(A.1) Boiler stop valves shall provide bidirectional
shutoff at design conditions. The valve or valves shall
meet the requirements of para. 107. Valves with resilient
(nonmetallic) seats shall not be used where the boiler
maximum allowable working pressure exceeds 150 psig

requirements of (B.8) below, and for forced flow steam
generators with no fixed steam and water line comply-
ing with the requirements of (B.9) below, shall be pro-
vided with a check valve and a stop valve or cock
between the check valve and the boiler. The stop valve
or cock shall comply with the requirements of (C.5)
below.

(B.2) The relative locations of the check and stop
(or cock) valves, as required in (B.1) above, may be

(1035 kRayorwherethe systent desigm temperature
exceeds 366°F (186°C). Valves of the outside screw and
yoke, rising stem style are preferred. Valves other than
those of the outside screw and yoke, rising stem style
shall megqt the following additional requirements:

(A|1.1) Each valve shall be equipped with a posi-
tion ind{cator to visually indicate from a distance
whether the valve is open or closed.

(A}1.2) Quarter turn valves shall be equipped
with a slqw operating mechanism to minimize dynamic
loadings |on the boiler and attached piping. Either a
quick-op¢ning manual quarter-turn valve or an auto-
matic solpnoid valve may be used on miniature boilers
constructed in accordance with the rules contained in
the ASME Boiler and Pressure Vessel Code, Section I,
Parts PMB and PEB. Manual quarter-turn valves shall
be provided with a handle or other position indicator
to indicafe from a distance whether the valve is open
or closed

(A.2)| In the case of a single boiler and prime mover
installatign, the stop valve required herein may be omit-
ted provifled the prime mover throttle valve is equipped
with an indicator to show whether it is opened or-closed,
and it is|designed to withstand the requiréd)boiler
hydrostatic test.

(A.3)] When two or more boilers are-¢onnected to
a commop header, or when a single bailer is connected
to a head¢r having another steam souree, the connection
from each boiler having a manhole opening shall be
fitted with two stop valves having an ample free-blow
drain betyveen them. The préférred arrangement consists
of one stpp-check valve {located closest to the boiler)
and one Yalve of the style'and design described in (A.1)
above. Alternatively,“both valves may be of the style
and design desctibed in (A.1) above.

When g second stop valve is required, it shall have a
pressure [rdting at least equal to that required for the

TEVETSed O a SINgie poller-turbine it mstattatiqn.
(B.3) If a boiler is equipped with a duplicatq feed
arrangement, each such arrangement shallbeequipped
as required by these rules.
(B.4) When the supply line to a\boiler is diyided
into branch feed connections and.allysuch connegtions
are equipped with stop and checkwalves, the stop and
check valves in the common sgutce may be omitted.
(B.5) When two or mete boilers are fed from ajcom-
mon source, there shall{also be a globe or regulating
valve in the branch teleach boiler located betwegn the
check valve and the sotrce of supply. A typical arrange-
ment is shown dn)Fig. 100.1.2(B.1).
(B.6) A combination stop and check valve in which
there is only:'one seat and disk, and in which a valve
stem is provided to close the valve, shall be consiglered
only\as’d stop valve, and a check valve shall be installed
as otherwise provided.
(B.7) Where an economizer or other feedwater|heat-
ing device is connected directly to the boiler without
intervening valves, the feed valves and check valves
required shall be placed on the inlet of the econopnizer
or feedwater heating device.
(B.8) The recirculating return line for a high| tem-
perature water boiler shall be provided with the [same
stop valve, or valves, required by (B.1) and (B.3) apove.
The use of a check valve in the recirculating returf line
is optional. A check valve shall not be a substitufe for
a stop valve.
(B.9) The feedwater boiler external piping|for a
forced flow steam generator with no fixed steanj and
water line may terminate up to and including thg stop
valve(s) and omitting the check valve(s) provided that
a check valve having a pressure rating no less than the
boiler inlet design pressure is installed at the discharge
of each boiler feed pump or elsewhere in the feqdline

bhetween the feed pump and the anp valve(s)

expected steam pressure and temperature at the vaive,
or a pressure rating at least equal to 85% of the lowest
set pressure of any safety valve on the boiler drum at
the expected temperature of the steam at the valve,
whichever is greater.

(A.4) All valves and fittings on steam lines shall
have a pressure rating of at least 100 psig [690 kPa (gage)]
in accordance with the applicable ASME standard.

(B) Feedwater Valves

(B.1) The feedwater piping for all boilers, except

for high temperature water boilers complying with the

56

(B.10) Wherever globe valves are used within BEP
feedwater piping for either isolation or regulation, the
inlet shall be under the disk of the valve.

(C) Blowoff Valves

(C.1) Ordinary globe valves as shown in
Fig. 122.1.7(C), illustration (a), and other types of valves
that have dams or pockets where sediment can collect,
shall not be used on blowoff connections.

(C.2) Y-type globe valves as shown in
Fig. 122.1.7(C), illustration (b) or angle valves may be
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Fig. 122.1.7(C) Typical Globe Valves

)

used
runs

in vertical pipes, or they may be used in horizontal
of piping provided they are so constructed or
instal]led that the lowest edge of the opening through
the seat is at least 25% of the inside diameter below the
centdrline of the valve.

C.3) The blowoff valve or valves, the pipe betwéeen
them| and the boiler connection shall be of thé‘sdme
size gxcept that a larger pipe for the return of condensate
may pe used.

C.4) For all boilers [except electric steam boilers
having a normal water content not.exceeding 100 gal
(380 [L), traction-purpose, and poftable steam boilers;
see (C.11) and (C.12) below] with allowable working
presgure in excess of 100 pdig) [690 kPa (gage)], each
bottom blowoff pipe shall)have two slow-opening
valvgs, or one quick-opening valve or cock, at the boiler
nozzle followed by-a‘slow-opening valve. All valves
shall{comply witl the requirements of (C.5) and (C.6)
below.
C.5) WHen the value of P required by
para] 122:1:4(A.1) does not exceed 250 psig [1 725 kPa
(gagg)listhe valves or cocks shall be bronze, cast iron,

(b)

ASME standard listed in Table 126.1. The minimhum pres-
sure rating shall be equal to the value of P refjuired by
para. 122.1.4(A.1).

(C.7) 1f a blowoff cock is used, the plug shall be
held in place by a guard or gland. The plug shall be
distinctly marked in line with the passage.

(C.8) A slow-opening valve is a valve that requires
at least five 360 deg turns of the operating mechanism
to change from fully closed to fully opened.

(C.9) On a boiler having multiple blowoff pipes, a
single master valve may be placed on the comnon blow-
off pipe from the boiler, in which case only pne valve
on each individual blowoff is required. In sufh a case,
either the master valve or the individual valves or cocks
shall be of the slow-opening type.

(C.10) Two independent slow-opening v3lves, or a
slow-opening valve and a quick-opening valve or cock,
may be combined in one body and may be used|provided
the combined fitting is the equivalent of two|indepen-
dent slow-opening valves, or a slow-opening yalve and
a quick-opening valve or cock, and provided fyrther that
the failure of one to operate cannot affect the opleration of

ductitetrormorsteel—Thevatves orcocksHfof castirom;
shall not exceed NPS 2% (DN 65) and shall meet the
requirements of the applicable ASME standard for Class
250, as given in Table 126.1, and if of bronze, steel, or
ductile iron construction, shall meet the requirements
of the applicable standards as given in Table 126.1 or
para. 124.6.

(C.6) When the value of P required by para.
122.1.4(A.1) is higher than 250 psig [1 725 kPa (gage)],
the valves or cocks shall be of steel construction equal
at least to the requirements of Class 300 of the applicable
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(C.11) Only one blowoff valve, which shall be either
a slow-opening or quick-opening blowoff valve or a
cock, is required on traction and/or portable boilers.

(C.12) Only one blowoff valve, which shall be of a
slow-opening type, is required for the blowoff piping
for forced circulation and electric steam boilers having
a normal water content not exceeding 100 gal (380 L).
Electric boilers not exceeding a normal water content of
100 gal (380 L) and a maximum MAWP of 100 psig
[690 kPa (gage)] may use a quick-opening manual or
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Table 122.2 Design Pressure for Blowoff/Blowdown Piping Downstream
of BEP Valves

Boiler or Vessel Pressure

Design Pressure [Note (1)]

MAWP kPa (gage) psig kPa (gage)
Below 250 1725 Note (2) Note (2)
250-600 1725-4 135 250 1725
601-900 4 136-6 205 400 2760
901-1,500 6 206-10 340 600 4135
1,501 and higher 10 341 and higher 900 6205

NOTES:

(gage)].

slow-opehing automatic quarter-turn valve up to NPS 1
(DN 25). [Electric boilers not exceeding a normal water
content gf 100 gal (380 L) but with a MAWP greater
than 100 |psig [690 kPa (gage)] shall only use either a
slow-opehing type manual or automatic valve, regard-
less of size.
(D) Prgssure-Relieving Valves

(D.1) Safety, safety-relief, and power-actuated
pressure-felieving valves shall conform to the require-
ments of PG-67, PG-68, PG-69, PG-70, PG-71, PG-72, and
PG-73 of| Section I of the ASME Boiler and Pressure
Vessel Cqde.

122.2 Blowoff and Blowdown Piping in Nonboiler

ternal Piping

Blowoff and blowdown piping systemsshall be, where
possible, pelf-draining and without po¢kets. If unavoid-
able, valyed drains at low points shall allow system
draining prior to operation. In order‘to minimize pipe-
line shock during the operation of blowoff systems, 3D
s (minimum) should/be used in preference to
elbows, gnd wye or lateral fittings should be used in
preference to tee congections.

(A) Frqm Boilers

(A.1)| Blowoff{piping, located between the valves
described ingpata. 122.1.4(A) and the blowoff tank or
other poiptyyheére the pressure is reduced approximately

(1) The allowable stress value for the piping material need not exceed that permitted for the tempera-
ture of saturated steam at the design pressure.

(2) For boiler or vessel pressures below 250 psig [1 725 kPa (gage)], the design pressure shall be
determined in accordance with para. 122.1.4(B.1), but need not exceed 250 psig [1 725 kPa

para. 122.1.4(B.3) shall.apply. The size of non-BEP blow-
down piping between’the shutoff valve describpd in
para. 122.1.4(B) anbd the flow control valve shal]l not
be smaller thari\the BEP boiler shutoff valve [see[para.
122.1.4(B.4)] tinless engineering calculations copfirm
that the desigh flow rate can be achieved with a smaller
piping size without flashing the blowdown prior fo the
flow Control valve.
(A.3) When the design pressure of Table 122 can
be exceeded due to closing of a downstream valve, ¢alcu-
lated pressure drop, or other means, the entire blpwoff
or blowdown piping system shall be designed in gccor-
dance with paras. 122.1.4(A) and 122.1.7 for blowoff and
para. 122.1.4(B) for blowdown piping.
(A.4) Non-BEP blowdown piping downstreqm of
the flow control valve shall not be smaller — and prefera-
bly will be larger — than the connection on the boiler
[see para. 122.1.4(B.4)].
(B) From Pressure Vessels Other Than Boilers
(B.1) The design pressure and temperature ¢f the
blowoff piping from the pressure vessel to and inclfiding
the blowoff valve(s) shall not be less than the yessel
MAWP and corresponding design temperature.

122.3 Instrument, Control, and Sampling Piping|

(A) The requirements of this Code, as supplemented
by para. 122.3, shall apply to the design of instrument,

to atmospteric pressure ardcarmot—beircreased by
closing a downstream valve, shall be designed for the
appropriate pressure in accordance with Table 122.2. The
provisions of paras. 122.1.4(A.3) and 122.1.7 shall apply.
The size of non-BEP blowoff header to the safe point of
discharge shall not be smaller than the largest connected
BEP blowoff terminal [see para. 122.1.4(A.4)].

(A.2) Blowdown piping, in which the pressure can-
not be increased by closing a downstream valve, shall
be designed for the appropriate pressure and tempera-
ture in accordance with Table 122.2. The provisions of

UL l‘l,lUl, dl ld Dalllt)}il ls lJllJll ls fUl DdfC dl ld lJlUlJCl
tion of the piping itself.

(B) The term “Instrument Piping” shall apply to all
valves, fittings, tubing, and piping used to connect
instruments to main piping or to other instruments or
apparatus or to measuring equipment as used within
the classification of para. 100.1.

(C) The term “Control Piping” shall apply to all
valves, fittings, tubing, and piping used to interconnect
pneumatically or hydraulically operated control appara-
tus, also classified in accordance with para. 100.1, as well

pera-
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as to signal transmission systems used to interconnect
instrument transmitters and receivers.

(D) The term “Sampling Piping” shall apply to all
valves, fittings, tubing, and piping used for the collection
of samples, such as steam, water, oil, gas, and chemicals.

(E) Paragraph 122.3 does not apply to tubing used in
permanently closed systems, such as fluid-filled temper-
ature responsive devices, or the temperature responsive
devices themselves.

(B.2) Blowdown Valves

(B.2.1) Blowdown valves at or near the instru-
ment shall be of the gradual opening type. For subcritical
pressure steam service, the design pressure for blow-
down valves shall be not less than the design pressure
of the pipe or vessel; the design temperature shall be
the corresponding temperature of saturated steam. For
all other services, blowdown valves shall meet the
requirements of (B.1) above.

(F)[ Paragraph 1223 does not apply to the devices,
appafatus, measuring, sampling, signalling, transmit-
ting, |controlling, receiving, or collecting instruments to
which the piping is connected.

122.3.1 Materials and Design. The materials uti-
lized|for valves, fittings, tubing, and piping shall meet
the pprticular conditions of service and the requirements
of thle applicable specifications listed under general
parag. 105, 106, 107, and 108 with allowable stresses in
accofdance with the Allowable Stress Tables in
Manglatory Appendix A.

Th¢ materials for pressure retention components used
for piping specialties such as meters, traps, and strainers
in flammable, combustible, or toxic fluid systems shall
in addition conform to the requirements of paras. 122.7
and 122.8.

13
(A

2.3.2 Instrument Piping
Takeoff Connections

A.1) Takeoff connections at the source, together
with [attachment bosses, nozzles, and adapters, shall be
mad¢ of material at least equivalent to that of-the pipe
or vgssel to which they are attached. The-cdmections
shall|be designed to withstand the source-design pres-
sure fand temperature and be capablé of withstanding
loadings induced by relative displacement and vibra-
tion. [The nominal size of the takepff connections shall
not He less than NPS % (DN(15) for service conditions
not in excess of either 900)psi (6 200 kPa) or 800°F
(4251C), and NPS % (DN)20) (for adequate physical
strerfgth) for design,conditions that exceed either of
thesd limits. Where-the size of the main is smaller than
the limits given.above, the takeoff connection shall not
be leps than, the size of the main line.

A.2)-To\prevent thermal shock to the main steam
line byycontact with the colder condensate return from

the ihstument
RStFRent;

ctaqn abar ap 1nckapanat Lol £l
HStFH tot

(B.2.2) When blowdown vaives are used, the
valves at the instrument as well as any intéryjening fit-
tings and tubing between such blowdéown valves and
the meter shall be suitable at 100°F (40°C) f¢r at least
1% times the design pressure of the piping sylstem, but
the rating of the valve at the instryment need rfot exceed
the rating of the blowdown valve.

(B.2.3) When blowdown valves are hot used,
instrument valves shall eonform to the requirpments of
(B.2.1) above.

(C) Reservoirs pizCondensers. In dead end steam ser-
vice, the condénsinhg reservoirs and connectinp nipples,
which immediately follow the shutoff valveq, shall be
made of material suitable for the saturated steam tem-
peraturecorresponding to the main line desigr| pressure.

(D)Materials for Lines Between Shutoff alves and
{nstruments

(D.1) Copper, copper alloys, and other npnferrous
materials may be used in dead end steam or yvater ser-
vices up to the design pressure and temperatclfre condi-
tions used for calculating the wall thigkness in
accordance with para. 104 provided that the tefpperature
within the connecting lines for continuous seryices does
not exceed 406°F (208°C).

Where water temperature in the reservoir off condens-
ers is above 406°F (208°C), a length of uninsulated steel
tubing at least 5 ft (1.5 m) long shall immediately follow
the condenser ahead of the connecting copper|tubing to
the instrument.

(D.2) The minimum size of the tubing o1 piping is
a function of its length, the volume of fluid required to
produce full scale deflections of the instrumerjt, and the
service of the instrument. When required tp prevent
plugging as well as to obtain sufficient m¢chanical
strength, the inside diameter of the pipe or tupe should

not be less than 0.36 in. (9.14 mm), with a wall|thickness
ofnotless than 0040 in (1 25 mm) When the require_

. ey
Stea TR eteT—0OT Heht KEOT—€Ot

nections shall be lagged in with the steam main. For
temperature in excess of 800°F (425°C), they may also
be arranged to make metallic contact lengthwise with
the steam main.
(B) Valves

(B.1) Shutoff Valves. Shutoff valves shall be pro-
vided at takeoff connections. They shall be capable of
withstanding the design pressure and temperature of
the pipe or vessel to which the takeoff adapters or nip-
ples are attached.
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ments do not apply, smaller sizes with wall thickness
in due proportions may be used. In either case, wall
thickness of the pipe or tube shall meet the requirements
of (D.3) below.

(D.3) The piping or tubing shall be designed in
accordance with para. 104 with consideration for water
hammer.

(E) Fittings and Joints

(E.1) For dead end steam service and for water

above 150°F (65°C), fittings of the flared, flareless, or
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socket welding type, or other suitable type of similar
design shall be used. The fittings shall be suitable for
the header pressure and corresponding saturated steam
temperature or water temperature, whichever applies.
For supercritical pressure conditions the fittings shall
be suitable for the design pressure and temperature of
the main fluid line.

(E.2) For water, oil and similar instrument services,
any of the following types may be used, within the

(C) Materials
(C.1) The materials to be used for sampling lines
shall conform to minimum requirements for the main
line to which they connect.
(D) Fittings and Joints
(D.1) For subcritical and supercritical pressure
steam, and for water above 150°F (65°C), fittings of the
flared, flareless, or socket welding type, or other suitable
type of similar design shall be used. The fittings shall be

pressure-temperature HIitations of eacit

(E]2.1) For main line hydraulic pressures above
500 psi (3|1450 kPa) and temperatures up to 150°F (65°C),
steel fittings either of the flared, flareless, socket welded,
fusion wglded, or silver brazed socket type shall be used.

(E]2.2) For main line pressures up to 500 psi
(3450 kHa) and temperatures up to 150°F (65°C), the
fittings may be flared or silver brazed socket type,
inverted flared or flareless compression type, all of brass
or bronzg.

(E]2.3) For pressures up to 175 psi (1 200 kPa) or
temperatfires up to 250°F (120°C), soldered type fittings
may be uped with water-filled or air-filled tubing under
adjusted [pressure-temperature ratings. These fittings
are not nrecommended where mechanical vibration,
hydrauli¢ shock, or thermal shock are encountered.

122.3.;3 Control Piping
(A) Takeoff Connections
(A.1) Takeoff connections shall be in accordance
with parg. 122.3.2(A.1).
(B) Valpes
(B.1)| Shutoff valves shall be in accordance(with
para. 122|3.2(B.1).
(C) Madterials
(C.1)] The same materials may be used"for control
lines as fpr instrument lines, except that/the minimum
inside digmeter shall be 0.178 in. (4,52.mm) with a mini-
mum wall thickness of 0.028 in.\(0.71 mm), provided
that this vall thickness is notdess'than that required by
para. 122|3.2(D.3). If a conttel”device has a connection
smaller than ¥ in. (6.0 mm); the size reduction from the
control tiibing to the(control device shall be made as
close to the control*device as possible.
(D) Fityings andoints
(D.1) Fittings and joints shall be in accordance with
para. 122|3.24(E.2).

Stitable for main line design pressure and temperjture.

(D.2) For water below 150°F (65°C), fittings and
joints shall be suitable for main line design pressure and
temperature and shall be in accprddnce [with
para. 122.3.2(E.2).

122.3.6 Fittings and Joints
(A) All fittings shall be in accordance with stanglards
and specifications listed in dable 126.1.
(A.1) Socket welded joints shall comply with the
requirements of para.{11.3.
(A.2) Flared, fldreless, and compression type fit-
tings and their joixits shall comply with the requirements
of para. 115.
(A.3) Silver brazed socket type joints shall comply
with the‘tequirements of paras. 117.1 and 117.3.
(A%) Solder type joints shall comply with the
requitements of paras. 117.2 and 117.3.
(A.5) The use of taper threaded joints up t¢ and
ncluding NPS % (DN 15) is permitted at pressurps up
to 5,000 psi (34 500 kPa) in dead-end service from ¢utlet
end and downstream of shutoff valve located at ipstru-
ment, at control apparatus, or at discharge of sgmple
cooler.

122.3.7 Special Safety Provisions
(A) Connecting piping subject to clogging from golids
or deposits shall be provided with suitable connegtions
for cleaning.
(B) Connecting piping handling air and gases| con-
taining moisture or other extraneous materials shall be
provided with suitable drains or settling chambgrs or
traps.
(C) Connecting piping that may contain liquids|shall
be protected from damage due to freezing by hdating
or other adequate means.

122.3.8 Supports. Supports shall be furnished as

122.3.4 Sampling Piping
(A) Takeoff Connections
(A.1) Takeoff connections shall be in accordance
with para. 122.3.2(A.1).
(B) Valves
(B.1) Shutoff valves shall be in accordance with
para. 122.3.2(B.1).
(B.2) Blowdown valves shall be of the gradual
opening type and shall be suitable for main line design
pressure and temperature.

60

specified in para. 121 not only for safety but also to
protect the piping against detrimental sagging, external
mechanical injury abuse, and exposure to unusual ser-
vice conditions.

122.3.9 Installations

(A) Instrument, control, and sampling piping shall
be inspected and tested in accordance with paras. 136
and 137.

(B) The inside of all piping, tubing, valves, and fit-
tings shall be smooth, clean, and free from blisters, loose

(16)
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mill scale, sand, and dirt when erected. All lines shall be
cleaned after installation and before placing in service.

122.4 Spray-Type Desuperheater Piping for Use on
Steam Generators, Main Steam, and Reheat
Steam Piping

(A) Valves and Piping Arrangement
(A.1) Eachspraywater pipe connected to a desuper-

heater shall be provided with a stop valve and a regulat-

(B) Design Requirements
(B.1) The value of P to be used in the formulas of
para. 104 shall be as follows:
(B.1.1) For piping from the desuperheater back
to the stop valve required by (A.1) above, the value of P
shall be equal to or greater than the maximum allowable
working pressure of the desuperheater.
(B.1.2) For the remainder of the spraywater pip-
ing system, the value of P shall be not less than the

ing (spray control) valve. The regulating valve shall be
installed upstream of the stop valve. In addition, if the
stearn generator supplies steam to a steam turbine, a
powgr-operated block valve® shall be installed upstream
of the regulating valve.
A.2) A bypass valve around the regulating valve
is pefmitted.
A.3) A bypass valve around the power-operated
valve is prohibited.
[A.4) On a superheater or reheater desuperheater,
a drgin valve shall be installed between the power-
operated block valve and the regulating valve.
A.5) If the spraywater supply is from the boiler
feedwater system and its source is not downstream of
the feedwater check valve required by para. 122.1.7, a
check valve shall be provided in the spraywater piping
betwpen the desuperheater and the spraywater source.
A.6) It is recommended that the valves and piping
be afranged to provide a head of water on the down~
streapn side of the stop valve.
A.7) A typical arrangement is shown in Fig. 122.4.
A.8) Provisions shall be made to both!stéam and
wate} systems to accommodate the operating conditions
assodiated with this service including; water hammer,
therrhal shock and direct water impingement. The con-
nectipn for the spraywater pipersheuld be located per
the r¢quirements established by the manufacturer so that
complete flow mixing is achieved prior to any bends,
elbows, or other flow, difectional changes being
encotintered.
A.9) Insertable=type desuperheaters, which
inclyde an integral stop and spraywater regulating
valvg, may b€ used within the limitations established
by thle manufacturer. If this type is used, the individual
stop pnd-fegulating valves shown in Fig. 122.4 may be
omitted{ All other requirements described in para. 122.4

blocK

Mmaximuim sustained pressure exerted by the sgraywater.

(B.2) The stop valve required by (A.l)‘above shall
be designed for the pressure requirement.of (B.].1) above
or the maximum sustained pressurel€xert¢d by the
spraywater, whichever is greater;

(B.3) The S value used for‘the spraywater piping
shall not exceed that permitted for the gxpected
temperature.
NOTE: The temperaturé.varies from that of the deguperheater
to that of the spraywater source and is highly depenglent on the
piping arrangement. Itis the responsibility of the designer to deter-
mine the design/temperature to be used for the variqus sections
of the piping system.

122.5 Pressure-Reducing Valves

1225.1 General. Where pressure-reducihg valves
aréZused, one or more pressure-relieving yalves or
devices shall be provided on the low pressufe side of
the system. Otherwise, the piping and equipment on
the low pressure side of the system shall be d¢signed to
withstand the upstream design pressure. The|pressure-
relieving valves or devices shall be located |adjoining
or as close as practicable to the reducing vilve. The
combined relieving capacity provided shall be|such that
the design pressure of the low pressure systerp will not
be exceeded if the reducing valve fails open.

122.5.2 Bypass Valves. Hand-controlldd bypass
valves having a capacity no greater than the| reducing
valve may be installed around pressure-reducing valves
if the downstream piping is protected by pressure-
relieving valves or devices as required in pata. 122.5.1
or if the design pressure of the downstream pjping sys-
tem and equipment is at least as high as the [upstream
design pressure.

122.5.3 Design of Valves and Pressure-Relieving
Valves and Devices. Pressure-reducing and bypass

shall apply.

(A.10) For Desuperheaters Located Within Main Steam
or Reheat Steam Piping. The steam system to be desuper-
heated shall be provided with proper drainage during
all water flow conditions. The drainage system shall
function both manually and automatically.

® For information on the prevention of water damage to steam
turbines used for electric power generation, see ASME TDP-1.
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Valves, and pressure-relieving vaives and devices, shall
be designed for inlet pressure and temperature condi-
tions. Pressure-relieving valves and devices shall be in
accordance with the requirements of para. 107.8 of this
Code.

122.6 Pressure Relief Piping

Pressure relief piping within the scope of this Code
shall be supported to sustain reaction forces, and shall
conform to the requirements of paras. 122.6.1 and
122.6.2.
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Fig. 122.4 Desuperheater Schematic Arrangement

Desuperheater

GENERAL NPTE:

122.6{1 Piping to Pressure-Relieving Valves and
Devices

(A) There shall be no intervening stop valve(s)
between|piping being protected and the ptotective
valve(s) qr device(s).

(B) Diyerter or changeover valves desighed to allow
servicinglof redundant protective valyesoer devices with-
out system depressurization may-be; installed between
the piping to be protected andrthe’required protective
valves or|devices under the following conditions:

(B.1)| Diverter or changeover valves are prohibited
on boiler|external piping and reheat piping.

(B.2)| One hundred’percent (100%) of the required
relieving |capacity_shall be continuously available any

Regulating valve

Drain valve — required on superheater and
reheater desuperheaters

This Figure is a schematic only and is not intended to show equipment layout or orientation.

Stop valve
From spray

water source

Block valve

122.6.2 Discharge Piping From Pressure-Relipving
Valves and Devices

(A) There shall be no intervening stop valve between
the protective valve(s) or device(s) and the point of
discharge.

(B) When discharging directly to the atmospher¢, dis-
charge shall not impinge on other piping or equigment
and shall be directed away from platforms and jother
areas used by personnel.

(C) Itis recommended that individual dischargg lines
be used, but if two or more reliefs are combined, the
discharge piping shall be designed with sufficienf flow
area to prevent blowout of steam or other fluids{ Sec-
tional areas of a discharge pipe shall not be less| than

time the pystem.is in service. the full area of the valve or device outlets discharging
(B.3)| Rositive position indicators shall be provided  thereinto, and the discharge pipe shall be as short and
on diverteror changeover valves straight as possible and so arranged as to avoid

ndue

(B.4) Positive locking mechanisms and seals shall
be provided on diverter or changeover valves to pre-
clude unauthorized or accidental operation.

(B.5) Diverter or changeover valves shall be
designed for the most severe conditions of pressure,
temperature, and loading to which they are exposed,
and shall be in accordance with para. 107.

(B.6) Provision shall be made to safely bleed off the
pressure between the isolated protective valve or device
and the diverter or changeover valve.

62

stresses on the valve(s) or device(s).

(D) Discharge lines from pressure-relieving valves
and devices within the scope of this Code shall be
designed to facilitate drainage.

(E) When the umbrella or drip pan type of connection
is used, the discharge piping shall be so designed as to
prevent binding due to expansion movements.

(F) Drainage shall be provided to remove water col-
lected above the seat of the pressure-relieving valve or
device.
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(G) Carbon steel materials listed in Mandatory
Appendix A may be used for discharge piping that is
subjected to temperatures above 800°F (427°C) only dur-
ing operation of pressure-relieving valves [see
para. 107.8.3(B)] provided that

(G.1) the duration of the pressure-relieving valve’s
operation is self-limiting

(G.2) the piping discharges directly to atmosphere

(G.3) the allowable stresses for carbon steel materi-

122.7.3 Piping Joints
(A) Welded joints shall be used between steel or nickel
alloy piping components where practicable. Where
bolted flanged joints are necessary, the gasket material
shall be suitable for the service. Where threaded joints
and compression fittings are unavoidable, the following
requirements shall be met:
(A.1) For threaded joints, the pipe thickness shall
be not less than Extra Strong regardless of pressure or

als at temperatures above 800°F (427°C) shall be taken
from(Section II, Part D, Table 1A for materials applicable
to Section I and Section VIII, Division 1 of the ASME
Boilef and Pressure Vessel Code

122.7 Piping for Flammable or Combustible Liquids

122.7.1 General. Piping for flammable or combusti-
ble liiquids including fuel and lubricating oils is within
the sfope of this Code. Piping for synthetic lubricants
having no flash or fire point need not meet the require-
ments of para. 122.7.

Th¢ designer is cautioned that, among other criteria,
statid electricity may be generated by the flowing fluid.
Additionally, the designer is cautioned of the extreme
chilling effect of a liquefied gas flashing to vapor during
loss pf pressure. This is a factor for determining the
lowest expected service temperature relative to the pos-
sibility of brittle fracture of materials. Consideration
shall|also be given to the pressure rise that may oceur
as a fold fluid absorbs heat from the surroundings.

122.7.2 Materials

(A) Seamless steel or nickel alloy piping materials
shall|be used in all areas where the line is within 25 ft
(7.6 M) of equipment or other lines having an open flame
or exposed parts with an operating-temperature above
400°F (204°C). Seamless steel-or 1ickel alloy pipe shall
also be used for fuel oil systems located downstream of
burngr shutoff valve(s). The burner shutoff valve(s) shall
be lofated as close tosthe burner as is practical.

(B) In all other-ateas, piping systems may include
pipe [or tube of steel, nickel alloy, copper, or brass con-
strucfion. Coppeér tubing shall have a thickness not less
than |that_required by para. 104.1.2(C.3), regardless of
presqure."Refer also to paras. 105, 124.6, and 124.7(A).

WH

erever materials other than steel or nickel alloy are

type ol material.

(A.2) The requirements of para. 114 shal
all threaded joints.

(A.3) Threaded joints and compfessio
shall be assembled carefully to ensure leak
Threaded joints shall meet the requirementg of para.
135.5. Compression fittings shiall meet the reqpirements
of paras. 115 and 135.6. ‘ASthread sealant, syitable for
the service, shall be uSed in threaded joints ginless the
joint is to be seal welded or a gasket or O-rirjg is used
to provide sealing at a surface other than the| threads.

(B) Threadéd joints in copper or brass pipp shall be
subject to the same limitations as for steel pipg in (A.1),
(A.2), and<(A.3), above.

(C).Copper tubing shall be assembled with flared,
flareless, or compression type joints as pregcribed in
para. 115, or brazed in accordance with para] 117. Soft
solder type joints are prohibited.

(D) RTR pipe shall be adhesive bonded in a¢cordance
with the pipe manufacturer’s recommended piocedures.

(E) Pipe joints dependent on the friction claracteris-
tics or resiliency of combustible materials for mechanical
or leak tightness of piping shall not be usgd inside
buildings.

(F) Steel tubing shall be assembled with fittings in
accordance with para. 115, or with socket weld fittings.

apply to

h fittings
tightness.

122.7.4 Valves and Specialties. Valves,
meters, and other specialties shall be of steell
alloy construction. As an alternative, ductile
ble iron or copper alloy valves and specialti¢s may be
used, subject to the restrictions in paras. 124.6 ¢gnd 124.7,
where metal temperatures do not exceed 400°F (204°C).

strainers,
or nickel
r mallea-

(Gases or Liquids), or Nonflammable Nontoxic

122.8 Piping for Flammable Gases, Toxic Flgids
Gases 7\'

used, they shall be so located that any spill resulting
from the failure of these materials will not unduly expose
persons, buildings, or structures, or can be readily con-
trolled by remote valves.

(C) For lubricating oil systems, steel tubing is an
acceptable alternative to steel pipe.

(D) Polyethylene (PE) and reinforced thermosetting
resin (RTR) pipe may be used for flammable or combusti-
ble liquids, in buried installations only, in accordance
with Mandatory Appendix N.
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(A) Although some gases are liquefied for storage or
transport, they shall be considered as gases if their Reid
vapor pressure is greater than 40 psia [2 068.6 mm Hg
(absolute)] at 100°F (37.8°C).

(B) Threaded joints and compression fittings may be
used subject to the limitations of para. 114.2.1(B) and
other specific limitations identified below, except they
are permitted at connections to refillable storage contain-
ers and associated pressure regulators, shutoff valves,
pumps, and meters, to a maximum pressure of 5,000 psig
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[34 475 kPa (gage)], provided the size does not exceed
NPS % (DN 20).

122.8.1 Flammable Gas

(A) Some of the common flammable gases are acety-
lene, ethane, ethylene, hydrogen, methane, propane,
butane, and natural or manufactured gas used for fuel.
It shall be the designers’ responsibility to determine
the limiting concentrations (upper and lower explosive
limits) and the properties of the gas under consideration.

(B.2.2) seamless copper or brass pipe or tubing
with brazed, threaded, or compression fitting joints.
Threaded fittings shall not exceed NPS % (DN 20). For
protection against damage, tubing shall be installed in
a guarded manner that will prevent damage during con-
struction, operation, or service. Valves with suitable
packing, gages, regulators, and other equipment may
also consist of copper alloy materials. Safety relief
devices shall be vented individually, and connected vent

The use pf explosive concentrations shall be avoided,
or the piping shall be designed to withstand explosive
forces.
Vent lir
explosive
gas vent
that requ
address
(A.1)
(A.2)
(A.3)
ping hot
(A4)
(A.5)

es shall be routed in such a way as to avoid
concentrations while venting. Each flammable
point shall be subjected to a hazard analysis
res owner approval. The hazard analysis shall

dissipation of the flammable gases
avoiding explosive concentrations
mitigating possible ignition sources by stop-
work and other means
impingement of gases on nearby objects
foreign objects propelled by venting

(A.6)| chilling effect from the venting operation

(A.7)| protection of people by evacuation, by use of
appropriate personal protective equipment, or by other
means

The cHilling effect from venting is a factor for
determinjng the lowest expected service temperature
relative tp the possibility of brittle fracture of materials:
(B) Materials. Steel piping, subject to the limitations

in para. 1P)5, shall be used for all flammable gases, except
as otherwise permitted in (B.2), (B.3), and (B.4)"below.

(B.1) Welded joints shall be used between steel
componepts where practicable. Wheré bolted flanged
joints are[necessary, the gasket material'shall be suitable
for the service. Where threaded jéints and compression
fittings dre unavoidable, the following requirements
shall be 1pet:

(B|1.1) For threadedjoints, the pipe thickness
shall be njot less than Extra Strong regardless of pressure
or type of materials

(BJ1.2) Threaded joints and compression fittings
may be uped subject to the limitations of para. 122.8(B).

(BJ1.8)-Threaded joints and compression fittings

piping statt-bedesigned—toconveythe—ftuid, - without
pockets, to the outside atmosphere; and then diected
away from equipment ventilation systems{ and [vents
from other systems.
(B.3) For fuel gas instrumentation  and control,
seamless copper tubing subject to the, following rgstric-
tions may be used:
(B.3.1) The design pressure shall not ey
100 psi (690 kPa).

(B.3.2) Tubing shall-fot exceed % in. (15.9

nominal outside diaméter.
(B.3.3) Alljoints shall be made with comprgssion
or flared fittings.
(B.3.4) “Copper tubing shall not be used if the fuel
gas contains\more than 0.3 grains (19.4 mg) of hydfogen
sulfide per 100 ft®>/min (47 liters/sec) of gas at stapndard
conditions.
(B.3.5) Consideration shall be given in the design
to the lower strength and melting point of copper|com-
pared to steel. Adequate support and protection|from
high ambient temperatures and vibration shdll be
provided.
(B.3.6) Tubing shall be installed in a guqrded
manner that will prevent damage during construgtion,
operation, and service.
(B.4) Polyethylene (PE) pipe may be used for patu-
ral gas service, in buried installations only, in accordlance
with Mandatory Appendix N.
(C) Valves and Specialties. Valves, strainers, mpgters,
and other specialties shall be of steel or nickel |alloy
construction. As an alternative, ductile iron or cppper
alloy valves and specialties may be used, subject {o the
restrictions in paras. 124.6 and 124.7, where metall tem-
peratures do not exceed 400°F (204°C).
(D) For in-plant fuel gas distribution system(s) where
the use of a full-relieving-capacity safety or safetyirelief

ceed

mm)

shall be gssembted Lcuefuﬁy toensure teak Lighuu:bb.
Threaded joints shall meet the requirements of
para. 135.5. Compression fittings shall meet the require-
ments of paras. 115 and 135.6. A thread sealant, suitable
for the service, shall be used in threaded joints unless
the joint is to be seal welded or a gasket or O-ring
is used to provide sealing at a surface other than the
threads.
(B.2) For hydrogen systems, the following alterna-
tive materials may be used:
(B.2.1) seamless steel tubing with welded joints.
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vatve{s)asdeseribed-inpara—106783(B)cotdderedte an
undue venting hazard, an alternative pressure limiting
design may be substituted. The alternative design shall
include all provisions below.

(D.1) Tandem Gas Pressure Reducing Valves. To pro-
tect the low pressure system, two gas pressure reducing
valves capable of independent operation shall be
installed in series. Each shall have the capability of clos-
ing off against the maximum upstream pressure, and of
controlling the pressure on the low pressure side at or
below the design pressure of the low pressure system,
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in the event that the other valve fails open. Control lines
must be suitably protected, designed, and installed so
that damage to any one control line will not result in
over pressurizing the downstream piping.

(D.2) Trip Stop Valve. A fail-safe trip stop valve shall
be installed to automatically close, in less than 1 sec, at
or below the design pressure of the downstream piping.
It shall be a manually reset design. The pressure switch
for initiating closure of the trip stop valve shall be hard-

Table 122.8.2(B) Minimum Wall Thickness
Requirements for Toxic Fluid Piping

Carbon and Low Stainless and

Alloy Steel Nickel Alloy Steel
(Mandatory (Mandatory
Appendix A, Appendix A,
Tables Tables
Size A-1 and A-2) A-3 and A-4)

NPS 2 (DN 50) and Extra strong Schedule 10S

wiredtdirectty to the vatve tripping circuit. The pressure
switdh shall be mounted directly on the low pressure
piping without an intervening isolation valve. The trip
stop [valve shall be located so that it is accessible and
protdcted from mechanical damage and from weather
or other ambient conditions that could impair its proper
funcffioning. It may be located upstream or downstream
of the tandem gas pressure reducing valves. The trip
stop [valve and all upstream piping shall be designed
for the maximum upstream supply pressure. The trip
stop Yalve may also serve as the upstream isolation valve
of a double-block and vent gas supply isolation system.
Provision shall be made to safely bleed off the pressure
dowstream of the trip stop valve.

D.3) Safety Pressure Relief. The low pressure sys-
tem fhall be protected from any leakage through the
presgure-reducing valves, when closed, by a safety-relief
valv¢ constructed and designed in accordance with
para|107.8.3(B), and sized for the possible leakage rate,

122.8.2 Toxic Fluids (Gas or Liquid)

(A) For the purpose of this Code, a toxic fluid'is-one
that fnay be lethal, or capable of producing injtxy and/
or setious illness through contact, inhalationingestion,
or absorption through any body surface. It'shall be the
designers’ responsibility to adopt the.safety precautions
published by the relevant fluid industry which may be
more stringent than those described in this Code for
toxic| fluids. In addition, the piping shall be installed
in such a manner that will minimize the possibility of
damgge from external sources.

(B) Preferably, pipe and pipe fittings should be seam-
less gteel. Wall thickness shall not be less than that in
Tablg 122.8.2(B):

If the fluid {s’known to be corrosive to the steels in
Table 122.82(B), the materials and wall thickness
seleqted-shall be suitable for the service. (Refer to

smaller

Larger than NPS 2 Schgdule 5S

(DN 50)

Standard weight

shall be used. Gasket matetials’shall be suitaljle for the
service. Compression fittings are prohibited. Where the
use of threaded joints iswnavoidable, all of the following
requirements shall be met:
(C.1) The pipe'thickness shall be not less than Extra
Strong, regardless of pressure or type of mat¢rial.
(C.2) An.addition to the provisions of paral 122.8(B),
threaded joints and compression fittings may be used
at connections to refillable storage containers ahd associ-
ated, pressure regulators, shutoff valves, pumps, and
meters to a maximum pressure of 50 psig|[345 kPa
(gage)], provided the size does not excegd NPS 2
(DN 50).
(C.3) Threaded joints shall be assembled| carefully
to ensure leak tightness. The requirements of fara. 135.5
shall be met. A thread sealant, suitable for the service,
shall be used unless the joint is to be seal wglded or a
gasket or O-ring is used to provide sealing at|a surface
other than the threads.
(D) Steel valves shall be used. Bonnet joiints with
tapered threads are not permitted. Special congideration
shall be given to valve design to prevent stern leakage
to the environment. Bonnet or cover plate clopures and
other body joints shall be one of the following types:
(D.1) union
(D.2) flanged with suitable gasketing anfl secured
by at least four bolts
(D.3) proprietary, attached by bolts, lugd, or other
substantial means, and having a design that|increases
gasket compression as fluid pressure increasqs

para.-16£12)

(C) Welded joints shall be used between steel compo-
nents where practicable. Backing rings used for making
girth butt welds shall be removed after welding. Miter
welds are prohibited. Fabricated branch connections
(shaped branch pipe welded directly to run pipe) may
be used only if other types of branch connections permit-
ted by para. 104.3.1 are not available. Socket welded
joints shall be used only with steel materials and shall
notbe larger than NPS 2Y% (DN 65). Where bolted flanged

joints are necessary, socket weld or welding neck flanges
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(D= threaded-withstraight threadssufricient for
mechanical strength, metal-to-metal seats, and a seal
weld made in accordance with para. 127.4.5, all acting
in series

(E) Tubing not larger than % in. (16 mm) O.D. with
socket welding fittings may be used to connect instru-
ments to the process line. An accessible root valve shall
be provided at the process lines to permit isolating the
tubing from the process piping. The layout and mount-
ing of tubing shall minimize vibration and exposure to
possible damage.
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(F) The provisions of para. 102.2.4 are not permitted.
The simplified rules for analysis in para. 119.7.1 (A.3)
are not permitted. The piping system shall be designed
to minimize impact and shock loads. Suitable dynamic
analysis shall be made where necessary to avoid or mini-
mize vibration, pulsation, or resonance effects in the
piping. The designer is cautioned to consider the possi-
bility of brittle fracture of the steel material selected over
the entire range of temperatures to which it may be

service piping are subjected to flushing or chemical
cleaning to remove internal foreign material such as rust
particles, scale, welding or brazing residue, dirt, etc.,
which may have accumulated within the piping during
the construction period. This Code does not address the
flushing or cleaning operations. Temporary piping, that
is piping attached to the permanent piping system
whose function is to provide means for introducing and
removing the fluids used in the flushing or cleaning

subjectedr

(G) Fof dry chlorine service between —20°F (-29°C)
and 300°F (149°C), the pipe material shall not be less in
thickness| than seamless Extra Strong steel.

(H) Tokic fluid piping shall be pneumatic leak tested
in accordpnce with para. 137.5. Alternatively, mass spec-
trometes or halide leak testing in accordance with
para. 1376, and a hydrostatic test in accordance with
para. 137|3 may be performed.

(I) Whereitis not possible to avoid venting toxic gases
(such as discharges from safety relief devices where con-
tainment|is impractical), vent lines shall be routed in
such a wdy as to avoid exposing personnel to hazardous
concentrgtions while venting. Each toxic gas vent point
shall be pubjected to a hazard analysis that requires
owner agproval. The hazard analysis shall address the
following:

(1.1) |dissipation of the toxic gases

(1.2) [avoiding exposing personnel to toxic concen-
trations Hy vent point location, by evacuation, by use of
appropriate personal protective equipment, or by othef
means

(1.3) [foreign objects propelled by venting

(1.4) |chilling effect from the venting operation [see
para. 122|8.1(A)]

122.8{3 Nonflammable Nontoxic Gas

(A) Piping for nonflammable and/nontoxic gases,
such as ajr, oxygen, carbon dioxide)and nitrogen, shall
comply with the requirements\of this Code, except as
otherwis¢ permitted in (B) below. The designer is cau-
tioned of|the extreme chilling effect during rapid expan-
sion. Thig is a factor fof deétermining the lowest expected
service temperaturesrelative to the brittle fracture of the
material gelected.

(B) Thyeaded\joints and compression fittings may be
used subjedt-to the conditions of para. 122.8(B).

operatiors, stratt-bedesigned-amndconstructedtowith-
stand the operating conditions during flushing and
cleaning. The following minimum requirefiients|shall
apply to temporary piping systems:

(A) Each such system shall be analyzed for compli-
ance with para. 103.

(B) Connections for temporarypiping to the ps
nent piping systems that areiintended to remain,
meet the design and constriiction requirements
permanent system to which' they are attached.

(C) The temporary_ systems shall be supported|
that forces and moments due to static, dynami¢ and
expansion loadihgs will not be transferred in an pnac-
ceptable mariner” to the connected permanent piping
system. Paragraphs 120 and 121 shall be used as guid-
ance for ‘the design of the temporary piping systems
supperting elements.

(D) The temporary systems shall be capable of
standing the cyclic loadings that occur during the flush-
ing and cleaning operations. Particular attention|shall
be given to the effects of large thrust forces that mjay be
generated during high velocity blowing cycles. Where
steam piping is to be subjected to high velocity blqwing
operations, continuous or automatic draining of trapped
or potentially trapped water within the system|shall
be incorporated. Supports at the exhaust termingls of
blowdown piping shall provide for restraint of potential
pipe whip.

(E) Where necessary, temporary systems containing
cast iron or carbon steel material subject to chemical
cleaning shall be prewarmed to avoid the potentipl for
brittle failure of the material.

(F) Where temporary piping has been installed and
it does not comply with the requirements of this [Code
for permanent piping systems, it shall be physjcally
removed or separated from the permanent piping to
which it is attached prior to testing of the permpnent

rma-
shall
f the

such

with-

122.9 Piping for Corrosive Liquids and Gases

Where it is necessary to use special material, such as
glass, plastics, or metallic piping lined with nonmetals,
not listed in Table 126.1, for conveying corrosive or haz-
ardous liquids and gases, the design shall meet the
requirements of para. 104.7.

122.10 Temporary Piping Systems

Prior to test and operation of the power plant and
its included piping systems, most power and auxiliary
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piping system and prior to plant startup.

122.11 Steam Trap Piping

122.11.1 Drip Lines. Drip lines from piping or
equipment operating at different pressures shall not be
connected to discharge through the same trap.

122.11.2 Discharge Piping. Trap discharge piping
shall be designed to the same pressure as the inlet piping
unless the discharge is vented to atmosphere, or is oper-
ated under low pressure and has no stop valves. In no
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case shall the design pressure of trap discharge piping
be less than the maximum discharge pressure to which
it may be subjected. Where two or more traps discharge
into the same header, a stop valve shall be provided in
the discharge line from each trap. Where the pressure
in the discharge piping can exceed the pressure in the
inlet piping, a check valve shall be provided in the trap
discharge line. A check valve is not required if either the
stop valve or the steam trap is designed to automatically

reverse differential pressure equal to the design pressure
of the discharge piping.

122.12 Exhaust and Pump Suction Piping

Exlpaust and pump suction lines for any service and
presgure shall have pressure-relieving valves or devices
of sujtable size unless the lines and attached equipment
are designed for the maximum pressure to which they
may pccidentally or otherwise be subjected, or unless a
suitaple alarm indicator, such as a whistle or free blow-
ing pressure-relieving valve, is installed where it will
warn| the operator.

122

Pump discharge piping from the pump up to and
including the valve normally used for isolation or flow
contrpl shall be designed for the maximum sustained
presgure exerted by the pump and for the highest coinci-
dent |fluid temperature, as a minimum. Variations-in
presdqure and temperature due to occasional inadvertent
opergtion are permitted as limited in para. 102.24 under
any of the following conditions:

(A) during operation of overpressure relieving valves
designed to protect the piping systemyand the attached
equipment

(B) during a short period of abfiormal operation, such
as pymp overspeed

(C) during uncontrolled transients of pressure or
temperature

.13 Pump Discharge Piping

122.14 District Heating and Steam Distribution
Systems

122.14.1 General. Where pressure-reducing valves
are used, one or more pressure-relieving valves or
devices shall be provided on the low pressure side of
the system. Otherwise, the piping and equipment on
the low pressure side of the system shall be designed to
withstand the upstream design pressure. The pressure-
relieving valv. r devi adjoining
or as close as practicable to the reducing-valve. The
combined relieving capacity provided shallhbe|such that
the design pressure of the low pressufé systern will not
be exceeded if the reducing valve fails open.

122.14.2 Alternative Systems. In distrigt heating
and steam distribution systeths where the st¢am pres-
sure does not exceed 400tpsi*(2 750 kPa) and where the
use of pressure-relieving.valves or devices as described
in para. 122.14.1 is‘net’ feasible (e.g., becausp there is
no acceptable dis¢harge location for the venft piping),
alternative désighs may be substituted for [the relief
valve(s) ordeévice(s). In either case, it is reconmended
that alarms be provided that will reliably warn| the oper-
ator of-failure of any pressure-reducing valve.

(ANTandem Steam Pressure Reducing Valve
more steam pressure reducing valves capable of inde-
pendent operation may be installed in series, each set
at or below the safe working pressure of the euipment
and piping system served. In this case, no rglief valve
or device is required.

Each pressure-reducing valve shall have the fapability
of closing off against full line pressure, and of cpntrolling
the reduced pressure at or below the design pfessure of
the low pressure system, in the event that the other valve
fails open.

(B) Trip Stop Valves. A trip stop steam valve set to
close at or below the design pressure of the low pressure
system may be used in place of a second redug¢ing valve
or a relief valve.

. Two or
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Chapter Ill
Materials

123 GENERAL REQUIREMENTS

considered unlisted materials. Such unlisted materials

Chaptef III contains limitations and required qualifica-
tions for |materials based on their inherent properties.
Use of thpse materials in piping systems is also subject
to requirements and limitations in other parts of this
Code.

123.1 Mapterials and Specifications

123.1]1 Listed Materials. Material meeting the fol-
lowing rpquirements shall be considered listed and
acceptable material:

(A) Materials for which allowable stress values are
listed in|Mandatory Appendix A or that have been
approved by the procedure established by (C) below.

(B) Arhaterial conforming to a specification for which
allowable stresses are not listed in Mandatory
Appendix A is acceptable provided its use is not specifi-
cally prohibited by this Code Section and it satisfies one
of the following requirements:

(B.1) It is referenced in a standard listed in
Table 124.1. Such a material shall be used only within
the scopg of and in the product form covered by (the
referencing standard listed in Table 126.1.

(B.2)| It is referenced in other parts of this Code
Section and shall be used only within thewscope of and
in the pr¢duct form permitted by the referencing text.

(C) Where it is desired to use materials that are not
currentlyjacceptable under the rules of this Code Section,
written application shall be madeto'the Committee fully
describing the proposed matérial and the contemplated
use. Such material shall net*be considered listed and
not used fas a listed matefial until it has been approved
by the Cgmmittee and‘allowable stress values have been
assigned.|Details of information that should be included
in such ppplications are given in Nonmandatory
Appendix VI-See para. 123.1.2.

(D) Matefials conforming to ASME SA or SB specifi-

may only be used for nonboiler external piping proyided
they satisfy all of the following requirements:

(A) Unlisted materials are certified byrthe material
manufacturer to satisfy the requirements.of a spedifica-
tion listed in any Code Section of the\ASME B31 [Code
for Pressure Piping, the ASME Boiler ahd Pressure Yessel
Code, Section II, Part D, or to & published specifidation
covering chemistry, physical ahd’mechanical propgrties,
method and process of mahufacture, heat treatment, and
quality control.

(B) The allowablestresses of the unlisted materials
shall be determified in accordance with the rules of
para. 102.3.1(G):

(C) Unlisted> materials shall be qualified for s
within a stated range of minimum and maximum)| tem-
peratures based upon data associated with succg¢ssful
expetience, tests, or analysis; or a combination thereof.
See para. 124.1.2 for minimum service temperpture
qualifications.

(D) The designer shall document the owner’s a
ance for use of unlisted material.

(E) All other requirements of this Code are satisfied.

rvice

cept-

123.1.3 Unknown Materials. Materials of unkpown
specification shall not be used for pressure-contdining
piping components.

123.1.5 Size or Thickness. Materials outside the
limits of size or thickness given in the title or $cope
clause of any specification listed in Table 126.1 mhy be
used if the material is in compliance with the jother
requirements of the specification, and no other similar
limitation is given in the rules for construction.

123.1.6 Marking of Materials or Products. Matprials
or products marked as meeting the requirements for

more than one grade, type, or alloy of a material specifi-
able

cation—-ormultinle specifications
r r 7

cations may be used interchangeably with material spec-
ified to the listed ASTM A or B specifications of the same
number, except where the requirements of para. 123.2.2
apply.

(E) The tabulated stress values in Mandatory
Appendix A that are shown in italics are at temperatures
in the range where creep and stress rupture strength
govern the selection of stresses.

123.1.2 Unlisted Materials. Materials other than
those meeting the requirements of para. 123.1.1 shall be
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r

provided

(A) one of the markings includes the material specifi-
cation, grade, class, and type or alloy of the material
permitted by this Code and the material meets all the
requirements of that specification

(B) the appropriate allowable stress for the specified
grade, type, or alloy of a material specification from
Mandatory Appendix A is used

(C) all other requirements of this Code are satisfied
for the material permitted
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123.1.7 Materials Manufactured to Other
Specification Editions. Materials may meet the require-
ments of material specification editions other than the
editions listed in Mandatory Appendix F provided

(A) the materials are the same specification, grade,
type, class, or alloy, and heat-treated condition, as
applicable.

(B) the material tensile and yield strengths shall be
compared and any differences shall be evaluated. If the

123.4 Longitudinal-Welded or Spiral-Welded Pipe
With Filler Metal Added

(A) For the purposes of para. 104.1.1, the start of the
creep range is the highest temperature where the non-
italicized stress values end in Mandatory Appendix A.

(B) Allweldsinlongitudinal-welded or spiral-welded
pipe operating in the creep range shall receive and pass
a 100% volumetric examination (RT or UT) per the appli-
cable material specification or in accordance with para.

matefial ias a lower strength than required by the edi-
tion of the specification in Mandatory Appendix E, the
effect of the reduction on the allowable stress and the
design shall be reconciled.

123.2 Piping Components

123.2.1 General. Materials that do not comply with
the riyiles of para. 123.1 may be used for flared, flareless,
and ¢ompression type tubing fittings, provided that the
requirements of para. 115 are met.

17
(A
para.

3.2.2 Boiler External Piping

Materials for boiler external piping, as defined in
100.1.2(A), shall be specified in accordance with
AS SA, SB, or SFA specifications. Material produced
under an ASTM specification may be used, provided
that the requirements of the ASTM specification are
identfical or more stringent than the ASME specification
for the Grade, Class, or Type produced. The material
mantifacturer or component manufacturer shall certify;
with|evidence acceptable to the Authorized Inspéctor,
that fhe ASME specification requirements haye been
met. |[Materials produced to ASME or ASTM-material
speciffications are not limited as to country bf origin.

(B) Materials that are not fully identified shall comply
with [PG-10 of Section I of the ASME-Boiler and Pressure
Vessgl Code.

(C) In addition to materjals- listed in Mandatory
App¢ndix A without Note((1), materials that are listed
in Sqction I of the ASME) Boiler and Pressure Vessel
Codq may be used in.boiler external piping. When such
Sectipn I materials-afe used, the allowable stresses shall
be thpse listed in'Section II, Part D, Subpart 1, Tables 1A
and 1B applicable to Section I. For these Section I materi-
als, the applicable requirements in Table 1A, Table 1B,
and $ection I paras. PG-5 through PG-13, PW-5, PWT-5,
PMBLR,fand PER-A shall be met

136.4.5 or 136.4.6 and Table 136.4, or the joint jefficiency
factor (used as a multiplier to the weld strength reduc-
tion factor) from Table 102.4.7 shall beyused.

124 LIMITATIONS ON MATERIALS
124.1 Temperature Limitations

124.1.1 Upper Temperature Limits. The |materials
listed in the Allowable-Stress Tables A-1 throfigh A-10,
Mandatory Appendix A, shall not be used fat design
temperatures above those for which stress vyalues are

given exceptas permitted by para. 122.6.2(G).

124.1.2. Lower Temperature Limits
(A)-The designer shall give consideration to|the possi-
bility of brittle fracture at low service tempernature.
(B) The requirements of ASME B31T, $tandard
Toughness Requirements for Piping, shall be [met.
(B.1) For materials listed in B31T, see
Nonmandatory Appendix VIII for guidelines| to deter-
mine if low-temperature service requirementsg apply.
(B.2) For materials not listed in B31T, th¢ designer
shall establish the T-number group using the guidelines
provided in B31T Nonmandatory Appendix B, and the
requirements of B31T for that T-number group shall be
met. To confirm the T-number group assignment, impact
tests shall be run on three heats of the material. The test
shall be in accordance with the requirements of section 4
of B31T and the test temperature shall be at|or below
the “Material Minimum Temperature Withouf{ Impacts”
listed for the T-number group in Table 3.1-1 ¢f B31T.

124.2 Steel

(A) Upon prolonged exposure to temperatyres above
800°F (427°C), the carbide phase of plain carpon steel,
plain nickel alloy steel, carbon-manganese alloy steel,

123.3 Pipe-Supporting Elements

Materials used for pipe-supporting elements shall be
suitable for the service and shall comply with the
requirements of para. 121.2(C), para. 121.7.2(C),
para. 121.7.2(D), para. 123.1, or MSS SP-58. When utiliz-
ing MSS SP-58, the allowable stresses for unlisted materi-
als shall be established in accordance with the rules of
para. 102.3.1(C) of ASME B31.1 in lieu of para. 4.4 of
MSS SP-58.

69

TITaITZ arrese vartadmT aﬂuy blccl, arccarbon-silicon
steel may be converted to graphite.

(B) Upon prolonged exposure to temperatures above
875°F (468°C), the carbide phase of alloy steels, such as
carbon-molybdenum, manganese-molybdenum-
vanadium, manganese—chromium-vanadium, and
chromium-vanadium, may be converted to graphite.

(C) Carbon or alloy steel having carbon content of
more than 0.35% shall not be used in welded construc-
tion or be shaped by oxygen cutting process or other
thermal cutting processes.
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(D) Where low alloy 2%% chromium steels are used
at temperatures above 850°F (454°C), the carbon content
of the base material and weld filler metal shall be 0.05%
or higher.

124.4 Cast Gray Iron

The low ductility of cast gray iron may result in sudden
failure if shock loading (pressure, temperature, or
mechanical) should occur. Possible shock loadings and

Ductile (nodular) iron components conforming to
ASME B16.42 may be used for services including boiler
external piping under the following conditions:

(A) Components for boiler external piping shall be
used only within the following limitations.

(A.1) Only ASME SA-395 material may be used.

(A.2) Design pressure shall not exceed 350 psig
[2 415 kPa (gage)].

(A.3) Design temperature shall not exceed 450°F

consequepces of failure must be considered before speci-
fying the| use of such material. Cast iron components
may be uged within the nonshock pressure-temperature
ratings egtablished by the standards and specifications
herein an{d in para. 105.2.1(B). Castings to ASME SA-278
and ASTM A278 shall have maximum limits of 250 psig
[1725 kPh (gage)] and 450°F (232°C).

The following referenced paragraphs prohibit or
restrict the use of gray cast iron for certain applications
or to certpin pressure-temperature ratings:

Pipe suppqrts 121.7.2(C)

BEP blowoff 122.1.4(A.3)

BEP blowdown 122.1.4(B.3)

BEP valveq and fittings 122.1.7

Blowoff valves 122.1.7(C.5) and (C.6)

Non-BEP Hlowoff 122.2(A.1)

Non-BEP Hlowdown 122.2(A.2)

Flammablg or combustible liquids 122.7.2(A) and (B),
122.7.4

Flammable gases 122.8.1(B) and (C)

Toxic gaseq or liquids 122.8.2(B) and (D)

124.5 Malleable Iron

Certain|types of malleable iron have low ductility char-
acteristic and may be subject to brittle fracture. Mallea-
ble iron npay be used for design conditions-not to exceed
350 psig [2 415 kPa (gage)] or 450°F (232°C).

The following referenced paragraphs prohibit or
restrict thie use of malleable iron-forcertain applications
or to certpin pressure—temperatute ratings:

(232°C).

(B) Welding shall not be used, either in fabrication of
the components or in their assembly as a pantof a piping
system.

(C) The following referenced paragraphs prohipit or
restrict the use of ductile iron for)certain applicgtions
or to certain pressure—temperature ratings:

BEP blowoff 122.1.4(A.3)
BEP blowdown 122.1.4(B.3)
BEP blowoff valves 122.1.7(C.5) andl (C.6)
Non-BEP blowoff 122.2(A.1)
Non-BEP blowdown 122.2(A.2)
Flammable or combustible liquids 122.7.2(A) and [(B),
122.74

Flammable gases 122.8.1(B) and (C)
Toxic gases“or liquids 122.8.2(B) and (D)
Pipe supports 123.3
124.7 Nonferrous Metals

Nonferrous metals may be used in piping sygtems

under the following conditions:

(A) The melting points of copper, copper alloys, alu-
minum, and aluminum alloys must be considered plartic-
ularly where there is a fire hazard.

(B) The Designer shall consider the possibility qf gal-
vanic corrosion when combinations of dissimilar mietals,
such as copper, aluminum, and their alloys, are ugded in
conjunction with each other or with steel or other metals
in the presence of an electrolyte.

(C) Threaded Connections. A suitable thread jcom-

leak-

gg}e S:Eséfrfts EEZEEE% pound shall be used in making up threaded joints in
BEP blowdown 122.1.4(B.3) aluminum pipe to prevent seizing that might cause
Non-BEP Hlowoff 122.2(A.1) age and perhaps prevent disassembly. Pipe iph the
Non-BEP Hlowdown: 122.2(A.2) annealed temper should not be threaded.

Flammabl¢ or ¢omibustible liquids 122.7.2(A) and (B),

FlammableLgases pliff(g) NP 124.8 Cladding and Lining Materials

Toxic gases or liquids 122.8.2(B) and (D)

124.6 Ductile (Nodular) Iron

Ductile iron components complying with ANSI/
AWWA C110/A21.10, C115/A21.15, C151/A21.51, or
C153/A21.53 may be used for water and other nontoxic,
nonflammable service, with pressure limits as specified
in those standards and temperature limits as specified
in para. 106(E). These components may not be used for
boiler external piping.

70

Materials with cladding or lining may be used pro-
vided that

(A) the base material is an approved Code material.
The allowable stress used shall be that of the base metal
at the design temperature.

(B) the cladding or lining is a material that in the
judgment of the user is suitable for the intended service,
and the cladding/lining and its method of application
do not detract from the serviceability of the base
material.
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(C) bending procedures are such that damaging or
detrimental thinning of the cladding material is
prevented.

(D) welding and the inspection of welds is in accor-
dance with the provisions of Chapters V and VI of this
Code.

(E) the thickness of the cladding is not credited for
structural strength in the piping design.

124,

This Code recognizes the existence of a wide variety
of ngnmetallic piping materials that may be used in
corrgsive (either internal or external) or other specialized
applications. Extreme care must be taken in their selec-
tion, fas their design properties vary greatly and depend
upon the material, type, and grade. Particular consider-
ation| shall be given to

(A) possible destruction where fire hazard is involved

(B) possible decrease in tensile strength at slight
increpse in temperature

(C) effects of toxicity

(D) requirements for providing adequate support for
flexihle pipe

Rules and service limitations for plastic and elastomer-
basedl piping materials, including thermoplastics and
reinfprced thermosetting resins, are given in Mandatory
Appé¢ndix N.

124,
It i

10 Deterioration of Materials in Service

the responsibility of the engineer to select materi-
als syitable for the intended application. Some guideline
for selection of protective coatings for metallic piping
are provided in Nonmandatory Appendix IV.

124,

Lithitations on gasket materials are covered in

11 Gaskets

followed by air or accelerated cooling’ to a temperature
of 200°F (95°C) or below, followed by tempering within
a range of 1,350°F to 1,470°F (730°C to 800°C). However,
if a major weld repair, as defined in ASTM A217, Section
9.4, is made after the austenitizing and tempering heat
treatment, then a new austenitizing and tempering heat
treatment in accordance with the requirements of this
subparagraph shall be carried out.

(B) When heat treating single castings, compliance
i iff e verified
by thermocouples placed directly on the ‘¢agting. For
castings that are heat treated in batches, cqmpliance
with the specified temperature range shall bp verified
by thermocouples placed on selected castings in each
heat treatment batch. The number and locatign of ther-
mocouples to be placed on“éach casting, of on each
heat treatment batch of castings, for verificatipn of heat
treatment shall be as agreed between the purchaser and
the producer. A record’ of the final austenitjzing and
tempering heat tréatment, and any subsequent subcriti-
cal heat treatment;’to include both the number{and loca-
tion of thermocouples applied to each casting, jor to each
heat treatment batch of castings, shall be prepared and
made available to the purchaser. In addition], all heat
treatment temperatures and cycle times for| the final
austenitizing and tempering heat treatment| and any
subsequent subcritical heat treatment, shall be shown
on the certification report.

(C) The hardness of the cast material after the final
heat treatment (including PWHT) shall be Brihell hard-
ness number 185 to 248 or Rockwell B90 to (5. Hard-
ness testing shall be in accordance with Supplementary
Requirement S13 of ASTM A217.

125.1.3 Weld Repair Requirements
(A) Weld repairs to castings shall be made|{with one
of the following welding processes and consyimables:

para, 108.4. (A.1) SMAW, SFA-5.5/SFA-5.5M E90XX-B9
124.12 Bolting (A.2) SAW, SFA-5.23/SFA-5.23M EB9 + n¢utral flux
Lirpitations on bolting materials are covered in (A.3) GTAW, SFA-5.28/SFA-5.28M ER903-B9
para) 108.5. (A.4) FCAW, SFA-5.29/SFA-5.29M E91T1-B9
In addition, the Ni + Mn content of all welding con-
sumables shall not exceed 1.0%.
125| CREEP.STRENGTH ENHANCED FERRITIC (B) Weld repairs to castings as part of materfial manu-
MATERIALS facture shall be made with welding procedures and
125.1 ‘Requirements for ASTM A217 Grade C12A welders qualified in accordance with ASNIE BPVC
Castings Sectiom TX

125.1.1 Required Examinations. The casting shall
be examined in accordance with the requirements of
para. 102.4.6(B).

Alternatively, castings for valves may be examined in
accordance with the requirements of ASME B16.34 for
special class valves.

125.1.2 Heat Treatment Requirements

(A) The material shall be austenitized within the tem-
perature range of 1,900°F to 1,975°F (1 040°C to 1 080°C),

71

(C) All weld repairs shall be recorded with respect to
their location on the casting. For all major weld repairs,
as defined in ASTM A217, Section 9.4, the record shall
include a description of the length, width, and depth of
the repair. Supplementary Requirement S12 of
ASTM A703 shall apply. For weld repairs performed as
part of material manufacture, the documentation shall

! To facilitate complete transformation to martensite after the
austenitizing, cooling should be as uniform as possible.
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be included with the Material Test Report. For weld
repairs performed on components for boiler external
piping by the Manufacturer, documentation shall be
included with the Manufacturer’s Data Report.

125.1.4 Overheating Requirements. If, during the
manufacturing, any portion of the component is heated
to a temperature greater than 1,470°F (800°C), then the
component shall be reaustenitized and retempered in

its entirety in accordance with para. 125.1.2, or that por-
tion of the component heated above 1,470°F (800°C),
including the heat-affected zone created by the local
heating, shall be replaced or shall be removed, reausten-
itized, retempered, and then replaced in the component.

125.1.5 Certification Requirements. A manufactur-

er’s test report meeting certification requirements of
ASTM A703 shall be provided.

72
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Chapter IV
Dimensional Requirements

MATERIAL SPECIFICATIONS AND STANDARDS

126.3 Referenced Documents

126.

Dir
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126.
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stand
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FOR STANDARD AND NONSTANDARD PIPING
COMPONENTS

| Standard Piping Components

hensions of standard piping components shall com-
vith the standards and specifications listed in
126.1 in accordance with para. 100.

P Nonstandard Piping Components

en nonstandard piping components are designed
fordance with para. 104, adherence to dimensional
ards of ANSI and ASME is strongly recommended
| practicable.

The documents listed in Table 126.1 may aon
ences to codes, standards, or specificatipns\ng
this Table. Such unlisted codes, standatds, or
tions are to be used only in the context of
documents in which they appear.

Where documents listed inTable 126.1 conts
rules that are in conflict with this Code, the de]
of this Code shall govern,

The fabrication, as$enibly, examination, ir
and testing requiremgénts of Chapters V and
to the construction of piping systems. Thes
ments are notapplicable to piping components
tured in accordance with the documents
Table 126.1 unless specifically so stated.

tain refer-
t listed in
specifica-
the listed

in design
sign rules

spection,
VI apply
P require-
manufac-
listed in
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Table 126.1 Specifications and Standards

Designator Title
AISC Publication
Manual of Steel Construction Allowable Stress Design

ASCE Standard

ASCE/SEI 7| Minimum Design Loads for Buildings and Other Structures
ASTM Ferrous Material Specifications
Bolts, Nuts| and Studs
A193/A193M Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service
A194/A194M Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature Service
A307 Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength
A320/A320M Alloy-Steel Bolting Materials for Low-Temperature Service
A354 Quenched and Tempered Alloy Steel Bolts, Studs and Other Externally-Threaded. Fasteners
A437 [A437M Stainless and Alloy-Steel Turbine-Type Bolting Material Specially Heat Treated ‘for High Temperature Service
A449 Hex Cap Screws, Bolts, and Studs, Steel, Heat Treated
A453 [ A45BM High-Temperature Bolting Materials, With Expansion Coefficients Comparable to Austenitic Steels
Castings
A47 [ALTM Ferritic Malleable Iron Castings
A48/A48M Gray Iron Castings
A126 Gray Iron Castings for Valves, Flanges, and Pipe Fittings
A197/A197M Cupola Malleable Iron
A216/A214M Steel Castings, Carbon Suitable for Fusion Welding for High Temperature Service
A217/A217M Steel Castings, Martensitic Stainless and Alloy;~for Pressure-Containing Parts Suitable for High-Temperature Servige
A278/A278M Gray Iron Castings for Pressure-Containing Parts for Temperatures Up to 650°F (350°C)
A351/A351M Steel Castings, Austenitic, for High-Temperature Service
A389/A389M Steel Castings, Alloy, Specially Heat-freated for Pressure-Containing Parts Suitable for High-Temperature Service
A395/A399M Ferritic Ductile Iron Pressure-Retaining’Castings for Use at Elevated Temperatures
A536 Ductile Iron Castings
Forgings
A105/A109M Carbon Steel Forgings for Piping Applications
A181/A181IM Carbon Steel Forgings for General Purpose Piping
A182/A182M Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature
Service

A336/A334M Alloy StéelForgings for Pressure and High-Temperature Parts
A350/A35(0M Carbon_and Low-Alloy Steel Forgings Requiring Notch Toughness Testing for Piping
A965/A969M Steel Forgings, Austenitic, for Pressure and High Temperature Parts
Cast Pipe
A377 Standard Index of Specifications for Ductile Iron Pressure Pipe
A426/A4L26M centritugally Cast rerritic Alloy STeel Pipe for High-Temperature Service
A451/A451M Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service

Seamless Pipe and Tube

A106/A106
A179/A179
A192/A192
A210/A210
A213/A213
A335/A335
A369/A369
A376/A376

M
M
M
M
M
M
M
M

Seamless Carbon Steel Pipe for High-Temperature Service

Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes

Seamless Carbon Steel Boiler Tubes for High-Pressure Service

Seamless Medium-Carbon Steel Boiler and Superheater Tubes

Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes
Seamless Ferritic Alloy Steel Pipe for High-Temperature Service

Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-Temperature Service
Seamless Austenitic Steel Pipe for High-Temperature Central-Station Service

74


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table 126.1 Specifications and Standards (Cont’d)

Designator Title

ASTM Ferrous Material Specifications (Cont’d)

Seamless and Welded Pipe and Tube

A53/A53M Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless

A268/A268M Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for General Service
A312/A312M Seamless and Welded and Heavily Cold Worked Austenitic Stainless Steel Pipe

A333/A333M Seamless and Welded Steel Pipe for Low-Temperature Service

A450 JA450M General Requirements for Carbon and Low Alloy Steel Tubes

A530/A530M General Requirements for Specialized Carbon and Alloy Steel Pipe

A714 High-Strength Low-Alloy Welded and Seamless Steel Pipe

A789 [A789M Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for General Servige
A790/JA790M Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe

Weldeld Pipe and Tube

A134 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)

A135/A135M Electric-Resistance-Welded Steel Pipe

A139/A139M Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)

A178/A178M Electric-Resistance-Welded Carbon and Carbon-Manganese Steel Boiler and Superheater Tubes
A214|A214M Electric-Resistance-Welded Carbon Steel Heat-Exchanger and Condersér Tubes

A249/]A249M Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and, Condenser Tubes

A254 Copper Brazed Steel Tubing

A358/A358M Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless«Steel Pipe for High-Temperature Service
A409 [A409M Welded Large Diameter Austenitic Steel Pipe for Corrosive*or'High-Temperature Service

A587 Electric-Resistance-Welded Low-Carbon Steel Pipe for tHe Chemical Industry

A671 Electric-Fusion-Welded Steel Pipe for Atmospheric andLower Temperatures

A672 Electric-Fusion-Welded Steel Pipe for High-Pressure,Service at Moderate Temperatures

A691 Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-Pressure Service at High Temperatures
A928/A928M Ferritic/Austenitic (Duplex) Stainless Steel Pipe Electric Fusion Welded with Addition of Filler Metal
Fittings

A234/]A234M Piping Fittings of Wrought Carbon’Steel and Alloy Steel for Moderate and High Temperature Service
A403/A403M Wrought Austenitic Stainless Steél Piping Fittings

A420/A420M Piping Fittings of Wrought, Carbon Steel and Alloy Steel for Low-Temperature Service

A815/|A815M Wrought Ferritic, FerriticfAustenitic, and Martensitic Stainless Steel Piping Fittings

Plate, [Sheet, and Strip

A240JA240M Chromium apd\Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and General Agplications
A283/A283M Low and |ntermediate Tensile Strength Carbon Steel Plates

A285/|A285M Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength

A299 |A299M PressuresVessel Plates, Carbon Steel, Manganese-Silicon

A387 |A387M PresSure Vessel Plates, Alloy Steel, Chromium-Molybdenum

A515/A515M Pressure Vessel Plates, Carbon Steel for Intermediate- and Higher-Temperature Service

A516 JA516M Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service

Rods, |Barss-and' Shapes

A276 [A276M Stainless Steel Bars and Shapes

A322 Steel Bars, Alloy, Standard Grades

A479/AL7IM Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels

A564/A564M Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and Shapes

A575 Steel Bars, Carbon, Merchant Quality, M-Grades

A576 Steel Bars, Carbon, Hot-Wrought, Special Quality

Structural Components

A36/A36M Structural Steel

A125 Steel Springs, Helical, Heat Treated
A229/A229M Steel Wire, Oil-Tempered for Mechanical Springs
A242/A242M High-Strength Low Alloy Structural Steel
A992/A992M Structural Steel Shapes
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Table 126.1 Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications

Castings

B26/B26M Aluminum-Alloy Sand Castings

B61 Steam or Valve Bronze Castings

B62 LUIIIPUD;t;UII BIUIILC Ul OUIILC l"V‘lCtd‘l \.dbt;lls)

B108 Aluminum-Alloy Permanent Mold Castings

B148 Aluminum-Bronze Sand Castings

B367 Titanium and Titanium Alloy Castings

B584 Copper Alloy Sand Castings for General Applications

Forgings

B247 & B247M Aluminum and Aluminum-Alloy Die, Hand, and Rolled Ring Forgings

B283 Copper and Copper-Alloy Die Forgings (Hot Pressed)

B381 Titanium and Titanium Alloy Forgings

B462 Forged or Rolled UNS N06030, N06022, N06035, N06200, N0O6059, N10362,N06686, N08020, N08024, NO802p,
N08367, N10276, N10665, N10675, N10629, N08031, and NO6045 Pige Flanges, Forged Fittings, and Valves [and
Parts for Corrosive High-Temperature Service

B564 Nickel Alloy Forgings

Seamless Hipe and Tube

B42 Seamless Copper Pipe, Standard Sizes

B43 Seamless Red Brass Pipe, Standard Sizes

B68 & B68 Seamless Copper Tube, Bright Annealed

B75 Seamless Copper Tube

B88 & B88M Seamless Copper Water Tube

B111 & B111M Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock

B161 Nickel Seamless Pipe and Tube

B163 Seamless Nickel and Nickel-Alloy (UNS N06845) Condenser and Heat-Exchanger Tubes

B165 Nickel-Copper Alloy (UNS N04400Q) Seamless Pipe and Tube

B167 Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N0O6603, N06690, N06693, N0O6025, NO6045, and NO6696),
Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617) and Nickel-Iron-Chromium-Tungsten Alloy (UNS NO6674)
Seamless Pipe and-Tube

B210 & B210M Aluminum and Aldmintm Alloy Drawn Seamless Tubes

B234 & B234M Aluminum andAliminum-Alloy Drawn Seamless Tubes for Condensers and Heat Exchangers

B241/B241M Aluminum and\Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube

B251 & B2%1M General Reghirements for Wrought Seamless Copper and Copper-Alloy Tube

B280 Seamless Copper Tube for Air Conditioning and Refrigeration Field Service

B302 Threadless Copper Pipe, Standard Sizes

B315 Séamless Copper Alloy Pipe and Tube

B407 Nickel-Iron-Chromium Alloy Seamless Pipe and Tube

B423 Nickel-Iron-Chromium-Molybdenum-Copper Alloy (UNS N08825, N08221, and N06845) Seamless Pipe and Tube

B466/B464M Seamless Copper-Nickel Pipe and Tube

B622 Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube

B677 UNS N08925, UNS N08354, and UNS N08926 Seamless Pipe and Tube

B690 Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Seamless Pipe and Tube

B729 Seamless UNS N08020, UNS N08026, and UNS N08024 Nickel-Alloy Pipe and Tube

B861 Titanium and Titanium Alloy Seamless Pipe

Seamless and Welded Pipe and Tube

B338
B444

Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers

Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625 and UNS N06852) and Nickel-Chromium-Molybdenum-

Silicon Alloy (UNS N06219) Pipe and Tube

76


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table 126.1 Specifications and Standards (Cont’d)

Designator

Title

ASTM Nonferrous Material Specifications (Cont’d)

Welded Pipe and Tube

B464 Welded (UNS N08020, N08024, and N08026) Alloy Pipe

B467 Welded Copper-Nickel Pipe

B468 Wetded (ONS NUBU20, NUSUZ%, and NUSUZ6) Atloy TUbes

B546 Electric Fusion-Welded Ni-Cr-Co-Mo Alloy (UNS N06617), Ni-Fe-Cr-Si Alloys (UNS N08330 and UNS N08332)y[Ni-Cr-Fe-Al
Alloy (UNS N06603), Ni-Cr-Fe Alloy (UNS N06025), and Ni-Cr-Fe-Si Alloy (UNS N06045) Pipe

B547 |B547M Aluminum and Aluminum-Alloy Formed and Arc-Welded Round Tube

B608 Welded Copper-Alloy Pipe

B619 Welded Nickel and Nickel-Cobalt Alloy Pipe

B626 Welded Nickel and Nickel-Cobalt Alloy Tube

B673 UNS N08925, UNS N08354, and UNS N08926 Welded Pipe

B674 UNS N08925, UNS N08354, and UNS N08926 Welded Tube

B675 UNS N08367 Welded Pipe

B676 UNS N08367 Welded Tube

B704 Welded UNS N06625, N06219, and N08825 Alloy Tubes

B705 Nickel-Alloy (UNS N06625, N06219, and N08825) Welded Pipe

B804 UNS N08367 and UNS N08926 Welded Pipe

B862 Titanium and Titanium Alloy Welded Pipe

Fittings

B361 Factory-Made Wrought Aluminum and Aluminum-Alloy Welding Fittings

B366 Factory-Made Wrought Nickel and Nickel Alloy Fittings

Plate, [Sheet, and Strip

B168

B171/B171M
B209
B265
B409
B424
B435
B443

B463
B575

B625
B688

Rods, [Bars;~and' Shapes

Nickel-Chromium-Iron Alloys (UNS N06600,.N06601, N06603, N06690, N06693, N06025, N0O6045, and N0$696),
Nickel-Chromium-Cobalt-Molybdenum Atloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNY N06674)
Plate, Sheet, and Strip

Copper-Alloy Plate and Sheet for Pressure Vessels, Condensers, and Heat Exchangers

Aluminum and Aluminum-Alloy~Sheet and Plate

Titanium and Titanium-Alloy Strip, Sheet, and Plate

Nickel-Iron-Chromium Alloy, Plate, Sheet, and Strip

Ni-Fe-Cr-Mo-Cu Alloy (UNS"N08825, UNS N08221, and UNS N06845) Plate, Sheet, and Strip

UNS N06002, UNSN06230, UNS N12160, and UNS R30556 Plate, Sheet, and Strip

Nickel-Chromium-Melybdenum-Columbium Alloy (UNS N06625) and Nickel-Chromium-Molybdenum-Silicon Alloy
(UNS N06219) Plate, Sheet, and Strip

UNS N08020_Alloy Plate, Sheet, and Strip

Low-Carlon,/Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium-Molybdenum-Copper, Low-Carbon Nickel-
Chromium-Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Plate, Sheet, and
Stfip

UNS N08925, UNS N08031, UNS N08932, UNS N08926, UNS N08354, and UNS R20033 Plate, Sheet, and [Strip

Chromium-Nickel-Molybdenum-Iron (UNS N08366 and UNS N08367) Plate, Sheet, and Strip

B150/B150M Aluminum Bronze Rod, Bar, and Shapes

B151/B151M Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel Rod and Bar

B166 Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696),
Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674)
Rod, Bar, and Wire

B221 Aluminum and Aluminum Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes

B348 Titanium and Titanium Alloy Bars and Billets

B408 Nickel-Iron-Chromium Alloy Rod and Bar

B425 Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Rod and Bar

B446 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625), Nickel-Chromium-Molybdenum-Silicon Alloy
(UNS N06214), and Nickel-Chromium-Molybdenum-Tungsten Alloy (UNS N06650) Rod and Bar

B473 UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and Wire

B572 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Rod
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Table 126.1 Specifications and Standards (Cont’d)

Designator

Title

ASTM Nonferrous Material Specifications (Cont’d)

Rods, Bars, and Shapes (Cont’d)

B574

B649

Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Molybdenum-Chromium-Tantalum, Low-Carbon Nickel-

Chromium-Molybdenum-Copper, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Rod

Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS N08925, UNS N08031, UNS N08354, and UNS N08926), Cr-Ni-Fe-N Low-

B691

Solder

B32
B828

D323
E94

E125
E186
E280
E446

Carbon Alloy (UNS R20033) Bar and Wire, and Ni-Cri-Fe-Mo-N Alloy (UNS NO8Y36) Wire
Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Rod, Bar, and Wire

Solder Metal
Standard Practice for Making Capillary Joints by Soldering of Copper and Copper Alloy Tube and)Fjttings

ASTM Standard Test Methods

Standard Test Method for Vapor Pressure of Petroleum Products (Reid Method)

Standard Guide for Radiographic Examination

Standard Reference Photographs for Magnetic Particle Indications on Ferrgus Castings

Standard Reference Radiographs for Heavy-Walled (2 to 4Y-in. [51 to €14-mm]) Steel Castings
Standard Reference Radiographs for Heavy-Walled (4 to 12-in. [11%40 305-mm]) Steel Castings
Standard Reference Radiographs for Steel Castings Up to 2 in. [5Xmm] in Thickness

API Specifications

Seamless gnd Welded Pipe

5L
570

72231

SP-6

SP-9

SP-25
SP-42 [Not¢ (1)]
SP-43
SP-45
SP-51
SP-53

SP-54

Line Pipe
Piping Inspection Code: In-service Inspection,Rating, Repair, and Alteration of Piping Systems, Third Edition

American National Standard

National Fuel Gas Code (ANSI/NFPA 5%)
MSS Standard Practices

Standard Finishes _far Gontact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings

Spot-Facing for Bronze, Iron and Steel Flanges

Standard Magking System for Valves, Fittings, Flanges and Unions

Corrosion_Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends (Classes 150, 300 &

Wrought'and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications

Bypass_and Drain Connections

Class*150 LW Corrosion Resistant Flanges and Cast Flanged Fittings

Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components
Magnetic Particle Examination Method

Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Radiograph

600)

I«

Examination Method

SP-55

SP-58
SP-61
SP-67 [Note (1)]
SP-68
SP-75
SP-79
SP-80
SP-83

SP-88

Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Visual Method for

Evaluation of Surface Irregularities
Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, and Installation
Pressure Testing of Valves
Butterfly Valves
High Pressure Butterfly Valves with Offset Design
High-Strength, Wrought, Butt-Welding Fittings
Socket Welding Reducer Inserts
Bronze Gate, Globe, Angle and Check Valves

Class 3000 and 6000 Pipe Unions, Socket Welding and Threaded (Carbon Steel, Alloy Steel, Stainless Steels, and

Nickel Alloys)
Diaphragm Valves
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Table 126.1 Specifications and Standards (Cont’d)

Designator Title

MSS Standard Practices (Cont’d)

SP-93 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components —
Liquid Penetrant Examination Method
SP-94 Quality Standard for Ferritic and Martensitic Steel Castings for Valves, Flanges, and Fittings and Other Piping
Components — Ultrasonic Examination Method
SP-95 Swage(d) Nipples and Bull Plugs
SP-97 Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded and Buttwelding Ends
SP-10p Instrument Valves for Code Applications
SP-106 Cast Copper Alloy Flanges and Flanged Fittings: Class 125, 150, and 300
ASME Codes & Standards
- ASME Boiler and Pressure Vessel Code
B1.1 Unified Inch Screw Threads
B1.13M Metric Screw Threads — M Profile
B1.20|1 Pipe Threads, General Purpose (Inch)
B1.20|3 Dryseal Pipe Threads (Inch)
B16.1 Cast Iron Pipe Flanges and Flanged Fittings — 25, 125, 250 & 800 Classes
B16.3 Malleable Iron Threaded Fittings
B16.4 Gray Iron Threaded Fittings
B16.5 Pipe Flanges and Flanged Fittings
B16.9 Factory-Made Wrought Buttwelding Fittings
B16.1p Face-to-Face and End-to-End Dimensions of Valves
B16.1[L Forged Fittings, Socket-Welding and Threaded
B16.14 Ferrous Pipe Plugs, Bushings, and Locknuts With Ripe Threads
B16.1p Cast Bronze Threaded Fittings, Classes 125 and>250
B16.1B Cast Copper Alloy Solder-Joint Pressure Fittings
B16.2p Metallic Gaskets for Pipe Flanges — Ring{Joint, Spiral Wound, and Jacketed
B16.2[L Nonmetallic Flat Gaskets for Pipe Flanges
B16.2p Wrought Copper and Copper Alloy, Solder Joint Pressure Fittings
B16.2% Cast Copper Alloy Pipe Flanges$ and Flanged Fittings — Class 150, 300, 400, 600, 900, 1500, and 2500
B16.2p Butt Welding Ends
B16.2p Cast Copper Alloy Fittings ‘for Flared Copper Tubes
B16.3% Valves — Flanged, Threaded, and Welding End
B16.4p Ductile Iron Pipe Flanges and Flanged Fittings — Classes 150 and 300
B16.4f Large Diameter Steel Flanges
B16.4B Steel Line Blanks
B16.5D WroughtCopper and Copper Alloy Braze-Joint Pressure Fittings
B18.2[1 Square-and Hex Bolts and Screws — Inch Series
B18.2|2 Sgliareand Hex Nuts (Inch Series)
B18.2|3.5M Metric Hex Bolts
B18.2|3.6M Metric Heavy Hex Bolts
B18.2|4.6M Hex Nuts, Heavy, Metric
B18.2[.1 Lock Washers (Inch Series)
B18.2pM Washers, Metric Plain
B18.227% [Nutc T )] PlaimWasthers
B31.3 Process Piping
B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids
B31.8 Gas Transmission and Distribution Piping Systems
B31E Standard for the Seismic Design and Retrofit of Above-Ground Piping Systems
B31) Standard Test Method for Determining Stress Intensification Factors (i-Factors) for Metallic Piping Components
B31T Standard Toughness Requirements for Piping
B36.10M Welded and Seamless Wrought Steel Pipe
B36.19M Stainless Steel Pipe
TDP-1 Recommended Practices for the Prevention of Water Damage to Steam Turbines Used for Electric Power Generation —

Fossil Fueled Plants
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Table 126.1 Specifications and Standards (Cont’d)

Designator Title

AWS Specifications

A3.0 Standard Welding Terms and Definitions
D10.10 Recommended Practices for Local Heating of Welds in Piping and Tubing
QC1 Standard for AWS Certification of Welding Inspectors
AWWA and ANSI/AWWA Standards
C110/A21.10 Ductile-Iron and Gray-lron Fittings, 3 in. Through 48 in. (76 mm Through 1200 mm), for Water and Other Liguids
C111/A21.11 Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings
C115/A21.15 Flanged Ductile-Iron Pipe With Threaded Flanges
C150/A21.50 Thickness Design of Ductile-Iron Pipe
C151/A21.51 Ductile-Iron Pipe, Centrifugally Cast, for Water
C153/A21.%3 Ductile-Iron Compact Fittings, 3 in. Through 24 in. (76 mm Through 610 mm) and 54 in.{hrough 64 in. (1,400 mm
Through 1,600 mm), for Water Service
C200 Steel Water Pipe—6 in. (150 mm) and Larger
C207 Steel Pipe Flanges for Waterworks Service—Sizes 4 in. Through 144 in. (100 mm Through 3,600 mm)
C208 Dimensions for Fabricated Steel Water Pipe Fittings
C300 Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Othér Liquids (Includes Addendum C300a-p3.)
€301 Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and‘Other Liquids
€302 Reinforced Concrete Pressure Pipe, Noncylinder Type, for Water and Other Liquids
C304 Design of Prestressed Concrete Cylinder Pipe
C500 Metal-Seated Gate Valves for Water Supply Service
C504 [Note| (1)] Rubber Seated Butterfly Valves
C509 Resilient-Seated Gate Valves for Water Supply Service
C600 Installation of Ductile-Iron Water Mains and Their Appurtenances
C606 Grooved and Shouldered Joints
National Fire Codes
NFPA 85 Boiler and Combustion Systems Hazards Code
NFPA 1963 Standard for Fire Hose Connections
PFI Standards
ES-16 Access Holes and™Plugs for Radiographic Inspection of Pipe Welds
ES-24 Pipe Bending Methods, Tolerances, Process and Material Requirements
FCI Standard
79-1 Proof of Pressure Ratings for Pressure Regulators
GENERAL NPTES:

(@) For boiler external piping application, see para. 123.2.2.

(b) For all other piping, materials conforming to an ASME SA or SB specification may be used interchangeably with material specified to an
ASTM A or B specification of the same number listed in Table 126.1.

(c) The approved year of issue of the specifications and standards is not given in this Table. This information is given in Mandatory
Appendix F of this Code.

(d) The addresses and phone numbers of organizations whose specifications and standards are listed in this Table are given at the end of
Mandatory Appendix F.

NOTES:

(1) See para. 107.1(D) for valve stem retention requirements.

(2) ANSI B18.22.1 is nonmetric.
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Chapter V
Fabrication, Assembly, and Erection

127 WELDING

(E) When austenitic steels are joined to ferritic steels,

127.

Piping systems shall be constructed in accordance with
the rpquirements of this Chapter and of materials that
have|peen manufactured in accordance with the require-
ments of Chapter IV. These requirements apply to all
fabrigation, assembly, and erection operations, whether
perfgrmed in a shop or at a construction site. The follow-
ing applies essentially to the welding of ferrous materi-
als. The welding of aluminum, copper, etc., requires
diffefent preparations and procedures.

Ll General

127.1.1 The welding processes that are to be used
undefr this part of this Code shall meet all the test require-
ments of Section IX of the ASME Boiler and Pressure
Vessgl Code.

127.2 Material

127.2.1 Electrodes and Filler Metal. Welding elec4
trodgs and filler metal, including consumable inserts,
shall{conform to the requirements of the ASME*Boiler
and Iressure Vessel Code, Section II, Part C. Anelectrode
or filler metal not conforming to the above-amay be used
provided the WPS and the welders and welding opera-
tors fwho will follow the WPS have beeh qualified as
required by ASME Section IX. Unless otherwise speci-
fied by the designer, welding ele¢trodes and filler metals
used|shall produce weld metal, that complies with the
folloying;:

(A) The nominal tengile’ strength of the weld metal
shall equal or exceedithe minimum specified tensile
strength of the base ‘metals being joined.

(B) If base metals of different tensile strengths are to
be jojned, th¢'riominal tensile strength of the weld metal
shall| equal;or exceed the minimum specified tensile
strenpth,of the weaker of the two.

(C

the weld metal shall have an austenitic stgucfure.

(F) For nonferrous metals, the weld.meta] shall be
that recommended by the manufactuser-of the nonfer-
rous metal or by industry associations for thgt metal.

(G) Filler metals not meeting the requiremgnts of (A)
through (F) above may besaccepted by agreement
between the fabricator/erector’and the designer. Exam-
ples of conditions where\this may apply indlude (but
may not be limited to)where unusual materials or com-
binations of materials are used; where highly|corrosive
environments may require a more electrochemically
noble weld _faetal; where dissimilar matgrials are
welded; or'where it is desired to achieve a Wweld with
different mechanical properties than the base{ material.

127:2.2 Backing Rings. Backing rings, when used,
shall conform to the following requirements:
(A) Ferrous Rings. Ferrous metal backing
become a permanent part of the weld shall|be made
from material of weldable quality, compatibl¢ with the
base material and the sulfur content shall npt exceed
0.05%.
(A.1) Backing rings may be of the co
machined or split band type.
(A.2) If two abutting surfaces are to be yelded to
a third member used as a backing ring and ope or two
of the three members are ferritic and the othef member
or members are austenitic, the satisfactory uge of such
materials shall be determined by the WPS qyalified as
required in para. 127.5.
(A.3) Backing strips used at longituding
joints shall be removed.
(B) Nonferrous and Nonmetallic Rings. Bacling rings
of nonferrous or nonmetallic materials may b¢ used for
backing provided they are included in a WPS a$ required
in para. 127.5. Nonmetallic or nonfusing rings shall be
removed.

fings that

htinuous

1 welded

Fhenominal-chemical-analysis-of the-weld-metat
shall be similar to the nominal chemical analysis of the
base metal, including consideration of both major and
essential minor alloying elements [e.g., 2%% Cr, 1% Mo
steels should be joined using 2%% Cr, 1% Mo filler met-
als; see also para. 124.2(D)].

(D) If base metals of different chemical analysis are
being joined, the nominal chemical analysis of the weld
metal shall be similar to either base metal or an interme-
diate composition, except as specified below for austen-
itic steels joined to ferritic steels.
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127.2.3 Consumable Inserts. Consumable inserts
may be used provided they are made from material
compatible with the chemical and physical properties
of the base material. Qualification of the WPS shall be
as required by para. 127.5.

127.3 Preparation for Welding

(A) End Preparation
(A.1) Oxygen or arc cutting is acceptable only if
the cut is reasonably smooth and true, and all slag is
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Fig. 127.3 Butt Welding of Piping Components With
Internal Misalignment

7

L /16 in. (2.0 mm) or less

(E) Socket Weld Assembly. In assembly of the joint
before welding, the pipe or tube shall be inserted into
the socket to the maximum depth and then withdrawn
approximately % in. (2.0 mm) away from contact
between the end of the pipe and the shoulder of the
socket [see Figs. 127.4.4(B) and (C)]. In sleeve-type joints
without internal shoulder, there shall be a distance of
approximately % in. (2.0 mm) between the butting ends
of the pipe or tube.

30 deg
max.

‘%% \
2 S

Radiyis = 0.05%,,
Gredter than /;5in. (2.0 mm)

cleaned from the flame cut surfaces. Discoloration that
may remain on the flame cut surface is not considered
to be defrimental oxidation.

(A.2] Butt-welding end preparation dimensions
contained in ASME B16.25 or any other end preparation
that meefs the WPS are acceptable.

(A.3)| If piping component ends are bored, such bor-
ing shall jnot result in the finished wall thickness after
welding less than the minimum design thickness. Where
necessary, weld metal of the appropriate analysis may
be deposited on the inside or outside of the piping com-
ponent t¢ provide sufficient material for machining 0
ensure satisfactory fitting of rings.

(A.4)| If the piping component ends are upset; they
may be bored to allow for a completely recessed backing
ring, proyided the remaining net thickness. of the fin-
ished enjds is not less than the minihum design
thickness

(B) Clepning. Surfaces for welding shall be clean and
shall be ffee from paint, oil, rust, scale, or other material
that is dgtrimental to welding;

(C) Alignment. The inSide diameters of piping com-
ponents tp be butt welded shall be aligned as accurately
as is pragticable within existing commercial tolerances
on diamgters, wallthicknesses, and out-of-roundness.
Alignment shallbe preserved during welding. The inter-

. .U U C 5 5
cally states a different allowable misalignment.

When the internal misalignment exceeds the allow-
able, it is preferred that the component with the wall
extending internally be internally trimmed per
Fig. 127.3. However, trimming shall result in a piping
component thickness not less than the minimum design
thickness, and the change in contour shall not exceed
30 deg (see Fig. 127.3).

(D) Spacing. The root opening of the joint shall be as
given in the WPS.

82

Thefitbetweern the socketand-the pipestattconform
to applicable standards for socket weld fittingsCahd in
no case shall the inside diameter of the socKet,or dleeve
exceed the outside diameter of the pipe or tube by[more
than 0.080 in. (2.0 mm).

127.4 Procedure

127.4.1 General
(A) Qualification of thé-WTS to be used, and ¢f the
performance of welders and operators, is required, and
shall comply with thewequirements of para. 127.3.
(B) No weldingshall be done if there is impinggment
of rain, snowysleet, or high wind on the weld arda.
(C) Tack-welds permitted to remain in the finjshed
weld shdlhbe made by a qualified welder. Tack yelds
made by, an unqualified welder shall be removed| Tack
welds.that remain shall be made with an electrod¢ and
WRPS that is the same as or equivalent to the eledtrode
ahd WPS to be used for the first pass. The stopping and
starting ends shall be prepared by grinding or |other
means so that they can be satisfactorily incorporated
into the final weld. Tack welds that have cracked|shall
be removed.
(D) CAUTION: Arc strikes outside the area gf the
intended weld should be avoided on any base me¢tal.

127.4.2 Girth Butt Welds
(A) Girth butt welds shall be complete penetgation
welds and shall be made with a single vee, doubl¢ vee,
or other suitable type of groove, with or without bagking
rings or consumable inserts. The depth of the weld|/mea-
sured between the inside surface of the weld prepatation
and the outside surface of the pipe shall not be lesg than
the minimum thickness required by Chapter II for the
particular size and wall of pipe used.
the contour ¢f the
hrotrgh' (B.4)

below shall be met.

(B.1) When components with different outside
diameters or wall thicknesses are welded together, the
welding end of the component with the larger outside
diameter shall fall within the envelope defined by solid
lines in Fig. 127.4.2. The weld shall form a gradual transi-
tion not exceeding a slope of 30 deg from the smaller
to the larger diameter component. This condition may
be met by adding welding filler material, if necessary,
beyond what would otherwise be the edge of the weld.
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Fig. 127.4.2 Welding End Transition — Maximum Envelope

1/,t,, (min.) Mt (min.)
Outside
Radius of at least 0.05¢%,,
45 deg max. / Radius not mandatory

30 deg max.

Component or fitting

Radius of at least 0.05¢,,

Inside |

2t,, (min.)

Transition region
GENER

AL NOTES:
(@ Th

e value of t, is‘whichever of the following is applicable:
(1) as defiped in para. 104.1.2(A) or para. 104.1.4
jo

(b) THe maximum envelope is defined by solid lines.
NOTES:

(1) Weld is shown for illustration only.

See Note (2)

Maximum
Minimum

— See Not
—1.0t,

e (3)

(2) the_minimum ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the tw
nt is_between two components

) when the

(2) The weld transition and weld reinforcement shall comply with paras. 127.4.2(B) and (C.2) and may be outside the maximum envelope.
(3) The maximum thickness at the end of the component is

(a) the greater of [t,, + 0.16 in. (4 mm)] or 1.15t,, when ordered on a minimum wall basis
(b) the greater of [t,, + 0.16 in. (4 mm)] or 1.10t, when ordered on a nominal wall basis
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(B.2) When both components to be welded (other
than pipe to pipe) have a transition from a thicker section
to the weld end preparation, the included angle between
the surface of the weld and the surface of either of the
components shall not be less than 150 deg. Refer to
para. 119.3(B) for additional concerns related to this
design.

(B.3) When welding pipe to pipe, the surface of the
weld shall, as a minimum, be flush with the outer surface

For welds made without the addition of filler
metal, copcavity shall be limited to %, in. (1 mm) below
the outsi¢gle surface of the pipe, but shall not encroach
upon miimum required thickness.

(C) Asfwelded surfaces are permitted; however, the
surface of welds shall be sufficiently free from coarse
ripples, grooves, overlaps, abrupt ridges, and valleys to
meet the [following:

(C.1)| The surface condition of the finished welds
shall be guitable for the proper interpretation of radio-
graphic gnd other nondestructive examinations when
nondestfuctive examinations are required by
Table 134.4. In those cases where there is a question
regarding the surface condition on the interpretation of
a radiographic film, the film shall be compared to the
actual welld surface for interpretation and determination
of accepthbility.

(C.2)| Reinforcements are permitted in accordance
with Table 127.4.2.

(C.3)] Undercut on the surface of girth butt welds
shall not fxceed %, in. (1.0 mm) and shall not encroach
on the mjnimum required section thickness.

(C.4)| If the surface of the weld requires\gfinding
to meet the above criteria, care shall be taken to avoid
reducing [the weld or base material below the minimum
required fhickness.

(C.5)| Concavity on the root side of a single welded
circumfgrential butt weld is permitted when the
resulting |thickness of the wéld is at least equal to the
thickness| of the thinner member of the two sections
being joinied and the contour of the concavity is smooth
without gharp edges:The internal condition of the root
surface of a girth_weld, which has been examined by
radiography, issaceeptable only when there is a gradual
change i the density, as indicated in the radiograph.
If a girth weld is not designated to be examined by

(see paras. 104.1.1 and 123.4, and Table 102.4.7), any
welding using the SAW process shall use a flux with a
basicity index > 1.0.

127.4.4 Fillet Welds. In making fillet welds, the
weld metal shall be deposited in such a way as to secure
adequate penetration into the base metal at the root of
the weld.

Fillet welds may vary from convex to concave. The size
.127.4 4(A).
Typical minimum fillet weld details for slip-onflanges
and socket-welding components are sshewn in
Figs. 127.4.4(B) and (C).

127.4.5 Seal Welds. Where seal welding of
threaded joints is performed, thredds shall be entirely
covered by the seal weld. Seal welding shall be dope by
qualified welders.

127.4.8 Welded Branch“Connections
(A) Welded branch¢connections shall be made| with
full penetration welds, except as allowed in para.
127.4.8(F). Figures127.4.8(A), (B), and (C) show typical
details of brarigh-connections with and without added
reinforcement. No attempt has been made to shqw all
acceptable\types of construction and the fact that h cer-
tain type of construction is illustrated does not indlicate
that4dt.is recommended over other types not illustfated.
(B) Figure 127.4.8(D) shows basic types of weld
attachments used in the fabrication of branch cohnec-
tions. The location and minimum size of these attach-
ment welds shall conform to the requiremerjts of
para. 127.4.8. Welds shall be calculated in accordlance
with para. 104.3.1 but shall not be less than the|sizes
shown in Fig. 127.4.8(D).
The notations and symbols used in this paragraph,
Fig. 127.4.8(D), and Fig. 127.4.8(E) are as follows:

t. = the smaller of ¥ in. (6.0 mm) or 0.7t

tmin = the smaller of ¢, or t,,

t,p = nominal thickness of branch wall, in. (hm)

t,, = nominal thickness of header wall, in. (mm)
= nominal thickness of reinforcing element (ring
or saddle), in. (mm)

tnr

(C) Figure 127.4.8(F) shows branch connections made
by welding half couplings or adapters directly to the
run pipe.

radiography, a visual examination may be performed at
welds that are readily accessible.

127.4.3 Longitudinal Butt Welds. Longitudinal butt
welds not covered by the applicable material specifica-
tions listed in Table 126.1 shall meet the requirements
for girth butt welds in para. 127.4.2, except that undercut
on the surface of longitudinal butt welds, fabricated in
accordance with the requirements of this Code, is not
permitted. For longitudinal welds and spiral welds in
pipe intended for sustained operation in the creep range
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Figure 12748(E) shows brarnchrconrections using spe-
cifically reinforced branch outlet fittings welded directly
to the run pipe. These branch connection fittings, half
couplings, or adapters, which abut the outside surface
of the run wall, or which are inserted through an opening
cut in the run wall, shall have opening and branch con-
tour to provide a good fit and shall be attached by means
of full penetration groove welds except as otherwise
permitted in (F) below.

The full penetration groove welds shall be finished
with cover fillet welds and meet the requirements of

(16)
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Table 127.4.2 Reinforcement of Girth and Longitudinal-Butt Welds

Maximum Thickness.of Reinforcement
for Design Temperature

> 750°F 350°F-750°F < 3p0°F
Thickness of Base Metal, (400°C) (175°C-400°C) (17p°0)
in. (mm) in. mm in. mm in. mm
Up to [%% (3.0), incl. Yie 2.0 s 2.5 e 5.0
Over s to 3¢ (3.0 to 5.0), incl. Yie 2.0 Ye 3.0 e 5.0
Over ¥ to % (5.0 to 13.0), incl. Yie 2.0 2 4.0 e 5.0
Over ¥, to 1 (13.0 to 25.0), incl. 3 25 %6 5.0 %6 5.0
Over 1 to 2 (25.0 to 50.0), incl. A 3.0 Y 6.0 Y 6.0
Over 2 (50.0) sa 4.0 The greater of %, in. (6 mm) or Y tirhes
the width of the weld in inches (millimgters).
GENERAL NOTES:
(@) For double welded butt joints, this limitation aon reinforcement given above shall apply separately to both inside and outsid¢ surfaces
of|the joint.
(b) For single welded butt joints, the reinforcement limits given above shall apply to the outside surface of the joint only.
(c) THe thickness of weld reinforcement_shall be based on the thickness of the thinner of the materials being joined.
(d) THe weld reinforcement thicknesses’shall be determined from the higher of the abutting surfaces involved.

(e W

eld reinforcement may be_femoved if so desired.
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Fig. 127.4.4(A) Fillet Weld Size

N
N
N
Size of
weld
* DN
AY
g\> \; Theoretical throat 0 - {
Size of
weld
(a) Convex Equal Leg (b) Concave Equal Leg
Fillet Weld Fillet Weld

Leg Leg
Iejngth Iingth
Leg ‘».“4‘ Thebretical throat —J< Leg 4,‘ {
;\><_ length o> length
(c) Convex Unequal Leg (d) Concave Unequal Leg
Fillet Weld Fillet Weld

GENERAL NOTES:

(a) The “size” df an equal leg fillet weld shall be described by the leg length of the largest
inscribeddsosceles triangle.

(b) The “size“of an unequal leg fillet weld shall be described using both leg lengths and their
location on the members to be joined.

(c) Angle 0, as noted in the above illustrations, may vary from the 90 deg angle as shown
hased on the angle between the surfaces to be welded.

(d)\For an equal leg fillet weld where the angle g between the members being joined is 90 deg,
the theoretical throat shall be 0.7 x leg length. For other fillet welds, the theoretical throat
shall be based on the leg lengths and the angle g between the members to be joined.

(e) For all fillet welds, particularly unequal leg fillet welds with angle 6 less than 90 deg, the
theoretical throat shall lie within the cross section of the deposited weld metal and shall not
be less than the minimum distance through the weld.
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Fig. 127.4.4(B) Welding Details for Slip-On and Socket-Welding Flanges; Some Acceptable Types of Flange
Attachment Welds

Xmin. Xmin.
rxmln Xmin.

t

Xmin.

/ Xmin.
Xmin.

A A <

= = -

\ /

]
| — !

t,or VY, in. (6.0 mm),
whichever is smaller

nominal pipe wall thickness
1.4t, or thickness of the hub, whichever is smaller

NOTES:

(1) R4
(2) R4
(3) R4

Reqy

fer to para. 122.1.1(F) for limitations of use.
fer to para. 104.5.1 for limitations of use.
fer to para. 122.1.1(H) for limitations of use.

Fig. 127.4.4(C) Minimum Welding Dimensions

ired for Socket Welding Components Other Than
Flanges

|<—>-— t,=nominal pipe wall thickness

Cx '%‘
C, (min.) = 1.09t, or the thickness

of the socket wall,

whichever is smaller

L—Approximately /16 in. (2.0 mm)
_Y  beforelwelding

Fig.[127.4.8(A) Typical Welded Branch Connection

Without Additional Reinforcement

(a) Front and Back Weld (b) Face and Back Weld
[See Notes (1) and (2)] [See Notes (1) and (2)] [See Notes'(2) and (3)]

Approximately 1/;¢ in.

(2.0 mm) before welding

(c) Socket Welding Flange

Fig:127.4.8(B) Typical Welded Branch Connection

With Additional Reinforcement

Vent hole

N ———]

Fig. 127.4.8(C) Typical Welded Angular

Branch

Connection Without Additional Reinforcement

i

“\\\\\\\\\ _____

+
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Fig. 127.4.8(D) Some Acceptable Types of Welded
Branch Attachment Details Showing Minimum
Acceptable Welds

o [
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(b)
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(d)
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{
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(e)

GENERAL NOTE: Weld dimensions may be larger than the
minimum values shown here.
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Fig. 127.4.8(E) Some Acceptable Details for Integrally Reinforced Outlet Fittings
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Cover weld
[Note (3)]

|
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1) Transverse View

Cover weld

[Note (3)]

(a) 90 deg Branch Fitting

Crotch area

Cover weld
[Note (2)]

tnb
[Note (4)]

(b) Elbow Branch Fitting

Manufacturer's

or tapered as shown -]

| > [Noté (2)]

(2) Longitudinal View,

tnb
[Note (4)]
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Manufacturer's
weld line
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(1) Transverse View

(c) Lateral Branch Fitting
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Fig. 127.4.8(E) Some Acceptable Details for Integrally Reinforced Outlet Fittings (Cont’d)

GENERAL NOTES:

(@) Welds shall be in accordance with para. 127.4.8(C).

(b) Weld attachment details for branch fittings that do not match the schedule or weight designation of the run pipe as defined by MSS
SP-97 Table 1 shall be designed to meet the requirements in paras. 104.3.1 and 104.7.2.

() The stress intensification factors as required by paras. 104.8 and 119.7.3, for the fittings represented by drawings (b-1), (b-2), (c-1),
and (c-2), should be obtained from the fitting manufacturer.

NOTES:

(1) When the fitting manufacturer has not provided a visible scribe line on the branch fitting, the weld line shall be the edge of the first
bevel on the branch fitting adjacent to the run pipe.

(2) The mifimum cover weld throat thickness, t,, applies when the angle between the branch fitting groove weld face and the rin pipe
surface|is less than 135 deg. For areas where the angle between the groove weld face and the run pipe surface is 135 deg or greater,
the covier weld may transition to nothing.

(3) Cover Weld shall provide a smooth transition to the run pipe.

(4) t,p shall be measured at the plane that passes through the longitudinal centerline of the run pipe and the centerline of the brangh
fitting. When t,;, in the crotch area does not equal ¢, in the heel area, the thicker of the two shall govern in<detefmining the heaf
treatmgnt in accordance with para. 132.4, and in determining the nondestructive examination in accordance with Table 136.4.

Fig. [127.4.8(F) Typical Full Penetration Weld Branch Connections for NPS 3 (DN 80) and Smaller Half
Couplings’ or Adapters

Socket-welding or Socket-welding or
/ threaded.Ralf coupling / threaded adapter
i 7 Full penetration % = Full penetration
Coyer fillet weld p Cover fillet == groove weld

3/16 in. (5]0 mm) min.

<<l
AN

Id —
/ groove we weld
Header or run pipe _\ )

; /_ Va Hezflder or run
pipe
316 in. (5 mm) min.
— Per WPS Bore after welding
(a) Branch Connection Using ASME B16.11 (b) Branch Connection Using Forged Steel Socket-Welding or
Forged Steel Socket-Welding or Threaded Adapter for Pressure and Temperature Conditions
Threaded Half Coupling [See Note (1)] Greater Than Permitted for ASME B16.11 Forged Steel Fittings

NOTE:
(1) Refer to para. 104.3.1(C.2) for branch connections not requiring reinforcement calculations.
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Fig. 127.4.8(G) Typical Partial Penetration Weld Branch Connection for NPS 2 (DN 50) and Smaller Fittings

Socket-welding or
/ threaded fitting

pE—

p—

N

Cover fillet weld

7

Partial penetration
groove weld

-

3/16 in. (5.0 mm) min. \

1l o H
reateT oo PPt

/

para104. The cover fillet welds shall have a minimum
throgt dimension not less than that shown in
Fig. 127.4.8(E) or Fig. 127.4.8(F), as applicable.

(D) Inbranch connections having reinforcement pads
or safldles, the reinforcement shall be attached by welds
at th¢ outer edge and at the branch periphery as follows:
D.1) If the weld joining the added reinforcement
to the branch is a full penetration groove weld, it shall
be finished with a cover fillet weld having a minifium
throj:c dimension not less than ¢, the weld at the outer
edge}joining the added reinforcement to the run) shall be
a fillet weld with a minimum throat dimension of 0.5¢,,,.
D.2) If the weld joining the added reinforcement
to th¢ branch is a fillet weld, the threat dimension shall
not be less than 0.7fy;,. The weld at the outer edge
joining the outer reinforcemerit,to the run shall also be
a fillgt weld with a minimum)throat dimension of 0.5¢,,,.

(E) When rings or saddles are used, a vent hole shall
be pfovided (at the side and not at the crotch) in the
ring jor saddle to-reveal leakage in the weld between
bran¢h and maih ' run and to provide venting during
weldfng and‘heat treating operations. Rings or saddles
may be madein more than one piece if the joints between
the yjieces-have strength equivalent to ring or saddle
paret

t metal and if each rr\ior-o 1S Fvnv{r’]ar‘] with o vent

N\

~—1,, [see para. 104.3.1(C.2)]

—

127.4.9 Attachment Welds. Structural atfachments
may be madé by complete penetration, partial penetra-
tion, onfillet welds.

Low=énergy capacitor discharge welding mqy be used
fot<welding temporary attachments (e.g., thermocou-
ples) and permanent nonstructural attachments without
preheat above 50°F (10°C) or subsequent postjveld heat
treatment on P-No. 1 through P-No. 5B and P-No. 15E
materials, provided that the following requirements
are met:

(A) A Welding Procedure Specification is [prepared,
describing the low-energy capacitor discharge equip-
ment, the combination of materials to be joine¢l, and the
technique of application; qualification of th¢ welding
procedure is not required.

(B) The energy output of the welding procgss is lim-
ited to 125 W-sec.

(C) For P-No. 5A, P-No. 5B, and P-No. 15E materials,
the maximum carbon content of the material(is 0.15%.

(D) After temporary attachments are rempved, the
areas shall be examined in accordance with para. 136.4.

127.4.10 Heat Treatment. Preheat and postweld
heat treatment for welds shall be in accordqnce with
para. 131 or 132 as applicable, except as exgmpted in

hole. A good fit shall be provided between reinforcing
rings or saddles and the parts to which they are attached.
(F) Branch connections NPS 2 (DN 50) and smaller
that do not require reinforcements (see para. 104.3) may
be constructed as shown in Fig. 127.4.8(G). The groove
welds shall be finished with cover fillet welds with a
minimum throat dimension not less than that shown in
Fig. 127.4.8(G). This construction shall not be used at
design temperatures greater than 750°F (400°C) nor at
design pressures greater than 1,025 psi (7 100 kPa).
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para. 127.4.9.

127.4.11 Repair Welding

(A) Defect Remouval. All defects in welds or base mate-
rials requiring repair shall be removed by flame or arc
gouging, grinding, chipping, or machining. Preheating
may be required for flame or arc gouging on certain
alloy materials of the air hardening type in order to
prevent surface checking or cracking adjacent to the
flame or arc gouged surface. When a defect is removed
but welding repair is unnecessary, the surface shall be

(16)

(16)
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contoured to eliminate any sharp notches or corners.
The contoured surface shall be reinspected by the same
means originally used for locating the defect.

(B) Repair Welds. Repair welds shall be made in accor-
dance with a WPS using qualified welders or welding
operators (see para. 127.5), recognizing that the cavity
to be repair welded may differ in contour and dimension
from a normal joint preparation and may present differ-
ent restraint conditions. The types, extent, and methods

(B) Welders and Welding Operators. Each employer
shall be responsible for qualifying all the welders and
welding operators employed by him/her.

However, to avoid duplication of effort, he/she may
accept a Welder/Welding Operator Performance
Qualification (WPQ) made by a previous employer (sub-
ject to the approval of the owner or his/her agent) on
piping using the same or an equivalent procedure
wherein the essential variables are within the limits

of examiration shall be in accordance with Table 136.4.
For repai}s to welds the minimum examination shall be
the same method that revealed the defect in the original
weld. For repairs to base material, the minimum exami-
nation shall be the same as required for butt welds.

127.5 Qualification

127.5|1 General. Qualification of the WPS to be
used, and of the performance of welders and welding
operatory, is required, and shall comply with the require-
ments of|the ASME Boiler and Pressure Vessel Code
(Section IX) except as modified herein.
Certain[materials listed in Mandatory Appendix A do
not appdar in ASME Section IX P-Number groups.
Where these materials have been assigned P-Numbers
in Mandgtory Appendix A, they may be welded under
this Cod¢ for nonboiler external piping only without
separate |qualification as if they were listed in ASME
Section IX.

127.5.2 Welding Responsibility. Each employer (see
para. 100.2) shall be responsible for the welding. per-
formed by his/her organization and the perfotmance of
welders|or welding operators employed by that
organization.

127.5]3 Qualification Responsibility
(A) Prgcedures. Each employer.shall be responsible
for qualifying any WPS that he/she intends to have used
by persornel of his/her organization. However, to avoid
duplication of effort, and-subject to approval of the
owner, a| WPS qualified by a technically competent
group or|agency may be used
(A1)
meets all
this Codg

if the \group or agency qualifying the WPS
of the)procedure qualification requirements of

establishred—im—Sectiom X ASME Boiterand—Prgssure
Vessel Code. An employer accepting such qualifidation
tests by a previous employer shall obtain acopy ¢f the
original WPQ, showing the name of the employer by
whom the welders or welding operators were qualified,
the dates of such qualification, and-evidence that the
welder or welding operator has maintained qualifidation
in accordance with QW-322 of'Section IX, ASME Boiler
and Pressure Vessel Code. The-evidence of process fisage
to maintain continuity may-be obtained from emplpyers
other than the original qualifying employer| The
employer shall then prepare and sign the record required
in para. 127.6 accepting responsibility for the abiljity of
the welder or{yelding operator.

127.5.4 Standard Welding Procé¢dure
Specifications. Standard Welding Procddure
Specitications published by the American Welding
Setiety and listed in Mandatory Appendix|E of
Section IX of the ASME Boiler and Pressure Vessel [Code
are permitted for Code construction within the limita-
tions established by Article V of ASME Section IX.

127.6 Welding Records

The employer shall maintain a record (WPS and/or
WPQ) signed by him /her, and available to the purchaser
or his/her agent and the inspector, of the WPSs|used
and the welders and/or welding operators employed
by him/her, showing the date and results of procedure
and performance qualification.

The WPQ shall also show the identification symbol
assigned to the welder or welding operator employed
by him/her, and the employer shall use this symbol to
identify the welding performed by the welder or weld-
ing operator. This may be accomplished by the applica-
tion of the symbol on the weld joint in a manner spefified
by the employer. Alternatively, the employer shall main-

(A.2) if the fabricator accepts the WPS thus
qualified

(A.3) if the user of the WPS has qualified at least
one welder using the WPS

(A.4) if the user of the WPS assumes specific
responsibility for the procedure qualification work
done for him/her by signing the records required by
para. 127.6

All four of the above conditions shall be met before a

WPS thus qualified may be used.
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taim records that dentify the wetd(s) made by the welder
or welding operator.

128 BRAZING AND SOLDERING
128.1 General

128.1.1 The brazing processes that are to be used
under this part of the Code shall meet all the test require-
ments of Section IX of the ASME Boiler and Pressure
Vessel Code.
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128.1.2 Soldering. Solderers shall follow the proce-
dure in ASTM B828, Standard Practice for Making
Capillary Joints by Soldering of Copper and Copper
Alloy Tube and Fittings.

128.2 Materials

128.2.1 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

brazers or brazing operators employed by that
organization.

128.5.3 Qualification Responsibility

(A) Procedures. Each employer shall be responsible
for qualifying any Brazing Procedure Specification (BPS)
that he/she intends to have used by personnel of his/
her organization. However, to avoid duplication of
effort, and subject to approval of the owner, a BPS quali-
fied by a technically competent group or agency may

flux 1 controlled atmosphere, shall wet and adhere to
the spirfaces to be joined.

128.2.2 Flux. A flux that is fluid and chemically
activp at brazing or soldering temperature shall be used
when necessary to eliminate oxidation of the filler metal
and the surfaces to be joined, and to promote free flow
of the brazing alloy or solder.

128.

128.3.1 Surface Preparation. The surfaces to be
braz¢d or soldered shall be clean and free from grease,
oxidgs, paint, scale, dirt, or other material that is detri-
mental to brazing. A suitable chemical or mechanical
cleaning method shall be used if necessary to provide
a clegn wettable surface.

B Preparation

128.3.2 Joint Clearance. The clearance between sur-
faces| to be joined by brazing or soldering shall be no
largef than is necessary to allow complete capillary dis;
tribufion of the brazing alloy or solder.

128.

128.4.1 General

(A) Qualification of the brazing procedures to be used
and ¢f the performance of the brazer and brazing opera-
tors is required and shall comply with'the requirements
of pgra. 128.5.

(B) No brazing shall be dorte,if there is impingement
of rdin, snow, sleet, or high wind on the area to be
braz¢d.

128.4.2 Heating:) To minimize oxidation, the joint
shallfbe brought 0 brazing or soldering temperature in
as shprt a timeas“possible without localized underheat-
ing dr overheating.

128.4:3 Flux Removal.
remoyved if detrimental.

i Procedure

Residual flux shall be

be used
(A.1) if the group or agency qualifying the proce-
dures meets all of the procedure qualification require-
ments of this Code
(A.2) if the fabricator accepts. the proce
qualified
(A.3) if the user of the procedure has qualified at
least one brazer using the‘BPS
(A.4) if the user of’the procedure assumgs specific
responsibility for the{procedure qualification work done
by him/her by signing the records reqpired by
para. 128.6
All fourofithe above conditions shall be mdt before a
proceduze thus qualified may be used.
(B)~Brazers and Brazing Operators. Each ¢mployer
shall be responsible for qualifying all the brazers and
brazing operators employed by him/her.
However, to avoid duplication of effort, hefshe may
accept a Brazer/Brazing Operator Performance
Qualification (BPQ) made by a previous emplpyer (sub-
ject to the approval of the owner or his/her pagent) on
piping using the same or an equivalent pjrocedure
wherein the essential variables are within the limits
established in Section IX, ASME Boiler and| Pressure
Vessel Code. An employer accepting such quglification
tests by a previous employer shall obtain a c¢py (from
the previous employer) of the BPQ, showing the name of
the employer by whom the brazers or brazing joperators
were qualified, the dates of such qualification, and the
date the brazer last brazed pressure piping components
under such qualification. The employer shall|then pre-
pare and sign the record required in para. 128.6laccepting
responsibility for the ability of the brazer or brazing
operator.

Hure thus

128.6 Brazing Records

128.5 Brazing Qualification

128.5.1 General. The qualification of the brazing-
procedure and of the performance of brazers and brazing
operators shall be in accordance with the requirements
of Part QB, Section IX, ASME Boiler and Pressure Vessel
Code, except as modified herein.

128.5.2 Brazing Responsibility. Each employer (see
para. 100.2) shall be responsible for the brazing per-
formed by his/her organization and the performance of
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Theemployershatt mmaintaima record sigred by him/
her and available to the purchaser or his/her agent and
the inspector, showing the date and results of procedure
and performance qualification.

The BPQ shall also show the identification symbol
assigned to the brazer or brazing operator employed by
him/her, and the employer shall use this symbol to
identify the brazing performed by the brazer or brazing
operator. This may be accomplished by the application
of the symbol on the braze joint in a manner specified by
the employer. Alternatively, the employer shall maintain


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table 129.3.1 Approximate Lower Critical
Temperatures

Approximate
Lower Critical

strength enhanced ferritic steels (P-No. 15E), hot bend-
ing or hot forming is performed at a temperature equal
to or above 1,300°F (705°C). Cold bending or cold form-
ing is performed at a temperature below 1,300°F (705°C).

freat-
alloy
with

TenlpF)te(za(x:t)ure, 129.3.2 A postbending or postforming heat treat-
Material [Note (1)] ment at the time ancll temperatu%"e cyclgs listed for post-
weld heat treatment in Table 132 is required on all carbon
Carbon steel (P-No. 1) 1,340 (725) steel (P-No. 1) materials with a nominal wall thickness
Carbon-molybdenum steel (P-No. 3) 1,350 (730) in_excess of 0.75 in. (19.0 mm) unless the bending or
1Cr—/;Mo (P-No. 4, Gr. No. 1) 1,375 (745) forming operations are performed and completied at
1/uCr-/aMp (P-No. 4, Gr. No. 1) 1,430 (775) temperatures of 1,650°F (900°C) or greater
2Y,Cr-1Mol 3Cr-1Mo (P-No. 5A) 1,480 (805) p ’ & :
ggr—%Mo P-No. 5B, Gr. No. 1) 122? gégg 129.3.3 A postforming or postbending heat
r . . . g
’ ment as defined below is required for all ferritic
9Cr-1Mo-V, 9Cr-2W (P-No. 15E 1,470 (800 . .

o ! (P-No : (800) steel (excluding P-No. 1 and P-No.(15E) materials
NOTE: a nominal pipe size 4 in. (DN 100) and larger or with a
(1) These Values are intended for guidance only. The user may nominal thickness of 0.50 in.«(12#7 mm) or greatef.

apply vplues obtained for the specific material in lieu of these (A) If hot bending or het‘forming is performeI, the
values.

records that identify the braze joints(s) made by the
brazer or|brazing operator.

129 BiNDING AND FORMING
129.1 B

Pipe mhy be bent by any hot or cold method and to
any radiyis that will result in a bend surface free of
cracks. Stich bends shall meet the design requirements
of para. 102.4.5 with regard to minimum wall thickness:
Where linhits on flattening and buckling are not speeified
by desigy, as delineated in para. 104.2.1, manufacturing
limits of |PFI ES-24 shall be met. When defatdting to
PFI ES-24, mutual agreement between purchaser and
fabricatoi beyond the stated manufact(iring limits shall
not be allowed without the approval of the designer.

The us¢ of bends designed as Creased or corrugated
is not prghibited.

nding

129.2 Fdrming

Piping |components(may be formed (swedging, lap-
ping, or Ypsetting of-pipe ends, extrusion of necks, etc.)
by any stiitable het.or cold working method, provided
such prodesses result in formed surfaces that are uniform
and free jof-cracks or other defects, as determined by

material shall receive a full’anneal, normalizatiof and
temper, or tempering heat treatment as specified Qy the
designer.

(B) If cold bending or cold forming is performed, a
heat treatmerit/is required at the time and tempegature
cycle listed for the material in Table 132.

129.3.3.1 Creep strength enhanced ferritig
(P-No. 15E) materials subject to forming or bending
be-heat treated in accordance with the following
When the material is cold formed or cold bent
forming strains shall be calculated in accordance
para. 129.3.4.1 or para. 129.3.4.2.

(A) If hot bending or hot forming is performed, and
for all cold swages, flares, or upsets, normalizing and
tempering of the material is required in accordancq with
the requirements in the base material specificatioh.

(B) 1If cold bending or cold forming is performegl, the
material shall be heat treated as listed in Table 129(3.3.1.

129.3.3.2  For materials with less than or pqual
to 5% strain or design temperatures less than 1,)00°F

steel
shall
rules.
cold
with

(540°C), heat treatment is neither required nor
prohibited.
129.3.4  Postbending or postforming heat |reat-

ment of austenitic materials shall be performgd as
follows:

129.3.4.1 Cold-formed areas of components

method Cf pus I.Dl.l(.\_tluj.l Dl)(,\_l.fj.(.d puus thc dcoxéx 13

129.3 Heat Treatment of Bends and Formed
Components

129.3.1  Except for creep strength enhanced ferritic
steels (P-No. 15E), hot bending or hot forming is per-
formed at a temperature equal to or above T, — 100°F
(56°C), where T,,; is the lower critical temperature of
the material. Cold bending or cold forming is performed
at a temperature below T,,;; — 100°F (56°C). (See
Table 129.3.1 for lower critical temperatures.) For creep
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manufactured of austenitic alloys shall be heat treated
after forming if they exceed both the design tempera-
tures and forming strains shown in Table 129.3.4.1.
Forming strains shall be calculated as follows:

(A) For cylinders formed from plate

% strain = 50tn/Rf(1 - Rf/Rg)
(B) For spherical or dished heads formed from plate

% strain = 75t,/R{1 — R¢/Ry)

(16)

(16)
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Table 129.3.3.1 Post Cold-Forming Strain Limits and Heat-Treatment Requirements

Grade

Limitations in Higher

Limitations in Lower Temperature Range Temperature Range

For Design Temperature

But Less Than
or Equal to

OF OC

For Design
Temperature
Exceeding

OF OC

Exceeding
OF OC

UNS
Number

And Forming
Strains

And Forming
Strains

Required Heat Treatment

When Design Temperature

and Forming Strain Limits
Are Exceeded

91

K90901 1,000 540 1,115 600 >25% 1,115 600 >20%

[MNat (]

INote—{H
Postbend heat(tre

[Notes (2, (3),

1,000 540 1,115 600 >5% to <25% 1,115 600 >5% to <20%

Normalize and temper

tment
nd (4)]

GENER
pipe 4

NOTES:

(1N
bg
un
Pd
Al
Fo
6
sh

@
®3)

@) If

AL NOTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed frem plate, af
ends. The forming strain limits tabulated in this Table shall be divided by two if para. 129.3.4.2 is applied.

rmalization and tempering shall be performed in accordance with the requirements in the base material'specification, an
performed locally. The material shall either be heat treated in its entirety, or the cold-strained ared (including the transiti
strained portion) shall be cut away from the balance of the tube or component and heat treatéd~separately or replaced.
stbend heat treatments shall be performed at 1,350°F to 1,425°F (730°C to 775°C) for 1 hr/in./(1 h/25 mm) or 30 min m
ernatively, a normalization and temper in accordance with the requirements in the base madterial specification may be pe
r materials with greater than 5% strain but less than or equal to 25% strain, with design) temperatures less than or equal
00°C), if a portion of the component is heated above the heat-treatment temperature allowed above, one of the following
all be performed:

(a) The component in its entirety must be renormalized and tempered.

(b) For BEP piping only, the allowable stress shall be that for Grade 9 material (i.e., SA-213 T9, SA-335 P9, or equivalent
ecification) at the design temperature, provided that the portion of the ceiponent that was heated to a temperature exce
bximum holding temperature is subjected to a final heat treatment within the temperature range and for the time required
ove. The use of this provision shall be noted on the Manufacturef*s\Data Report.

A longitudinal weld is made to a portion of the material that is ‘cold strained, that portion shall be normalized and tempe

d tube and

il shall not
bn to the

inimum.
formed.
to 1,115°F
actions

product
leding the
in Note (2)

ed prior to

For tube and pipe bends

% strain = 1007,4/R

centerline radius of bend

mean radius after forming

original mean radjus (équal to infinity for a flat
plate)

= nominal outside radius of pipe or tube
nominal thickness of the plate, pipe, or tube
before forming

129.3.4.2(/ When forming strains cannot be calcu-
as shown in para. 129.3.4.1, the manufacturer shall
thereSponsibility to determine the maximum form-

lated|
have

following welding. This normalizing and tempering shall notbe performed locally.

the mini-
grade or
ments of

forming temperature is equal to or greater thary
mum heat treatment temperature for a given
UNS number material, provided the requirg
para. 129.3.4.5 are met.

129.3.4.5 The piping components b
treated shall be held at the temperatures
Table 129.3.4.1 for 20 min/in. (20 min/25 mm
ness, or for 10 min, whichever is greater.

bing heat
given in

of thick-

129.3.4.6 Postbending or postforming heat treat-
ment of materials not identified in Table 129.3.4.1 is
neither required nor prohibited. If a postbendir|g or post-
forming heat treatment is to be performed, thg designer
shall fully describe the procedure to be used.

ing strat:

129.3.4.3 For flares, swages, or upsets, heat treat-
ment in accordance with Table 129.3.4.1 shall apply,
regardless of the amount of strain, unless the finishing
forming temperature is equal to or greater than the mini-
mum heat treatment temperature for a given grade or
UNS number material, provided the requirements of
para. 129.3.4.5 are met.

129.3.4.4 Heat treatment, in accordance with
Table 129.3.4.1, shall not be required if the finishing

95

12935 For ASTM A335 P36 and ASTM A182 F36,
after either cold bending to strains in excess of 5% or
any hot bending of this material, the full length of the
component shall be heat treated in accordance with the
requirements specified in the material specification.

129.3.6  Postbending or postforming heat treat-
ment of other materials is neither required nor prohib-
ited. If a postbending or postforming heat treatment is
to be performed, the designer shall fully describe the
procedure to be used.

(16)

(16)
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Table 129.3.4.1

Post Cold-Forming Strain Limits and Heat-lIreatment Requirements
Minimum Heat-
Limitati in Hieh Treatment
Limitations in Lower Temperature Range 'II':;;;:’;[S”:] Ra:ﬁg:r Temperature When
A Design Tempdrature
For Design Temperature For Design And and Formingktrain
) But Less Than And Forming Tempera.ture Forming Limits Are Exdeeded
UNS Exceeding or Equal to Strains Exceeding Strains [Notes (1) and (2)]
Grade Number °F °C °F °C Exceeding °F °C Exceeding °F °C
304 $30400 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
304H $30409 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
304N $30451 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040
309S $30908 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
310H $31009 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
310S $31008 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
316 $31600 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
316H $31609 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
316N $31651 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040
321 $32100 1,000 540 1,250 675 15% [Note\(3)] 1,250 675 10% 1,900 1040
321H $32109 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 2,000 1095
347 $34700 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
347H $34709 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
348 $34800 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
348H $34809 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
600 06600 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
617 06617 1,200 650 1,400 760 15% 1,400 760 10% 2,100 1150
690 06690 1,075 580 15200 650 20% 1,200 650 10% 1,900 1040
800 08800 1,100 595 1,250 675 15% 1,250 675 10% 1,800 980
800H 08810 1,100 595 1,250 675 15% 1,250 675 10% 2,050 1120
30815 1,075 580 1,250 675 15% 1,250 675 10% 1,920 1050
06022 1,075 580 1,250 675 15% 2,050 1120
GENERAL NPTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed from plate, and pipe and
tube bends| When the forming strains cannot be calculated as shown in para. 129.3.4.1, the forming strain limits shall be half those talulated
in this Tablp (see para~129.3.4.2).
NOTES:
(1) Rate of|coolihig from heat-treatment temperature not subject to specific control limits.
(2) While mpinimum heat-treatment temperatures are specified, it is recommended that the heat-treatment temperature range be limited to

150°F (85°C) above that minimum and 250°F (140°C) for 347, 347H, 348, and 348H.
(3) For simple bends of tubes or pipes whose outside diameter is less than 3.5 in. (89 mm), this limit is 20%.
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130 REQUIREMENTS FOR FABRICATING AND
ATTACHING PIPE SUPPORTS

130.1 Pipe Supports

Standard pipe hangers and supports shall be fabri-
cated in accordance with the requirements of MSS SP-58.
Welders, welding operators, and WPSs shall be qualified
in accordance with the requirements of the ASME Boiler
and Pressure Vessel Code, Section IX.

131.4 Preheat Temperature

131.4.1 The minimum preheat temperature shall
be as stated in Table 131.4.1.

131.4.2 Higher minimum preheat temperatures
may be required by the WPS or by the Designer.

131.6 Interruption of Welding

131.6.1  After welding commences, the minimum

130.

Spé¢cial hangers, supports, anchors, and guides, not
defirfed as standard types of hanger components in
MSS|SP-58, shall be welded in accordance with the
requirements of para. 127 (para. 132 is not applicable
except as required by the weld procedure used) and
insppcted in accordance with the requirements of
para|136.4.2.

P Alternate Pipe Supports

130.

Welds attaching hangers, supports, guides, and
anchlors to the piping system shall conform to the
requijrements of Chapters V and VI of this Code.

B Pipe Support Welds

131
131.

Th¢ preheat requirements listed herein are mandatory
minimum values.

Th¢ base metal temperature for the parts to be welded
shall[be at or above the minimum temperature-specified
in Table 131.4.1 in all directions from the pointof welding
for a dlistance of the larger of 3 in. (75 mm), or1.5 times the
greater nominal thickness (as defined\in para. 132.4.3).

Th¢ base metal temperature fortack welds shall be
at or|above the specified minimium temperature for a
distahce not less than 1 in. (25°mm) in all directions
from(the point of welding!

WELDING PREHEAT

Il Minimum Preheat Requirements

131.2 Different P-Number Materials

WHen welding twordifferent P-Number materials, the
minimum preheat temperature required shall be the
high¢r temperature for the material to be welded as
shown in-Table 131.4.1.

131.8_Preheat Temperature Verification

preheat temperature shall be maintained pntil any
required PWHT is performed on P-Nos. 354, bA, 5B, 6,
and 15E, except when all of the folloying dqonditions
are satisfied:

(A) A minimum of at least % lin.- (10 mm)
of weld is deposited or 25%-ef the welding [groove is
filled, whichever is less (the weldment shall be suffi-
ciently supported to prevent overstressing the weld if
the weldment is to be meved or otherwise loaded). Cau-
tion is advised that thé'surface condition prior fo cooling
should be smoothyand free of sharp discontinuities.

(B) For P-Nes. 3, 4, and 5A materials (with a chro-
mium content of 3.0% maximum), the weld i allowed
to cool slowly to room temperature.

(C)For P-No. 5B (with a chromium contenht greater
than, 3.0%), P-No. 6, and P-No. 15E materials| the weld
i§ subjected to an adequate intermediate heat ffreatment
with a controlled rate of cooling. The preheat|tempera-
ture may be reduced to 200°F (95°C) (minijnum) for
the purpose of root examination without perfgrming an
intermediate heat treatment.

(D) After cooling and before welding is fesumed,
visual examination of the weld shall be performed to
assure that no cracks have formed.

(E) Required preheat shall be applied beforg welding

is resumed.

131.6.2 Intermediate heat treatment for|P-No. 5B
or 15E materials may be omitted entirely when using
low-hydrogen electrodes and filler metals clapsified by
the filler metal specification with an optiongl supple-
mental diffusible-hydrogen designator of H4{ or lower
and suitably controlled by maintenance prodedures to
avoid contamination by hydrogen-producing sources.
The surface of the base metal prepared for welfling shall
be free of contaminants.

thickness

(A) The preheat temperature shall be checked by use
of temperature-indicating crayons, thermocouple
pyrometers, or other suitable methods to ensure that
the required preheat temperature is obtained prior to,
and uniformly maintained during, the welding
operation.

(B) Thermocouples may be temporarily attached
directly to pressure-containing parts using the low-
energy capacitor discharge method of welding in accor-
dance with the requirements of para. 127.4.9(A).
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132 POSTWELD HEAT TREATMENT
132.1 Minimum PWHT Requirements

132.1.1 Before applying the detailed requirements
and exemptions in these paragraphs, satisfactory qualifi-
cation of the WPS to be used shall be performed in
accordance with the essential variables of the ASME
Boiler and Pressure Vessel Code, Section IX including
the conditions of postweld heat treatment or lack of
postweld heat treatment and including other restrictions

(16)
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Table 131.4.1 Preheat Temperatures

Greater Material

Base Metal Base Metal Thickness Required Minimum Temperature
P-No. [Note (1)] Group in. mm Additional Limits °F °C
1 Carbon steel <1 <25 %C > 0.30 [Note (2)] 50 10
>1 >25 %C < 0.30 [Note (2)] 50 10
>1 >25 %C > 0.30 [Note (2)] 200 95
3 Alloy steel <% <13 SMTS < 65 ksi (450 MPa) 50 10
Cr< %% SA >13 SMTS < 65 ksi (450 MPa) 200 95
All All SMTS > 65 ksi (450 MPa) 200 95
4 Alloy steel All All None 250 130
Yo% < Cr < 2%
5A Alloy steel All All SMTS < 60 ksi (414 MPa) 300 1490
SMTS > 60 ksi (414 MPa) 400 270
5B Alloy steel All All SMTS < 60 ksi (414 MPa) 300 190
All All SMTS > 60 ksi (414 MPa) 400 2Q0
>, >13 %Cr > 6.0 [Note (2)] 400 240
6 Martensitic All All None 400 20
stainless steel [Note (3)] [Notp (3)]
9A Nickel alloy steel All All None 250 170
9B Nickel alloy steel All All None 300 140
101 27Cr steel All All Nonhe 300 140
[Note (4)] [Notp (4)]
15E 9Cr-1Mo-V CSEF All All None 400 270
steel
All other materials None 50 10
GENERAL NPTE: SMTS = specified minimum tensile. strength.
NOTES:
(1) P-Nos. pnd Group nos. from ASME BPV Code, Section IX, QW/QB-422.
(2) Composition may be based on ladle(or product analysis or per specification limits.
(3) Maximym interpass temperature 600°F (315°C).
(4) Maintain interpass temperaturé.bétween 300°F and 450°F (150°C and 230°C).
listed bplow. Exeept as otherwise provided in 132.1.2 Pressure part welds and attachment yvelds
paras. 12/.4.9, 182.2, and 132.3, all welds in materials using ferritic filler metals that have a specified [chro-
included |in the'P-Numbers listed in Table 132 shall be ~ mium content of more than 3% shall receive a posfweld
given a ppstweld heat treatment within the temperature ~ heat treatment. The postweld heat treatment tim¢ and
range specified I Tabte 132—The Tange specifiedim temperature range used statl be that showrim Table 132

Table 132 may be modified by Table 132.1 for the lower
limit and para. 132.2 for the upper limit.) The materials
in Table 132 are listed in accordance with the material
P-Numbers and Group numbers of ASME BPVC,
Section IX, Table QW /QB-422. (Note that the P-Nos.
are also listed in Mandatory Appendix A.) Welds of
materials not included in Table 132 shall be heat treated
in accordance with the WPS. Austenitizing PWHTs may
be performed but are required to be addressed within
the qualified WPS.

for a base metal of similar composition.

132.1.3 For ASTM A335 P36 and ASTM A182
F36, postweld heat treatment is mandatory under all
conditions. Postweld heat treatment shall be in accor-
dance with Table 132.1.3.

132.2 Mandatory PWHT Requirements

Heat treatment may be accomplished by a suitable
heating method that will provide the desired heating
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Table 132 Postweld Heat Treatment

P-No. and Group No.
(ASME BPV Code,
Section IX,
QW/QB-420)

Holding Temperature Range,

°F (°C) [Note (1)]

Minimum Holdi

ng Time at Temperature for Control
Thickness [Note (2)]

<2 in. (50 mm)

>2 in. (50 mm)

P-No. 1, Groups 1-3
P-No. 3, Groups 1 and 2
P-No. 4, Groups 1 and 2
P-No. 5A, Group 1

P-Ng 5B, Group I

P-Nd. 6, Groups 1-3
P-Ng. 7, Groups 1 and 2

1,100 to 1,200 (595 to 650)
1,100 to 1,200 (595 to 650)
1,200 to 1,300 (650 to 705)
1,250 to 1,400 (675 to 760)

1 hr/in. (25 mm),
15 min minimum

2 hr plus 15 min for each
additional inch (25 mm)
over 2 in. (50 mm)

[Ngte (3)]

P-Ng. 8, Groups 1-4

P-Ng. 9A, Group 1
P-Na. 9B, Group 1
P-Ng. 10H, Group 1

P-Ng. 10l, Group 1

[Ngte (3)]

P-Nd. 15E, Group 1

[Nqgte (5)]

All other materials

T,250 10 1,400 (675 10 760)
1,400 to 1,475 (760 to 800)
1,350 to 1,425 (730 to 775)

PWHT not required unless
required by WPS

1,100 to 1,200 (595 to 650)

1,100 to 1,175 (595 to 630)

PWHT not required unless

required by WPS. If done, see

Note (4).
1,350 to 1,500 (730 to 815)

1,350 to 1,425 (730 to 775)
[Notes (6), (7)]

PWHT as required by WPS

1 hr/in. (25 mm),
30 min minimum

Per WPS

1 hr/in. (25 mm) up to
5in. (125 mm) plus
15 min for epch addi-
tional inch (25 mm)
over 5 in. (15 mm)

Per WPS

GENERAL NOTE:
NOTES:

@
@
©)

)

)
O

@

The exemptions for mandatory PWHT are defined(ih Table 132.2.

THe holding temperature range is further defined in paras..132.1.1 and 132.2.
THe control thickness is defined in para. 132.4.1.

sUfficiently rapid to prevent embrittlement.

(1B mm).

Cqoling rate shall not be greater than 100°F (55°C).pér hour in the range above 1,200°F (650°C), after which the cooling ratle shall be

If PWHT is performed after bending, forming, ar welding, it shall be within the following temperature ranges for the specific plloy, fol-
loyed by rapid cooling:

Alloys $31803 and S32205 — 1,8709F to 2,010°F (1 020°C to 1 100°C)
Alloy S32550 — 1,900°F to 2,050 (1 040°C to 1 120°C)
Alloy S32750 — 1,880°F to 2,060°F (1 025°C to 1 125°C)
All others — 1,800°F to 1,900°F (980°C to 1 040°C)

Sde para. 125.1.2(C) for Hardness requirements for ASTM A217 Grade C12A castings after PWHT.

THe minimum PWHT heldihg temperature may be 1,325°F (720°C) for nominal material thicknesses (see para. 132.4.3) <Y,

3

THe Ni+Mn conteht of the filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum tgmperature

to|be reached“duting PWHT shall be the A; (lower transformation or lower critical temperature) of the filler metal, as determ{ned by
aralysis and«calculation or by test, but not exceeding 1,470°F (800°C). If the 1,470°F (800°C) was not exceeded but the A; pof the filler
mptal was exceeded or if the composition of the filler metal is unknown, the weld must be removed and replaced. It shall then be
reivelded/with compliant filler metal and subjected to a compliant PWHT. If the 1,470°F (800°C) limit was exceeded, the weld and the
ertirel area affected by the PWHT will be removed and, if reused, shall be renormalized and tempered prior to reinstallation.|
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Table 132.1 Alternate Postweld Heat Treatment
Requirements for Carbon and Low Alloy Steels,

P-Nos. 1 and 3

Decrease in Specified
Minimum Temperature,

Minimum Holding Time at
Decreased Temperature,

°F (°C) hr [Note (1)]
50 (30) 2
100 (55) 4
150 (85) [Note (2)] 10
200 (110) [Note (2)] 20

NOTES:

(25 mm) (see para. 132.4).

materials.

Table 132.1.3 Postweld Heat
Treatment of P36/F36

Holding
Teperature,
DF (Oc)

Class Holding Time

1 1,200-1,200
595-650)

2 in. (50 mm) and less thickness: 1 hr/in.
(25 mm), 15 min minimum

Over 2 in. (50 mm): add 15 min for each
additional 1 in. (25 mm) of thickness

2 1,d00-1,150 1 hr/in. (25 mm), % hr minimum

540-620)

and coolihg rates, the required metal témperature, tem-
perature uniformity, and temperatute control.

(A) The upper limit of the PWHT temperature range
in Table|132 is a recommended value that may be
exceeded provided the actual temperature does not
exceed the lower criticaltemiperature of either material
(see Tabl¢ 129.3.1).

(B) WHen parts of-two different P-Numbers are joined
by weldihg, theypOstweld heat treatment shall be that
specified |for the*material requiring the higher PWHT
temperatjire; When a nonpressure part is welded to a

(1) Times shown apply to thicknesses <1 in. (25 mm). Add
15 min/in. (25 mm) of thickness for control thicknesses >1 in.

(2) A decrease >100°F (55°C) below the minimum specified tem-
perature is allowable only for P-No. 1, Groups 1 and 2

132.3 Exemptions to_Mandatory PWHT Requirements

132.3.1 Postweld heat treatment is not required for
the following‘eonditions unless required by the qualified
WPS or the designer:

(A) welds in nonferrous materials

(B)rwelds exempted in Table 132 or Table 132.7

(C)-welds subject to temperatures above the Jower
ctitical temperature (see Table 129.3.1) during fabrica-
tion provided the WPS has been qualified with PWHT
(see para. 132.1) at the temperature range to be regched
during fabrication

132.3.2 The postweld heat treatment exemptions
of Table 132.2 may be based on the actual chemical{com-
position as determined by a ladle or product anglysis
in accordance with the material specification in ljeu of
the specified or maximum specified chemical conjposi-
tion limits.

132.3.3 Thermocouples may be temporarily
attached directly to pressure-containing parts usir|g the
capacitor discharge method of welding in accordlance
with the requirements of para. 127.4.9(A).

132.4 Definition of Thicknesses Governing PWH[

132.4.1 The term control thicknesses as used in

Table 132, Table 132.2, and Notes is the lesser thickness
of (A) or (B) as follows:

pressure part arcPWHT s chuhcd for—erther part;
the maximum PWHT temperature shall not exceed the
maximum temperature acceptable for the pressure
retaining part.

(C) Caution is necessary to preclude metallurgical
damage to some materials or welds not intended or
qualified to withstand the PWHT temperatures
required. The use of material transition joint designs
may be required.

(D) The designer may require PWHT even if not man-
datory per Table 132 or Table 132.2.

100

(A) the thickness of the weld

(B) the thicker of the materials being joined at the
weld or the thickness of the pressure-containing material
if the weld is attaching a nonpressure-containing mate-
rial to a pressure-containing material

132.4.2 Thickness of the weld, which is a factor in
determining the control thickness, is defined as follows:

(A) groove welds (girth and longitudinal) — the
thicker of the two abutting ends after weld preparation,
including I.D. machining

(16)
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Table 132.2 Exemptions to Mandatory Postweld Heat Treatment

P-No. and Group No.
(ASME BPV Code,

Section IX, QW/QB-420)

[Note (1)]

Control Thickness, in. (mm)
[Note (2)]

Type of Weld

Additional Limitations

Required for Exempti
From PWHT
[Notes (3)-(5)]

on

P-No. 1, all Groups

P-No.

P-No.

All

All

A preheat of 200°F (95°C) is applied
prior to welding on any nominal mate-
rial thickness >1 in. (25 mm)

Multiple layer welds are used

B, Groups 1 and 2

i, Group 1

<4 in. (16 mm)

< in. (16 mm)

<% in. (16 mm), except the
thickness of a socket weld
fitting or flange need not
be considered

<4 in. (16 mm)

All

Groove

Socket and fillet welds

Seal welds and non-load-

carrying attachments
[Note (7)]

mominar materiat thicknes
(5 mm)
See Note (6)

when the
>¥6 in.

A preheat of 200°F (95°C) is fapplied
prior to welding 'on any nominal mate-

rial thickriess*>"% in. (16 n

m)

Specified cafbon content of the base

materials <0.25%
Multiple layer welds are used

nominal material thicknesg

(5 mm)
See Note (6)

The mandatory preheat has 4
applied

when the
>¥6 in.

een

Specified carbon content of the base

materials <0.15%
Multiple layer welds are used
nominal material thicknesg
(5 mm)
See Note (6)
The mandatory preheat has 4
applied
The throat thickness of the fi
the socket weld is <% in.

when the
>3 in.
een

let weld or
13 mm)

Specified carbon content of the pipe

material <0.15%

Nominal material thickness of the pipe

<% in. (16 mm)
Multiple layer welds are used
nominal material thicknesg
(5 mm)
See Note (6)
The mandatory preheat has 4
applied
Multiple layer welds are used
nominal material thicknesg
(5 mm)
See Note (6)

101

when the
>3 in.
een
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Table 132.2 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

P-No. and Group No. Additional Limitations
(ASME BPV Code, Required for Exemption
Section IX, QW/QB-420) Control Thickness, in. (mm) From PWHT
[Note (1)] [Note (2)] Type of Weld [Notes (3)-(5)]
P-No. 5A, Group 1 <% in. (16 mm) Groove The mandatory preheat has been
applied

Specified carbon content of the base
materials <0.15%

MUTIpte tayer werds are used wien the
nominal material thickness, 33 in.
(5 mm)
See Note (6)
<% in. (16 mm), except the Socket and fillet welds The mandatory preheat.has been
thickness of a socket weld applied
fitting or flange need not The throat thickness of the fillet weld or
be considered the socket weld is <% in. (13 njm)
Specified,carbon content of the pipe
matetial £0.15%
The_nominal thickness of the pipe|is
<in. (16 mm)
Multiple layer welds are used when the
nominal material thickness >3 in.
(5 mm)
See Note (6)
<% in. (16 mm) Seal welds and non:load- The mandatory preheat has been
carrying attacliments applied
[Note (7)] Multiple layer welds are used when the
nominal material thickness >%{ in.
(5 mm)
See Note (6)
P-No. 5B, Qroup 1 No exemptions to PWHT
P-No. 6, Grpups 1-3 All All Specified carbon content of the b3se
materials <0.08%
Nominal material thickness <34 in
(10 mm)
The weld filler metal is A-No. 8, ANo. 9,
or F-No. 43 composition
See Note (8)
P-No. 7, Grpup 1 All All Specified carbon content of the bgse
materials <0.08%
Nominal material thickness <’ in
(10 mm)
The weld filler metal is A-No. 8, A{No. 9,
or F-No. 43 composition
See Note (8)
P-No. 7, Grpup 2 No exemptions to PWHT
P-No. 8, all{Gréups All All PWHT neither required nor prohibifed
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Table 132.2 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

P-No. and Group No. Additional Limitations
(ASME BPV Code, Required for Exemption
Section IX, QW/QB-420) Control Thickness, in. (mm) From PWHT
[Note (1)] [Note (2)] Type of Weld [Notes (3)-(5)]
P-No. 9A, Group 1 All All Specified carbon content of the pipe

material <0.15%
Nominal material thickness <%, in.
(13 mm)
The mandatory preheat has-Heen
applied

P-No. PB, Group 1 All All Nominal material thickness </ in.
(16 mm) and the WPS has|been quali-
fied using,a‘material of eqpal or
greaterthickness than used in the pro-
duction‘weld

P-No. LOH, Group 1 All All PWHT neither required nor prohibited

P-No. [L0l, Group 1 All All PWHT neither required nor prohibited
for nominal material thickness < in.
(13 mm)

P-No. [L5E No exemptions to PWHT

NOTEY:

(1) If differences with the P-No. listed in Mandatory Appendix A are found, the R-No. listed in ASME BPV Code, Section IX,
Taple QW/QB-422 applies.

(2) THe control thickness is defined in para. 132.4.1.

(3) THe nominal material thickness is defined in para. 132.4.3.

(4) N¢ exemptions are permitted for PWHTs required by the designer or the WPS.

(5) Additional exemptions for welds made in accordance with para: 127.4.9 may be taken for the materials addressed.

(6) Sipgle layer or single pass welds may be exempted from (PWHT, provided the WPS has been qualified using single pass weldls with
+10% heat input and that all other conditions for exemption are met.

(7) Ngn-load-carrying attachments are defined as itetns\where no pressure loads or significant mechanical loads are transmitted through
the attachment to the pipe or pressure-containingy material.

(8) THe A-Nos. and F-Nos. are found in ASME BPV Code, Section IX, Tables QW-442 and QW-432, respectively.

(B) fillet welds — the throat thickness of the weld Detail (d)
(C) partial penetration welds —the depth of the weld
grooye weld thickness = t,;, + £, + t.
(D) material repair wélds — the depth of the cavity
to be| repaired Detail (e)
(E) branch welds$—the weld thickness is the dimen-
sion pxisting in ‘the/plane intersecting the longitudinal weld thickness = t,, + £,
axes pnd is caleulated as indicated for each detail using

f-=the smaller of % in. (6 mm) or 0.7t,, (E.2) for welds described in Fig. 127.4.8(E):

1) £ 1ded Taad— E; 127 4 Q(I\
(L7 TULVVOIUS Utournivcu 1t 1 16. LTa7 .T-U\Ula Wela tnlCKI‘leSS = I‘nb —+ tC
Detail (a)
(E.3) for welds described in Fig. 127.4.8(F) and
weld thickness = t,;, + t, Fig. 127.4.8(G):
Detail (b) weld thickness = depth of groove weld
weld thickness = £, + f, + throat thickness of cover fillet
Detail (c) 132.4.3  The term nominal material thickness as used
in Table 132.2 is the thicker of the pressure-retaining
weld thickness = greater of t,, + fc or t,y + f. materials being joined at the weld.
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132.5 PWHT Heating and Cooling Requirements

Above 600°F (315°C), the rate of heating and cooling
shall not exceed 600°F/hr (315°C/h) divided by one-
half the maximum thickness of material in inches at
the weld, but in no case shall the rate exceed 600°F/hr
(315°C/h). (See Table 132 for cooling rate requirements
for P-Nos. 7 and 10I materials.)

132.6 Fu

(A) H¢
when pr3
or the ad
or more
involved,
heating 4
heating i

(B) An|
more tha
least a 1
and the
shielded
This met
treatment

(C) Dif
prohibite

(D) Th
PWHT ¢4
ture rang

132.7 Lg

PWHT
ferential
weld locq
width of
range shg
the weld
and attad

rnace Heating

133 STAMPING

Stamping, if used, shall be performed by a method
that will not result in sharp discontinuities. In no case
shall stamping infringe on the minimum wall thickness
or result in dimpling or denting of the material being
stamped.

CAUTIONARY NOTE: Detrimental effects can result from
stamping of material that will be in operation under long-term

ating an assembly in a furnace should be used
ctical; however, the size or shape of the unit
verse effect of a desired heat treatment on one
components where dissimilar materials are
may dictate alternative procedures such as
section before assembly, or by applying local
n accordance with para. 132.7.

assembly may be postweld heat treated in
n one heat in a furnace provided there is at
ft (300 mm) overlap of the heated sections
ortion of the assembly outside the furnace is
o that the temperature gradient is not harmful.
hod may not be used for austenitizing heat
s of ferritic materials.

ect impingement of flame on the assembly is
.
e furnace shall be calibrated such that the
n be controlled within the required tempera-
e.

cal Heating

may be performed locally by heating'a dircum-
band around the entire component: with the
ted in the approximate center,ofthe band. The
the band heated to the specified temperature
1l be at least three timeg the wall thickness at
of the thickest part being joined. For nozzle
hment weld, the width of the band heated to

the speciffied temperature fange shall extend beyond the

nozzle wyq
times the
around t
thermoco
in AWS 1

1d or attachmetit weld on each side at least two
run pipe thickness and shall extend completely
he run pipe. Guidance for the placement of
upleston circumferential butt welds is provided
D10,10, Sections 5, 6, and 8. Special consider-

aYa¥ie a - a Nnocouble

ation sha

when heating welds adjacent to large heat sinks such

as valves or fittings, or when joining parts of different
thicknesses. No part of the materials subjected to the
heat source shall exceed the lower critical temperature
of the material. Particular care must be exercised when
the applicable PWHT temperature is close to the materi-
al’s lower critical temperature, such as for P-No. 15E
materials or when materials of different P-Nos. are being
joined. This method may not be used for austenitizing
heat treatments.
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creep or creep fatigue conditions
T T 5

135 ASSEMBLY
135.1 General

The assembly of the various piping compon
whether done in a shop or as field erection, sh
done so that the completelyt€rected piping conf
with the requirements of the\engineering design.

135.2 Alignment

135.2.1 Equipment Connections. When m{

ents,
1l be

orms

king

connections toequipment, such as pumps or turbines or

other piping.components that are sensitive to extes
induced deading, forcing the piping into alignm
prohibited if this action introduces end reaction
exceed ‘those permitted by design.

135.2.2 Cold Springs. Before assembling joil
piping to be cold sprung, an examination shall be
of guides, supports, and anchors for obstruction:
might interfere with the desired movement or res
undesired movement. The gap or overlap of piping|
to assembly shall be checked against the design sp
cations and corrected if necessary.

135.3 Bolted Flanged Connections

135.3.1 Fit Up. All flanged joints shall be fitt
so that the gasket contact surfaces bear uniform
the gasket and then shall be made up with rela
uniform bolt stress.

135.3.2 Gasket Compression. When bolting
keted flange joints, the gasket shall be properly
pressed in accordance with the design princ
applicable to the type of gasket being used.

mally
bnt is
that

ts in
made
b that
ult in
prior
ecifi-

bd up
ly on
ively

gas-
com-
iples

O

flanged

BS s—Castirorto steel
joints in accordance with para 108.3 shall be

assembled with care to prevent damage to the cast iron
flange.

135.3.4 Bolt Engagement. All bolts shall be
engaged so that there is visible evidence of complete
threading through the nut or threaded attachment.

135.3.5 Nonmetallic Lined Joints. When assembling
nonmetallic lined joints, such as plastic lined steel pipe,
consideration should be given to maintaining electrical
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Fig. 135.5.3 Typical Threaded Joints Using Straight Threads

cont

nuity between flanged pipe sections where

required.

135.

Cag
joint
thern
at th

135.
11
lubri
the s
pipin
1
that

para,
comy

i Packed Joints and Caulked Joints

e shall be used to ensure adequate engagement of
members. Where packed joints are used to absorb
hal expansion, proper clearance shall be provided
e bottom of the sockets to permit movement.

b Threaded Piping

35.5.1 Thread Compound. Any compound or

rant used in threaded joints shall be stitable for
brvice conditions, and shall be compatible with the
g material and the service fluid:

B5.5.2 Joints for Seal Welding. Threaded joints
hre intended to be seal welded in accordance with
127.4.5 should be made up without any thread
ound.

o—T—(Y P
NEERY N
! Gasket or ! |
% O-ring
NN |
Gasket or
O-ring
3/\:/«;
(a) (b) (c)

GENERAL NOTE: Threads are ASME B1.1 straight threagds:

135.5.3 Joints Using Straight Threads. Sq
using straight{threads, with sealing at a surf
than thredds/ are shown in Fig. 135.5.3. Car
used teravoid distorting the seal when incg
suchfjoints into piping assemblies by welding o

135.5.4 Backing Off. Backing off threade
allow for alignment is prohibited.

135.6 Tubing Joints

135.6.1 Flared. The sealing surface shall
injurious defects before installation.

135.6.2 Flareless and Compression.
compression joints shall be assembled in adg
with manufacturer’s recommendations.

135.7 Ductile Iron Bell End Piping

Assembly of ductile iron pipe, using ANS
C111/A21.11 mechanical or push-on joints, shg
with AWWA C600.

me joints
ace other
b shall be
rporating
r brazing.

1 joints to

be free of

Flateless and

cordance

[/ AWWA
1l comply
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Chapter VI
Inspection, Examination, and Testing

136 INSPECTION AND EXAMINATION (B) The Owner’s Inspector shall meet one of the fol-
L lowing requirements:
136.1 Inspection (B.1) have at least 10 yr of experience in.the d¢sign,

manufacture, erection, fabrication, inspection;or exami-
136.1]1 General. Inspection is the responsibility of  nation of piping systems. Each year of satisfactorily|com-
the owner and may be performed by employees of the  pleted work toward an accredited.engineering or
owner or] a party authorized by the owner, except for  engineering technology degree-shall be considered
the inspeftions required by para. 136.2. equivalent to 1 yr of experienge, up to 5 yr total.
(B.2) have a professional engineering registfjation

or nationally recognized equivalent with a minimyim of
5 yr of experience in the deSign, manufacturing, ereftion,

136.1]2 Verification of Compliance. Prior to initial
operatior], a piping installation shall be inspected to
ensure that the piping has been constructed in accor-  faprication, inspection, or examination of piping
dance with the design, material, fabrication, assembly, systems.
examinatjon, and testing requirements of this Code. (B.3) be a-certified Welding Inspector or a Senior

(A) For boiler external piping (BEP), the Authorized  Certified Welding Inspector as defined in AWS Q(1, or
Inspectof shall verify, in accordance with PG-90 of  a nationally,recognized equivalent, with a minimdim of
Section I pf the Boiler and Pressure Vessel Code, compli- 5 yr of experience in the design, manufacturing, ereftion,
ance with the requirements of this Code when a Code  fabriCation, inspection, or examination of piping
stamp fof BEP is to be applied. The quality control sys-  systems.
tem requirements of Nonmandatory Appendix A, A-301 (B.4) be an Authorized Piping Inspector as defined
and A-30D, of Section I of the ASME Boiler and Pressure in API 570, Piping Inspection Code: In-Service Inspec-
Vessel Cgde and Mandatory Appendix J of this Code”  tion, Rating, Repair, and Alteration of Piping Systems,
shall apply. with a minimum of 5 yr of experience in the d¢sign,

(B) Fof nonboiler external piping (NBEP), the owner manufacturing, erection, fabrication, inspectidn, or
shall ensyre that the design and construction documents ~ examination of piping systems.
and the rpquirements of this Code have been complied (C) In delegating the performance of inspectionis, the
with in afcordance with the owner’s requirements. owner is responsible for determining that a perspn to
whom an inspection function is delegated is quallified

136.1.3 Rights of Inspectors. (Ipspectors shall have  to perform that function.
access to| any place where work concerned with the . . .
piping is|being performed. This includes manufacture, ~ 136.2 Inspection and Qualification of Authorized
fabricatign, heat treatment,"assembly, erection, examina- Inspector for Boiler External Piping
tion, and [testing of the piping. They shall have the right 136.2.1 Piping for which inspection and stan|
to audit any examination, to inspect the piping using s required as determined in accordance with para.
any apprppriate examination method required by the 100.1.2(A) shall be inspected during construction and

engineering design or this Code, and toreview all certifi-  after completion and at the option of the Authdrized
cations and,records necessary to satisfy the owner’s Inspector at such stages Of the work as he/she may
responsibiitty-as-state are- S o r hoappticable
. parts of Sectlon I of the ASME Boiler and Pressure Vessel

136.1.4 Qualifications of the Owner’s Inspector Code, PG-104 through PG-113. Each manufacturer, fabri-
(A) The Owner’s Inspector shall be designated to per-  cator, or assembler is required to arrange for the services

form inspections on behalf of the owner and shall be of Authorized Inspectors.
an employee of the owner, an engineering or scientific
organization, or a recognized insurance or inspection
company acting as the owner’s agent. The Owner’s
Inspector shall not represent nor be an employee of the
piping manufacturer, fabricator, or erector unless the 136.2.2  Certification by use of the ASME
owner is also the manufacturer, fabricator, or erector. Certification Mark and Designators, and Data Reports,

136.2.1.1 The inspections required by this
Section shall be performed by an Inspector employed
by an ASME accredited Authorized Inspection Agency.
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where required, shall be as per PG-104, PG-105, PG-109,
PG-110, PG-111, and PG-112 of Section I of the ASME
Boiler and Pressure Vessel Code.

136.3 Examination

136.3.1 General. Examination denotes the func-
tions performed by the manufacturer, fabricator, erector,
or a party authorized by the owner that include nonde-
structive examinations (NDE), such as visual, radiogra-

welds to pressure retaining components are specified
in Table 136.4. For welds other than those covered by
Table 136.4, only visual examination is required. Welds
requiring nondestructive examination shall comply with
the applicable acceptance standards for indications as
specified in paras. 136.4.2 through 136.4.6. As a guide,
the detection capabilities for the examination method
are shown in Table 136.4.1. Welds not requiring examina-
tion (i.e., RT, UT, MT, or PT) by this Code or the engi-

phy, [altrasonic, eddy current, liquid penetrant, and
magmnetic particle methods. The degree of examination
and the acceptance standards beyond the requirements
of this Code shall be a matter of prior agreement between
the manufacturer, fabricator, or erector and the owner.

136.3.2 Qualification of NDE Personnel. Personnel
who perform nondestructive examination of welds shall
be qyalified and certified for each examination method
in adcordance with a program established by the
employer of the personnel being certified, which shall
be bdsed on the following minimum requirements:

(A) instruction in the fundamentals of the nonde-
strucfive examination method.

(B) on-the-job training to familiarize the NDE person-
nel With the appearance and interpretation of indica-
tions|of weld defects. The length of time for such training
shall|be sufficient to ensure adequate assimilation of the
knowledge required.

(C) an eye examination performed at least once each
year [to determine optical capability of NDE personriel
to pgrform the required examinations.

(D) upon completion of (A) and (B) above,the NDE
persqnnel shall be given an oral or writtenexamination
and performance examination by the employer to deter-
mine|if the NDE personnel are qualified to perform the
required examinations and interpfetation of results.

(E) certified NDE personnel whose work has not
included performance of a specific examination method
for a period of 1 yr or moreshall be recertified by success-
fully|completing the examination of (D) above and also
passing the visual examination of (C) above. Substantial
changes in procedutes or equipment shall require recer-
tificafion of the:NDE personnel.

As|an alterfative to the preceding program, the
requirements of the ASME Boiler and Pressure Vessel
Codg, Section V, Article 1 may be used for the qualifica-

AJALC (N1

Treering design sttt bejudgedacceptabte if they meet
the examination requirements of para. 136@:P and the
pressure test requirements specified in(para. [L137. NDE
for P-Nos. 3, 4, 5A, 5B, and 15E material welds shall be
performed after postweld heat treatment unless directed
otherwise by engineering design: Required| NDE for
welds in all other materials ‘may be performed before
or after postweld heat treatment.

136.4.2 Visual Examination. Visual examjnation as
defined in para. 100.2 shall be performed in a¢cordance
with the requirenients described in Section V,|Article 9,
of the ASME‘Boiler and Pressure Vessel Codle. Visual
examinatiens/may be conducted, as necessaty, during
the fabrication and erection of piping comppnents to
provide verification that the design and WP$ require-
ments’ are being met. In addition, visual examination
shall be performed to verify that all completed welds
in pipe and piping components comply with the accept-
ance standards specified in (A) below or with the limita-
tions on imperfections specified in the [material
specification under which the pipe or compgnent was
furnished.

(A) Acceptance Standards. The following indications
are unacceptable:

(A.1) cracks — external surface.
(A.2) undercut on the surface that is grdater than
Y%, in. (1.0 mm) deep, or encroaches on the minimum
required section thickness.
(A.3) undercut on the surface of longituglinal butt
welds.
(A.4) weld reinforcement greater than specified in
Table 127.4.2.
(A.5) lack of fusion on surface.
(A.6) incomplete penetration (applies oply when
inside surface is readily accessible).
(A.7) any other linear indications greater than %4 in.

tiOn Uf }\IDE PCL oUILLL lC}. PCLDUIL[[C} kiblﬂ}ifit:d tU AVVI U T
may be used for the visual examination of welds pro-
vided they meet the annual eye examination require-
ment of (C) above and the J1 visual acuity requirement
of Section V, Article 9.

136.4 Examination Methods of Welds

136.4.1 Nondestructive Examination. Nondestruc-
tive examinations shall be performed in accordance with
the requirements of this Chapter. The types and extent
of mandatory examinations for pressure welds and

107

(5.0 mm) long.

(A.8) surface porosity with rounded indications
having dimensions greater than %6 in. (5.0 mm) or four
or more rounded indications separated by % in.
(2.0 mm) or less edge to edge in any direction. Rounded
indications are indications that are circular or elliptical
with their length less than three times their width.

136.4.3 Magnetic Particle Examination. Whenever
required by this Chapter (see Table 136.4), magnetic
particle examination shall be performed in accordance

(16)
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Table 136.4.1 Weld Imperfections Indicated by Various Types of Examination

Magnetic Liquid
Imperfection Visual Particle Penetrant Radiography Ultrasonic
Crack — surface X [Note (1)] X [Note (1)] X [Note (1)] X X
Crack — internal - - - X X
Undercut — surface X [Note (1)] X [Note (1)] X [Note (1)] X
Weld reinforcement X [Note (1)] X
Porosity X [Notes (1), (2)] X [Notes (1), (2)] X [Notes (1), (2)] X -
Slag inclusion X [Note (2)] X [Nate (2)] X [Note (2)] X X
Lack df fusion X [Notes (1), (2)] X [Notes (1), (2)] X [Notes (1), (2)] X X
(on|surface)
Incomplete penetration X [Note (3)] X [Note (3)] X [Note (3)] X X

NOTES:

(1) Applies when the outside surface is accessible for examination and/or when the inside surface is readily aceessible.

(2) Discontinuities are detectable when they are open to the surface.
(3) Applies only when the inside surface is readily accessible.

with [the requirements of Section V, Article 7, of the
ASME Boiler and Pressure Vessel Code.
(A) Evaluation of Indications

[A.1) Mechanical discontinuities at the surface will
be ifjdicated by the retention of the examination
medfum. All indications are not necessarily defects;
howgver, certain metallurgical discontinuities and mag-
netic[permeability variations may produce similar indi-
catiqns that are not relevant to the detection of
unacfeptable discontinuities.
A.2) Any indication that is believed to be nonrele-
vant phall be reexamined to verify whether or net-actual
defeqts are present. Surface conditioning may precede
the regexamination. Nonrelevant indications‘that would
masl indications of defects are unacceptable.
[A.3) Relevant indications are those that result from
unacgeptable mechanical discontinuities. Linear indica-
tions|are those indications in(which the length is more
than |three times the width.)Rounded indications are
indicptions that are circular or elliptical with the length
less than three times the width.
[A.4) Anindijcation of a discontinuity may be larger
than |the discontinuity that causes it; however, the size
of thp indication and not the size of the discontinuity
is the¢ bagiSief acceptance or rejection.
(B) Acceptance Standards. Indications whose major
dimensions—are—greater—thanr—in—20 alb
considered relevant. The following relevant indications
are unacceptable:

(B.1) any cracks or linear indications

(B.2) rounded indications with dimensions greater
than % in. (5.0 mm)

(B.3) four or more rounded indications in a line
separated by % in. (2.0 mm) or less, edge to edge

(B.4) ten or more rounded indications in any 6 in.?
(3 870 mm?) of surface with the major dimension of this
area not to exceed 6 in. (150 mm) with the area taken in
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the most unfavorable location relative to the indications
being evaluatéd

136.4¢ Yiquid Penetrant Examination. Whenever
requiréd\by this Chapter (see Table 136.4), liquid pene-
trantexamination shall be performed in accordance with
théZrequirements of Section V, Article 6, of the ASME
Boiler and Pressure Vessel Code.
(A) Evaluation of Indications

(A.1) Mechanical discontinuities at the syrface will

be indicated by bleeding out of the penetrant;|however,
localized surface imperfections, such as may occur from
machining marks or surface conditions, may produce
similar indications that are nonrelevant to the|detection
of unacceptable discontinuities.
(A.2) Any indication that is believed to b¢ nonrele-
vant shall be regarded as a defect and shall bg reexam-
ined to verify whether or not actual defects are present.
Surface conditioning may precede the reexamination.
Nonrelevant indications and broad areas of pigmenta-
tion that would mask indications of defects are
unacceptable.
(A.3) Relevantindications are those that r¢sult from
mechanical discontinuities. Linear indications|are those
indications in which the length is more than three times
the width. Rounded indications are indications that are
i ipti i ree times

a Q
the width.
(A.4) Anindication of a discontinuity may be larger
than the discontinuity that causes it; however, the size
of the indication and not the size of the discontinuity
is the basis of acceptance or rejection.

(B) Acceptance Standards. Indications whose major
dimensions are greater than Y6 in. (2.0 mm) shall be
considered relevant. The following relevant indications
are unacceptable:

(B.1) any cracks or linear indications

(16)
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(B.2) rounded indications with dimensions greater
than %, in. (5.0 mm)

(B.3) four or more rounded indications in a line
separated by % in. (2.0 mm) or less edge to edge

(B.4) ten or more rounded indications in any 6 in.”
(3 870 mm?) of surface with the major dimension of this
area not to exceed 6 in. (150 mm) with the area taken in
the most unfavorable location relative to the indications
being evaluated

Where physical obstructions prevent the use of systems
capable of recording the UT data, manual UT may be
used with the approval of the owner.

(A.2) NDE personnel performing and evaluating
UT examinations shall be qualified and certified in
accordance with their employer’s written practice and
the requirements of para. 136.3.2 of this Code. Personnel,
procedures, and equipment used to collect and analyze
UT data shall have demonstrated their ability to perform

136.4.5 Radiography. When required by this
Chapter [see Table 136.4), radiographic examination
shall be performed in accordance with the requirements
of Section} V, Article 2, of the ASME Boiler and Pressure
Vessel Cade, except that the requirements of T-274 are to
be used as a guide but not for the rejection of radiographs
unless tHe geometrical unsharpness exceeds 0.07 in.
(2.0 mm)

(A)  Afceptance Standards. Welds that are shown by
radiography to have any of the following types of dis-
continuit]es are unacceptable:

(A.1)| any type of crack or zone of incomplete fusion
or penetrption
(A.2} any other elongated indication that has a
length grpater than
(A|2.1) % in. (6.0 mm) for t up to % in. (19.0 mm),
inclusive
(A
(57.0 mm
(A

2.2) Yt for t from % in. (19.0 mm) to 2% in.
, inclusive

2.3) %in. (19.0 mm) for t over 2% in. (57.0 mm)
where t if the thickness of the thinner portion of the weld

NOTE: t geferred to in (A.2.1), (A.2.2), and (A.2.3) above pertains
to the thickness of the weld being examined; if a weld joins two
members Having different thickness at the weld, t is the thinner
of these twjo thicknesses.

(A.3) any group of indications irr lirle that have an
aggregate length greater than t in a length of 12¢, except
where the distance between thesuccessive indications
exceeds 6L where L is the longestindication in the group

(A.4)| porosity in excess\0f that shown as acceptable
in Nonmpandatory Appefidix A, A-250 of Section I of
the ASME Boiler and ‘Pressure Vessel Code

(A.5)| root corieavity when there is an abrupt change
in density, as indicated on the radiograph

136.4.6 (Ultrasonic Examination. When required by

AT acceptable exarmmnation using test-biocks approved
by the owner.
(B) Acceptance Standards. Welds that aré shown by
ultrasonic examination to have discontinuitiés thaf pro-
duce an indication greater than 20%_of"the reference
level shall be investigated to the extent that ultrdsonic
examination personnel can determine their shape, liden-
tity, and location so that they mag evaluate each disgonti-
nuity for acceptance in aceordance with (B.1) and| (B.2)
below.
(B.1) Discontinuities'evaluated as being crackg, lack
of fusion, or incomplete penetration are unacceptable
regardless of lenigth.
(B.2) Other discontinuities are unacceptable fif the
indication exeeeds the reference level and their length
exceeds the following:
®.2.1) Y in. (6.0 mm) for ¢t up to % in. (19.0 jmm).
(B.2.2) %t for t from ¥ in. (19.0 mm) to 2% in.
(67.0 mm).
(B.2.3) %in. (19.0 mm) for t over 2% in. (57.0lmm)
where t is the thickness of the weld being examined. If
the weld joins two members having different thickrlesses
at the weld, t is the thinner of these two thicknesses.

137 PRESSURE TESTS
137.1 General Requirements

137.1.1 Subassemblies. When conducted in gccor-
dance with the requirements of this Code, the prgssure
testing of piping systems to ensure leak tightness|shall
be acceptable for the determination of any leaks in pip-
ing subassemblies.

137.1.2 Temperature of Test Medium. The tempera-
ture of the test medium shall be that of the avajilable
source unless otherwise specified by the owner. The test
pressure shall not be applied until the system and the

this Chapter—<see—Tabte—1364); uttrasomnicexammiretion
(UT) shall be performed in accordance with the require-
ments of Section V, Article 4, of the ASME Boiler and
Pressure Vessel Code and the additional requirements
below.

(A) The following criteria shall also be met when per-
forming ultrasonic examinations:

(A.1) The equipment used to perform the examina-
tion shall be capable of recording the UT data to facilitate
the analysis by a third party and for the repeatability
of subsequent examinations, should they be required.
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pressurizing medium are approximately at the same
temperature. When conducting pressure tests at low
metal temperatures, the possibility of brittle fracture
shall be considered.

137.1.3 Personnel Protection. Suitable precautions
in the event of piping system rupture shall be taken to
eliminate hazards to personnel in the proximity of lines
being tested.

137.1.4 Maximum Stress During Test. At no time
during the pressure test shall any part of the piping
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system be subjected to a stress greater than that permit-
ted by para. 102.3.3(B).

137.1.5 Testing Schedule. Pressure testing shall be
performed following the completion of postweld heat
treatment, required by para. 132, nondestructive exami-
nations required by Table 136.4, and all other fabrication,
assembly and erection activities required to provide the
system or portions thereof subjected to the pressure test
with pressure retaining capability.

137.3 Requirements for Specific Piping Systems

137.3.1 Boiler External Piping. Boiler external pip-
ing [see para. 100.1.2(A)] shall be hydrostatically tested
in accordance with PG-99 of Section I of the ASME Boiler
and Pressure Vessel Code. The test shall be conducted
in the presence of the Authorized Inspector.

137.3.2 Nonboiler External Piping. All nonboiler
external piping shall be hydrostatically tested in accor-

137.2 Preparation for Testing
137.2.1 Exposure of Joints. All joints including
weldp not previously pressure tested shall be left uninsu-

lated
priox|
subje
prov
the s
throy

and exposed for examination during the test. By
agreement the complete system or portions thereof
ct to test may be insulated prior to the test period
ded an extended holding time pressurization of
ystem is performed to check for possible leakage
gh the insulation barrier.

137.2.2 Addition of Temporary Supports. Piping
systems designed for vapor or gas shall be provided
with additional temporary supports if necessary to sup-
port fthe weight of the test liquid. Such supports shall
meet| the requirements for testing and system cleanup
procgdures described in para. 122.10.

137.2.3 Restraint or Isolation of Expansion Joints.

Expqnsion joints shall be provided with temporaty
restrhint if required for the additional pressuredoad
undefr test, or they shall be isolated during the(system

test.

137.2.4 lIsolation of Equipment andPiping Not
Subjected to Pressure Test. Equipment.that is not to be
subjécted to the pressure test shall be either disconnected
from(the system or isolated by ablank or similar means.
Valv¢s may be used for this plirpose provided that valve
closure is suitable for the proposed test pressure. Owner
shall[pe aware of the limitations of pressure and temper-
aturd for each valve)subject to test conditions and as
furthler described(in, para. 107.1(C). Isolated equipment
and piping must-be vented.

137.2.5 \Treatment of Flanged Joints Containing
Blan Flanged joints at which blanks are inserted to
blank off other equipment during the test need not be

specified
in accor-
5 open to
stream of

dcu LT VV ith t}ala- 137-4. AD dlt altc1uativ <, W }‘lcl
by the owner, the piping may be leak tested
dance with para. 137.5, 137.6, or 137.7ZLine
the atmosphere, such as vents or drains.dowr)
the last shutoff valve, need not be tested.

137.4 Hydrostatic Testing

137.4.1 Material. Whefypermitted by the Material
Specification, a systemthydrostatic test maly be per-
formed in lieu of the hydrostatic test required by the
material specifications for material used in the piping
subassembly or system provided the minimumn test pres-
sure required\for the piping system is met.

137.4.2. Provision of Air Vents at High Poinlts. Vents
shall e provided at all high points of the piping system
in the'position in which the test is to be conducted to
purge air pockets while the component or pystem is
filling. Venting during the filling of the systein may be
provided by the loosening of flanges having a minimum
of four bolts or by the use of equipment vens.

137.4.3 Test Medium. Water shall normally be used
as the test medium unless otherwise specified by the
owner. Test water shall be clean and shall be of such
quality as to minimize corrosion of the materjals in the
piping system. Further recommended precafitions on
the quality of test water used for hydrotesting pf austen-
itic (300 series) and ferritic (400 series) stainlesd steels are
contained in Nonmandatory Appendix IV, pafa. IV-3.4.

137.4.4 Check of Test Equipment Before| Applying
Pressure. The test equipment shall be examirfed before
pressure is applied to ensure that it is tightly cpnnected.
All low-pressure filling lines and all other jtems not
subject to the test pressure shall be disconnected or iso-
lated by valves or other suitable means.

137.4.5 Required Hydrostatic Test Pressyre. The

tested after removal of the blank provided the require-
ments of para. 137.7.1 are subsequently performed.

137.2.6 Precautions Against Test Medium
Expansion. If a pressure test is to be maintained for a
period of time during which the test medium in the
system is subject to thermal expansion, precautions shall
be taken to avoid excessive pressure. A pressure relief
device set at 1% times the test pressure is recommended
during the pressure test, provided the requirements of
paras. 137.1.4, 137.4.5, and 137.5.5 are not exceeded.

111

hydrostatictest pressure at any point i the piping sys-
tem shall not be less than 1.5 times the design pressure,
but shall not exceed the maximum allowable test pres-
sure of any nonisolated components, such as vessels,
pumps, or valves, nor shall it exceed the limits imposed
by para. 102.3.3(B). The pressure shall be continuously
maintained for a minimum time of 10 min and may then
be reduced to the design pressure and held for such
time as may be necessary to conduct the examinations
for leakage. Examinations for leakage shall be made of
all joints and connections. The piping system, exclusive
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of possible localized instances at pump or valve packing,
shall show no visual evidence of weeping or leaking.

137.5 Pneumatic Testing

137.5.1 General. Except for preliminary testing in
accordance with para. 137.5.4, pneumatic testing shall
not be used unless the owner specifies pneumatic testing
or permits its use as an alternative. It is recommended

137.6 Mass-Spectrometer and Halide Testing

137.6.1 When specified by the owner, systems
with conditions of operation and design that require
testing methods having a greater degree of sensitivity
than can be obtained by a hydrostatic or pneumatic
test shall be tested by a method, such as helium mass-
spectrometer test or halide test, which has the required
sensitivity.

that pney matie tbotiue be—used vnl] when-ene—of-the 13762 Whermra TITaSS-SPECtTOEteT OT tratiche test
following conditions exists: is performed, it shall be conducted in accordance| with
(A) when piping systems are so designed that they  the instructions of the manufacturer of the(test equip-
cannot b¢ filled with water ment. In all cases a calibrated reference leak,with & leak
(B) when piping systems are to be used in services rate not greater than the maximum permissible leakage
where trdces of the testing medium cannot be tolerated from the system, shall be used. The'equipment shhll be
calibrated against the reference léak in such a way that
137.5/2 Test Medium. The gas used as the test  the system leakage measured by the equipment chn be
medium shall be nonflammable and nontoxic. Since  determined to be not greatér'than the leak rate ¢f the
compressed gas may be hazardous when used as a test-  reference leak.
ing medifim, it is recommended that special precautions . . .
for proteftion of personnel be observed when a gas ~ 137.7 Initial Service Jesting
under pressure is used as the test medium. 137.7.1  When specified by the owner, an initial
137.5|3 Check of Test Equipment Before Applying service test and examinatiqn is acceptable wh(.en other
Pressure,| The test equipment shall be examined before PSS of fe> are not practical or when leak t.1gl" tness
. qp e is demonstrable due to the nature of the service| One
pressure Js applied to ensure that it is tightly connected. o
. . example’is piping where shut-off valves are not avajlable
All itemg not subjected to the test pressure shall be " v o 05 ). d where t 1
: X : g a line and where temporary closurgs are
disconnected or isolated by valves or other suitable iinpractical. Others may be systems where durinlg the
means. course of checking out of pumps, compressors, or pther
137.504 Preliminary Test. A preliminary pneumati¢) equipment, ample opportunity is afforded for examina-
test not fo exceed 25 psig [175 kPa (gage)] may-be tlon'for leak.age prior to full scale Operation. An. r.utlal
applied, prior to other methods of leak testirigyas a  Service test is not applicable to boiler external piping.
means of|locating major leaks. If used, the preliminary 137.7.2 When performing an initial service tegt, the
pneumatic test shall be performed in accordance with  piping system shall be gradually brought up to ngrmal
the requifements of paras. 137.5.2 and(137.5.3. operating pressure and continuously held for a mini-
] . mum time of 10 min. Examination for leakage shpll be
137.5(5 Required Pneumatic Test Pressure. The  \54c of all joints and connections. The piping system
pneumatic test pressure shall beyniot less than 1.2 nor  eycJusive of possible localized instances at pump or
more thap 1.5 times the design pressure of the piping  yalve packing shall show no visual evidence of weping
system. The test pressureshall not exceed the maximum leaking.
allowablq test pressure~0f any nonisolated component,
such as Vessels, pumps, or valves, in the system. The = 137.8 Retesting After Repair or Additions
pressure in the system shall gradually be increasedl to 137.8.1 Repairs may be made to the pressure|parts
not more|than. one-h.alf of the t-est pressure, aftel-‘ which (¢ boiler external piping after the hydrostati¢ test
the pressfire shdll be increased in steps of approximately  yoqyired by para. 137.3.1, provided the requiremets of
one-tenth-of the test pressure until the required te S T o SeeToT o TS Botoramd T ross e

pressure has been reached. The pressure shall be contin-
uously maintained for a minimum time of 10 min. It
shall then be reduced to the lesser of design pressure or
100 psig [700 kPa (gage)] and held for such time as may
be necessary to conduct the examination for leakage.
Examination for leakage detected by soap bubble or
equivalent method shall be made of all joints and connec-
tions. The piping system, exclusive of possible localized
instances at pump or valve packing, shall show no evi-
dence of leaking.

112

Vessel Code are met.

137.8.2 Nonpressure parts may be welded to the
pressure parts of boiler external piping after the hydro-
static test required by para. 137.3.1, provided the require-
ments of PW-54.3 of Section I of the ASME Boiler and
Pressure Vessel Code are met.

137.8.3 Ifrepairs or additions to nonboiler external
piping are made following a test, the affected piping
shall be retested in accordance with the provisions of
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para. 137.3.2. However, a system need not be retested
after seal welding or after attachments of lugs, brackets,
insulation supports, nameplates, or other nonpressure
retaining attachments provided

(A) the attachment fillet weld does not exceed % in.
(10.0 mm) thickness or, if a full penetration weld is used,
the material attached does not exceed the nominal thick-
ness of the pressure retaining member or % in. (12.0 mm),
whichever is less

(B) welds shall be preheated as required by para. 131

(C) welds shall be examined as required by
Table 136.4

(D) seal welds shall be examined for leakage after
system startup

137.8.4 All weld defect repairs shall be made in
accordance with para. 127.4.11.

113
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Chapter VII
Operation and Maintenance

138 GENERAL

(H) assessment of degradation mechanisms, includ-

Safety js the overriding concern in design, operation,
and mainfenance of power piping. Managing safe piping
service bggins with the initial project concept and contin-
ues throughout the service life of the piping system. The
Operating Company is responsible for the safe operation
and mairjtenance of its power piping.

The Codle does not prescribe a detailed set of operating
and maintenance procedures that will encompass all
cases. Eagh Operating Company shall develop operation
and mainfenance procedures for piping systems deemed
necessary to ensure safe facility operations based on the
provisions of this Code, relevant industry experience,
the Operpting Company’s experience and knowledge
of its facjlity, and conditions under which the piping
systems jare operated. The additional requirements
described in subsequent paragraphs apply to covered
piping systems (CPS). At the owner’s discretion, other
piping systems may be included.

139 ORERATION AND MAINTENANCE
PROCEDURES

For CPp, this shall be accomplished by, the issuance
of written operation and maintenance precedures. The
operatior] and maintenance procedures _established by
the Operating Company for ensuring-safe operation of
its CPS 1nay vary, but the follewing aspects shall be
covered:

(A) opgration of piping.system within design limits

(B) dofumentation gf/system operating hours and
modes of operation

(C) dofumentation of actual operating temperatures
and presgures

(D) dofumentation of significant system transients or
excursiohsincluding thermal hydraulic events (e.g

ing, but not limited to, creep, fatigue, graphitization,
corrosion, erosion, and flow accelerated corrosien (FAC)

(I) quality of flow medium (e.g., dissolyed oxygen,
pH)

(J) documentation of the condition\assessmen
para. 140)

(K) other required maintenance

(see

140 CONDITION ASSESSMENT OF CPS

A program shall be’ established to provide fqr the
assessment and{documentation of the condition pf all
CPS. The doctunéntation shall include a statemenf as to
any actions:hecessary for continued safe operatipn. A
conditionnassessment shall be performed at pegiodic
interyals’ as determined by an engineering evaluajtion.

Condition assessments shall be made of CPS based on
established industry practices. The condition assesgment
may range from a review of previous inspection finflings
and operating history since the previous inspecti¢n, to
a thorough nondestructive examination (NDE) andengi-
neering evaluation. The extent of the assessment per-
formed shall be established by the Operating Conjpany
or its designee with consideration of the age of the CPS,
the previous documented assessment, and anticipated
operating conditions.

The CPS condition assessment program shall influde
implementation of weld examination and hanger inspec-
tion methods necessary for evaluating the impact of
the applicable material degradation mechanism fgr the
identified piping system.

The condition assessment documentation, in a|form
established by the Operating Company, should cantain
(but not be limited to) as many of the following elements
as available:

(A) system name.

steam hammers, liquid slugging)

(E) documentation of modifications, repairs, and
replacements, including welding procedures used and
NDE results

(F) documentation of maintenance of pipe supports
for piping operating within the creep regime

(G) documentation of maintenance of piping system
elements such as vents, drains, relief valves, desuper-
heaters, and instrumentation necessary for safe
operation

114

(B) listing of original material specifications and their
editions.

(C) design diameters and wall thicknesses.

(D) design temperature and pressure.

(E) normal operating temperature and pressure.

(F) operating hours, both cumulative (from initial
operation) and since last condition assessment.

(G) actual modes of operation since last condition
assessment (such as the number of hot, warm, and cold
starts).

(16)


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

(16)

ASME B31.1-2016

(H) pipe support hot and cold walk-down readings
and conditions since last condition assessment for pip-
ing systems that are operated within the creep regime.

(I) modifications and repairs since last condition
assessment.

(J) description and list of any dynamic events, includ-
ing thermal hydraulic events, since the last condition
assessment (see Nonmandatory Appendix V, para. V-11
for examples) that produced visual evidence of distor-
tion
with
tified by operators or plant personnel (see para. 146).

(K) actual pipe wall thickness and outside diameter
meagurements taken since the last condition assessment
as ap{propriate based on service.

(L) summary of pipe system inspection findings,
including list of areas of concern.

(M) recommendations for reinspection interval and
scopg.

Gujdance on condition assessment may be found in
NoruLandatory Appendix V of this Code.

141 | CPS RECORDS

Th¢ records identified below, when available, shall
be mlaintained and accessible for the life of the piping
systejms.

141.1 General

Coyered piping system records shall consist ef,_but
not He limited to,

(A} any procedures required by para. 139

(B) any condition assessment docwmentation
required by para. 140

(C) original, as-built, as modified;\or updated piping
drawjings

(D) original, as-built, as miodified, or updated pipe
suppprt drawings

(E) results from piping stress or flexibility analysis

(F)| piping system-diagrams [flow, piping, and instru-
mentation (P&IDs);yand/or process diagrams]

(G) valve and-other inline equipment data used in
origihal piping design stress analysis

(H) additional documentation requirements as identi-
fied Insparas. 141.2, 141.3, 141.4, and 141.5

(B) original service date and original operating
parameters
(C) list of materials, both original and replacement,
with system location and material specification
(D) physical and mechanical properties from material
test reports, including the following as applicable:
(D.1) Manufacturer’s Material Test Reports or
Certificate of Conformance
(D.2) chemical composition data

nance records, including désign mini
requirements
(F) records of alterations.or repairs
(G) summary of design requirements
(H) actual operating conditions recorded gnd main-
tained to facilitate creep and fatigue evalyations of
components
(1) specidl coatings, linings, or other designs|for corro-
sion or er@sion resistance

1413 \Installation, Modification, and Repair|Records

Records for pressure-retaining welds in covered pip-
ing systems shall include, but not be limit¢d to, the
following;:

(A) original installation records

(B) repair and modification records

(C) welding procedures and qualification tests

(D) nondestructive examination reports (Including
radiographs, digital or electronically stofed NDE
reports, etc.)

(E) heat treatment performed, including time/
temperature charts

141.4 Failure Analysis

The owner is responsible for investigating dll failures
in covered piping systems. A report of the resylts of this
investigation is to be included in the material History file
and, as a minimum, contain the following infprmation:

(A) record of any operating or test experiepice of the
failed components or supports

(B) any previous failure history of the component

(C) any special conditions (corrosion, ex’lc:]aordinary

141.2 Materials

The owner shall establish a material history for each
covered piping system to the extent necessary to permit
evaluation and analysis of an existing condition. The
records listed below are to be included in the material
history and be traceable to specific components in a
piping system. Additional records may be included as
deemed necessary.

(A) procurement documents, including specifications

loads, thermal excursions, etc.) that may have contrib-
uted to failure

(D) conclusions of damage mechanism(s) and cause
of failure

141.5 Restoration After Failure

The owner is responsible for documenting actions
taken to restore failed components, including

(A) recommendations for actions that are intended to
minimize recurrence and documentation of satisfactory
implementation


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

(B) recommendations, if any, for similar action that
should be taken in other piping systems containing simi-
lar conditions or components

142 PIPING AND PIPE-SUPPORT MAINTENANCE
PROGRAM AND PERSONNEL REQUIREMENTS

142.1 Maintenance Program

The maintenance program shall adhere to the require-

drawings or sketches, including the identification of all
supports, and piping support walkdown forms should
be used as part of the hot and cold walkdowns. The
condition assessment documentation (on paper or elec-
tronic media) shall comply with para. 140(H).

The Operating Company shall evaluate the effects of
unexpected piping position changes, significant vibra-
tions, and malfunctioning supports on the piping sys-
tem’s integrity and safety. Significant displacement

ments of [paras. 138, 139, 140, 141, and 144. For further
guidelings regarding the maintenance program, refer to
Nonmanglatory Appendix V, para. V-5.1.

142.2 Personnel

142.2.1  Only qualified personnel shall be responsi-
ble for ekecuting the maintenance program of the
Operating Company. For further guidelines regarding
typical thaintenance program responsibilities, see
Nonmandglatory Appendix V, para. V-5.2.

142.22 Review of records and failure reports, and
decisions|concerning corrective actions or repairs, shall
be carriefl out by or under the direction of qualified
personne].

142.2{3 Welding and Heat Treatment Personnel

(A) Wglders shall be qualified to approved welding
procedures. Qualification of weld procedures and the
qualification performance of the welder shall be in accor-
dance with the requirements of para. 127.5.

(B) Qualified personnel shall perform preheat atd
postheat] treatment operations as described in\the
requirements of paras. 131 and 132.

142.2.4 Examination, Inspection, and Testing
Personne]. Qualified personnel shall perform nonde-
structive jexaminations (NDE), including/visual inspec-
tions and leak tests (LT) in accordance with the
requirements of para. 136.

144 CPS WALKDOWNS

The Opprating Company shall develop and implement
a program requiring documentation of piping support
readings|and recorded piping system displacements.
Guidelines cfor this program are provided in
Nonmanglatery Appendix V, para. V-7. Piping system

shall
grity.

vartations fronr theexpected desigmdisptacemnernty
be considered to assess the piping system’sixitg
Subsequent evaluations and corrective actiong may
necessitate activities such as detailed examinatiqns of
critical weldments and support adjustments, repairs,
and replacement of individual supperts and restrpints.

145 MATERIAL DEGRADATION MECHANISMS

Creep is stress-, timeS témperature-, and matprial-
dependent plastic defermation under load. Stress alllow-
ables for materialsthaving time-dependent properties are
noted with italics)in Mandatory Appendix A. Majterial
stress rupture,or creep properties govern the gtress
allowables within this temperature regime and mhy be
importantiin the piping system evaluation.

The'©Operating Company shall develop and impldment
a program requiring data collection and evaluatipn of
high-priority areas for CPS materials operating in the
creep range. Guidelines provided in para. V-12 mhy be
used for this program, which may also include nor}-CPS
piping operating in the creep regime.

146 DYNAMIC LOADING

For those dynamic events identified in para. 1
document the following, as appropriate:

(A) date, time, and preceding operating cond
(as available)

(B) the nature and location of any damage

(C) the results of any investigation

(D) the results of any analysis or NDE performed

(E) the acceptability of any effects or any corrgctive
action taken, e.g., changes in operating proceflure,
changes in system design or piping supportg and
restraints, and any repairs or replacements

40(1),

tions
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MANDATORY APPENDICES

MANDATORY APPENDIX A
ALLOWABLE STRESS TABLES

Begins on next page.
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Table A-1 Carbon Steel

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Seamless Pipe and Tube
A53 A S C 1 2 48 30 1.00
B S C=Vm T V4] B0 35 1.00
A106 A .. C-Si 1 ®)] 48 30 1.00
B .. C-Si 1 2 60 35 1.00
C .. C-Si 1 @)] 70 40 1.00
A179 . . C 1 DLP)BG) 47) 26 1.00
A192 . S C-Si 1 @) (47) 26 1.00
A210 A-1 .. C-Si 1 @ 60 37 1.00
C . C-Mn-Si 1 @) 70 40 1.00
A333 1 - C-Mn 1 @ 55 30 1.00
C—Mn-Si 1 . 60 35 1.00
A369 FPA ... C-Si 1 @ 48 30 1.00
FPB . C-Mn 1 ®)] 60 35 1.00
API 5L A . C 1 D) 2)(14) 48 30 1.00
B ... C-Mn 1 1)@ (14) 60 35 1.00
Furnace Buft Welded Pipe
A53 - F C 1 (4) 48 30 0.60
API 5L A25 I &Il C 1 DM®@as) 45 25 0.60
Electric Registance Welded Pipe and Tube
A53 A E C 1 @ 48 30 0.85
B E C-Mn 1 @) 60 35 0.85
A135 A - C 1 (€3]0 48 30 0.85
B .. C—Mn 1 (€)@ 60 35 0.85
A178 A o~ C 1 () (47) 26 0.85
C B C 1 @) 60 37 0.85
A214 - . C 1 DQR)(®G) (47) 26 0.85
A333 1 o C—Mn 1 ()] 55 30 0.85
C—-Mn-Si 1 o 60 35 0.85
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Table A-1 Carbon Steel

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Seamless Pipe and Tube
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A A53
17.1 7.1 T7°T 7.1 T7°T 7T T7°T 150 130 108 B
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.3 A A106
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 B
20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 C
13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.2 A179
13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.0 A192
17.1 17.1 17.1 171 17.1 171 17.1 15.6 13,0 10.8 A1 A210
20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 C
15.7 15.7 15.7 15.7 15.7 15.3 14.8 A 1 A333
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 6
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 FPA A369
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 FPB
13.7 13.7 13.7 13.7 13.7 13.7 13% 12.5 10.7 9.0 A API 5L
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 B
Furnace Butt Welded Pipe
8.2 8.2 8.2 8.2 8.2 812 8.2 7.5 A53
7.7 7.7 7.7 7.7 A25 API 5L
Electric Resistance Welded Pipe and Tube
11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.7 A A53
14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
11.7 11.7 11.7 117 11.7 11.7 11.7 10.6 9.1 7.9 A A135
14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
11.4 11.4 114 11.4 11.4 11.3 10.9 10.5 9.1 7.7 A A178
14.6 14.6 146 14.6 14.6 14.6 14.6 13.3 11.1 9.2 C
11.4 11.4 11.4 11.4 11.4 11.3 10.9 10.5 9.1 7.8 A214
13.4 13.4 13.4 13.4 13.4 13.0 12.6 A 1 A333
14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 6
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Table A-1 Carbon Steel (Cont’d)

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Electric Resistance Welded Pipe and Tube (Cont’d)
API 5L A25 I &Il C 1 ()]eRA)] 45 25 0.85
2y . C T (T2 L43s] 30 0.85
B . C-Mn 1 WR)@14) 60 35 0.85
A587 . A C 1 (6)]@)] 48 30 0.85
Electric Fudion Welded Pipe — Filler Metal Added
Al34 A283A C 1 DM@ 45 24 0.80
A283B C 1 0@ 50 27 0.80
A283C C 1 (63]1¢] 55 30 0.80
A283D C 1 0@ 60 33 0.80
Al134 A285A A C 1 (DRI 45 24 0.80
A285B e C 1 w@®) 50 27 0.80
A285C A C 1 @W@®) 55 30 0.80
A139 A c. C 1 1@ @s) 48 30 0.80
B C-Mn 1 (D2)4) 60 35 0.80
API 5L A e C 1 (D(2)(14) 48 30 0.90
B . C-Mn 1 1@ @4) 60 35 0.90
A671 CA55 10,13 C 1 [M]E)) 55 30 0.90
CA55 11,12 C 1 DWE)@15) 55 30 1.00
CA55 20,23,30,33 C 1 (€3]0 55 30 0.90
CA55 21,22,31,32 C 1 (3]0 55 30 1.00
A671 CB60 10,13 C-Si 1 WE@15) 60 32 0.90
CB60 11,12 C-Si 1 DB@@5) 60 32 1.00
CB60 20,23,30,33 €-Si 1 (3]0)) 60 32 0.90
CB60 21,22,31,32 C-Si 1 (63]@))] 60 32 1.00
A671 CB65 10,13 C-Si 1 DB@@5) 65 35 0.90
CB65 11,12 C-Si 1 DME@15) 65 35 1.00
CB65 20,23;30,33 C-Si 1 (6)[@))] 65 35 0.90
CB65 21,22,31,32 C-Si 1 (63]0) 65 35 1.00
A671 CB70 10,13 C-Si 1 DME@15) 70 38 0.90
CB70 11,12 C-Si 1 DB@@5) 70 38 1.00
CB70 20,23,30,33 C-Si 1 ()]0 70 38 0.90
CB70 21,22,31,32 C-Si 1 ()]0 70 38 1.00
A671 €C60 10,13 C-Mn-Si 1 1ME)@15) 60 32 0.90
CC60 11,12 C-Mn-Si 1 (1)(2)(15) 60 32 1.00
CC60 20,23,30,33 C-Mn-Si 1 (3]0 60 32 0.90
CC60 21,22,31,32 C-Mn-Si 1 (63]@))] 60 32 1.00
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Table A-1 Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.

Electric Resistance Welded Pipe and Tube (Cont’d)

10.9 10.9 10.9 10.9 A25 API 5L

11.7 TT.7 TT.7 1.7 TT.7 1.7 TT.7 100 o1 77 A}

14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B

11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.8 .0 A587
Electric Fusion Welded\Pipe — Filler Metal Added

10.3 10.3 10.3 10.3 10.3 9.8 9.5 . C LA A283A Al34

11.4 11.4 11.4 11.4 11.4 11.0 10.7 A283B

12.6 12.6 12.6 12.6 12.6 12.3 11.9 - C .. A283C

13.7 13.7 13.7 13.7 13.7 13.5 13.0 e Ce e A283D

10.3 10.3 10.3 10.3 10.3 9.8 9.5 9.2 8.6 6.6 A285A Al134

11.4 11.4 11.4 11.4 11.4 11.0 10.7 10.0 8.8 6.5 A285B

12.6 12.6 12.6 12.6 12.6 12.3 11.9 11.5 10.4 8.6 A285C

11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.0 8.6 7.4 A A139

13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.4 8.6 B

12.3 12.3 12.3 12.3 12.3 12.3 12.3 11.3 9.6 8.3 A API 5L

15.4 15.4 15.4 15.4 15.4 15.4 154 14.0 11.7 9.7 B

14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 11.7 9.7 CA55 A671

15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55

14.1 14.1 14.1 14.1 14.1 138 13.3 12.9 11.7 9.7 CA55

15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60 A671

17.1 17.1 17.1 171 17.1 16.4 15.8 15.3 13.0 10.8 CB60

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60

17.1 17.1 17.1 171 17.1 16.4 15.8 15.3 13.0 10.8 CB60

16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65 A671

18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65

16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65

18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65

18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70 A671

20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70

18.0 18.0. 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70

20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60 A671

17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CC60

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60

17.1 17.1 17.1 171 17.1 16.4 15.8 15.3 13.0 10.8 CC60
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Table A-1 Carbon Steel (Cont’d)

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
A671 CC65 10,13 C-Mn-Si 1 1MP)@15) 65 35 0.90
CCo5 T, 12 C=Mn—ST1 T (T2(15) 55 35 1.00
CC65 20,23,30,33 C-Mn-Si 1 (3]0)) 65 35 0.90
CCé65 21,22,31,32 C-Mn-Si 1 (63]@))] 65 35 1.00
A671 CC70 10,13 C-Mn-Si 1 1)) (15) 70 38 0.90
CC70 11,12 C-Mn-Si 1 1@@5) 70 38 1.00
CC70 20,23,30,33 C-Mn-Si 1 (63]®)] 70 38 0.90
CC70 21,22,31,32 C-Mn-Si 1 (6)]@))] 70 38 1.00
A671 CK75 10,13 C-Mn-Si 1 1@@5) 75 42 0.90
CK75 11,12 C-Mn-Si 1 1)) (15) /5 42 1.00
CK75 20,23,30,33 C-Mn-Si 1 (6)]@)] 75 40 0.90
CK75 21,22,31,32 C-Mn-Si 1 (@3]¢)) 75 40 1.00
A671 CD70 10,13 C-Mn-Si 1 1WP)@15) 70 50 0.90
CD70 11,12 C-Mn-Si 1 1@ @15) 70 50 1.00
CcDb70 20,23,30,33 C-Mn-Si 1 0B) 70 50 0.90
CcD70 21,22,31,32 C-Mn-Si 1 (6315))] 70 50 1.00
A671 CD80 10,13 C-Mn-Si 1 W@5) 80 60 0.90
CD80 11,12 C-Mn-Si 1 1@5) 80 60 1.00
CD80 20,23 C-Mn-Si 1 (6)]€)] 80 60 0.90
CD80 21,22 C-Mn-Si 1 (6)][E)] 80 60 1.00
A672 A45 10,13 C 1 1@@5) 45 24 0.90
A45 11,12 C 1 1)()(15) 45 24 1.00
A45 20,23,30,33 C 1 (6)]@)] 45 24 0.90
A45 21,22,31,32 C 1 (@3]@)) 45 24 1.00
A672 A50 10,13 C 1 1WE)@15) 50 27 0.90
A50 11,12 C 1 1)@(@5) 50 27 1.00
A50 20,23,30,33 C 1 (3]0 50 27 0.90
A50 21,22,31,32 C 1 (@3]¢)) 50 27 1.00
A672 A55 10,13 C 1 1) @15) 55 30 0.90
A55 11512 C 1 1@@5) 55 30 1.00
A55 20,23,30,33 C 1 (63]@))] 55 30 0.90
A55 21,22,31,32 C 1 (6)]@)] 55 30 1.00
A672 B55 10,13 C 1 1@@5) 55 30 0.90
B55 11,12 C 1 D@@5) 55 30 1.00
B55 20,23,30,33 C 1 (6)]@)] 55 30 0.90
BELG 21,2231.32 C 1 [&AT)) [N 30 1.00
A672 B60 10,13 C 1 DB@@5) 60 32 0.90
B60 11,12 C 1 1@@5) 60 32 1.00
B60 20,23,30,33 C 1 (€3]0 60 32 0.90
B60 21,22,31,32 C 1 ®Q 60 32 1.00
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Table A-1 Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.

Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)

16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 Ccé5 A671
18.6 15.0 15.0 156.6 15.6 17.5 17.5 106.7 15.7 11.4 CLoe>

16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CCé5

18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65

18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 cc70 A671
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 cc70

18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70

20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 1240 €c70

19.3 19.3 19.3 19.3 19.3 19.3 18.7 17.6 14.1 11.3 CK75 A671
21.4 21.4 21.4 21.4 21.4 21.4 20.8 19.6 15,7 12.6 CK75

19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 144 11.3 CK75

21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CK75

18.0 18.0 17.7 17.6 17.6 17.6 17.6 . .4 . .. CD70 A671
20.0 20.0 19.7 19.5 19.5 19.5 19.5 &< .. ... CD70

18.0 18.0 17.7 17.6 17.6 17.6 17.6 . . .. CD70

20.0 20.0 19.7 19.5 19.5 19.5 19.5 ... .. . CD70

20.6 20.6 20.3 20.1 20.1 20.1 204 . . . CD80 A671
22.9 22.9 22.6 22.3 223 22.3 223 ... . .. CD80

20.6 20.6 20.3 20.1 20.1 20.1 20.1 ... o .. CD80

22.9 22.9 22.6 22.3 223 22.3 223 ... ... .. CD80

11.6 11.6 11.6 11.6 11.6 1150 10.7 10.3 9.6 8.1 A45 A672
12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 9.0 A45

11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 8.1 A45

12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 9.0 A45

12.9 12.9 12.9 12.9 12.9 12.4 12.0 11.3 10.1 8.6 A50 A672
14.3 143 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50

12.9 12.9 12.9 12.9 12.9 12.4 12.0 11.3 10.1 8.6 A50

143 14.3 14.3 1403 14.3 13.8 13.3 12.5 11.2 9.6 A50

14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55 A672
15.7 15.7 157 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55

14.1 14.1 141 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55

15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55

14.1 144 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55 A672
15.7 157 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55

14.1 4.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55

15.7 15 7 15 7 15 7 15 153 148 143 12 1 102 REEC

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60 A672
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60

17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60
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Table A-1 Carbon Steel (Cont’d)

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
A672 B65 10,13 C 1 1MP)@15) 65 35 0.90
B65 T, 12 C T (T2(T5) 55 35 1.00
B65 20,23,30,33 C 1 (3]0 65 35 0.90
B65 21,22,31,32 C 1 (63]@))] 65 35 1.00
A672 B70 10,13 C 1 1)) @15) 70 38 0.90
B70 11,12 C 1 1@@5) 70 38 1.00
B70 20,23,30,33 C 1 (6)[@))] 70 38 0.90
B70 21,22,31,32 C 1 (6)]@)] 70 38 1.00
A672 C55 10,13 C 1 1@@5) 55 30 0.90
C55 11,12 C 1 DB@@5) 55 30 1.00
C55 20,23,30,33 C 1 (6)]@)] 55 30 0.90
C55 21,22,31,32 C 1 (6)]@))] 55 30 1.00
A672 C60 10,13 C 1 1WP)@15) 60 32 0.90
C60 11,12 C 1 1@ @15) 60 32 1.00
C60 20,23,30,33 C 1 (3]0 60 32 0.90
c60 21,22,31,32 C 1 (65105)] 60 32 1.00
A672 Cé65 10,13 C 1 D@(15) 65 35 0.90
C65 11,12 C 1 1@@5) 65 35 1.00
Cé65 20,23,30,33 C 1 ()]0 65 35 0.90
Cé65 21,22,31,32 C 1 (6)]@)] 65 35 1.00
A672 Cc70 10,13 C 1 1@@5) 70 38 0.90
C70 11,12 C 1 DB@@5) 70 38 1.00
Cc70 20,23,30,33 C 1 (6)]@)] 70 38 0.90
C70 21,22,31,32 C 1 (6)[@))] 70 38 1.00
A672 D70 10,13 C—-Mn-Si 1 (1(@a5) 70 50 0.90
D70 11,12 C-Mn-Si 1 D@5 70 50 1.00
D70 20,23,30,33 C-Mn-Si 1 0B) 70 50 0.90
D70 21,22,31,32 C-Mn-Si 1 (63]€)] 70 50 1.00
A672 D80 10,13 C-Mn-Si 1 D@5 80 60 0.90
D80 11512 C-Mn-Si 1 (1(@a5) 80 60 1.00
D80 20,23 C-Mn-Si 1 (63[€)] 80 60 0.90
D80 21,22 C-Mn-Si 1 (6)][E)] 80 60 1.00
A672 N75 10,13 C-Mn-Si 1 1@@5) 75 42 0.90
N75 11,12 C-Mn-Si 1 DB@@5) 75 42 1.00
NZ5 20,23,30,33 C-Mn-Si 1 (6)]@)] 75 40 0.90
NZ5 21,2231.32 C=Mn=Si 1 1)) Z5 40 1.00
A691 CMSH-70 10,13 C-Mn-Si 1 (1(@a5) 70 50 0.90
CMSH-70 11,12 C-Mn-Si 1 mQas) 70 50 1.00
CMSH-70 20,23,30,33 C—-Mn-Si 1 1B) 70 50 0.90
CMSH-70 21,22,31,32 C-Mn-Si 1 1B) 70 50 1.00
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Table A-1 Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.

Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)

16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65 A672
18.6 15.6 15.6 15.6 15.6 17.9 17.5 10.7 15.7 I1.4 Bo>5

16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65

18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65

18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70 A672
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70

18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70

20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 1210 B70

14.1 14.1 14.1 141 14.1 13.8 13.3 12.9 10.9 9.2 C55 A672
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12,1 10.2 C55

14.1 14.1 14.1 141 14.1 13.8 13.3 12.9 10.9 9.2 C55

15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60 A672
17.1 17.1 17.1 17.1 17.1 16.4 15.8 153 13.0 10.8 C60

15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60

17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 C60

16.7 16.7 16.7 16.7 16.7 16.1 15% 15.0 12.5 10.3 Ce65 A672
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 Cé5

16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 C65

18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 Cé5

18.0 18.0 18.0 18.0 18.0 1745 16.9 16.3 13.3 10.8 7o A672
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70

18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 Cc7o0

20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70

18.0 18.0 17.7 17.6 17.6 17.6 17.6 . . . D70 A672
20.0 20.0 19.7 19.5 19.5 19.5 19.5 . . . D70

18.0 18.0 17.7 17.6 17.6 17.6 17.6 . . . D70

20.0 20.0 19.7 195 19.5 19.5 19.5 . . S D70

20.6 20.6 20.3 20.1 20.1 20.1 20.1 e ce e D80 A672
22.9 22.9 226 22.3 22.3 22.3 22.3 . . . D80

20.6 20.6 20.3 20.1 20.1 20.1 20.1 . ce e D80

22.9 22.9 22.6 22.3 22.3 22.3 22.3 . . . D80

19.3 1933 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75 A672
21.4 204 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 N75

19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75

21.4 21.4 21.4 214 21.4 20.4 19.8 19.1 15, 12.6 NZ5.

18.0 18.0 17.7 17.6 17.6 17.6 17.6 . . e CMSH-70 A691
20.0 20.0 19.7 19.5 19.5 19.5 19.5 .. . . CMSH-70

18.0 18.0 17.7 17.6 17.6 17.6 17.6 . . . CMSH-70

20.0 20.0 19.7 19.5 19.5 19.5 19.5 . . . CMSH-70

125


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table A-1 Carbon Steel (Cont’d)

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
A691 CMSH-80 10,13 C—-Mn-Si 1 (1(@a5) 80 60 0.90
CMSH-80 T, 12 C=Nn—=5T1 T ((15) 30 50 1.00
CMSH-80 20,23 C-Mn-Si 1 1B) 80 60 0.90
CMSH-80 21,22 C-Mn-Si 1 (63]€)] 80 60 1.00
A691 CMS-75 10,13 C-Mn-Si 1 DB@@5) 75 42 0.90
CMS-75 11,12 C-Mn-Si 1 1@@5) 75 42 1.00
CMS-75 20,23,30,33 C-Mn-Si 1 (63]@)] 75 40 0.90
CMS-75 21,22,31,32 C-Mn-Si 1 (6)]@))] 75 40 1.00
Copper Brazed Tubing
A254 R ce C R 1©Q0) 42 25 1.00
Plate
A36 - . C—Mn-Si 1 V@@ 58 36 0.92
A283 A C 1 0@ 45 24 0.92
B C 1 (€)1%) 50 27 0.92
C C 1 @) 55 30 0.92
D C 1 W@ 60 33 0.92
A285 A . C 1 2 45 24 1.00
B ce C @) 50 27 1.00
C Ce. C 1 2 55 30 1.00
A299 Ce. ce C-Mn-Si 1 @@13) 75 40 1.00
C-Mn=Si 1 212 75 42 1.00
A515 60 c. C-Si 1 @) 60 32 1.00
65 - C-Si 1 2 65 35 1.00
70 A C-Si 1 2 70 38 1.00
A516 55 .. C-Si 1 2 55 30 1.00
60 - C-Mn-Si 1 )] 60 32 1.00
65 - C-Mn-Si 1 @) 65 35 1.00
70 A~ C-Mn-Si 1 @) 70 38 1.00
Forgings
A105 Ce A C-Si 1 2 70 36 1.00
A181 .G 60 C-Si 1 2 60 30 1.00
70 C-Si 1 )] 70 36 1.00
A350 LF2 1 C-Mn-Si 1 @ 70 36 1.00
LF2 2 C—Mn-Si 1 2 70 36 1.00
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Table A-1 Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.

Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)

20.6 20.6 20.3 20.1 20.1 20.1 20.1 A . . CMSH-80 A691
22.9 22.9 2.6 272.5 2.5 272.5 2.5 e e “e e CVISH-0U
20.6 20.6 20.3 20.1 20.1 20.1 20.1 . . Ce CMSH-80
22.9 22.9 22.6 22.3 22.3 22.3 22.3 . - - CMSH-80
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75 A691
21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CMS-75
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11,3 CMS-75
21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12 CMS-75
Copper Brazed Tubing
6.0 5.5 4.8 3.0 A254
Plate
15.2 15.2 15.2 15.2 15.2 15.2 15.2 . A36
11.8 11.8 11.8 11.8 11.8 11.3 10.9 A A283
13.1 131 13.1 13.1 13.1 12.7 12.3 B
14.5 14.5 14.5 14.5 14.5 14.1 13.6 C
15.8 15.8 15.8 15.8 15.8 15.5 1510 D
12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 83 A A285
14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.0 9.4 B
15.7 15.7 15.7 15.7 15.7 15:3 14.8 14.3 13.0 10.8 C
21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 A A299
21.4 21.4 21.4 21.4 21.4 21.4 20.8 19.6 15.7 12.6
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 60 A515
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 65
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.6 70
15.7 15.7 15.7 15,7 15.7 15.3 14.8 14.3 13.0 10.8 55 A516
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 60
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 65
20.0 20.0 20.Q 20.0 20.0 19.4 18.8 18.1 14.8 12.0 70
Forgings
20.0 20.0. 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 ce A105
17.1 17.1 17.1 17.1 16.3 15.3 14.8 14.3 13.0 10.8 c. A181
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2 A350
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2
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Table A-1 Carbon Steel (Cont’d)

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Wrought Fittings (Seamless and Welded)
A234 WPB e C-Si 1 @ 60 35 1.00
WPT - C=St T V4] 70 [y 1.00
Castings
A216 WCA Ce C-Si 1 )(®) 60 30 0.80
WCB c. C-Si 1 2)(6) 70 36 0.80
WwcCC Ce C-Mn-Si 1 )(®) 70 40 0.80

Bars and Shapes

A36 C-Mn-Si 1 (6)]@)] 58 36 1.00

A992 C-Mn-Si 1 (6)[®)] 65 50 1.00

GENERAL NOTES:

(@ The taQulated specifications are ANSI/ASTM or ASTM, except API 5L. For ASME Boiler and<Pressure Vessel Code applications, see
related| specifications in Section Il of the ASME Code.

(b) The strpss values in this Table may be interpolated to determine values for intermediate temperatures.

(©) The P-Numbers indicated in this Table are identical to those adopted by ASME Boiler and Pressure Vessel Code. Qualification of yeld-
ing projcedures, welders, and welding operators is required and shall comply with_the ASME Boiler and Pressure Vessel Code
(Sectioh IX) except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands gf(polnds per square inch.”

(e) The mdterials listed in this Table shall not be used at design temperaturesabove those for which allowable stress values are givgn
except [as permitted by para. 122.6.2(G).

(f) The talulated stress values are S x E (weld joint efficiency factorhorS x F (material quality factor), as applicable. Weld joint efficiency
factors|are shown in Table 102.4.3.

(g) Pressute—temperature ratings of piping components, as published in standards referenced in this Code, may be used for comporfents
meeting the requirements of those standards. The allowable-stress values given in this Table are for use in designing piping compo-
nents Which are not manufactured in accordance with\referenced standards.

(h) All the |materials listed are classified as ferritic [see'Table 104.1.2(A)].

() The taQulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gdvern
the selpction of stresses.

() See paja. 124.1.2 for lower temperature limits.
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Table A-1 Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Wrought Fittings (Seamless and Welded)
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 WPB A234
20.0 20.0 200 20.0 200 20.0 198 183 1748 1270 WPT
Castings
13.7 13.7 13.7 13.7 13.0 12.2 11.8 11.4 10.4 8.6 WCA A216
16.0 16.0 16.0 16.0 15.7 14.7 14.2 13.8 11.8 9.6 WCB
16.0 16.0 16.0 16.0 16.0 16.0 15.8 14.6 11.8 9.6 wcc
Bars pnd Shapes
16.6 16.6 16.6 16.6 16.6 16.6 16.6 15.6 13.0 10.8 A36
18.6 18.6 18.6 18.6 18.6 18.6 18.6 16.9 13.9 11.4 A992
NOTE$:
(1) [THIS MATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE RETAINING PARTSOF BOILER EXTERNAL PIPING — SEE FIG.

@
)
@)
©)
©
@

®
©
(10)
(€%))

(12)
(13)
(14)

(15)
(16)

100.1.2(A.1), FIG. 100.1.2(A.2), FIG. 100.1.2(B.1), FIG. 100.1.2(B.2), AND FIG. 100:1:2(B.3).

The allowable stress values given are for pipe fabricated from plate not exceeding 2'/, in. in thickness.

This material shall not be used for flammable fluids. Refer to para. 105.2:1(A).

Tensile value in parentheses is expected minimum.

The 0.80 material quality factor for casting may be increased in aceordance with para. 102.4.6.

The stress values for structural quality plate include a material quality factor of 0.92. The allowable stresses for A283 Gra
A36 plate have been limited to 12.7 ksi.

These stress values are permitted only if killed or semikilled\Steels are used.

\254 is copper brazed (not welded) steel pipe.

For saturated steam at 250 psi (406°F), the values given-for 400°F may be used.

The allowable stress values listed in MSS SP-58 forthis material may be used for pipe supporting elements designed in a
ith MSS SP-58.

These values apply to material less than or equal to 1 in. thick.

These values apply to material greater than 1 in. thick.

This material is not listed in the ASMEwBoiler and Pressure Vessel Code, Section IX. However, weld procedures shall be qu
pccordance with the P-Number shown. )See para. 127.5.1.

This material shall not be used in_nominal wall thicknesses exceeding %, in.

These allowable stress values are+for pipe made using a butt-welded joint process. Pipe made by other processes shall ndg

Upon prolonged exposure to temperatures above 800°F (427°C), the carbide ghase of carbon steel may be converted to gfaphite.

le D and

ccordance

jalified in

t be used.
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Table A-2 Low and Intermediate Alloy Steel

Specified Specified

Minimum Minimum E

Spec. Nominal Tensile, Yield, or

No. Grade Composition P-No. Notes ksi ksi F

Seamless Pipe and Tube

A213 T2 Y, Cr=Y4 Mo 3 60 30 1.00
] SCT=Y4 M0 5B B0 30 1.00
T5b 5Cr-Y,Mo-1%Si 5B 60 30 1.00
A213 T5c¢ 5Cr- Y, Mo-Ti 58 60 30 1.00
T9 9Cr-1Mo 5B 60 30 1.00
T11 1Y, Cr-Y%, Mo 4 60 30 1.00
A213 T12 1Cr-Y%Mo 4 60 30 1.00
T21 3Cr-1Mo 5A .. 60 30 1.00
T22 2Y, Cr-1Mo 5A (5) 60 30 1.00
T91 9Cr-1Mo-V 15E (10) 85 60 1.00
T91 9Cr-1Mo-V 15E (1) 85 60 1.00
A333 3 3Y4Ni 9B (1) 65 35 1.00
4 3/,.Cr=/,Ni-Cu—-Al 4 (1) 60 35 1.00
7 2Y5Ni 9A 1) 65 35 1.00
9 2Ni-1Cu 9A @) 63 46 1.00
A335 P1 c-Y% Mo 3 @) 55 30 1.00
P2 Y4 Cr-Y, Mo 3 55 30 1.00
P5 5Cr-Y4 Mo 5B 60 30 1.00
P5b 5Cr-Y,Mo-1%,Si 5B 60 30 1.00
A335 P5c 5Cr-Y, Mo-Ti 5B 60 30 1.00
P9 9Cr-1Mo 58 60 30 1.00
P11 1Y, Cr-Y, Mo#Si 4 60 30 1.00
A335 P12 1Cr-%; Me 4 60 32 1.00
P21 3Cra1Mo 5A .. 60 30 1.00
P22 2Y€r-1Mo 5A (5) 60 30 1.00
A335 P36 1 1.15Ni-0.65Cu—Mo—Cb (12)(13) 90 64 1.00
P36 2 1.15Ni-0.65Cu—Mo—Ch .. (12)(13) 95.5 66.5 1.00
P91 9Cr-1Mo-V 15E (10) 85 60 1.00
P91 9Cr-1Mo-V 15E (1) 85 60 1.00
A369 FP1 -, Mo 3 @) 55 30 1.00
FP2 Y, Cr=Y, Mo 3 55 30 1.00
FP5 5Cr-% Mo 5B 60 30 1.00
A369 FP9 9Cr-1Mo 5B 60 30 1.00
FRa1 1Y, Cr-%, Mo-Si 4 60 30 1.00
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Table A-2 Low and Intermediate Alloy Steel

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Seamless Pipe and Tube

17.1 17.1 17.1 171 16.9 16.4 16.1 15.7 15.4 14.9 14,5 139 9.2 5.9 . A . oo T2 A213
17.1 [I7.T 166 165 16.4 16.2 15.9 I5.6 I5.r 145 13.8 10.9 3.0 5.8 72 9 T8 T.0 15

17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 T5b

17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 140, -T5¢ A213
17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 145 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 T9

17.1 |17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 c.. ... T11

17.1 |16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 V - .. T12 A213
17.1 |17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 440 . ... T21

17.1 |17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3:8 - ... T22

24.3 |24.3 24.3 24.2 241 23.7 23.4 229 22.2 21.3 20.3 19.1 17.8 16.3 14.0._+10.3 7.0 4.3 T91

24.3 |124.3 24.3 24.2 24.1 23.7 23.4 229 22.2 21.3 203 19.1 17.8 16.3 12.9 9.6 7.0 4.3 T91

18.6 |18.6 18.6 18.6 18.6 17.5 16.7 3 A333
17.1 |17.1 171 171 171 171 171 4

18.6 |18.6 18.6 18.6 18.6 17.5 16.7 7

18.0 9

15.7 |15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14,5 ...0>,... . ... P1 A335
15.7 |15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 139~ 9.2 5.9 - . - ... P2

17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8,.\10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5

17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13:8710.9 8.0 5.8 4.2 2.9 1.8 1.0 P5b

17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 1445\ 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5c¢ A335
17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 145 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 P9

17.1 |17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8° 14.4 140 13.6 9.3 6.3 4.2 2.8 e ... P11

17.1 |16.8 16.5 16.5 16.5 16.3 16.0 15.8 “45.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 e ... P12 A335
17.1 |17.1 16.6 16.6 16.6 16.6 16.6 16.6* 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 . ... P21

17.1 |17.1 16.6 16.6 16.6 16.6 16,6~16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 e ... P22

25.7 |125.7 25.1 25.1 25.1 25.1 25¢1 251 ... ... ... ... ... ... P36 A335
27.3 |127.3 26.6 26.6 26.6 26.6 )26.6 26.6 ... ... ... ... ... - c. . C. ... P36

24.3 |24.3 24.3 24.2 2412357 23.4 229 22.2 21.3 20.3 19.1 17.8 16.3 140 10.3 7.0 4.3 P91

24.3 |124.3 24.3 24.2 24 23.7 23.4 22,9 22.2 21.3 203 19.1 17.8 16.3 12.9 9.6 7.0 4.3 P91

15.7 |15.7 15.7 15.415.7 15.7 15.7 15.7 15.4 149 145 ... ... - ... FP1 A369
15.7 |15.7 15.7 45.Z27 15.7 15.7 15.7 15.7 15.4 14.9 14.5 139 9.2 5.9 . e Ce ... FP2

17.1 |17.1 16,6,\16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 FP5

17.1 |17..16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 FP9 A369
17.1 |1%1+~17.1 16.8 16.2 15.7 15.4 151 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 . ... FP11
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Specified Specified

Minimum Minimum E
Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F
Seamless Pipe and Tube (Cont’d)
A369 FP12 .. 1Cr-% Mo 4 . 60 32 1.00
FP2T .. 3CI—INO 5A .. 50 30 1.00
FP22 . 2Y, Cr—1Mo 5A (5) 60 30 1.00
A714 \% . 2Ni-1Cu 9A 1) 65 46 1.00
Centrifugally Cast Pipe
A426 CP1 e Cc-%Mo 3 1B 7) 65 35 0.85
CP2 ... Y, Cr=Y% Mo 3 DB)4) () 60 30 0.85
CP5 ... 5Cr-Y, Mo 5B 1E)®B®7) 90 60 0.85
CP5b ... 5Cr-Y, Mo-Si 5B 1B)4) () 60 30 0.85
A426 CP9 .. 9Cr-1Mo 58 1)B)@)@) 90 60 0.85
CP11 .. 1Y, cr-% Mo 4 1B @) 70 40 0.85
A426 CP12 e 1Cr-% Mo 4 1)@ @(7) 60 30 0.85
CP21 .. 3Cr-1Mo 5A @WB®)@) 60 30 0.85
CP22 .. 2Y, Cr-1Mo 5A WE)WG)7) 70 40 0.85
Electric Registance Welded Pipe
A333 3 . 3YNi 9B (1) 65 35 0.85
7 ... 2Y4Ni 9A 1) 65 35 0.85
9 . 2Ni-1Cu 9A 1) 63 46 0.85
A714 \% E 2Ni-Cu 9A (1) 65 46 0.85
Electric Fudion Welded Pipe — Filler Metal Added
A672 L65 20,23,30,33 Cc-% Mo 3 (1) 65 37 0.90
L65 21,22,31,32 C<AMo 3 (1) 65 37 1.00
A672 L70 20,23,30,33 C-% Mo 3 (1) 70 40 0.90
L70 21,22,31,32 Cc-Y% Mo 3 (1) 70 40 1.00
A672 L75 20,23,30,33 Cc-Y%Mo 3 (1) 75 43 0.90
L75 21,22,34,32 Cc-%Mo 3 (1) 75 43 1.00
A691 CM-65 20{23,30,33 -4 Mo 3 (1) 65 37 0.90
CM-65 21y27,31,32 c-Y% Mo 3 (1) 65 37 1.00
A691 CM-70 20,23,30,33 c-Y% Mo 3 (1) 70 40 0.90
CM-70 21,22,31,32 Cc-%,Mo 3 (1) 70 40 1.00
A691 CM-75 20,23,30,33 C—/4Mo 3 (6] 75 73 0.90
CM-75 21,22,31,32 c-Y% Mo 3 (1) 75 43 1.00
A691 Y5 CR 20,23 Y, Cr=Y, Mo 3 @® 55 33 0.90
Y, CR 21,22 Y, Cr-Y, Mo 3 1)(8) 55 33 1.00
Y, CR 20,23,30,33,40,43 Y, cr-Y5 Mo 3 10)(9 70 45 0.90
Y CR 21,22,31,32,41,42 Y, Cr=1, Mo 3 1)(9) 70 45 1.00
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Seamless Pipe and Tube (Cont’d)

17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 . ... FP12 A369
17.1 [I7.T 166 16,6 16.6 16.6 16.6 106.0 16.06 106.0 16.0 12.0 9.0 7.0 5.5 7.0 .- .. P21
17.1 |17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 ce ... [P22

Centrifugally Cast Pipe

15.8 |15.8 15.8 15.8 15.8 15.8 15.8 15.6 15.2 14.8 144 ... ... ... . . =% ... CP1 A426
14.5 (14.5 14.5 14.5 14.4 13.9 13.7 133 13.1 127 123 118 78 5.0 . c. g o ... CP2
21.9 121.8 21.2 21.0 20.9 20.6 20.3 19.9 19.3 185 122 93 6.8 4.9 3.6 2.5 1.5 0.85 CP5
14.6 (14.5 14.1 14.0 14.0 13.8 13.5 133 129 12.4 11.8 93 6.8 4.9 3.6 25 1.5 0.85 CP5b

21.9 (21.8 21.2 21.0 20.9 20.7 20.3 19.9 19.3 18.5 17.7 14.0 9.4 6.3 43 2.8 1.9 1.3 CP9 A426
17.0 |17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.7 16.3 159 11.6 7.9 54 3.6 2.4 e ... P11
14.5 1143 14.0 13.8 13.3 129 12.8 12.6 12.4 12.2 119 11.6 9.6 6. 3.8 2.4 e ... CP12 A426
14.5 (14.5 14.1 141 14.1 141 141 141 141 141 13.6 10.2 7.4 6.0 4.7 3.4 ce ... CP21
17.0 |17.0 16.7 16.5 16.4 16.3 16.2 16.0 15.7 15.2 14.6 13.4 9%\ 6.6 4.3 2.7 e ... CP22

Electric Resistance elded Pipe

15.8 (15.8 15.8 15.8 15.8 149 142 ... ... ... ... \... ..o .. oo 3 A333
15.8 [15.8 15.8 15.8 15.8 14.9 14.2 ... ... .. (T e e . el 7

Electric Fusion Welded Pipe — Filler Metal Added

16.7 |16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 161 ... ... ... e . . ... Le65 A672
18.6 [18.6 18.6 18.6 18.6 18.6 18.64l186 18.6 18.4 179 ... ... ... . . . ... Lé65

18.0 (18.0 18.0 18.0 18.0 18.0 @80 18.0 18.0 179 174 ... ... ... . . . ... L70 A672
20.0 (20.0 20.0 20.0 20.0 2040 ,20.0 20.0 20.0 19.9 193 ... ... ... . .. e ... L70

19.3 (19.3 19.3 19.3 19.3 9.3 193 193 193 193 187 ... ... ... R . e ... L75 A672
21.4 |121.4 21.4 21.4 2104214 21.4 21.4 21.4 21.4 207 ... ... ... e . . ... L75

16.7 [16.7 16.7 16.7y*16.7 16.7 16.7 16.7 16.7 16.6 161 ... ... ... . . . ... CM-6p A691
18.6 |18.6 18.6+18.6 18.6 18.6 18.6 18.6 18.6 184 179 ... ... ... . . . ... CM-6p

18.0 (18.0 «18,0 18.0 18.0 18.0 18.0 18.0 18.0 179 174 ... ... ... . . . oo CM-7 A691
20.0 (20.6°20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 193 ... ... ... - . . ... CM-7P

19.3 19.3 19.3 19.3 19.3 19.3 193 19.3 193 193 187 ... ... ... ce o o ... CM-75 A691
21.4 21.4 21.4 21.4 21.4 21.4 214 21.4 21.4 21.4 207 ... ... ... R . . ... CM-75

14.1 141 14.1 141 141 141 141 141 141 141 13.8 129 83 53 . . . A A691
15.7 15.7 15.7 15.7 15.7 15.7 15.7 157 15.7 157 153 143 9.2 59 . . .. R A

18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.6 16.7 83 53 . . . A

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 186 9.2 59 . . .. A
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Specified Specified

Minimum Minimum E
Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
A691 1CR 20,23 1Cr-Y4 Mo 4 1)(8) 55 33 0.90
TCR 21,22 TCT=5W0 [ (D®) 55 33 1.00
1CR 20,23,30,33,40,43 1Cr-Y4 Mo 4 1)(9) 65 40 0.90
1CR 21,22,31,32,41,42 1Cr-% Mo 4 1)9) 65 4Q 1.00
A691 1Y, CR 20,23 1Y, Cr-Y, Mo-Si 4 1)(8) 60 35 0.90
1Y, CR 21,22 1Y, Cr-%, Mo-Si 4 1)(8) 60 35 1.00
1Y, CR 20,23,30,33,40,43 1Y, Cr-Y, Mo-Si 4 1)(9) 75 45 0.90
1Y, CR 21,22,31,32,41,42 1Y, Cr-%, Mo-Si 4 1)(9) 75 45 1.00
A691 2Y,CR 20,23 2Y,Cr-1Mo 5A 1)(5)(8) 60 30 0.90
2Y, CR 21,22 2Y, Cr—1Mo 5A @0 G)EB) 60 30 1.00
2Y, CR 20,23,30,33,40,43 2Y, Cr-1Mo 5A @) (5)(9) 75 45 0.90
2Y, CR 21,22,31,32,41,42 2Y, Cr-1Mo 5A @ (5)O) 75 45 1.00
A691 3CR 20,23 3Cr-1Mo 5A (1)(8) 60 30 0.90
3CR 21,22 3Cr-1Mo 5A 1) 60 30 1.00
3CR 20,23,30,33,40,43 3Cr-1Mo 5A @9 75 45 0.90
3CR 21,22,31,32,41,42 3Cr-1Mo 5A @)(9) 75 45 1.00
A691 5CR 20,23 5Cr-%, Mo 58 1)(8) 60 30 0.90
5CR 21,22 5Cr-14 Mo 58 (1)(8) 60 30 1.00
5CR 20,23,30,33,40,43 5Cr-%, Mo 5B 1)(9) 75 45 0.90
5CR 21,22,31,32,41,42 5Cr-14 Mo 5B 10)(9) 75 45 1.00
A691 91 40,43,50,53 9Cr-1Mo-V 15E 1)(9) 85 60 0.90
91 41,42,51,52 9Cr-1Mo-V 15E 1)(9) 85 60 1.00
Plate
A387 2 1 YaCrals Mo 3 .. 55 33 1.00
2 2 Cr=1, Mo 3 1) 70 45 1.00
5 1 5Cr-1, Mo 5B .. 60 30 1.00
5 2 5Cr-% Mo 5B (1) 75 45 1.00
A387 11 1 1Y, Cr=%, Mo-Si 4 . 60 35 1.00
11 2 1Y, Cr-¥4, Mo-Si 4 . 75 45 1.00
12 1 1Cr-%; Mo 4 55 33 1.00
12 2 1Cr-% Mo 4 65 40 1.00
A387 21 1 3Cr-1Mo 5A .. 60 30 1.00
21 2 3Cr-1Mo 5A e 75 45 1.00
22 1 2Y, Cr-1Mo 5A (5) 60 30 1.00
22 2 2Y, Cr-1Mo 5A (5) 75 45 1.00
A387 91 2 9Cr-1Mo-V 15E (10) 85 60 1.00
91 2 9Cr-1Mo-V 15E 11) 85 60 1.00
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)

14.1 13.9 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.2 10.2 6.5 4.1 2.5 . ... 1CR A691
15.7 [I5Z& I5.T I5.T 15.I 15.r 1I5.1 15.r 1I5.r 1I5.1 1I5.1 14.7 11.3 7. 7.5 8 .. ICR

16.7 [16.4 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 15.6 10.2 6.5 4.1 2.5 . ... 1€R

18.6 |18.2 17.9 17.9 179 179 179 179 179 179 179 17.4 11.3 7.2 4.5 2.8 e ...(NICR

15.4 (15.4 15.4 15.4 15.4 15.4 15.4 154 15.4 151 14.7 123 84 57 3.8 2.5 R w . 1YC A691
17.1 (171 171 171 17.1 171 17.1 171 17.1 16.8 16.4 13.7 9.3 6.3 4.2 2.8 S .o 1Yc

19.3 (19.3 19.3 19.3 19.3 193 193 193 19.3 193 182 123 84 57 3.8 2.5 § - .o 1Yc

21.4 (21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 V- .o 1Yc

15.4 115.4 15.0 14.9 14.8 14.6 14.4 14.2 14.0 13.7 13.4 13.0 10.3 7.0 4.6 2.9 . .o 2YC A691
17.1 117.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 . .o 2YC

19.3 (19.3 18.8 18.6 18.5 18.3 18.2 18.0 17.7 17.4 16.8 14.2 10.3 7.0 4,6 2.9 . ..o 2YC

21.4 (21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 193 18.7 158 11.4 7.8 5,1 3.2 e .o 2YC

15.4 115.4 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 14.4 10.8 81 6.3 5.0 3.6 . ... 3CR A691
17.1 117.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 /7.0 5.5 4.0 e ... 3CR

19.3 (19.3 18.8 18.6 18.5 18.3 18.2 18.0 17.7 17.4 16.3 11.8 886\ 6.1 4.4 2.9 . ... 3CR

21.4 121.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 181 13.1 %95 6.8 4.9 3.2 e ... 3CR

15.4 115.4 14.9 14.8 14.8 14.6 143 14.0 13.6 13.1 12.5 9.8 72 52 3.8 2.6 1.6 0.9 5CR A691

17.1 (17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 145 13.8,\0.9 80 58 4.2 2.9 1.8 1.0 5CR
19.3 119.2 18.7 18.5 185 182 179 17.5 17.0 16.4 129™ 9.8 72 52 3.8 2.6 1.6 0.9 5CR
21.4 (21.4 20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 143 10.9 80 58 4.2 2.9 1.8 1.0 5CR

21.9 (21.9 21.9 21.8 21.7 21.4 21.0 20.6 20.0_ 1922 18.3 17.2 16.0 14.7 126 9.3 6.3 3.8 91 A691
24.3 1243 243 24.2 241 237 23.4 229 2227213 203 19.1 17.8 163 14.0 10.3 7.0 4.3 91

Plate

15.7 |15.7 15.7 15.7 15.7 15.7 15.7415w 15.7 15.7 153 14.3 9.2 5.9 2 A387
20.0 |20.0 20.0 20.0 20.0 20.0 20(0 y20.0 20.0 20.0 19.5 18.6 9.2 5.9 - Ce c. Lo 2

17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5

21.4 |121.4 20.8 20.6 20.5 2042 ,19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5

17.1 (171 171 171 174871 171 171 17.1 16.8 16.4 13.7 9.3 6.3 4.2 2.8 . oo 1 A387
21.4 (21.4 21.4 21.4 20134.Y21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 e P |

15.7 |115.4 15.1 15.% 5.1 15.1 15.1 15.1 15.1 15.1 15.1 14.7 11.3 7.2 4.5 2.8 . Lo 12

18.6 |18.2 17.9 17.9y%17.9 179 179 17.9 179 179 179 17.4 11.3 7.2 4.5 2.8 . Lo 12

17.1 |17.1 16 ,16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 - oo 21 A387
21.4 |21.4 «20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 181 13.1 9.5 6.8 4.9 3.2 . oo 21

17.1 |17.+716.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 c. L. 22

21.4 |204° 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 e Lo 22

24.3 24.3 24.3 24.2 24.1 23.7 23.4 229 222 21.3 203 19.1 17.8 16.3 14.0 10.3 7.0 4.3 91 A387

243 243 243 24.2 241 237 23.4 229 222 213 203 19.1 17.8 163 129 9.6 7.0 4.3 91
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Specified Specified

Minimum Minimum E
Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F
Forgings
A182 F1 c-Y, Mo 3 @) 70 40 1.00
74 =40 3 —— 70 70 1.00
F5 5Cr-14 Mo 5B . 70 40 1.00
F5a 5Cr-%, Mo 5B .. 90 65 1.00
A182 F11 Class 1 1Y, Cr-Y, Mo-Si 4 60 30 1.00
F11 Class 2 1Y, Cr-%, Mo-Si 4 .. 70 40 1.00
F11 Class 3 1Y, Cr-Y, Mo-Si 4 .. 75 45 1.00
F12 Class 1 1Cr-Y4 Mo 4 60 30 1.00
F12 Class 2 1Cr-% Mo 4 . 70 40 1.00
F21 e 3Cr-1Mo 5A e 75 45 1.00
F22 Class 1 2Y, Cr-1Mo 5A (5) 60 30 1.00
F22 Class 3 2Y, Cr-1Mo 5A (5) 75 45 1.00
F36 Class 1 1.15Ni-0.65Cu—Mo-Cb . (12)(13) 90 64 1.00
F36 Class 2 1.15Ni-0.65Cu-Mo—Cb . (12)(13) 95.5 66.5 1.00
Fo 9Cr-1Mo 5B . 85 55 1.00
Fo1 9Cr-1Mo-V 15E .. 8 85 60 1.00
A336 F1 C-%;Mo 3 )] 70 40 1.00
F5 5Cr-Y4Mo 5B . 60 36 1.00
F5A . 5Cr-Y,Mo 58 .. 80 50 1.00
F11 Class 1 1Y, Cr-%, Mo-Si 4 .. 60 30 1.00
F11 Class 2 1Y, Cr-%, Mo-Si 4 .. 70 40 1.00
F11 Class 3 1Y, Cr-Y, Mo-Si 4 .. 75 45 1.00
F12 .. 1Cr-%; Mo 4 . 70 40 1.00
F21 Class 1 3Cr-1Mo 5A - 60 30 1.00
F21 Class 3 3Cr-1Mo 5A . 75 45 1.00
F22 Class 1 2Y, Cr-1M0 5A (5) 60 30 1.00
F22 Class 3 2Y, Cr-1Mo 5A 5) 75 45 1.00
Fo1 9Cra1Mo-V 15E (10) 85 60 1.00
F91 9Cr=1Mo-V 15E (11) 85 60 1.00
A350 LF3 3%, Ni 9B (1) 70 40 1.00
LF4 ... 3, Cr=/,Ni-Cu-Al 4 (1) 60 ... 1.00
LF5 Class 1 1Y,Ni 9A (1) 60 30 1.00
LF5 Class 2 1Y, Ni 9A 1) 70 37 1.00
LF9 2Ni-1Cu 9A (1) 63 46 1.00
Wrought Fittings (Seamless_and Welded)
A234 WP1 . Cc-% Mo 3 @) 55 30 1.00
WP5 Class 1 5Cr-% Mo 5B .. 60 30 1.00
WP5 Class 3 5Cr-14 Mo 5B e 75 45 1.00
\WR9 Class 1 9Cr-1Mo 5B C. 60 30 1.00
P11 (Tass 1 1Y, Cr— 7/, Mo 7 . 60 30 1.00
WP11 Class 3 1Y, Cr-% Mo 4 . 75 45 1.00
WP12 Class 1 1Cr-% Mo 4 (6) 60 32 1.00
WP12 Class 2 1Cr-% Mo 4 70 40 1.00
A234 WpP22 Class 1 2Y,Cr-1Mo 5A ) 60 30 1.00
WP22 Class 3 2Y, Cr—1Mo 5A 5) 75 45 1.00
WP91 9Cr-1Mo-V 15E (10) 85 60 1.00
WP91 9Cr-1Mo-V 15E (11) 85 60 1.00
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Forgings

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 193 ... ... ce Ce - Ce ... F1 A182
20.0 [20:0° 200 200 20.0 20.0 20.0 20.0 20.0 199 19.3 13.6 0. 5.9 .. .. .. .. 12
20.0 |20.0 19.4 19.2 19.2 189 18.6 182 17.6 17.0 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5
25.7 |25.7 24.9 24.7 24.6 24.3 23.9 23.4 22.7 19.1 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0¢~F5a
17.1 |17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 ... w.. F11 A182
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 137 9.3 6.3 4.2 2.8 ... ... F11
21.4 |21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 A ... F11
17.1 |16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 V - ... F12
20.0 (19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 18.0 11.3 7.2 4.5 2.8 e ... F12
21.4 |21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 181 131 9.5 6.8 4.9 3:2 . ... F21
17.1 |17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 Ce ... F22
21.4 |21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 158 11.4 7.8 5.1 3.2 . ... F22
25.7 |125.7 25.1 25.1 25.1 25.1 251 251 ... ... ... ... ... ... F36
27.3 |127.3 26.6 26.6 26.6 26.6 26.6 26,6 ... ... ... ... ... ..k Ce - . ... F36
24.3 |124.2 23.5 23.4 23.3 229 22.6 22.1 21.4 20.6 19.6 16.4 11.0 7.4 5.0 3.3 2.2 1.5 F9
24.3 |124.3 24.3 24.2 241 23.7 23.4 229 22.2 21.3 20.3 19.1 17.8 “16.3 14.0 10.3 7.0 4.3 F91
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 13.7 &2 4.8 .. . e ... F1 A336
17.1 |17.1 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 10.977,8.0 5.8 4.2 2.9 1.8 1.0 F5
22.9 122.8 22.1 22.0 21.9 21.6 21.3 20.8 20.2 19.1 14.3 10.9- 8.0 5.8 4.2 2.9 1.8 1.0 F5A
17.1 |17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0.\3.6 9.3 6.3 4.2 2.8 . ... F11
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 1&7~13.7 9.3 6.3 4.2 2.8 e ... F11
21.4 |121.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 . 20.2 13.7 9.3 6.3 4.2 2.8 C ... F11
20.0 (19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19/ 18.6 18.0 11.3 7.2 4.5 2.8 e ... F12
17.1 |17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6_ 16:6 16.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 F21
21.4 |121.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7°.19.3 181 131 9.5 6.8 4.9 3.2 2.4 1.3 F21
17.1 |17.1 16.6 16.6 16.6 16.6 16.6 16.6 /166 16.6 16.6 13.6 10.8 8.0 5.7 3.8 . ... F22
21.4 |21.4 20.9 20.6 20.5 20.4 20.2 20.0 9.7 19.3 18.7 158 11.4 7.8 5.1 3.2 Ce ... F22
24.3 |124.3 24.3 24.2 24.1 23.7 23.4 22.9°22.2 21.3 203 19.1 17.8 16.3 14.0 10.3 7.0 4.3 F91
24.3 |24.3 24.3 24.2 24.1 23.7 23,4-22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 F91
20.0 |20.0 20.0 20.0 20.0 18.8. &9 ... ... .. e e .. Ce ... LF3 A350
17.1 |117.1 171 171 171 174171 ... oo oo ee e .. ... LF4
17.1 |116.5 15.7 15.3 153..N.0. ... .. .. oo e e .. ... LF5
20.0 |19.2 18.3 17.8 1728/ ... vt i e e e ... LF5

Wrought Fittings (Seamless gnd Welded)
15.7 |15.7 1547/ ,15.7 15.7 15.7 15.7 15.7 15.4 14.9 145 ... ... Ce C e e ... WP1 A234
17.1 |17.1 «16.,6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5
21.4 |21.4-20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5
17.1 |11 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 WP9
17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 R ... WP11
21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 Ce ... WP11
17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 . ... WP12
20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 180 11.3 7.2 4.5 2.8 C ... WP12
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 C ... WP22 A234
21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 158 11.4 7.8 5.1 3.2 ... ... WP22

243 243 243 24.2 241 23.7 23.4 229 222 213 203 19.1 17.8 163 140 103 7.0 4.3 WP91
243 243 243 24.2 241 237 23.4 229 222 213 203 19.1 17.8 163 129 9.6 7.0 4.3 WP91
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Specified Specified

Minimum Minimum E

Spec. Nominal Tensile, Yield, or

No. Grade Type or Class Composition P-No. Notes ksi ksi F

Castings

A217 WwC1 e -4 Mo 3 2B3)®) 65 35 0.80

WCz - TNI=5Cr=75 M0 7 ) 70 70 0.80
W5 . %, Ni-1Mo-%/,Cr 4 (3)() 70 40 0.80
WC6 e 1Y, Cr-% Mo 4 B3 70 40 0.80
A217 WC9 cee 2Y, Cr-1Mo 5A B)@) 70 40 0.80
C5 . 5Cr-14 Mo 5B (3)@) 90 60 0.80
C12 Ce 9Cr-1Mo 5B B34 90 60 0.80
C12A A 9Cr-1Mo-V 15E 4)(14) 85 60 0.80

GENERAL NOTES:

(@) The taBulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure Vessel Code applications, see related specifita-
tions in Section Il of the ASME Code.

(b) The strpss values in this Table may be interpolated to determine values for intermediate tempgratures.

() The P-Numbers indicated in this Table are identical to those adopted by the ASME Boiler @and Pressure Vessel Code, Section IX, dxcept
as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands of pounds_pef square inch.”

(e) The mdterials listed in this Table shall not be used at design temperatures above.those for which allowable stress values are given.

(f) The tahulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efff-
ciency factors are shown in Table 102.4.3.

(g) Pressute-temperature ratings of piping components, as published in standards referenced in this Code, may be used for compor{ents
meeting the requirements of those standards. The allowable stress values given in this Table are for use in designing piping compo-
nents Which are not manufactured in accordance with referenced standards.

(h) All the |materials listed are classifed as ferritic [see Table 104.1.2(A)].

() The taQulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gdvern
the selpction of stresses.

() See pafa. 124.1.2 for lower temperature limits.

NOTES:

(1)  THIS MATERIAL IS NOT ACCEPTABLE FOR USE QN BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A.1), FIG. 100.1.2(A.2), FIG.

100.1.2(B.1), FIG. 100.1.2(B.2), AND FIG. 100.1:2(B.3).

(2)  Upon| prolonged exposure to temperature\above 875°F, the carbide phase of carbon-molybdenum steel may be converted to grgphite.

(3) Thesg allowable stress values apply tosnarmalized and tempered material only.

(4) The material quality factors and allowable stress values for these materials may be increased in accordance with para. 102.4.6

(5) For upe at temperatures above 850°F, the carbon content of the base material and, where applicable, weld filler metal shall be

0.05% or higher. See para.124/2(D).

(6) If A234 Grade WP-12 fittingsiare made from A387 Grade 12 Class 1 plate, the allowable stress values shall be reduced by the fatio

of 55| divided by 60 in.thetemperature range —20°F through 850°F. At 900°F through 1,100°F, the values shown may be used.

(7)  The rutual quality«factor for centrifugally cast pipe (0.85) is based on all surfaces being machined, after heat treatment, to a surface

finisH of 250 win, arithmetic average deviation or better.

(8) Thesg allowable stress values are for pipe fabricated from ASTM A387 Class 1 plate in the annealed condition.

(9) Thesg¢ allgWable stress values are for pipe fabricated from ASTM A387 Class 2 plate.

(10) Thesg altowable stress values apply to thickness less than 3 in.

(11) These—attowabtestressvatues app'ly to-thickmess—S—m—or greater.

(12) Separate weld procedure and performance qualifications shall apply for both classes of this material. The postweld heat treatment

shall

be in accordance with para. 132.1.3.
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Castings

14.9 149 14.9 149 149 14.9 149 14.7 143 13.9 135 ... ... e Ce A A ..o WQ1 A217

16.0 [T6:0 16.0 16.0 16.0 160 16.0 16.0 16.0 160 154 120 7.4 4.7 - - A . WCh

16.0 |16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.4 13.0 88 5.5 3.7 2.2 ... ... W@

16.0 |16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.8 15.4 150 11.0 7.4 50 3.4 2.2 A ...C\WE6

16.0 |16.0 15.8 15.5 15.4 15.4 153 15.0 14.8 14.3 13.8 126 9.1 6.2 4.1 2.6 S W . WC9 A217

20.6 |20.6 19.9 19.8 19.7 19.4 19.1 18.7 18.2 153 11.4 87 6.4 4.6 3.4 2.3 1.4 0.8 C5

20.6 |20.6 19.9 19.8 19.7 19.4 19.1 18.7 18.2 17.4 16.6 13.1 88 59 4.0 2.6 1.8 1.2 C12

19.4 |19.4 18.9 18.2 17.6 17.1 16.8 16.5 16.2 15.8 15.3 14.8 14.2 11.4 9.1 7.0 52 3.4 C12A

NOTE$ (Cont’d):

(13) [CAUTIONARY NOTE: Corrosion fatigue occurs by the combined actions of cyclic loading and a‘eGyrosive environment. In piging sys-
fems, corrosion fatigue is more likely to occur in portions of water systems with low strain rates (<1.0%/sec), higher temperatures
above 300°F (150°C)], and higher dissolved oxygen (>0.04 ppm), with a preference toward regions with increased local s{resses.
While the mechanisms of crack initiation and growth are complex and not fully und€érstood, there is consensus that the twp major fac-
fors are strain and waterside environment. Strain excursions of sufficient magnitdde ‘to fracture the protective oxide layer play a major
fole. In terms of the waterside environment, high levels of dissolved oxygen afd pH excursions are known to be detrimenfal. Histori-
Cally, the steels applied in these water-touched components have had the minimum specified yield strengths in the range|of 27 ksi
fo 45 ksi (185 MPa to 310 MPa) and minimum specified tensile strengths.ih the range of 47 ksi to 80 ksi (325 MPa to 550 MPa). As
these materials are supplanted by higher strength steels, some have goncern that the higher design stresses and thinner wall thick-
hesses will render components more vulnerable to failures by corrosion fatigue. Thus, when employing such higher strength steels
for water systems, it is desirable to use “best practices” in design by minimizing localized strain concentrations, in contro| of water
chemistry and during lay-up by limiting dissolved oxygen and-pH excursions, and in operation by conservative startup, shiitdown,

(14)

and turndown practices.
For additional requirements for this material, see para. 425.1.
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Table A-3 Stainless Steels

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F
Seamless Pipe and Tube
Austenitic
A213 3074 S30400 TSCr—8Nt 8 (T0) 75 30 1.00
TP304 S30400 18Cr-8Ni 8 9(10) 75 30 1.00
TP304H S30409 18Cr-8Ni 8 S 75 30 1.00
TP304H S30409 18Cr—8Ni 8 ) 75 30 1.00
A213 TP304L S30403 18Cr-8Ni 8 D 70 25 1.00
TP304L S30403 18Cr—-8Ni 8 [6IC) 70 25 1.00
TP304N S30451 18Cr—8Ni-N 8 (10) 80! 35 1.00
TP304N S$30451 18Cr-8Ni-N 8 9)(10) 80 35 1.00
A213 S30815 21Cr-11Ni-N 8 1) 87 45 1.00
S30815 21Cr-11Ni-N 8 (OI)] 87 45 1.00
A213 TP309H S$30909 23Cr—12Ni 8 9 75 30 1.00
TP309H S30909 23Cr-12Ni 8 e 75 30 1.00
TP310H S31009 25Cr—20Ni 8 9 75 30 1.00
TP310H $31009 25Cr-20Ni 8 75 30 1.00
A213 TP316 S31600  16Cr—-12Ni-2Mo 8 (10) 75 30 1.00
TP316 $31600 16Cr-12Ni-2Mo 8 ©)(10) 75 30 1.00
TP316H S31609 16Cr-12Ni-2Mo 8 .. 75 30 1.00
TP316H S$31609 16Cr-12Ni-2Mo 8 ©) 75 30 1.00
A213 TP316L S31603 16Cr-12Ni-2Mo 8 Q) 70 25 1.00
TP316L S$31603 16Cr-12Ni-2Mo 8 1929 70 25 1.00
TP316N S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
TP316N S$31651 16Cr-12Ni-2Mo-N 8 9)(10) 80 35 1.00
A213 TP316Ti S31635 16Cr—12Ni=2Mo-Ti 8 (10) 75 30 1.00
TP316Ti S$31635 16Cr-12Ni-2Mo-Ti 8 9)(10) 75 30 1.00
TP317 S31700  18Cr—13Ni-3Mo 8 1@o) 75 30 1.00
TP317 S$31700 18€rs13Ni-3Mo 8 1)(9)(10) 75 30 1.00
TP317L S31703 18Cr-13Ni-3Mo 8 1) 75 30 1.00
TP317L S$31703 18Cr-13Ni-3Mo 8 ®© 75 30 1.00
A213 TP321 S32400/ 18Cr—10Ni-Ti 8 (10) 75 30 1.00
TP321 532100 18Cr-10Ni-Ti 8 9)(10) 75 30 1.00
TP321H S$32109 18Cr—10Ni-Ti 8 L. 75 30 1.00
TP321H $32109 18Cr-10Ni-Ti 8 ©9) 75 30 1.00
A213 TP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
TP347 S34700 18Cr-10Ni-Cb 8 9)(10) 75 30 1.00
TP347H S34709 18Cr-10Ni-Cb 8 .. 75 30 1.00
TP347H S34709 18Cr-10Ni-Cb 8 ©9) 75 30 1.00
A213 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00
TP348 S34800  18Cr—10NI—Cb 8 OT0) 75 30 1.00
TP348H S34809 18Cr-10Ni-Cb 8 . 75 30 1.00
TP348H S34809 18Cr-10Ni-Cb 8 9 75 30 1.00
A312 - N08904  44Fe—25Ni-21Cr—-Mo 45 1) 71 31 1.00
TP304 S30400  18Cr-8Ni 8 (10) 75 30 1.00
TP304 S30400  18Cr-8Ni 8 9(10) 75 30 1.00
TP304H S$30409 18Cr—-8Ni 8 e 75 30 1.00
TP304H S30409 18Cr—8Ni 8 © 75 30 1.00
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Table A-3 Stainless Steels

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube
Austenitic

20.0 [T6.7 I5.0 138 129 123 120 L7 II5 II.2 IT.0 108 10.6 10.4 10.1 38 7.7 6.1 P304 A213
20.0 |20.0 18.9 183 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 14.0 12.4 9.8 7.7 6.1 TP30%4
20.0 |16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 (TP304H
20.0 |20.0 18.9 183 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 14.0 12.4 9.8 7.7 6.1 TP304H
16.7 |14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 TP3041 A213
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 ... ... ... C. Ce C e ... TP304L
22.9 |19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 77 6.1 TP304N
22.9 |122.9 21.7 20.3 189 179 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304\N
24.9 |24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 149 11.6 9:0 6.9 5.2 A213
24.9 |24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2
20.0 [20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 TP309H A213
20.0 |17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3/,103 7.6 55 4.0 TP309H
20.0 [20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 138\~10.3 7.6 5.5 4.0 TP310fH
20.0 |17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12,9 12.7 12.5 123 {2.%¥ 10.3 7.6 5.5 4.0 TP310f
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4N\11.3 11.2 11.1 9.8 7.4 TP316 A213
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 154 15.3 15.1 12.4 9.8 7.4 TP316
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 115 1.4 113 11.2 111 9.8 7.4 TP316H
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 156 15.4 153 15.1 12.4 9.8 7.4 TP316H
16.7 |14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 94 *9.2 9.0 8.8 8.6 8.4 8.3 6.4 TP316} A213
16.7 |16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12w 12.4 12.1 119 11.6 11.4 8.8 6.4 TP316}
22.9 |120.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2~13.9 13.7 13.4 13.2 129 123 9.8 7.4 TP316N
22.9 |122.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6_19.2 18.8 18.5 18.1 17.8 158 123 9.8 7.4 TP316N
20.0 |17.7 15.8 14.3 13.2 12.4 12.2 12.0 11:9-11.8 11.7 11.6 11.5 11.4 11.2 11.0 9.8 7.4 TP316fi A213
20.0 |20.0 20.0 19.4 17.8 16.8 16.5 16.2 \16.0 15.9 15.8 15.7 15.5 153 15.1 12.3 9.8 7.4 TP316fi
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1,11.9 11.8 11.6 11.5 11.4 113 11.2 111 9.8 7.4 TP317
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 «16.3 16.1 15.9 15.7 15.6 15.4 153 15.1 12.4 9.8 7.4 TP317
20.0 |17.0 15.2 14.0 13.1 12.5 122 12.0 11.7 11.5 11.3 TP3171
20.0 |20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 TP317{
20.0 |18.0 16.5 15.3 14.3 13.,5./13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A213
20.0 |20.0 19.1 18.7 18.7~183 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321
20.0 |18.0 16.5 15.3 143\A3.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321H
20.0 [20.0 19.1 18.7~18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321f
20.0 |18.4 17.1 16.0) 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A213
20.0 |20.0 18.81728 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347
20.0 |18.4 12X 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP347H
20.0 |20.0~ 188 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347(
20.0 |184~ 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A213
20.0 20.0 188 178 I7.7 169 168 16.8 16.8 16.8 16.8 16./ 16.6 16.0 12,1 9.1 6.1 4.4  1P548
20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP348H
20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP348H
20.3 16.7 15.1 13.8 12.7 119 11.6 11.4 ... ... ... ... ... A312
20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304
20.0 20.0 18.9 183 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 14.0 12.4 9.8 7.7 6.1 TP304
20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304H
20.0 20.0 18.9 183 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 14.0 12.4 9.8 7.7 6.1 TP304H
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F
Seamless Pipe and Tube (Cont’d)
Austenitic (Cont’d)
A312 304LC S30403 TSCr—8Nt 8 1¥5) 70 75 1.00
TP304L S30403 18Cr-8Ni 8 [6IC) 70 25 1.00
TP304N S30451 18Cr-8Ni-N 8 (10) 80 35 1.00
TP304N S30451 18Cr-8Ni-N 8 9)(10) 80 35 1.00
A312 530815 21Cr-11Ni-N 8 1) 87 45 1.00
S30815 21Cr—-11Ni-N 8 1) 87 45 1.00
A312 TP309H S30909  23Cr-12Ni 8 9 75 30 1.00
TP309H $30909 23Cr-12Ni 8 ce 75 30 1.00
TP310H S31009  25Cr—20Ni 8 © 75 30 1.00
TP310H S$31009 25Cr—20Ni 8 75 30 1.00
A312 TP316 S$31600 16Cr-12Ni-2Mo 8 (10) 75 30 1.00
TP316 S31600  16Cr—12Ni-2Mo 8 9)(10) 75 30 1.00
TP316H S31609  16Cr-12Ni-2Mo 8 . 75 30 1.00
TP316H S31609  16Cr—12Ni-2Mo 8 9 75 30 1.00
A312 TP316L S31603 16Cr-12Ni-2Mo 8 (6)][022)] 70 25 1.00
TP316L S31603 16Cr-12Ni-2Mo 8 1©)(29) 70 25 1.00
TP316N S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
TP316N S31651 16Cr—12Ni-2Mo-N 8 9)(10) 80 35 1.00
A312 TP317LMN S31726  19Cr-15.5Ni-4Mo 8 ()] 80 35 1.00
TP317LMN S$31726 19Cr-15.5Ni-4Mo 8 (OIO)] 80 35 1.00
TP316Ti S31635 16Cr—12Ni-2Mo-Ti 8 (10) 75 30 1.00
TP316Ti S$31635 16Cr—12Ni—2Mo-Ti 8 9)(10) 75 30 1.00
A312 TP317 S$31700 18Cr<13Ni-3Mo 8 (1)(10) 75 30 1.00
TP317 S31700  A8C€r=13Ni-3Mo 8 1O)(10) 75 30 1.00
TP317L S$31703 18Cr-13Ni-3Mo 8 R 75 30 1.00
TP317L S31703 “~“18Cr-13Ni-3Mo 8 © 75 30 1.00
A312 TP321 S32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00
TP321 $32100  18Cr—10Ni-Ti 8 9)(10) 75 30 1.00
TP321H $32109  18Cr-10Ni-Ti 8 c. 75 30 1.00
TP321H $32109  18Cr-10Ni-Ti 8 9 75 30 1.00
A312 TP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
TP347 S34700 18Cr-10Ni-Cb 8 9)(10) 75 30 1.00
TP347H4 S34709  18Cr-10Ni-Cb 8 ce. 75 30 1.00
TP347H S34709 18Cr-10Ni-Cb 8 ©) 75 30 1.00
A312 TP348 S$34800 18Cr-10Ni-Cb 8 (10) 75 30 1.00
TP348 S34800  18Cr-10Ni-Cb 8 ©9)(10) 75 30 1.00
TP348H S$34809 18Cr-10Ni-Cb 8 - 75 30 1.00
TP348H S34809  18Cr—10Ni-Cb 8 © 75 30 1.00
A312 TPXM-15 S38100  18Cr—18Ni-2Si 8 (@) 75 30 1.00
TPXM-15 S38100  18Cr-18Ni-2Si 8 00O 75 30 1.00
TPXM-19 S20910  22Cr-13Ni-5Mn 8 @ 100 55 1.00
TPXM-19 S$20910  22Cr-13Ni-5Mn 8 1) 100 55 1.00
S31254  20Cr-18Ni-6Mo 8 ()] 95 45 1.00
S$31254  20Cr-18Ni-6Mo 8 1) 95 45 1.00

142


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube (Cont’d)

Austenitic (Cont’d)
16.7 [T3 128 1.7 109 104 10.2 10.0 9.8 9.7 TP307} A312
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 ... ... ... . e Ce Ce ... TP30341L
22.9 (19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 TP304N
22.9 |122.9 21.7 20.3 18.9 179 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304N
24.9 |24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 149 11.6 9.0 6.9 5.2 A312
24.9 (24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 11.6 9.0 6.9 5.2
20.0 (20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6, 55 4.0 TP309H A312
20.0 |17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 123 103 7.6 5.5 4.0 TP309H
20.0 |20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 169 16.7 138 10.3 76 55 4.0 TP310H
20.0 |17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12.5 123 121 10:3 7.6 5.5 4.0 TP310{H
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3<{,11.2 111 9.8 7.4 TP316 A312
20.0 (20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153)°15.1 12.4 9.8 7.4 TP316
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 “1.3 11.2 111 9.8 7.4 TP316H
20.0 (20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4\153 151 12.4 9.8 7.4 TP316H
16.7 (14.2 12.7 11.7 109 10.4 10.2 100 9.8 9.6 9.4 92(»9.0 838 8.6 8.4 8.3 6.4 TP316} A312
16.7 [16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12%“12.1 119 11.6 11.4 8.8 6.4 TP316|
22.9 120.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 129 123 9.8 7.4 TP316N
22.9 122.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 188,185 18.1 17.8 158 123 9.8 7.4 TP316N
22.9 120.0 17.9 16.3 15.3 14.6 TP317IMN A312
22.9 121.8 20.9 20.5 20.3 19.7 ... ... oo oMol oo . ... TP317{MN
20.0 |17.7 15.8 14.3 13.2 12.4 12.2 12.0 11.9-11.8 11.7 11.6 115 11.4 11.2 11.0 9.8 7.4 TP316fi
20.0 |20.0 20.0 19.4 17.8 16.8 16.5 16.2 A46:0 15.9 15.8 15.7 15.5 15.3 15.1 12.3 9.8 7.4 TP316fi
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1°11.9 11.8 11.6 11.5 11.4 11.3 11.2 111 9.8 7.4 TP317 A312
20.0 [20.0 20.0 19.3 18.0 17.0 16.6~16.3 16.1 15.9 15.7 15.6 15.4 153 151 12.4 9.8 7.4 TP317
20.0 |17.0 15.2 14.0 13.1 12,5 12.2./12.0 11.7 115 11.3 TP317L
20.0 (20.0 19.6 18.9 17.7 16.9. 165 16.2 15.8 15.5 15.2 TP317}
20.0 (18.0 16.5 15.3 14.3.13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A312
20.0 |20.0 19.1 18.7 1&A 18.3 17.9 17.5 17.2 169 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321
20.0 (18.0 16.5 15.3 143" 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321H
20.0 |20.0 19.1 18.218.7 18.3 17.9 17.5 17.2 169 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
20.0 (18.4 17,2,6.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A312
20.0 |20.0 188/17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347
20.0 (18.4~17°1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 133 10.5 7.9 TP347H
20.0 |20:0~18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A312
20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348
20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP348H
20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP348H
20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 TPXM-15  A312
20.0 20.0 18.9 183 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 10.6 10.4 ce TPXM-15
28.6 28.4 26.9 26.0 25.5 25.0 24.6 24.2 23.9 23.5 23.3 23.0 22.7 22.5 22.2 TPXM-19
28.6 28.4 26.9 26.0 25.5 25.1 24.9 24.7 24.5 24.2 23.9 23.6 23.2 22.8 223 TPXM-19
27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
27.1 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F

Seamless Pipe and Tube (Cont’d)
Austenitic (Cont’d)
A376 S30400 T8CT—8NT 8 (¥19)) 75 30 1.00
S30400 18Cr—8Ni 8 9)(10) 75 30 1.00
S$30409 18Cr—-8Ni 8 - 75 30 1.00
S30409 18Cr—8Ni 8 ©) 75 30 1.00
S30451 18Cr-8Ni-N 8 (10) 80 35 1.00
S$30451 18Cr-8Ni-N 8 9)(10) 80 35 1.00
A376 S$31600 16Cr-12Ni-2Mo 8 (10) 75 30 1.00
S31600 16Cr-12Ni-2Mo 8 9)(10) 75 30 1.00
S31609 16Cr-12Ni-2Mo 8 A 75 30 1.00
531609 16Cr-12Ni-2Mo 8 ) 75 30 1.00
$31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
S$31651 16Cr-12Ni-2Mo—-N 8 9)(10) 80 35 1.00
A376 S32100 18Cr—10Ni-Ti 8 (10) 75 30 1.00
$32100 18Cr-10Ni-Ti 8 9)(10) 75 30 1.00
S$32109 18Cr—10Ni-Ti 8 Cew 75 30 1.00
$32109 18Cr-10Ni-Ti 8 9) 75 30 1.00
A376 S34700 18Cr-10Ni-Cb 8 (10) 75 30 1.00
S34700 18Cr-10Ni-Cb 8 9)(10) 75 30 1.00
S34709 18Cr-10Ni-Cb 3 A 75 30 1.00
S34709 18Cr-10Ni-Cb 8 ©9) 75 30 1.00
A376 S34800 18Cr-10Ni-Cb 8 (10) 75 30 1.00
S$34800 18Cr-10Ni-Cb 8 9)(10) 75 30 1.00
A789 S32550 25.5Cr-5.5Ni#3.5Mo-2Cu  10H 125 26) 110 80 1.00
A790 S$32550 25.5Cr-55Ni>3.5M0-2Cu  10H 1)(25)(26) 110 80 1.00
Ferritic/
A268 S40500 12Cr-Al 7 3) 60 30 1.00
S41000 13Cr 6 . 60 30 1.00
S42900 15Cr 6 3) 60 35 1.00
S43000 17Cr 7 3) 60 35 1.00
S44627 26Cr-1Mo 10l (6)]@))] 65 40 1.00
S44600 27Cr 10l e 70 40 1.00
S44626 27Cr—1Mo-Ti 10l ) 68 45 1.00
Ferritic/

A789 S$31803 22Cr-5.5Ni-3Mo-N 10H D@23)(24) 90 65 1.00
S32101 21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 94 65 1.00
S$32205 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 95 70 1.00
S32101 21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 101 77 1.00
S$32750 S$32750 25Cr-7Ni-4Mo-N 10H 1E22)(23) 116 80 1.00
A790 S$31803 S31803 22Cr-5.5Ni-3Mo-N 10H 1)(23)(24) 90 65 1.00
S32101 S$32101 21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 94 65 1.00
2205 S32205 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 95 65 1.00
S32101 S32101 21Cr-5Mn-1.5Ni—Cu-N 10H (1)(23)(24) 101 77 1.00
S$32750 S32750 25Cr-7Ni-4Mo—-N 10H 122)(23) 116 80 1.00
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube (Cont’d)
Austenitic (Cont’d)
20.0 [T6.7 I5.0 138 129 123 120 Ir.7 II5 1.2 IT.0 108 10.6 10.4 10.1 38 77 6.1 P304 A376
20.0 [20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304
20.0 [16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304H
20.0 |20.0 18.9 183 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304H
22.9 (19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1  TP304N
22.9 |122.9 21.7 20.3 18.9 179 17.5 17.2 169 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304\N
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 111 98 7.4 TP316 A376
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316
20.0 (17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 11.1 9.8 7.4 TP316H
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12,4 9.8 7.4 TP316H
22.9 |120.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9\»2.3 9.8 7.4 TP316N
22.9 |122.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 158 " 12.3 9.8 7.4 TP316N
20.0 (18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A376
20.0 |20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 162 9.6 6.9 5.0 3.6 TP321
20.0 (18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1_ ¥.0 11.9 9.1 6.9 5.4 TP321H
20.0 |20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4:\6.2 12.3 9.1 6.9 5.4 TP321{H
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 A3%4 13.4 12.1 9.1 6.1 4.4 TP347 A376
20.0 |20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 167/\16.6 16.0 12.1 9.1 6.1 4.4 TP347
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 4134 13.4 13.4 13.4 133 10.5 7.9 TP347H
20.0 |20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16,8~16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 “13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A376
20.0 |20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8.16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348
31.4 |31.3 29.5 28.6 28.2 A789
31.4 |31.3 29.5 28.6 28.2 A790
Ferritic/Martensitic
17.1 |17.1 16.8 16.5 16.3 15.9 156 \15.2 TP405 A268
17.1 |17.1 16.8 16.5 16.3 15.9 15.6715.2 TP410
17.1 |17.1 16.8 16.5 16.3 15.9- 1516 15.2 TP429
17.1 [17.1 16.8 16.5 16.3 15.9-715.6 15.2 TP430
18.6 |18.6 18.3 18.1 18.1~1871 18.1 TPXM-p7
20.0 |20.0 19.3 18.8 184°M7.9 17.7 TP44611
19.4 |19.4 19.3 19.0-18.8 18.4 18.1 TPXM-B3
Ferritic/Austenitic

25.7 |25.7 2438 23.9 23.3 231 S3180B A789
26.9 |26.9_ 25,6 24.7 24.7 24.7 S3210
27.1 |27.7726.2 25.2 24.6 24.3 2205
28.9 289" 27.5 26.5 26.5 26.5 S3210
33.1 33.0 31.2 30.1 29.6 29.4 S$32750
25.7 25.7 24.8 239 23.3 23.1 531803 A790
26.9 26.9 25.6 24.7 24.7 24.7 S32101
27.1 27.1 26.2 25.2 24.6 24.3 2205
28.9 28.9 27.5 26.5 26.5 26.5 S32101
33.1 33.0 31.2 30.1 29.6 29.4 S32750
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Centrifugally Cast Pipe
Austenitic
A451 CPF8 s 192600 18Cr—8Ni 8 1EQO1A7) 70 30 0.85
dPF8 - 192600 18Cr-8Ni 8 DWEY®a0a7 70 30 0.85
{dPF8C 192710 18Cr-10Ni-Cb 8 wEQQ)@1a7) 70 30 0.85
qdPF8C 192710 18Cr-10Ni-Cb 8 1®E©010)@17) 70 30 0.85
qPF8M R 192900 18Cr-9Ni-2Mo 8 wE@3)@17) 70 30 0.85
JPF8M A 192900 18Cr-9Ni-2Mo 8 DE©@a3)17) 70 30 0.85
A451 JPH8 Ce 193400 25Cr-12Ni 8 1E@0)@17) 65 28 0.85
(PH8 R 193400 25Cr—12Ni 8 DE©e0@17) 65 28 0.85
dPH10 . 193410 25Cr-12Ni 8 1)(©)(8)(10)(17) (70) 30 0.85
dPH10 ce 193410 25Cr-12Ni 8 DE)®)9)10)(17) (70) 30 0.85
A451 qPH20 Ce 193402 25Cr—12Ni 8 1)(6)(8)(10)(1A) (70) 30 0.85
qPH20 R 193402 25Cr—12Ni 8 1)(©)(8)(9)(16)(17) (70) 30 0.85
dPK20 e 194202 25Cr-20Ni 8 DOEQYE?) 65 28 0.85
dPK20 e 194202 25Cr—20Ni 8 DED@0)(17) 65 28 0.85
Welded Pige and Tube — Without Filler Metal
Austenitic
A249 TP304 . S$30400 18Cr—8Ni 8 (10) 75 30 0.85
TP304 R S30400  18Cr-8Ni 8 ©)(10) 75 30 0.85
TP304H e S$30409 18Cr—-8Ni 8 R 75 30 0.85
TP304H - S30409 18Cr-8Ni 8 © 75 30 0.85
A249 TP304L - S30403 18Cr-8Ni 8 1) 70 25 0.85
TP304L e S30403 18Cr—-8Ni 8 (63IE)] 70 25 0.85
TP304N - S30451 18Cr-8Ni-N 8 (10) 80 35 0.85
TP304N e S30451 18Cr-8Ni-N 8 9(@0) 80 35 0.85
A249 g R S30815 21Cr=11Ni-N 8 (6D) 87 45 0.85
S$30815 21Cr—11Ni-N 8 (OI)] 87 45 0.85
A249 TP309H 530909 23Cr-12Ni 8 ) 75 30 0.85
TP309H S30909 23Cr—12Ni 8 75 30 0.85
A249 TP316 - S31600  16Cr—12Ni-2Mo 8 (10) 75 30 0.85
TP316 Ce S$31600 16Cr-12Ni-2Mo 8 9)(10) 75 30 0.85
TP316H  off S31609 16Cr-12Ni-2Mo 8 e 75 30 0.85
TP316H <\ S$31609 16Cr-12Ni-2Mo 8 ©9) 75 30 0.85
A249 TP316L A S$31603 16Cr-12Ni-2Mo 8 1)(29) 70 25 0.85
TP316L R S31603 16Cr-12Ni-2Mo 8 1©)29) 70 25 0.85
TP3T6N S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 0.85
TP3TEN S31651T t6Cr=12Ni—2Mo=N 8 1VJ1W4Y)) 80 35 0.85
A249 TP317 - S31700  18Cr-13Ni-3Mo 8 Qo) 75 30 0.85
TP317 e $31700  18Cr-13Ni-3Mo 8 10 75 30 0.85
TP321 - S32100 18Cr—10Ni-Ti 8 (10) 75 30 0.85
TP321 e $32100  18Cr-10Ni-Ti 8 9(@0) 75 30 0.85
TP321H S32109 18Cr—10Ni-Ti 8 - 75 30 0.85
TP321H S32109 18Cr—10Ni-Ti 8 9 75 30 0.85
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Centrifugally Cast Pipe
Austenitic

17.0 14.2 12.7 11.7 11.0 10.5 102 99 98 9.5 9.4 92 9.0 8.8 8.1 6.4 5.1 4.1 CPF8 A451
17.0 (16.1 15.0 14.5 14.4 14.1 13.8 13.4 13.2 12.9 12.7 12.4 12.2 10.4 8.1 6.4 5.1 4.1 CPF8

17.0 (14.2 12.7 11.7 11.0 10.4 10.2 100 9.8 9.5 9.4 92 9.0 838 8.6 7.8 52 3.8 (QRF8C
17.0 (16.1 15.0 14.5 14.4 14.1 13.8 13.5 13.2 12.9 12.6 12.4 121 119 103 7.8 52 3.8.\CPF8C
17.0 |14.6 13.2 12.1 11.3 10.7 10.4 103 10.1 10.0 9.9 98 9.7 9.6 9.5 7.6 59 4.6 |/CPF8M
17.0 (17.0 16.5 16.3 15.2 14.4 14.1 13.8 13.6 13.5 13.3 13.2 13.1 126 9.8 7.6 5.9 46 CPF8M

15.8 |13.0 12.0 11.5 11.1 10.8 10.5 10.3 10.0 9.7 9.4 9.1 8.7 8.4 7.2 55 %3 3.2 CPH8 A451
15.8 (14.4 13.4 13.1 13.1 13.1 13.0 129 12.8 12.5 12.2 11.8 113 9.4 7.2 5.5 43 3.2 CPH8

17.0 |13.9 12.8 12.3 11.9 11.5 11.3 11.0 10.7 10.4 10.0 9.7 78 50 3.2 2.1 1.3 0.85 CPH10
17.0 (15.6 14.5 14.1 14.1 14.1 14.0 139 13.8 13.5 13.1 12.7 78 50 3.2 2. 1.3 0.85 CPH10

17.0 (13.9 12.8 123 11.9 11.5 113 11.0 10.7 10.4 100 9.7 9.4 9.0 72 55 4.3 3.2 CPH20 A451
17.0 (15.6 14.5 14.1 14.1 14.1 14.0 13.9 13.8 13.5 13.1 12.7 121 9.4 7.2 55 4.3 3.2 CPH20
15.8 (13.0 12.0 11.5 11.1 10.8 10.5 10.3 10.0 9.7 9.4 9.1 87 8.4 8.1 7.2 6.2 5.1 CPK20
15.8 (14.4 13.4 13.1 13.1 13.1 13.0 129 12.8 12.5 12.2 11.8 11.3 9% 8.3 7.2 6.2 5.1 CPK20

Welded Pipe and Tube — Without] Filler Metal
Austenitic

17.0 (14.2 12.7 11.7 11.0 10.4 10.2 100 9.8 9.6 9.4 9.2(9.0 8.8 8.6 8.3 6.6 5.2 TP304 A249
17.0 |17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 12.1 119 105 8.3 6.6 5.2 TP304
17.0 (14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4%9.2 9.0 838 8.6 8.3 6.6 5.2 TP304
17.0 |17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 112(6y 12.4 12.1 119 10.5 8.3 6.6 5.2 TP304H

T

14.2 (121 109 99 93 88 86 85 83 82) ... ... ... ... e R R ... TP304) A249
14.2 (14.2 14.2 13.4 12,5 11.9 11.7 11.4 113011 ... ... ... ... ... TP3041
19.4 116.2 14.2 12.8 11.9 11.3 11.0 10.8 10.6.10.5 10.3 10.0 9.8 9.6 9.4 8.3 6.6 5.2 TP304
19.4 119.4 185 17.3 16.0 15.2 14.9 14.6 (144 14.1 13.8 13.6 133 13.0 105 8.3 6.6 5.2 TP304N

=

21.2 121.0 18.7 16.9 15.7 15.0 14.8 146 14.5 143 14.1 139 13.8 12.7 9.9 7.7 5.9 4.4 ... A249
21.2 (21.0 19.8 19.0 18.5 18.2 18,0\N.9 17.7 17.5 173 17.0 16.2 12.7 9.9 7.7 5.9 4.4

17.0 (17.0 17.0 17.0 16.5 15.9- 1577 15.5 15.3 15.1 14.8 14.6 14.4 11.7 8.8 6.5 4.7 3.4 TP309
17.0 |14.9 13.7 12.8 12.2 ¥K8-11.6 11.5 11.3 11.2 11.0 10.8 10.6 10.4 8.8 6.5 4.7 3.4 TP309H

T

A249

17.0 (14.7 13.2 12.1 1198M0.7 10.5 103 10.1 10.0 99 98 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A249
17.0 (17.0 17.0 16.4-15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 8.3 6.3 TP316
17.0 (14.7 13.2 127n\11.3 10.7 10.5 103 10.1 10.0 9.9 98 9.7 9.6 9.5 9.4 8.3 6.3 TP316
17.0 (17.0 17.0_le4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 8.3 6.3 TP316H

T

14.2 |12.1 J08” 99 93 88 87 85 83 81 80 78 77 7.5 7.3 7.2 7.1 5.4 TP316} A249
14.2 |14.2.-14.2 13.4 12.5 11.9 11.7 11.4 11.2 11.0 10.8 10.5 10.3 10.1 9.9 9.7 7.5 5.4 TP316}
19.4 (176~16.1 15.0 14.0 13.3 12.9 12.6 12.3 12.1 119 11.6 11.4 11.2 11.0 10.5 8.3 6.3 TP316\N
19.4 T 4187182 18T 179 174 170167 163 160 157 154 15: T 134 105 83 5.3 1P316

17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 98 9.7 9.6 9.5 9.4 8.3 6.3 TP317 A249
17.0 17.0 17.0 16.4 153 14.5 14.1 139 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 8.3 6.3 TP317

17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 8.2 59 4.3 3.1 TP321

17.0 17.0 16.2 159 15.9 15.5 15.2 149 14.6 14.4 142 141 13.9 13.8 8.2 59 4.3 3.1 TP321

17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 10.1 7.7 59 4.6 TP321H

17.0 17.0 16.2 15.9 159 15.5 15.2 149 14.6 14.4 14.2 141 13.9 13.8 105 7.7 59 4.6 TP321H
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F

Welded Pipe and Tube — Without Filler Metal (Cont’d)
Austenitic (Cont’d)

A249 3547 S34700 TSCr—TONT=Cbh 8 (1T0) 75 30 0.85
TP347 S34700 18Cr-10Ni-Cb 8 9)(10) 75 30 0.85
TP347H S34709 18Cr-10Ni-Cb 8 . 75 30 0.85
TP347H S34709 18Cr-10Ni-Cb 8 ) 75 30 0.85
A249  TP348 $34800  18Cr-10Ni-Cb 8 (10) 75 30 0.85
TP348 $34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 0.85
TP348H $34809  18Cr-10Ni-Cb 8 . 75 30 0.85
TP348H $34809  18Cr-10Ni-Cb 8 ©) 75 30 0.85
A249 S31254 20Cr-18Ni-6Mo 8 1) 94 44 0.85
S31254 20Cr-18Ni-6Mo 8 (63IE)] 94 44 0.85
A312 .- N08904 44Fe-25Ni-21Cr—-Mo 4 1) 71 31 0.85
P304 S30400 18Cr—8Ni 8 (10) 75 30 0.85
P304 S$30400 18Cr—8Ni 8 9)(19) 75 30 0.85
TP304H 530409  18Cr-8Ni 8 -\ 75 30 0.85
TP304H $30409  18Cr-8Ni 8 ©) 75 30 0.85
A312 TP304L S$30403 18Cr—8Ni 8 1) 70 25 0.85
TP304L S30403 18Cr—8Ni 8 (63I)] 70 25 0.85
TP304N $30451  18Cr-8Ni-N 8 (10) 80 35 0.85
TP304N 530451  18Cr-8Ni-N 8 9)(10) 80 35 0.85
A312 S$30815 21Cr-11Ni-N 8 (@) 87 45 0.85
$30815  21Cr-11Ni-N 8 W) 87 45 0.85
A312 TP309H S30909 23Cr-12Ni 8 9 75 30 0.85
TP309H $30909  23Cr-12Ni 8 . 75 30 0.85
TP310H 531009  23Cr<20Ni 8 ©) 75 30 0.85
TP310H $31009  23€r 20N 8 75 30 0.85
A312 TP316 S$31600 16Cr-12Ni-2Mo 8 (10) 75 30 0.85
TP316 S31600 16Cr-12Ni-2Mo 8 9)(10) 75 30 0.85
TP316H S31609 16Cr-12Ni-2Mo 8 R 75 30 0.85
TP316H S31609 16Cr-12Ni-2Mo 8 9 75 30 0.85
A312  TP316L $31603  16Cr-12Ni-2Mo 8 19 70 25 0.85
TP316L $31603  16Cr-12Ni-2Mo 8 1929 70 25 0.85
TP316N 531651  16Cr-12Ni-2Mo-N 8 (10) 80 35 0.85
TP316N $31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 0.85
TP317LMN $31726  19Cr-15.5Ni~4Mo 8 @ 80 35 0.85
TP317MN $31726  16Cr-15.5Ni-4Mo 8 Lo 80 35 0.85
A312 TP317 S3T700 T8Cr=13Ni=3Mv 8 1¥51¥19)) 75 30 0.85
TP317 S$31700 18Cr-13Ni-3Mo 8 1)(9)(10) 75 30 0.85
TP321 S32100 18Cr-10Ni-Ti 8 (10) 75 30 0.85
TP321 S$32100 18Cr—10Ni-Ti 8 9)(10) 75 30 0.85
TP321H $32109  18Cr-10Ni-Ti 8 e 75 30 0.85
TP321H $32109  18Cr-10Ni-Ti 8 © 75 30 0.85
A312 TP347 S34700 18Cr-10Ni-Cb 8 (10) 75 30 0.85
TP347 S34700 18Cr-10Ni-Cb 8 9)(10) 75 30 0.85
TP347H S34709 18Cr-10Ni-Cb 8 R 75 30 0.85
TP347H S34709 18Cr-10Ni-Cb 8 9 75 30 0.85
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Welded Pipe and Tube - Without Filler Metal (Cont’d)
Austenitic (Cont’d)
17.0 [I5.6 146 136 128 122 1.9 I8 16 II.5 II.5 1.4 ITh 11.4 10.5 /.0 . 3.0 P54/ A249
17.0 |17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 103 7.8 5.2 3.8 TP347%
17.0 |15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 113 8.9 6.7 (TP347H
17.0 |17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP347H
17.0 |15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 11.4 11.4 11.4 103 7.8 5.2 3.8 TP348 A249
17.0 |17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 103 7.8 5.2 3.8 TP348
17.0 |15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP348H
17.0 |17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP348H
22.8 120.3 18.2 16.8 15.8 15.2 15.0 14.8 14.7 A249
22.8 |22.8 21.7 20.7 20.0 19.5 19.4 19.3 19.2
17.2 |14.2 129 11.8 10.8 10.1 99 9.7 ... ... ... ... ... A312
17.0 |14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304
17.0 |17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 12.4 12.1 319,/ 10.5 8.3 6.6 5.2 TP304
17.0 |14.2 12.7 11.7 11.0 10.4 10.2 10.0 98 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304H
17.0 |17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 12.4 12.1\11.9 10.5 8.3 6.6 5.2 TP304H
142 |12.1 109 9.9 93 88 86 85 83 8.2 P304  A312
14.2 (142 142 13.4 12,5 11.9 11.7 11.4 11.3 111 ... %5 ... oo oo oo ... ... TP304L
19.4 [16.2 14.2 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3+10.0 98 96 94 83 6.6 52 TP304\N
19.4 [19.4 18.5 17.3 16.0 152 149 14.6 144 141 13@,13.6 13.3 13.0 105 83 6.6 52 TP304\
21.2 |21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3~\14.1 139 13.8 12.7 9.9 7.7 5.9 4.4 A312
21.2 |21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7_17%5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4
17.0 |17.0 17.0 17.0 16.5 15.9 15.7 15.5 153715.1 14.8 14.6 14.4 11.7 8.8 6.5 4.7 3.4 TP309H A312
17.0 |14.9 13.7 12.8 12.2 11.8 11.6 11.5 \12.3 11.2 11.0 10.8 10.6 10.4 8.8 6.5 4.7 3.4 TP309H
17.0 |17.0 17.0 16.9 16.4 15.7 155 15.2.15.0 14.8 14.6 14.4 14.2 11.7 8.8 6.5 4.7 3.4 TP310H
17.0 |15.0 13.7 12.8 12.1 11.7 11.5.°1+L3 11.1 11.0 10.8 10.7 10.5 10.3 8.8 6.5 4.7 3.4 TP310H
17.0 |14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 100 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A312
17.0 |17.0 17.0 16.4 15.3 1445 4.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 8.3 6.3 TP316
17.0 |14.7 13.2 12.1 11.3 {40/ 10.5 10.3 10.1 100 9.9 98 9.7 9.6 9.5 9.4 8.3 6.3 TP316{
17.0 |17.0 17.0 16.4 15.3 145 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 8.3 6.3 TP316H
14.2 |12.1 108 997,93 88 87 85 83 81 80 78 7.7 7.5 7.3 7.2 7.1 5.4 TP316} A312
14.2 |14.2 14.2 134,v2.5 11.9 11.7 11.4 11.2 11.0 10.8 10.5 10.3 10.1 9.9 9.7 7.5 5.4 TP316}
19.4 |17.6 16.1.150 14.0 13.3 129 12.6 123 12.1 119 11.6 11.4 11.2 11.0 10.5 8.3 6.3 TP316\N
19.4 |119.4 18~ 8.2 18.1 179 17.4 17.0 16.7 16.3 16.0 15.7 15.4 15.1 13.4 10.5 8.3 6.3 TP316\N
19.4 |17.0 «15.2" 13.8 13.0 12.4 TP317{MN
19.4 |18.517.7 17.4 17.2 16.7 TP317{MN
17.0 ¥H4F—132— 12+ 4310730516316 +—36:0—99—98—9F 96 95 St 83 6 3—TFP3%F A312
17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 8.3 6.3 TP317
17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 8.2 5.9 4.3 3.1 TP321
17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 139 138 8.2 5.9 4.3 3.1 TP321
17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 10.1 7.7 5.9 4.6 TP321H
17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 139 13.8 10.5 7.7 5.9 4.6 TP321H
17.0 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 11.4 11.4 11.4 103 7.8 5.2 3.8 TP347 A312
17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 141 13.6 103 7.8 5.2 3.8 TP347
17.0 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 113 8.9 6.7 TP347H
17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP347H
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe and Tube — Without Filler Metal (Cont’d)
Austenitic (Cont’d)
A312 3438 S343800 TSCr—TONT=Cbh 8 (107 75 30 0.85
TP348 S34800  18Cr-10Ni-Cb 8 1O)(10) 75 30 0.85
TP348H S34809 18Cr-10Ni-Cb 8 D 75 30 0.85
TP348H S34809 18Cr-10Ni-Cb 8 [6IC) 75 30 0.85
A312 TPXM-15 S38100  18Cr-18Ni-2Si 8 (6D)] 75 30 0.85
TPXM-15 S38100  18Cr-18Ni-2Si 8 [6IC) 75 30 0.85
S31254 20Cr-18Ni-6Mo 8 (6D)] 95 45 0.85
S31254 20Cr-18Ni-6Mo 8 D) 95 45 0.85
A409 S30815 21Cr-11Ni-N 8 D 87 45 0.85
S30815 21Cr-11Ni-N 8 [6IC) 87 45 0.85
A789 S$32550  25.5Cr-5.5Ni-3.5Mo-2Cu  10H D25 26) 110 80 0.85
A790 S32550  25.5Cr-5.5Ni-3.5Mo-2Cu  10H 125028 110 80 0.85
Ferritic/
A268 S40500 12Cr-Al 7 60 30 0.85
S41000  13Cr 6 60 30 0.85
S$42900 15Cr 6 60 35 0.85
S43000  17Cr 7 .. 60 35 0.85
S44600  27Cr 10l (6D)] 70 40 0.85
S44627 26Cr-1Mo 10l (6)]@))] 65 40 0.85
S44626  27Cr—1Mo-Ti 10l (@) 68 45 0.85
Ferritic/
A789 S31803 22Cr-5.5Ni~3Mo-N 10H 123)(24) 90 65 0.85
S$32101 21Cr-5Mn=1.5Ni-Cu-N 10H (1)(23)(24) 94 65 0.85
$32205 22Cr=5.5Ni-3Mo-N 10H 1(23)(24) 95 70 0.85
S$32101 21€r=5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 101 77 0.85
S32750 ,..25Cr-7Ni-4Mo—-N 10H 122)(23) 116 80 0.85
A790 531803 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 0.85
S3210% 21Cr-5Mn-1.5Ni-Cu-N 10H 1(23)(24) 94 65 0.85
532205 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 95 65 0.85
532101 21Cr-5Mn-1.5Ni—-Cu-N 10H 1)(23)(24) 101 77 0.85
S$32750 25Cr-7Ni-4Mo-N 10H 1)(22)(23) 116 80 0.85
Welded Pige — Filler Metal"Added
Austenitic
A358 1&3 $30400 18Cr—8Ni 8 1)@0)(11) 75 30 1.00
2 S30400  18Cr-8Ni 8 W@ 75 30 0.90
13 S30400 18Cr—8Nj 8 1)(9)(10)(11) 75 30 1.00
2 S30400  18Cr-8Ni 8 1@ 75 30 0.90
A358 304L 1&3 S$30403 18Cr—8Ni 8 (1) 70 25 1.00
304L 2 S30403 18Cr—-8Ni 8 1) 70 25 0.90
304L 1&3 S$30403 18Cr—8Ni 8 ®© 70 25 1.00
304L 2 S30403 18Cr—8Ni 8 [©IC) 70 25 0.90
A358 304N 1&3 S$30451 18Cr-8Ni-N 8 (1)(10) 80 35 1.00
304N 2 S30451 18Cr-8Ni-N 8 (1@0) 80 35 0.90
304N 1&3 S$30451 18Cr-8Ni-N 8 1)(9)(10) 80 35 1.00
304N 2 S30451 18Cr-8Ni-N 8 1O)(10) 80 35 0.90
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Welded Pipe and Tube - Without Filler Metal (Cont’d)
Austenitic (Cont’d)
17.0 [I5.6 146 136 128 122 1.9 I8 16 IT.5 II.5 1.4 ITh 11.4 10.5 /.0 . 3.0 IP5406 A312
17.0 |17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 103 7.8 5.2 3.8 TP348
17.0 |15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 113 8.9 6.7 (TP348H
17.0 |17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP348H
17.0 |14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 TPXM-15 A312
17.0 |17.0 16.1 15,5 14.8 14.1 13.8 13.5 13.2 129 12.6 12.4 12.1 11.9 TPXM-15
23.0 |20.8 18.6 17.2 16.2 15.6 15.3 15.1 15.0
23.0 |23.0 21.9 20.9 20.1 19.7 19.6 19.6 19.5
21.2 |21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3 14.1 139 13.8 12.7 9.9 /T 5.9 4.4 A409
21.2 |21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4
26.7 |126.6 25.1 24.3 24.0 A789
26.7 |126.6 25.1 24.3 24.0 A790
Ferritic/Martensitic
14.6 |14.6 14.3 14.0 13.8 13.5 13.2 12.9 TP405 A268
14.6 |14.6 14.3 14.0 13.8 13.5 13.2 12.9 TP410
14.6 |14.6 14.3 14.0 13.8 13.5 13.2 12.9 TP429
14.6 |14.6 14.3 14.0 13.8 13.5 13.2 12.9 TP430
17.0 |17.0 16.4 16.0 15.6 15.2 15.0 14.7 TP446{1
15.8 |15.8 15.5 15.4 15.4 15.4 15.4 TPXM-p7
16.5 |16.5 16.4 16.2 16.0 15.7 15.4 TPXM-B3
Ferritic/Austenitic
21.9 |21.9 21.1 20.3 19.8 19.6 S3180B A789
22.8 (22.8 21.7 21.0 21.0 21.0 S32101
23.1 (23.1 22.3 21.4 20.9 20.7 2205
24.5 |124.5 23.4 22.6 22.6 22.6 S32101
28.2 |28.0 26.5 25.6 25.2 25.0 S32750
21.9 |21.9 21.1 20.3 19.8 19.6 S3180B A790
22.8 |22.8 21.7 21.0 21.0 210 S3210
23.1 |(23.1 22.3 21.4 20.97207 2205
24.5 |24.5 23.4 22.6 22:6V22.6 S3210
28.2 |128.0 26.5 25.67°25.2 25.0 S32750
Welded Pipe - Filler Metal Added
\ustenitic
20.0 |16.7~15:0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304 A358
18.0 |15.0-13.5 12.4 11.6 11.1 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 8.8 7.0 5.5 304
20.0 1200 189 183 175 166 162 158 155 152 149 146 143 140 124 9.8 77 6.1 304
16.2 16.2 15.3 14.8 14.1 13.4 13.1 128 12.6 12.3 12.0 11.8 11.6 11.3 10.0 7.9 6.3 4.9 304
16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 304L A358
15.0 12.8 11.5 105 98 93 9.1 9.0 88 8.7 304L
16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 304L
15.0 15.0 15.0 14.2 13.3 12.6 12.3 12.1 11.9 11.7 304L
22,9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N A358
20.6 17.2 15.0 13,5 12.6 11.9 11.7 11.5 11.3 11.1 10.9 10.6 10.4 10.2 9.9 8.8 7.0 5.5 304N
22.9 229 21.7 20.3 189 179 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304N
20.6 20.6 19.6 18.3 17.0 16.1 15.8 15.5 15.2 14.9 14.7 14.4 14.0 13.7 11.2 8.8 7.0 5.5 304N
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe — Filler Metal Added (Cont’d)
Austenitic (Cont’d)
A358 TR 3 S30815 ZICr=TTINI=N 3 §9) 37 %) 1.00
2 S30815 21Cr-11Ni-N 8 @ 87 45 0.90
1&3 S$30815 21Cr-11Ni-N 8 1) 87 45 1.00
2 S30815 21Cr-11Ni-N 8 1) 87 45 0.90
A358 309 1&3 S$30900 23Cr-12Ni 8 (1)(10) 75 30 1.00
309 2 S30900  23Cr-12Ni 8 Qo) 75 30 0.90
309 1&3 S$30900 23Cr-12Ni 8 1)(9(10) 75 30 1.00
309 2 S30900  23Cr-12Ni 8 1©)(10) 75 30 0.90
A358 310 1&3 S31000  25Cr—20Ni 8 (OCX)IeRA)] 75 30 1.00
310 2 $31000 25Cr-20Ni 8 (1)(10)(14) 75 30 0.90
310 1&3 S31000  25Cr—20Ni 8 1D©)(0)(14) 75 30 1.00
310 2 $31000 25Cr—20Ni 8 1) (9)(10)(14) 75 30 0.90
A358 310 1&3 S$31000 25Cr—20Ni 8 (1)(10)(15) 75 30 1.00
310 2 S31000  25Cr—20Ni 8 (DE0)(15) 75 30 0.90
310 1&3 S31000  25Cr—20Ni 8 (1)) (10)(15) 75 30 1.00
310 2 S31000  25Cr—20Ni 8 1O (10)(15) 75 30 0.90
A358 316 1&3 S31600  16Cr-12Ni-2Mo 8 Waoan 75 30 1.00
316 2 S$31600 16Cr-12Ni-2Mo 8 11011 75 30 0.90
316 18&3 S31600  16Cr—12Ni-2Mo 8 ®O)@0)(11) 75 30 1.00
316 2 S31600  16Cr-12Ni-2Mo 8 1©@0)(11) 75 30 0.90
A358 J16L 1&3 S31603 16Cr-12Ni-=2Mo 8 29 70 25 1.00
316L 2 S$31603 16Cr-12Ni—2Mo 8 129 70 25 0.90
J16L 1&3 S31603 16Cr-12Ni<2Mo 8 1©)29) 70 25 1.00
316L 2 S$31603 16Cr<12Ni-2Mo 8 1929 70 25 0.90
A358 316N 1&3 S$31651 16Cr-12Ni-2Mo-N 8 (1)(10) 80 35 1.00
316N 2 S31651 16Cr—12Ni-2Mo-N 8 Qo) 80 35 0.90
316N 1&3 S31651 16Cr-12Ni-2Mo-N 8 1)(9)(10) 80 35 1.00
316N 2 S31651 16Cr-12Ni-2Mo-N 8 1©)(10) 80 35 0.90
A358 321 1&3 $32100  18Cr—10Ni-Ti 8 Waoay 75 30 1.00
321 2 $32100 18Cr—10Ni-Ti 8 11011 75 30 0.90
321 &3 S$32100  18Cr-10Ni-Ti 8 ®O)@0)(11) 75 30 1.00
321 2 $32100 18Cr-10Ni-Ti 8 BOQ@)(11) 75 30 0.90
A358 347 1&3 S34700  18Cr-10Ni-Cb 8 ®Waoa 75 30 1.00
347 2 S34700  18Cr-10Ni-Cb 8 Waoay 75 30 0.90
/ 183 S34700 18Cr—10Ni=Ch 8 [GATC AT TR EA Z5 30 1.00
347 2 S34700 18Cr-10Ni-Cb 8 1©@0@11) 75 30 0.90
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe - Filler Metal Added (Cont’d)
Austenitic (Cont’d)

24.9 2477220 199 185 17.7 I7.4 I7.2 1I7.0 168 16.6 16.4 16.2 149 II.06 90 6.9 5.2 A358
22.4 122.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7
24.9 |24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2
22.4 122.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7

20.0 (17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 129 12.7 125 99 7.1 50 36 2:5 309 A358
18.0 |15.8 14.5 13.6 13.0 12.5 12.3 12.1 12.0 11.8 11.6 11.5 113 &89 6.4 4.5 3.2 2.3 309
20.0 120.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 159 9.9 7.1 50 , 3% 2.5 309
18.0 |18.0 18.0 18.0 17.5 16.9 16.6 16.4 16.2 159 15.7 155 143 89 6.4 4.5 3.2 2.3 309

20.0 |17.6 16.1 15.1 14.3 13.7 13.5 133 13.1 129 12.7 125 123 9.9 7.1 50 3.6 2.5 310 A358
18.0 (15.9 14.5 13.6 12.9 12.4 12.1 12.0 11.8 11.6 11.5 11.3 111 89 6:4 4.5 3.2 2.3 310
20.0 (20.0 20.0 19.9 19.3 18.5 18.2 179 17.7 17.4 17.2 169 159 9.9 71 50 3.6 2.5 310
18.0 (18.0 18.0 17.9 17.4 16.7 16.4 16.1 15.9 15.7 155 15.2 143 8.9 6.4 4.5 3.2 2.3 310

20.0 |17.6 16.1 15.1 14.3 13.7 13.5 133 13.1 129 12.7 12.5 123 9.9 7.1 50 3.6 2.5 310 A358
18.0 (15.9 14.5 13.6 12.9 12.4 12.1 12.0 11.8 11.6 11.5 11.3 11.1\\ 8.9 6.4 4.5 3.2 2.3 310
20.0 (20.0 20.0 19.9 19.3 18.5 18.2 179 17.7 17.4 17.2 169 159 9.9 7.1 50 36 2.5 310
18.0 (18.0 18.0 17.9 17.4 16.7 16.4 16.1 15.9 15.7 155 1520143 89 6.4 4.5 3.2 2.3 310

20.0 (17.3 15.6 143 133 12.6 123 12.1 11.9 11.8 11.6 115 11.4 113 11.2 11.1 9.8 7.4 316 A358
18.0 |15.5 14.0 12.9 12.0 11.3 11.1 109 10.7 10.6 10/5,10.4 10.3 10.2 10.1 9.9 88 6.7 316
20.0 (20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15v 15.6 15.4 153 151 124 9.8 7.4 316
18.0 |18.0 18.0 17.4 16.2 153 15.0 14.7 14.5 14.3~\14.1 14.0 13.9 138 13.6 11.2 88 6.7 316

16.7 |14.2 12.7 11.7 109 10.4 10.2 10.0 9.8 9.6 9.4 92 9.0 8.8 8.6 8.4 83 6.4 316L A358
15.0 (12.8 11.4 105 98 9.4 9.2 9.0 ~88 8.6 8.4 83 8.1 7.9 7.7 7.6 7.5 5.8 316L
16.7 |16.7 16.7 15.7 14.8 14.0 13.7 13.5 43.2 129 12.7 12.4 121 119 11.6 11.4 88 6.4  316L
15.0 (15.0 15.0 14.2 13.3 12.6 12.4 12.1°11.9 11.6 11.4 11.2 10.9 10.7 10.4 103 7.9 5.8 316L

22.9 (20.7 19.0 17.6 16.5 15.6 15.2./14.9 14.5 14.2 139 13.7 13.4 13.2 129 123 9.8 7.4 316N A358
20.6 |18.6 17.1 15.8 14.8 14.0. 13/ 13.4 13.1 12.8 12.6 123 121 119 11.6 11.1 88 6.7 316N
22.9 (22.9 22.0 21.5 21.2 21.0_J20.5 20.0 19.6 19.2 18.8 185 18.1 17.8 158 123 9.8 7.4 316N
20.6 (20.6 19.8 19.3 19.1.18.9 18.5 18.0 17.7 17.3 169 16.6 163 16.0 14.2 11.1 88 6.7 316N

20.0 (18.0 16.5 15.3 143" 13.5 13.2 13.0 12.7 12.6 12.4 123 12.1 12.0 9.6 6.9 50 3.6 321 A358
18.0 (16.2 14.9 13.812.9 12.2 11.9 11.7 11.5 113 11.2 11.0 10.9 10.8 8.6 6.2 4.5 3.2 321
20.0 (20.0 19.1 18.Z/ 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 3.6 321
18.0 |18.0 17,2,716.8 16.8 16.5 16.1 15.8 15.5 153 15.1 14.9 14.7 14.6 8.6 6.2 4.5 3.2 321

20.0 |18.4~.17:1 16.0 15.0 143 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A358
18.0 |16:6~15.4 14.4 13.5 129 12.6 12.4 123 12.2 121 12.1 121 121 109 82 55 4.0 347
2002000 188 178 172 169 168 168 168 168 168 167 166 160 121 91 61 14 347

18.0 18.0 16.9 16.0 15.4 15.2 15.1 15.1 15.1 15.1 151 150 14.9 144 10.9 82 55 4.0 347

153


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe — Filler Metal Added (Cont’d)
Austenitic (Cont’d)
A358 [2] TR 3 S343800 TSCr—TONT=Cbh 8 (OO (T 75 30 1.00
348 2 S34800  18Cr-10Ni-Cb 8 Waoay 75 30 0.90
348 1&3 S$34800  18Cr-10Ni-Cb 8 BOQ@)(11) 75 30 1.00
348 2 S34800  18Cr—10Ni-Cb 8 ®O)@0)(11) 75 30 0.90
A358 1&3 S31254 20Cr-18Ni-6Mo 8 @ 95 45 1.00
2 S31254 20Cr-18Ni-6Mo 8 )] 95 45 0.90
1&3 S31254 20Cr-18Ni-6Mo 8 (OI)] 95 45 1.00
2 S31254 20Cr-18Ni-6Mo 8 1) 95 45 0.90
A358 1&3 S31254 20Cr-18Ni-6Mo 8 (6D) 100 45 1.00
2 S31254 20Cr-18Ni-6Mo 8 1) 100 45 0.90
1&3 S31254 20Cr-18Ni-6Mo 8 [OIC) 100 45 1.00
2 S31254 20Cr-18Ni-6Mo 8 o 100 45 0.90
A409 P304 530400 18Cr—8Ni 8 1)(1(19) 75 30 1.00
TP304 S30400  18Cr-8Ni 8 (DE0)(20) 75 30 0.90
TP304 S$30400 18Cr—8Ni 8 (1)(10)(21) 75 30 0.80
TP304 S30400  18Cr-8Ni 8 1©@0)(19) 75 30 1.00
TP304 S$30400  18Cr-8Ni 8 1(9)(10)(20) 75 30 0.90
P304 S30400  18Cr-8Ni 8 1©)(10)(21) 75 30 0.80
A409 TP304L S30403 18Cr-8Ni 8 a9 70 25 1.00
TP304L S30403 18Cr-8Ni 8 D (20) 70 25 0.90
TP304L S30403 18Cr-8Ni 8 e 70 25 0.80
TP304L S30403 18Cr—-8Ni 8 1©@19) 70 25 1.00
TP304L S30403 18Cr—8Nj 8 1)(9)(20) 70 25 0.90
TP304L S30403 18Cr—8Ni 8 1O 70 25 0.80
A409 S30815 21€r=11Ni-N 8 @9 87 45 1.00
S$30815 21Cr—11Ni-N 8 (1)(20) 87 45 0.90
S30815 21Cr-11Ni-N 8 ®E1 87 45 0.80
S$30815 21Cr-11Ni-N 8 1)(9)(19) 87 45 1.00
S30815 21Cr—-11Ni-N 8 1©)(20) 87 45 0.90
§$30815 21Cr-11Ni-N 8 11 87 45 0.80
A409 TP316 S$31600 16Cr-12Ni-2Mo 8 1)(10)(19) 75 30 1.00
TP316 S31600  16Cr—12Ni-2Mo 8 (1)(10)(20) 75 30 0.90
TP316 S$31600 16Cr-12Ni-2Mo 8 1)(10)(21) 75 30 0.80
TP316 S31600  16Cr—12Ni-2Mo 8 1©)(10)(19) 75 30 1.00
TP316 $31600  16Cr-12Ni-2Mo 8 1(9)(10)(20) 75 30 0.90
P36 S31600  16Cr—12Ni-2Mo 8 1©)(10)(21) 75 30 0.80
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe - Filler Metal Added (Cont’d)
Austenitic (Cont’d)

20.0 8717 T 160 150 43 140 138 137 136 I35 134 134 1374 1271 o1 o.1 74 348 A358
18.0 |16.6 15.4 14.4 13.5 12.9 12.6 12.4 12.3 12.2 12.1 12.1 12.1 121 10.9 8.2 5.5 4.0 348
20.0 |20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348
18.0 |18.0 16.9 16.0 15.4 15.2 15.1 15.1 15.1 15.1 15.1 15.0 14.9 14.4 10.9 8.2 5.5 4.0 ) 348

27.1 (24.5 21.9 20.2 19.1 183 18.0 17.8 17.7 ... ... ... ... ... A358
24.4122.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9
27.1 (27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
24.4 124.4 23.2 22.1 21.3 20.9 20.8 20.7 20.6

28.6 124.5 21.9 20.2 19.1 183 18.0 17.8 17.7 ... ... ... ... ... A358
25.7 (22.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9
28.6 |28.6 27.2 25.9 25.0 24.4 243 241 23.9
25.7 |25.7 24.5 23.3 22.5 22.0 21.9 21.7 21.5

20.0 (16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 €0.4" 10.1 9.8 7.7 6.1 TP304 A409
18.0 |15.0 13.5 12.4 11.6 11.1 10.8 10.6 10.3 10.1 9.9 9.7 9.5\ 9.3 9.1 8.8 7.0 5.5 TP304
16.0 (13.3 12.0 11.0 104 98 9.6 94 9.2 9.0 88 86 B5r 83 8.1 7.8 6.2 4.9 TP304
20.0 (20.0 18.9 183 17.5 16.6 16.2 158 15.5 15.2 149 14.6 143 14.0 12.4 9.8 7.7 6.1 TP304
18.0 (18.0 17.0 16.5 15.7 14.9 14.6 14.3 13.9 13.7 13.4 131+12.8 12.6 11.2 8.8 7.0 5.5 TP304
16.0 (16.0 15.1 14.6 14.0 13.3 13.0 12.7 12.4 12.1 119 117 11.4 11.2 9.9 7.8 6.2 4.9 TP304

16.7 (14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 .\». ... ... ... e e R ... TP3041 A409
15.0 (12.8 11.5 105 98 93 9.1 9.0 88 87 ... ... ... ... . ce Ce ... TP3041
13.3 (11.4 10.2 94 87 83 81 80 79 7% ... ... ... ... e R e ... TP3041
16.7 |116.7 16.7 15.8 14.7 14.0 13.7 13,5 13.313.0 ... ... ... ... . ce. ce ... TP3041
15.0 (15.0 15.0 14.2 13.3 12.6 123 12.1 ANS 11.7 ... ... ... ... ... TP3041
13.3 ]13.3 133 12.6 11.8 11.2 11.0 10.8 40.6 104 ... ... ... ... e e e ... TP304f
24.9 124.7 22.0 19.9 185 17.7 17.4-3172 17.0 16.8 16.6 16.4 16.2 149 116 9.0 6.9 52 ... A409

22.4 (22.2 19.8 179 16.7 15.9 15%.15.5 15.3 15.1 149 14.8 14.6 13.4 10.4 8.1 6.2 4.7
19.9 119.8 17.6 15.9 14.8 14.2 1349 13.8 13.6 13.4 13.3 13.1 13.0 11.9 9.3 7.2 55 4.2
24.9 (24.7 23.3 22.4 21.8 214 )21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2
22.4122.2 21.0 20.2 19.6.19.3 19.1 189 18.7 185 18.3 18.0 172 134 10.4 8.1 6.2 4.7
19.9 (19.8 18.6 17.9 174 _17.1 17.0 16.8 16.6 16.5 16.2 16.0 153 11.9 9.3 7.2 55 4.2

20.0 (17.3 15.6 14.3\13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 11.1 9.8 7.4 TP316 A409
18.0 (15.5 14.0 12,9/ 12.0 11.3 11.1 10.9 10.7 10.6 10.5 10.4 10.3 10.2 10.1 9.9 8.8 6.7 TP316
16.0 (13.8 12,5 \11.4 10.6 10.1 99 9.7 95 9.4 93 9.2 9.1 9.1 9.0 8.8 7.8 5.9 TP316
20.0 |20.0 20.0/19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 9.8 7.4 TP316
18.0 (18.0~18:0 17.4 16.2 15.3 15.0 14.7 14.5 14.3 14.1 14.0 13.9 13.8 13.6 11.2 8.8 6.7 TP316
16.0 [16:0~16.0 15.4 14.4 13.6 13.3 13.1 12.9 12.7 12.6 12.5 123 12.2 121 9.9 7.8 5.9 TP316
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(16) Table A-3 Stainless Steels (Cont’d)
Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F

Welded Pipe — Filler Metal Added (Cont’d)
Austenitic (Cont’d)

A409 3T6LC .. S3T603 TOCrT— I 2Nt=2M0 8 (O(T97(29) 70 75 1.00
TP316L - S31603 16Cr-12Ni-2Mo 8 (1)(20)(29) 70 25 0.90
TP316L . S31603 16Cr-12Ni-2Mo 8 MDY 70 25 0.80
TP316L - S31603 16Cr-12Ni-2Mo 8 191929 70 25 1.00
TP316L . S31603 16Cr-12Ni-2Mo 8 1©(0)(29) 70 25 0.90
TP316L - S$31603 16Cr-12Ni-2Mo 8 1R 70 25 0.80
Ferritic/Austenitic
A928 931803 18&3 S$32205 22Cr-5.5Ni-3Mo-N 10H 1)(23)(24) 95 65 1.00
931803 2 S31803 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 0.90
2205 18&3 S$32205 22Cr-5.5Ni-3Mo-N 10H 1D23)(24) 95 65 1.00
2205 2 S32205 22Cr-5.5Ni-3Mo-N 10H 1)(23)(24) 95 65 0.90
Plate, Shegt, and Strip
Austenitic
A240 g1 - N08904  44Fe-25Ni-21Cr—Mo 45 D 71 31 1.00
201LN . S20153 16Cr—-4Ni-6Mn 8 @ 95 45 1.00
201LN - S20153 16Cr-4Ni-6Mn 8 (OI)] 95 45 1.00
A240 304 - $30400 18Cr—8Ni 8 (10)(11) 75 30 1.00
304 e S30400 18Cr—8Ni 8 9@ 75 30 1.00
304L - S$30403 18Cr—8Ni 8 1) 70 25 1.00
304L . S30403 18Cr—8Ni 8 (63IE)] 70 25 1.00
304N - S$30451 18Cr-8Ni-N 8 (1)(10) 80 35 1.00
304N - S30451 18Cr-8Ni-N 8 10 80 35 1.00
A240 g1 . S30815 21Cr-11Ni=N 8 1) 87 45 1.00
S$30815 21Cr<11Ni-N 8 ®© 87 45 1.00
A240 309H - 530909 23Cr—12Ni 8 901118 75 30 1.00
309H e S30909 23Cr—12Ni 8 1118 75 30 1.00
309S . 530908 23Cr-12Ni 8 Do) 75 30 1.00
309S - S30908 23Cr-12Ni 8 1)©9(0) 75 30 1.00
A240 310H - 531009 25Cr-20Ni 8 ©) 75 30 1.00
310H s S31009 25Cr—20Ni 8 c.. 75 30 1.00
310S AN $31008 25Cr-20Ni 8 (10)(11)(14) 75 30 1.00
310S \ - S31008 25Cr-20Ni 8 9o 75 30 1.00
310S .. $31008 25Cr-20Ni 8 (10)(11)(15) 75 30 1.00
310S . S31008 25Cr-20Ni 8 ©@0D@5) 75 30 1.00
A240 16 S31600 16Cr—12Ni—2Mo 8 1011 g 30 1.00
316 - S$31600 16Cr-12Ni-2Mo 8 9)(10)(11) 75 30 1.00
316L . S31603 16Cr-12Ni-2Mo 8 129 70 25 1.00
316L - S$31603 16Cr-12Ni-2Mo 8 1929 70 25 1.00
316N - S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
316N .. S31651 16Cr—12Ni-2Mo-N 8 9(@0) 80 35 1.00
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe - Filler Metal Added (Cont’d)
Austenitic (Cont’d)

16.7 [T 127 1.7 109 104 10.2 100 98 9.6 9.4 9.2 90 8.8 3.0 B0 8.3 6.4 1P316lL A409
15.0 |12.8 11.4 10.5 9.8 9.4 9.2 9.0 88 86 8.4 83 8.1 7.9 7.7 7.6 7.5 5.8 TP316l
13.3 |11.4 10.2 93 87 83 81 80 78 77 75 74 72 7.0 6.9 6.7 6.6 5.1 TP316]
16.7 |16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12,9 12.7 12.4 12.1 119 11.6 11.4 8.8 6.4 ) TP316}
15.0 |15.0 15.0 14.2 13.3 12.6 12.4 12.1 11.9 11.6 11.4 11.2 10.9 10.7 10.4 10.3 7.9 5.8 TP316}
13.3 |13.3 13.3 12.6 11.8 11.2 11.0 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 7.0 5.1 TP316}
Ferritic/Austenitic
25.7 |25.7 24.8 23.9 23.3 23.1 ... .. .o i e e el ... S3180B A928
23.1 |23.1 22.3 21.5 21.0 20.8 ... ... i e e e e ... S3180B
27.1 |27.1 26.2 25.2 24.6 243 ... ... .. oo e e el ... 2205
24.4 124.4 23.6 22.7 22.1 21.9 ... ... oo o e e ... 2205
Plate, Shedt, and Strip
\ustenitic
20.3 |16.7 15.1 13.8 12.7 11.9 11.6 11.4 ... ... ... ... ... A240
27.1 |23.7 21.2 20.1 19.7 19.2 18.6 18.0 17.4 16.7 ... ... %N ... o ... . ... 201LN
27.1 123.7 21.2 20.1 20.0 19.6 19.6 19.4 19.2 188 ... ...(7s.. A A A e ... 201LN
20.0 |16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 .10.8 10.6 10.4 10.1 9.8 7.7 6.1 304 A240
20.0 |20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14(9,14.6 143 14.0 12.4 9.8 7.7 6.1 304
16.7 |114.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 -\~ ... ... c. c. A A ... 304L
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0Yy ... ... ... e e Ce Ce ... 304L
22.9 |119.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5_ 123 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N
22.9 122.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 ,16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304N
24.9 |24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 149 11.6 9.0 6.9 52 ... A240
24.9 (24.7 23.3 22.4 21.8 21.4 21.2 29,0°20.8 20.6 20.3 20.0 19.1 149 11.6 9.0 6.9 5.2
20.0 (20.0 20.0 20.0 19.4 18.8 18.5-/18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 55 4.0 309H A240
20.0 |17.5 16.1 15.1 14.4 13.9. 1377 13.5 13.3 13.1 12.9 12.7 12.5 123 10.3 7.6 5.5 4.0 309H
20.0 |17.5 16.1 15.1 14.4 13,9.13.7 13.5 13.3 13.1 129 12.7 12,5 9.9 7.1 5.0 3.6 2.5 309S
20.0 |20.0 20.0 20.0 19.4-18.8 18.5 18.2 18.0 17.7 17.5 17.2 159 9.9 7.1 5.0 3.6 2.5 309S
20.0 |20.0 20.0 19.9,~19:3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 138 10.3 7.6 5.5 4.0 310H A240
20.0 |17.6 16.1 15:.X14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 123 12.1 10.3 7.6 5.5 4.0 310H
20.0 |17.6 16.1 154/ 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 123 9.9 7.1 5.0 3.6 2.5 310S
20.0 |20.0 20.0,419.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 159 9.9 7.1 5.0 3.6 2.5 310S
20.0 |17.6 16:1v15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 123 9.9 7.1 5.0 3.6 2.5 310S
20.0 [20.07.20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 159 9.9 7.1 5.0 3.6 2.5 310S
20.0 BA3—5-6—43—133—12-6—123—12 1119 -5 +H3 98 F4—316 A240

L
[C I N
o ¢
L
[C N
N ¢
=
[C N
o
~oH
N o
N

110
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 .7 15.6 4153 151 9.8 7.4 316
16.7 14.2 12.7 11.7 10.9 10.4 10.2 100 9.8 9.6 9.4 92 9.0 838 8.6 8.4 8.3 6.4 316L
16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 12.4 121 119 11.6 11.4 8.8 6.4 316L
22.9 20.7 19.0 17.6 16.5 15.6 15.2 149 14.5 14.2 139 13.7 13.4 13.2 129 123 9.8 7.4 316N
229 229 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 18.1 17.8 158 123 9.8 7.4 316N
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F
Plate, Sheet, and Strip (Cont’d)
Austenitic (Cont’d)
A240 S3T700 T8Cr=13N=3Mo 8 (Dot 75 30 1.00
S$31700 18Cr-13Ni-3Mo 8 [OICQIEXOIER)] 75 30 1.00
S31703 18Cr-13Ni-3Mo 8 1) 75 30 1.00
S31703 18Cr-13Ni-3Mo 8 @) 75 30 1.00
S32100 18Cr—10Ni-Ti 8 (10)(11) 75 30 1.00
S32100 18Cr—10Ni-Ti 8 9(10)(11) 75 30 1.00
A240 S34700 18Cr-10Ni-Cb 8 (10)(11) 75 30 1.00
S34700 18Cr-10Ni-Ch 8 9 @0)(11) 75 30 1.00
S34800 18Cr-10Ni-Cb 8 D@o0)(1) 5 30 1.00
S34800 18Cr—-10Ni-Cb 8 @WE@0a 75 30 1.00
A240 S38100 18Cr-8Ni-2Si 8 (@) 75 30 1.00
$38100 18Cr-8Ni-2Si 8 @) 75 30 1.00
S31726 19Cr-15.5Ni-4Mo 8 (6))] 80 35 1.00
S31726 19Cr-15.5Ni-4Mo 8 OIO)] 80 35 1.00
A240 S31254 20Cr-18Ni-6Mo 8 @ 95 45 1.00
S31254 20Cr-18Ni-6Mo 8 (O] 95 45 1.00
S31254 20Cr-18Ni-6Mo 8 @ 100 45 1.00
S31254 20Cr-18Ni-6Mo 8 )9 100 45 1.00
S32550 25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1(25)(26) 110 80 1.00
Ferritic/
A240 S40500 12Cr-1Al 7 3 60 25 1.00
S41000 13Cr 6 (6))] 65 30 1.00
S41008 13Cr 7 @ 60 30 1.00
S42900 15Cr 6 [63]€)) 65 30 1.00
A240 430 $43000  17Cr 7 1DB) 65 30 1.00
m-27 S44627 26Cr-1Mo 101 e 65 40 1.00
AM-33 S44626 27Cr=1Mo-Ti 10l @) 68 45 1.00
Ferritic/Austenitic
A240 931803 S31803 22Cr-5.5Ni-3Mo-N 10H D23)(24) 90 65 1.00
932101 532101 21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 94 65 1.00
2205 532205 22Cr-5.5Ni-3Mo-N 10H D23)(24) 95 65 1.00
932101 S32101 21Cr-5Mn-1.5Ni—-Cu-N 10H 1(23)(24) 101 77 1.00
932750 S32750 25Cr-7Ni-4Mo-N 10H 1DQR2)(23) 116 80 1.00
Forgings
Austenitifc
A182 Fpo4L N08904 44Fe-25Ni-21Cr-Mo 45 @ 71 31 1.00
4 S31254 20Cr-18Ni-6Mo 8 @ 94 44 1.00
Fe 4 S31254 20Cr-18Ni-6Mo 8 OIO)] 94 44 1.00
A182 F304 S$30400 18Cr-8Ni 8 (10)(12) 70 30 1.00
F304 S30400 18Cr-8Ni 8 9(10)(12) 70 30 1.00
F304 S30400 18Cr-8Ni 8 (10) 75 30 1.00
F304 S30400 18Cr-8Ni 8 9(10) 75 30 1.00
A182 F304H S30409 18Cr-8Ni 8 12) 70 30 1.00
F304H S30409 18Cr-8Ni 8 912 70 30 1.00
F304H S30409 18Cr-8Ni 8 . 75 30 1.00
F304H S30409 18Cr-8Ni 8 9 75 30 1.00
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Table A-3 Stainless Steels (Cont’d) (16)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Plate, Sheet, and Strip (Cont’d)
Austenitic (Cont’d)

20.0 [73— 156 43— 133126 23 2ot 8— 16 5 7113 T T 98 317 A240
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 157 15.6 154 153 15.1 12.4 9.8 7.4 311
20.0 |17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 115 113 ... ... ... #3171
20.0 [20.0 19.6 18.9 17.7 169 16.5 16.2 15.8 155 15.2 L. - - L3170

20.0 (18.0 16.5 15.3 143 13.5 13.2 13.0 127 12.6 12.4 123 121 12.0 9.6 6.9 5.0 3.6 V321
20.0 (20.0 19.1 18.7 18.7 183 179 175 17.2 169 16.7 16.5 16.4 16.2 9.6 6.9 5.0 36 321

20.0 (18.4 17.1 16.0 15.0 143 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 121 9.1 6,1 4.4 347 A240
20.0 |[20.0 18.8 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6.1 4.4 347
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 134 121 9.1 6.1 4.4 348
20.0 (20.0 18.8 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9:1 6.1 4.4 348

20.0 |16.7 15.0 13.8 12.9 123 12,0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 . T . ... XM-15 A240
20.0 (20.0 18.9 183 17.5 16.6 16.2 158 155 152 149 14.6 143 14.0 X e R ... XM-15
229 (20.0 17.9 163 153 146 ... ... ... ... L. oo . ... 317LM
229 (21.8 20.9 20.5 203 19.7 ... ... ... L. oo ool ... 317LM
27.1 |24.5 21.9 20.2 19.1 183 18.0 178 17.7 ... ... ... ... ) e e e N A240

27.1 |27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
28.6 |24.5 21.9 20.2 19.1 183 18.0 17.8 17.7
28.6 (28.6 27.2 259 250 24.4 243 241 23.9
31.4 [31.3 29.5 28.6 28.2

Ferritic/Martensitic

16.7 |15.3 14.8 14.5 143 14.0 13.8 13.5 ... ... N7 .0 L. ... 405 A240
18.6 |18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1. 144 123 8.8 6.4 4.4 2.9 1.8 1.0 410
17.1 [17.1 16.8 16.5 16.3 159 15.6 152 147 1417 13.4 123 88 6.4 4.4 2.9 1.8 1.0 410S
18.6 |18.4 17.8 17.4 17.2 16.8 16.6 16.2 157N¥5.1 14.4 12.0 9.2 6.5 4.5 3.2 2.4 1.8 429

18.6 [18.4 17.8 17.4 17.2 16.8 16.6 16.2 (157" 151 14.4 12.0 9.2 6.5 4.5 3.2 2.4 1.8 430 A240
18.6 [18.6 183 18.1 18.1 18.1 181 .., ~.. ... ... ... ... .o XM-27
19.4 119.4 19.3 19.0 188 184 181 .. ... ... .. ..o .. .. XM-33

Ferritic/Austenitic

25.7 |25.7 24.8 23.9 233 234 Ce A . - ce ce - e e e - ... S3180 A240
26.9 |26.9 25.6 24.7 24.7 247 ... S3210
27.1 |27.1 26.2 25.2 24.6~2443 ... 2205
28.9 |28.9 27.5 26.5 2605N\265 ... ... ... oo e ool e ... S3210
33.1 |33.0 31.2 30.1_29%6 29.4 ... S3275
Forgings

fustenitic
20.3 |16.7 «151 13.8 12.7 119 11.6 11.4 ... Foo4L A182
26.9 |23.921.4 19.8 18.6 179 17.6 17.4 17.3 - - ce R e A e - ... F44
26.9 |26,9~ 25.5 24.3 23.5 23.0 22.8 22.7 22.6 e . . - e e . - ... F44
20.0 16.7 15.0 13.8 129 123 12.0 11.7 115 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304 A182

20.0 20.0 189 183 17.5 16.6 16.2 15.8 155 152 149 14.6 143 140 124 9.8 7.7 6.1 F304
20.0 16.7 15.0 13.8 129 123 12.0 11.7 115 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304
20.0 20.0 18.9 183 17.5 16.6 16.2 158 15.5 152 14.9 14.6 143 14.0 124 9.8 7.7 6.1 F304

20.0 16.7 15.0 13.8 129 123 12.0 11.7 11,5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304H A182
20.0 189 17.7 17.1 169 16.6 16.2 158 155 152 14.9 14.6 143 14.0 124 9.8 7.7 6.1 F304H
20.0 16.7 15.0 13.8 129 123 12.0 11.7 11,5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304H
20.0 20.0 18.9 183 17.5 16.6 16.2 158 15.5 152 14.9 14.6 143 14.0 124 9.8 7.7 6.1 F304H
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F
Forgings (Cont’d)
Austenitic (Cont’d)
A182 FRO#tE S30403 T8CT=8N 8 (9] 65 5 1.00
FBO4L S30403 18Cr-8Ni 8 @) 65 25 1.00
FBO4N S30451 18Cr-8Ni-N 8 (10) 80 35 1.00
FBO4N S30451 18Cr-8Ni-N 8 9)(10) 80 35 1.00
A182 S30815 21Cr-11Ni-N 8 1) 87 45 1.00
S$30815 21Cr-11Ni-N 8 (O] 87 45 1.00
A182 FB10 $31000 25Cr—20Ni 8 (1)(10)(14) 75 30 1.00
B10 S31000 25Cr-20Ni 8 1D©@0)(14) 75 30 1.00
B10 $31000 25Cr—20Ni 8 (1)(10)(15) 75 30 1.00
B10 S31000 25Cr-20Ni 8 (1)(9)(10)(15) 75 30 1.00
A182 BB16 S31600 16Cr-12Ni-2Mo 8 10)(12) 70 30 1.00
B16 S$31600 16Cr-12Ni-2Mo 8 9)(10)12) 70 30 1.00
B16 S31600 16Cr-12Ni-2Mo 8 (10) 75 30 1.00
B16 S$31600 16Cr-12Ni-2Mo 8 @0) 75 30 1.00
A182 B16H S$31609 16Cr-12Ni-2Mo 8 12) 70 30 1.00
B16H S31609 16Cr-12Ni-2Mo 8 912 70 30 1.00
B16H S$31609 16Cr-12Ni-2Mo 8 . 75 30 1.00
B16H S31609 16Cr-12Ni-2Mo 8 ) 75 30 1.00
A182 FB16L S31603 16Cr-12Ni-2Mo 8 12729 70 25 1.00
B16L S31603 16Cr-12Ni-2Mo 8 WO 70 25 1.00
B16N S$31651 16Cr-12Ni-2Me=N 8 (10) 80 35 1.00
B16N S31651 16Cr-12Nj=2Mo—-N 8 ©9(10) 80 35 1.00
A182 21 S32100 18Cr—10Ni-Ti 8 12) 70 30 1.00
B21 $32100 18Cr510Ni-Ti 8 912 70 30 1.00
21 S32100 18Cr—10Ni-Ti 8 (10) 75 30 1.00
B21 $32100 18Cr—10Ni-Ti 8 9)(10) 75 30 1.00
A182 B21H S32109 18Cr-10Ni-Ti 8 12) 70 30 1.00
B21H S32109 18Cr-10Ni-Ti 8 912 70 30 1.00
B21H $32109 18Cr-10Ni-Ti 8 - 75 30 1.00
B21H S32109 18Cr-10Ni-Ti 8 9 75 30 1.00
A182 B47 S34700 18Cr-10Ni-Cb 8 12) 70 30 1.00
B47 S34700 18Cr-10Ni-Cb 8 912 70 30 1.00
B47 S34700 18Cr-10Ni-Cb 8 (10) 75 30 1.00
B47 S34700 18Cr-10Ni-Cb 8 9(@0) 75 30 1.00
A182 F347H S34709 18Cr-10Ni-Cb 8 (12) 70 30 1.00
F347H S34709 18Cr-10Ni-Cb 8 912 70 30 1.00
F347H S34709 18Cr-10Ni-Cb 8 A 75 30 1.00
F347H S34709 18Cr-10Ni-Cb 8 ©9) 75 30 1.00
A182 F348 534800 18Cr-10Ni-Cb 8 12) 70 30 1.00
F348 S34800 18Cr-10Ni-Cb 8 912 70 30 1.00
F348 S$34800 18Cr-10Ni-Cb 8 (10) 75 30 1.00
F348 S34800 18Cr-10Ni-Cb 8 9)(10) 75 30 1.00
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Forgings (Cont’d)
Austenitic (Cont’d)

16.7 3128t 7— 10— 107410 00— 9897 . .. - T - - . T304t A182
16.7 |16.7 16.2 15.6 14.7 14.0 13.7 13.5 133 13.0 ... ... ... S S . - ... P304t
22.9 |19.1 16.7 15.1 140 13.3 13.0 12.8 12.5 123 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 ~E304N
22.9 1229 21.7 20.3 189 179 175 17.2 16.9 16.6 163 16.0 15.6 152 12.4 9.8 7.7 6.1 “E304N

24.9 124.7 22.0 19.9 185 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 149 11.6 9.0 6.9 52 ... A182
24.9 (24.7 233 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 11.6 9.0 6.9 5.2

20.0 (17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12,5 123 9.9 7.1 5.0 3.6 2.5 F310 A182
20.0 (20.0 20.0 19.9 19.3 18.5 18.2 179 17.7 17.4 17.2 169 159 9.9 7.1 5.0 3.6 2.5 F310
20.0 (17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12,5 123 9.9 7.1 5.0 3.6 2.5 F310
20.0 (20.0 20.0 19.9 19.3 18.5 18.2 179 17.7 17.4 17.2 169 159 9.9 7.1 5.0 3.6 2.5 F310

20.0 |17.3 15.6 14.3 13.3 12.6 123 12.1 11.9 11.8 11.6 11.5 11.4 113, 1%2 11.1 9.8 7.4 F316 A182
20.0 (20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153\\15.1 12.4 9.8 7.4 F316
20.0 |17.3 15.6 14.3 13.3 12.6 123 12.1 11.9 11.8 11.6 11.5 11.4 413/ 11.2 11.1 9.8 7.4 F316
20.0 (20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.45\ 153 151 12.4 9.8 7.4 F316

20.0 (17.3 15.6 143 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 _11¥ 113 11.2 11.1 9.8 7.4 F316H A182
20.0 (20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 157 156~15.4 153 151 12,4 9.8 7.4 F316H
20.0 (17.3 15.6 143 13.3 12.6 12.3 12.1 11.9 11.8 11.6 115 11.4 113 11.2 11.1 9.8 7.4 F316H
20.0 (20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 157\15.6 15.4 153 151 12.4 9.8 7.4 F316H

16.7 (14.1 12.7 11.7 10.9 10.4 10.2 100 9.8 9.6, 9.4 92 9.0 838 8.6 8.4 8.3 6.4 F316L A182
16.7 |16.7 16.7 15.6 14.8 14.0 13.8 13.5 13.2 130-12.7 12.4 121 119 11.6 11.4 8.8 6.4 F316L
22.9 (20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5\14.2 13.9 13.7 13.4 13.2 129 123 9.8 7.4 F316N
22.9 122.9 22.0 21.5 21.2 21.0 20.5 20.0 19)6~19.2 18.8 185 18.1 17.8 158 123 9.8 7.4 F316N

20.0 |18.0 16.5 15.3 14.3 13.5 13.2 13.0.,12.7 12.6 12.4 123 12.1 12.0 9.6 6.9 5.0 3.6 F321 A182
20.0 (19.0 17.8 17.5 17.5 17.5 17.5 %325 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321
20.0 |18.0 16.5 15.3 14.3 13.5 132 3.0 12.7 12.6 12.4 123 12.1 12.0 9.6 6.9 5.0 3.6 F321
20.0 |20.0 19.1 18.7 18.7 183 17.9 17.5 17.2 169 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321

20.0 (18.0 16.5 15.3 14.3 435 13.2 13.0 12.7 12.6 12.4 123 121 12.0 11.9 9.1 6.9 5.4 F321H A182
20.0 (19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 123 9.1 6.9 5.4 F321H
20.0 (18.0 16.5 15.3 14.3v"13.5 13.2 13.0 12.7 12.6 12.4 123 12.1 12.0 11.9 9.1 6.9 5.4 F321H
20.0 (20.0 19.1 18.A.A8.7 183 179 17.5 17.2 16.9 16.7 16.5 16.4 16.2 123 9.1 6.9 5.4 F321H

20.0 (18.4 17.1<%6.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347 A182
20.0 |19.1 17.¢ A6.6 16.0 15.8 15.7 15.7 15.7 157 15.7 15.6 155 153 12.1 9.1 6.1 4.4 F347
20.0 (18.4 A1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347
20.0 |120.0718.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 F347

20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 133 10.5 7.9 F347H A182
20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 157 156 15.5 153 151 14.1 10.5 7.9 F347H
20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 133 10.5 7.9 F347H
20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 F347H

20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F348 A182
20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 157 15.6 15.5 153 12.1 9.1 6.1 4.4 F348
20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F348
20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 F348
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Forgings (Cont’d)
Austenitic (Cont’d)
A182 37 8H S343809 TSCr—TONT=Cbh 8 (T2 70 30 1.00
FB48H S34809 18Cr-10Ni-Cb 8 912 70 30 1.00
FB48H S34809 18Cr-10Ni-Cb 8 - 75 30 1.00
FB48H S34809 18Cr-10Ni-Cb 8 ©9) 75 30 1.00
A965 B04 S$30400 18Cr—8Ni 8 (10) 70 30 1.00
FBO4 S30400 18Cr-8NI 8 9)(10) 70 30 1.00
FBO4H S$30409 18Cr—8Ni 8 - 70 30 1.00
FBO4H S30409 18Cr-8NI 8 ) 70 30 1.00
A965 B16 S$31600 16Cr-12Ni-2Mo 8 (10) 70 30 1.00
B16 S31600 16Cr-12Ni-2Mo 8 9)(10) 70 30 1.00
B16H S31609 16Cr-12Ni-2Mo 8 A 70 30 1.00
B16H S$31609 16Cr-12Ni-2Mo 8 ) 70 30 1.00
A965 B21 S$32100 18Cr—10Ni-Ti 8 (10) 70 30 1.00
B21 S32100 18Cr-10Ni-Ti 8 9)(10) 70 30 1.00
FB21H S32109 18Cr—10Ni-Ti 8 RN\ 70 30 1.00
B21H $32109 18Cr-10Ni-Ti 8 ©) 70 30 1.00
A965 B47 S34700 18Cr-10Ni-Cb 8 (10) 70 30 1.00
B47 S34700 18Cr-10Ni-Cb 8 9)(10) 70 30 1.00
MB47H S34709 18Cr-10Ni-Cb 8 A 70 30 1.00
B47H S34709 18Cr-10Ni-Cb 8 ) 70 30 1.00
Ferritic/Martensitic
A182 FXM-27Cb S44627 27Cr-1Mo 10l 2 60 35 1.00
A336 FXM-27Ch S44627 27Cr-1Mo 10l @) 60 35 1.00
Ferritic/Austenitic
A182 A1 531803 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 1.00
A0 S32205 22Cr-5.5Ni-3Mo-N 10H 1(23)(24) 95 70 1.00
F53 S$32750 25Cr-7Ni-4Mo-N 10H 1)(22)(23) 116 80 1.00
Fittings (Sqamless and Welded)
Austenitic
A403 P304 $30400 18Cr—8Ni 8 @@@o0)@1) 75 30 1.00
P304 S30400 18Cr—8Ni 8 @@ ©a0@a1) 75 30 1.00
P304H S$30409 18Cr—8Ni 8 @@ 75 30 1.00
P304H S30409 18Cr—8Ni 8 @@OAa 75 30 1.00
A403 P304t S$30403 18Cr—8Ni 8 1@ 70 25 1.00
WR304+ S30403 18CH—8MH 8 ERIGATIATA R 70 25 1.00
WP304N S$30451 18Cr-8Ni-N 8 (DIAIIN)] 80 35 1.00
WP304N S30451 18Cr-8Ni-N 8 DB@©@a0) 80 35 1.00
A403 WP309 S$30900 23Cr-12Ni 8 DO@@0)@1) 75 30 1.00
WP309 S30900 23Cr—12Ni 8 1)@ 9)00)(11) 75 30 1.00
WP310 S$31000 23Cr—20Ni 8 D)@ (0)(11)(14) 75 30 1.00
WP310 S31000 23Cr—20Ni 8 1)@ 90A0)(11)(14) 75 30 1.00
WP310 S$31000 23Cr—20Ni 8 1)@ (10)(11)(15) 75 30 1.00
WP310 S31000 23Cr—20Ni 8 W@ ©@0)(11)(15) 75 30 1.00
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150

1,200

Type
or
Grade

Spec.
No.

Forgings (Cont’d)

Austenitic (Cont’d)

20.0 [IT87 I7.T 16.0 I5.0 143 140 I3.8 13.7 I3.6 I13.5 13.4 I3.4 I3.4 I3.4 13.3 105 7.9 T3438H
20.0 |19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F348H
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 133 10.5 7.9 (R348H
20.0 |20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 | F348H
20.0 |16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304
20.0 |20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 14.0 12.4 9.8 7.7 6.1 F304
20.0 |16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 77 6.1 F304H
20.0 |18.9 17.7 17.1 16.9 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 14.0 12.4 9.8 7.7 6.1 F304H
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 Al 9.8 7.4 F316
20.0 |20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1¢. 124 9.8 7.4 F316
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113 112 1111 9.8 7.4 F316H
20.0 |20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 161" 12.4 9.8 7.4 F316H
20.0 |18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 120 9.6 6.9 5.0 3.6 F321
20.0 |19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 6.2 9.6 6.9 5.0 3.6 F321
20.0 |18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1\12.0 11.9 9.1 6.9 5.4 F321H
20.0 |19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 164) 16.2 12.3 9.1 6.9 5.4 F321H
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4\3.4 13.4 12.1 9.1 6.1 4.4 F347
20.0 |19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 156 15.5 15.3 12.1 9.1 6.1 4.4 F347
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5.813.4 13.4 13.4 13.4 133 10.5 7.9 F347H
20.0 |19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F347H

17.1 (17.1 16.6 16.1 16.1 16.1 16.1
17.1 (17.1 16.6 16.1 16.1 16.1 16.1

A182

A965

A965

A965

A965

Ferritic/Martensitic

FXM-2¥Cb A182

FXM-2YCb A336

Ferritic/Austenitic

25.7 |25.7 24.8 23.9 23.3 23.1 F51 A182
27.1 |27.1 26.2 25.2 24.6 24.3 F60
33.1 |33.0 31.2 30.1 29.6 29.4 F53
Fittings (Seamless gnd Welded)
\ustenitic
20.0 |16.7 15.0 13.8y12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 WP304 A403
20.0 |20.0 18.9+18,3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 WP304
20.0 |16.7 15%0” 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 WP304H
20.0 |20.0 «48.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 WP304H
16.7 |14:3:-12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 WP304L A403
16.7 HeF—6+—358—14F—14-0—13+143-5—133—13-0—FF ——WR304
22,9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 WP304N
22,9 229 21.7 203 18.9 17.9 175 17.2 169 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 WP304N
20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 129 12.7 125 9.9 7.1 5.0 3.6 2.5 WP309 A403
20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 159 9.9 7.1 5.0 3.6 2.5 WP309
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12,5 123 9.9 7.1 5.0 3.6 2.5 WP310
20.0 20.0 20.0 19.9 19.3 18.5 18.2 179 17.7 17.4 17.2 16.9 159 9.9 7.1 5.0 3.6 2.5 WP310
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12,5 12.3 9.9 7.1 5.0 3.6 2.5 WP310
20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 159 9.9 7.1 5.0 3.6 2.5 WP310
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F
Fittings (Seamless and Welded) (Cont’d)
Austenitic (Cont’d)
A403 PS3T25% S3T25% 20Cr—I3NT=6M0 3] (7)) L 0T 1.00
PS31254 S31254  20Cr-18Ni-6Mo 8 L@O 94 44 1.00
A403 P316 S31600  16Cr-12Ni-2Mo 8 @@@0)(11) 75 30 1.00
P316 S31600  16Cr—12Ni-2Mo 8 @H@)©@a0a 75 30 1.00
P316H S31609  16Cr-12Ni-2Mo 8 @®H@) (1) 75 30 1.00
P316H S31609  16Cr-12Ni-2Mo 8 @H@®a 75 30 1.00
A403 P316L S31603 16Cr-12Ni-2Mo 8 W@ 70 25 1.00
P316L S31603 16Cr-12Ni-2Mo 8 W@O©ANEY) 70 25 1.00
P316N S31651 16Cr—12Ni-2Mo-N 8 W@ Q0 80 35 1.00
P316N S31651 16Cr-12Ni-2Mo-N 8 L@ ©(10) 80 35 1.00
PS31726 S31726  19Cr-15.5Ni-4Mo 8 @ 80 35 1.00
PS31726 S31726 19Cr-15.5Ni-4Mo 8 (OI)] 80 35 1.00
A403 P317 S31700  18Cr-13Ni-3Mo 8 Q@) (101 75 30 1.00
P317 S31700 18Cr-13Ni-3Mo 8 W@®U0() 75 30 1.00
P321 S$32100  18Cr—10Ni-Ti 8 @ (0)(11) 75 30 1.00
P321 $32100 18Cr-10Ni-Ti 8 W79 @10)@11) 75 30 1.00
P321H S$32109  18Cr—10Ni-Ti 8 @@ 75 30 1.00
P321H $32109 18Cr-10Ni-Ti 8 @@ 75 30 1.00
A403 P347 S34700  18Cr-10Ni-Cb 8 @®H@)(10)(11) 75 30 1.00
P347 S34700 18Cr-10Ni-Cb 8 @@ ©@a0@a1) 75 30 1.00
P347H S34709  18Cr-10Ni-Cb 8 @®H@) (1) 75 30 1.00
P347H S34709 18Cr-10Ni-Cb 8 @@ 75 30 1.00
A403 P348 S34800  18Cr—10Ni-Cb 8 @ @)(10)(11) 75 30 1.00
P348 S$34800 18Cr-10Ni—€h 8 @@ 9001 75 30 1.00
P348H S34809  18Cr-10Ni=<Ch 8 @@ 75 30 1.00
P348H S$34809 18Cr<10Ni-Cb 8 @@ 75 30 1.00
Ferritic/Austenitic
A815 931803 S31803 22Cr-5.5Ni-3Mo-N 10H 123)(24) 90 65 1.00
932101 S32101 21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 94 65 1.00
932205 S$32205 22Cr-5.5Ni-3Mo-N 10H 123)(24) 95 70 1.00
932101 S$32101 21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 101 77 1.00
Castings
Austenitic
A351 dr3 ]92500 18Cr—8Ni 8 DG)A7) 70 30 0.80
dr3 192500 18Cr—8Ni 8 DWGBY©a7 70 30 0.80
dF3A ]92500 18Cr—8Ni 8 1G)A7) 77.5 35 0.80
EF3A 102500 18Cr—8Ni b3 [GATENT () T&ivAl 775 35 0.80
CF3M 192800 18Cr-12Ni-2Mo 8 ®G)(A3)17) 70 30 0.80
CF3M 192800 18Cr-12Ni-2Mo 8 @WG)OA3)Q7) 70 30 0.80
A351 CF8 192600 18Cr—8Ni 8 (5)(10)(17) 70 30 0.80
CF8 192600 18Cr—8Ni 8 (5)(9)(10)(17) 70 30 0.80
CF8C 192710 18Cr-10Ni-Cb 8 1»G)(0)(17) 70 30 0.80
CF8C 192710 18Cr-10Ni-Cb 8 DWGB)Y©®Aa0a7n 70 30 0.80
CF8M 192900 16Cr-12Ni-2Mo 8 (5)(13)(17) 70 30 0.80
CF8M 192900 16Cr—-12Ni-2Mo 8 (3)(9)(13)(17) 70 30 0.80
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Fittings (Seamless and Welded) (Cont’d)
Austenitic (Cont’d)
26.9 [239 21T.4 198 186 179 17.6 17.4 17.3 WPS37254 A403
26.9 |126.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6 WPS31254
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 111 9.8 7.4 \WP316 A403
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 V' WP314
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 111 9.8 7.4 WP314H
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 WP314H
16.7 |14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 873 6.4 WP314L  A403
16.7 |16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 119 11.6 11.4 8.8 6.4 WP314L
22.9 |120.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 129 A23 9.8 7.4 WP314N
22.9 |122.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 158¢.,12.3 9.8 7.4 WP314N
22.9 120.0 17.9 16.3 15.3 14.6 WPS31726
22.9 |21.8 20.9 20.5 20.3 19.7 WPS31726
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113\*11.2 111 9.8 7.4 WP31} A403
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 45.3° 15.1 12.4 9.8 7.4 WP31}
20.0 |18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.13,12.0 9.6 6.9 5.0 3.6 WP32
20.0 |20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 164> 16.2 9.6 6.9 5.0 3.6 WP321
20.0 |18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12321 12.0 11.9 9.1 6.9 5.4 WP321H
20.0 |20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 1656N16.4 16.2 12.3 9.1 6.9 5.4 WP321H
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.513.4 13.4 13.4 12.1 9.1 6.1 4.4 WP347 A403
20.0 |20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8' 16.7 16.6 16.0 12.1 9.1 6.1 4.4 WP347
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 WP3474H
20.0 |20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8.16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 WP347%H
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.77,13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 WP344 A403
20.0 |20.0 18.8 17.8 17.2 16.9 16.8 16.8 /16:8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 WP34§
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 WP348H
20.0 [20.0 18.8 17.8 17.1 16.9 16.8 168 “16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 WP348H
Ferritic/Austenitic
25.7 |25.7 24.8 23.9 23.3 234 S3180B A815
26.9 |126.9 25.6 24.7 24.7 24Y S3210
27.1 |27.1 26.2 25.2 24.6 243 S3220h
28.9 |28.9 27.5 26.5 26.5.726.5 S3210
Castings
Austenitic
16.0 |13.3 12:0+v11.0 104 98 9.6 9.4 92 9.0 CF3 A351
16.0 |15.27.14.1 13.7 13.5 13.3 13.0 12.7 12.4 121 CF3
17.7 |15:6:714.0 12,9 12.1 11.5 11.2 10.9 CF3A
177 Be8—456161+ 160160 160 4483 ——— CE3A
16.0 13.8 12.4 11.4 10.6 10.1 9.8 9.7 95 9.4 9.3 CF3M
16.0 16.0 15.5 15.4 14.3 13.6 13.3 13.0 12.8 12.7 12.5 CF3M
16.0 13.3 12.0 11.0 104 98 9.6 9.4 92 9.0 88 8.6 8.5 8.3 7.6 6.0 4.8 3.8 CF8 A351
16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 119 11.7 11.4 9.8 7.6 6.0 4.8 3.8 CF8
16.0 13.3 12.0 11.0 104 98 9.6 9.4 92 9.0 88 8.6 8.5 8.3 8.1 7.3 4.9 3.6 CF8C
16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 119 11.7 11.4 11.2 9.7 7.3 4.9 3.6 CF8C
16.0 13.8 12.4 11.4 10.6 10.1 9.8 9.7 95 94 93 9.2 91 9.1 9.0 7.1 5.5 4.3 CF8M
16.0 16.0 15.5 15.4 14.3 13.6 13.3 13.0 12.8 12.7 12.5 12.4 123 11.9 9.2 7.1 5.5 4.3 CF8M
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Castings (Cont’d)
Austenitic (Cont’d)
A351 HS .. T93400 Z5CT— 12Nt 8 OG)(To)(T7) 55 78 0.80
dH8 R 193400 25Cr-12Ni 8 MWGE)O®Q0a7” 65 28 0.80
dH20 R 193402 25Cr—12Ni 8 WG 7) 70 30 0.80
dH20 . 193402 25Cr-12Ni 8 DG)(90A0)@17) 70 30 0.80
dk20 R 194202 25Cr—20Ni 8 WG 7) 65 28 0.80
dk20 A 194202 25Cr-20Ni 8 DGB)(9@A0)@17) 65 28 0.80
Ferritic/ Martensitic
A217 dA1s J91150 13Cr-% Mo 6 wBG) 90 65 0.80
Bar
Austenitic
A479 .- C. N08904 44Fe-25Ni-21Cr—-Mo 45 1) 71 31 1.00
304 .. S30400  18Cr-8Ni 8 (10) 75 30 1.00
304 e S30400  18Cr-8Ni 8 910 75 30 1.00
J04H ... S30409 18Cr-8Ni 8 D\ 75 30 1.00
304H e S$30409 18Cr-8Ni 8 ©) 75 30 1.00
A479 304L A S$30403 18Cr—8Ni 8 (16) 70 25 1.00
J04L - S30403 18Cr-8Ni 8 ©(@16) 70 25 1.00
304N . S$30451 18Cr-8Ni-N 8 (10) 80 35 1.00
J04N e S30451 18Cr-8Ni-N 8 9)(10) 80 35 1.00
A479 g e S30815 21Cr-11Ni-N 8 (6D) 87 45 1.00
S$30815 21Cr-11Ni-N 8 (OI)] 87 45 1.00
A479 310S .. S$31008 25Cr-20Ni 8 (10)(11)(15) 75 30 1.00
3j10S e $31008 25Cr—20Ni 8 (10)(11)(14) 75 30 1.00
310S e S$31008 25Cr-"20N;i 8 ©ao@an 75 30 1.00
S$31254  (20Cr-18Ni-6Mo 8 D 95 44 1.00
S31254 ( 20Cr-18Ni-6Mo 8 [OIC) 95 44 1.00
A479 16 - S31600/ 16Cr—12Ni-2Mo 8 (10) 75 30 1.00
316 A 531600 16Cr-12Ni-2Mo 8 9)(10) 75 30 1.00
J16H e S31609 16Cr-12Ni-2Mo 8 . 75 30 1.00
316H e S$31609 16Cr-12Ni-2Mo 8 ©9) 75 30 1.00
A479 316L A 531603 16Cr-12Ni-2Mo 8 (1)(16)(28)(29) 70 25 1.00
Ji6L N - S31603 16Cr-12Ni-2Mo 8 (1)(9)(16)(28)(29) 70 25 1.00
316N AN S$31651 16Cr-12Ni-2Mo 8 (10) 80 35 1.00
J16N e S31651 16Cr-12Ni-2Mo 8 ©9(10) 80 35 1.00
31 7EMN S31726 19Cr-15.5Ni-4Mo 8 1) 80 35 1.00
1ZLMN S31726 19Cr—15 5Ni—4Mo 8 (1)(9) 30 35 1.00
A479 321 e $32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00
321 e S$32100 18Cr—10Ni-Ti 8 9)(10) 75 30 1.00
321H e S$32109 18Cr—10Ni-Ti 8 . 75 30 1.00
321H e $32109 18Cr—-10Ni-Ti 8 ) 75 30 1.00
S32550  25.5Cr-5.5Ni-3.5Mo-2Cu  10H D25 26) 110 80 1.00
A479 347 e S34700 18Cr-10Ni-Cb 8 (10) 75 30 1.00
347 e S34700  18Cr—10Ni-Cb 8 9)(10) 75 30 1.00
347H ... S34709 18Cr-10Ni-Cb 8 L. 75 30 1.00
347H R S34709 18Cr-10Ni-Cb 8 © 75 30 1.00
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Table A-3 Stainless Steels (Cont’d)

(16)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Castings (Cont’d)
Austenitic (Cont’d)
149 1222 1.3 108 105 10.1 9.9 9.7 9.4 9.I 3838 8.5 8.2 7.9 5.8 5. 70 3.0 CHY A351
14.9 |13.6 12.7 12.3 12.3 12.3 12.3 12.2 12.0 11.8 11.5 11.1 10.6 8.9 6.8 5.2 4.0 3.0 CHS8
16.0 (13.1 12.1 11.6 11.2 10.8 10.6 10.4 10.1 9.8 9.5 9.1 88 8.5 6.8 5.2 4.0 3.0 (€H20
16.0 |14.6 13.6 13.3 13.2 13.2 13.2 13.1 13.0 12.7 12.4 11.9 11.4 8.9 6.8 5.2 4.0 3.0 | CH20
14.9 |12.2 11.3 10.8 10.5 101 99 9.7 94 91 88 85 82 7.9 7.6 6.8 5.8 4.8 CK20
14.9 |113.6 12.7 123 12.3 12.3 123 12.2 12.0 11.8 11.5 11.1 10.6 9.0 7.8 6.8 5.8 4.8 CK20
Ferritic/Martensitic
20.6 |20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.1 12.0 7.4 4.7 3.0 1.9 1.2 0.8 CA15 A217
Bar
\ustenitic
20.3 |16.7 15.1 13.8 12.7 119 11.6 11.4 ... ... ... ... ... A479
20.0 |16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104)°10.1 9.8 7.7 6.1 304
20.0 (20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 14.3 4.0 12.4 9.8 7.7 6.1 304
20.0 |16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6\:\10.4 10.1 9.8 7.7 6.1 304H
20.0 (20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 143> 14.0 12.4 9.8 7.7 6.1 304H
16.7 |14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 304L A479
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 ... .. ... e e e Ce ... 3041
22.9 |119.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 124~11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N
22.9 |22.9 21.7 20.3 18.9 17.9 17,5 17.2 16.9 16.6 163 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304N
24.9 |24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 168716.6 16.4 16.2 149 11.6 9.0 6.9 5.2 A479
24.9 |24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8\20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2
20.0 |17.6 16.1 15.1 14.3 13.7 13.5 13.3 (131 12.9 12.7 12.5 123 9.9 310S A479
20.0 |17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12.5 123 9.9 310S
20.0 [20.0 20.0 19.9 19.3 18.5 18.2 179 17.7 17.4 17.2 16.9 159 9.9 310S
26.9 (23.9 21.4 19.8 18.6 17.9 176 \17.4 17.3
26.9 |26.9 25.5 24.3 23.5 23.0 22.8722.7 22.6
20.0 |17.3 15.6 14.3 13.3 126./12.3 12.1 119 11.8 11.6 115 11.4 113 11.2 11.1 9.8 7.4 316 A479
20.0 |20.0 20.0 19.3 18.0~2Z0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 15.1 12.4 9.8 7.4 316
20.0 |17.3 15.6 14.3 133\A42.6 12.3 12.1 119 118 11.6 115 11.4 113 11.2 11.1 9.8 7.4 316H
20.0 |20.0 20.0 19.3180 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 15.1 12.4 9.8 7.4 316H
16.7 |14.1 12.7 1Az’ 10.9 10.4 10.2 10.0 98 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 316L A479
16.7 |16.7 16,0,\5.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 119 11.6 11.4 8.8 6.4 316L
22.9 120.7 190/17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 129 123 9.8 7.4 316N
22.9 122.9~22:0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 158 123 9.8 7.4 316N
22.9 120:0~17.9 16.3 15.3 14.6 317LMN
229 121.8 209 205 203 19 317LMN
20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 321 A479
20.0 20.0 19.1 18.7 18.7 18.3 179 17.5 17.2 16.9 16.7 16.5 16.4 14.9 9.6 6.9 5.0 3.6 321
20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 321H
20.0 20.0 19.1 18.7 18.7 18.3 179 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 321H
31.4 31.3 29.5 28.6 28.2
20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A479
20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 347
20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 133 10.5 7.9 347H
20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 347H
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Table A-3 Stainless Steels (Cont’d)

Specified  Specified
UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Bar (Cont’d)
Austenitic (Cont’d)
A479 2] S343800 TSCr—TONT=Cbh 8 (T0) 75 30 1.00
48 S34800  18Cr—10Ni-Cb 8 9(10) 75 30 1.00
48H S34809  18Cr-10Ni-Cb 8 e 75 30 1.00
48H S$34809 18Cr-10Ni-Cb 8 ) 75 30 1.00
Ferritic/Martensitic
A479 M-27 S44627  27Cr—1Mo 10l @) 65 40 1.00
Ferritic/Austenitic
A479 931803 S31803  22Cr-5.5Ni-3Mo-N 10H D@34 90 65 1.00
932101 S$32101 21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23)(24) 94 65 1.00
2205 S$32205  25Cr-7Ni-4Mo-N 10H ®WED23) 95 65 1.00
932750 S$32750 25Cr-7Ni-4Mo-N 10H 122)(23) 116 80 1.00

GENERAL NOTES:

(@) The taBulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure\essel Code applications, see related specifita-
tions in Section Il of the ASME Code.

(b) The strpss values in this Table may be interpolated to determine values for imtermediate temperatures.

(¢) The P-Numbers indicated in this Table are identical to those adopted by the *ASME Boiler and Pressure Vessel Code. Qualification| of
welding procedures, welders, and welding operators is required and shall comply with the ASME Boiler and Pressure Vessel Codg,
Section] IX, except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The mdterials listed in this Table shall not be used at design temperatures above those for which allowable stress values are givgn
herein jor in Table A-8.

(f) The taBulated stress values are S x E (weld joint efficieneyfactor) or S x F (material quality factor), as applicable. Weld joint effj-
ciency factors are shown in Table 102.4.3.

(g) Pressuye-temperature ratings of piping components;.as published in standards referenced in this Code, may be used for compor{ents
meeting the requirements of those standards. The allowable stress values given in this Table are for use in designing piping compo-
nents Which are not manufactured in accordance with referenced standards.

(h) The taBulated stress values that are shown in)italics are at temperatures in the range where creep and stress rupture strength gdvern
the selpction of stresses.

() See pafa. 124.1.2 for lower temperature dimits.

NOTES:

(1)  THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A.1), FIG. 100.1.2(A.2), FIG.

100.1.2(B.1), FIG. 100.1.2(B}2), AND FIG. 100.1.2(B.3).

(2) Use qf this material at temperatures above 650°F is not approved because of the possibility of temper embrittlement.

(3) This $teel may be expected to develop embrittlement at room temperature after service at temperatures above 700°F. Consequéntly,

its ude at higher temperatures is not recommended unless due caution is observed.

(4)  For fittings made from A182 forgings over 5 in. in thickness, the allowable stress values tabulated shall be reduced by the ratig of 70

divideéd by 75
(5) The materiaDquality factors and allowable stress values for these materials may be increased in accordance with para. 102.4.6
(6) Tensile stréngths in parentheses are expected minimum values.

(7) See MSS SP-43 for requirements for lightweight stainless steel fittings. MSS SP-43 Schedule 5S fittings shall not be used for design
temperatures above 400°F. MSS SP-43 Schedule 10S fittings shall not be used for design temperatures above 750°F.
(8) The material quality factor for centrifugally cast pipe (0.85) is based on all surfaces being machined after heat treatment. The surface

finish

, after machining, shall be 250 pin. arithmetic average deviation or smoother.

(9) Due to relatively low yield strength of these materials, these higher allowable stress values were established at temperatures where
the short time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. These
stress values exceed 67% but do not exceed 90% of the yield strength at temperature. Use of these stress values may result in
dimensional changes due to permanent strain. These values should not be used for the flanges of gasketed joints or other applica-

tions

where slight amounts of distortion can cause leakage or malfunction.

(10) The allowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% or
higher.
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Table A-3 Stainless Steels (Cont’d)

(16)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Bar (Cont’d)
Austenitic (Cont’d)
20.0 187 I7.T 16.0 15.0 143 140 13.8 13.7 13.6 13.5 13.4 13.4 13.4 121 o1 5.1 77 348 A479
20.0 |20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348
20.0 |18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 (348H
20.0 |20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 | 348H
Ferritic/Martensitic
18.6 |18.6 18.3 18.1 18.1 18.1 18.1 ... ... ... .. e ... XM-27 A479
Ferritic/fustenitic
25.7 125.7 24.8 23.9 233 23.1 ... ... ol e e el oee e ... S3180B A479
26.9 126.9 25.6 24.7 24.7 247 ... ... oo o e e e ... S32101
27.1 127.1 26.2 25.2 24.6 243 ... ... ool e eae el eee ... 2205
33.1 133.0 31.2 30.1 29.6 29.4 ... ... .. e eee e e ... S32750p
NOTE$ (Cont’d):
(11) [the allowable stress values tabulated for temperatures over 1,000°F apply ehly if the material is heat treated by heating tp a mini-
mum temperature of 1,900°F and quenching in water or rapidly cooling by~other means.
(12) [These allowable stress values apply to forgings over 5 in. in thickness;
(13) [The allowable stress values tabulated for temperatures over 800°F<apply only if the carbon content of the material is 0.04P6 or
higher.
(14) [These allowable stress values shall be used only when the-gfain size of the material is ASTM No. 6 or coarser.
(15) [These allowable stress values shall be used when the grain\size of the material is finer than ASTM No. 6 or when the graip size has
hot been determined.
(16) Mse of external pressure charts for material in theformof barstock is permitted for stiffening rings only.
(17) Pt the ferrite levels tabulated below, these materials will have significant reductions in Charpy V-notch toughness values aft room tem-
perature and below following service exposufe at the indicated temperatures. This reduction indicates the potential for brittle fracture
ith high rate loading in the presence of sharp notches or cracks.
Ferrite Content Service Temperature
5% and less 1,100°F and above
10% 900°F and above
15% 800°F and above
20% 700°F and above
25%—30% 600°F and above
35%—40% 500°F and above
(18) [The stress values at*3,050°F and above shall be used only when the grain size is ASTM No. 6 or coarser.
(19) [These allowable_sti€ss values apply for single or double butt welded pipe with radiography per para. 136.4.5.
(20) [These allowable stress values apply for double butt welded pipe, without radiography.
(21) [These allowahble" stress values apply for single butt welded pipe, without radiography.
(22) Pny heatitreatment applied to this material shall be performed at 1,880°F to 2,060°F, followed by a rapid cool.
(23) [The use\of this material is limited to 600°F (315°C). This material may exhibit embrittlement at room temperature after mgderately
plevated temperature service. Cold work (strain hardening) such as that introduced during tube bending and certain manufacturing
nd-assemblyprocesses—can-make-UNS $32750 more susceptible-to-embrittlement-when-exposad-to-temperaturesin-exedss of
480°F (250°0).
(24) Any heat treatment applied to this material shall be performed at 1,870°F to 2,010°F, followed by a rapid cool. For A182, A240, and
A479 material, this is more restrictive than the material specification and shall be met.
(25) Openings = 4 in. shall conform to para. 127.4.8, except that full-penetration welds shall be used and separate reinforcing pads shall
not be used.
(26) This steel may be expected to develop embrittlement after exposure to temperatures above 500°F for prolonged times. See ASME
Boiler and Pressure Vessel Code, Section Il, Part D, Appendix A, A-340 and A-360.
(27) These allowable stress values apply only to forgings 5 in. in thickness and under.
(28) The stress values at temperatures above 1,000°F apply only if Supplementary Requirement S1 has been specified.
(29) The material shall have an ASTM grain size of 7 or coarser for use at 1,000°F (550°C) and above.

169


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

(16)

ASME B31.1-2016

Table A-4 Nickel and High Nickel Alloys

Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or

No. No. Condition Composition No. Notes ksi ksi F

Seamless Pipe and Tube

B161 N02200 Annealed Ni 41 1)(5) 55 15 1.00
NOZZ00 Anneated Nt Tt (Ote) 55 T2 1.00
N02200 Str. rel. Ni 41 (1) 65 40 1.00
B161 N02201 Annealed Ni—-Low C 41 (1)) 50 12 1.00
N02201 Annealed Ni—Low C 41 (1)(6) 50 10 1.00
N02201 Str. rel. Ni—Low C 41 (1) 60 30 1.00
B163 N08800 Annealed Ni—-Cr-Fe 45 (][] 75 30 1.00
NO8800 Annealed Ni-Cr-Fe 45 V@@ 75 30 1.00
N08810 Annealed Ni—Cr—Fe 45 (1) 65 25 1.00
N08810 Annealed Ni—-Cr-Fe 45 (€3]®)] 65 25 1.00
B165 N04400 Annealed Ni—Cu 42 D) 70 28 1.00
N04400 Annealed Ni—Cu 42 (1)(6) 70 25 1.00
N04400 Str. rel. Ni—Cu 42 DB 85 35 1.00
B167 N06600 H.F./ann. Ni—Cr—Fe 43 (1B 80 30 1.00
N06600 H.F./ann. Ni—-Cr-Fe 43 DEBG) 75 30 1.00
N06600 H.F./ann. Ni—Cr—Fe 43 (1)(6) 75 25 1.00
N06600 H.F./ann. Ni—Cr-Fe 43 Q) 6) 80 25 1.00
B167 N06600 C.D./ann. Ni—Cr—Fe 43 1) 80 35 1.00
N06600 C.D./ann. Ni—Cr-Fe 43 @OG) 80 35 1.00
N06600 C.D./ann. Ni—Cr—Fe 43 (1)(6) 80 30 1.00
N06600 C.D./ann. Ni—-Cr-Fe 43 1)) (6) 80 30 1.00
B167 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 W@ 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Ma 43 W@ 95 35 1.00
N06690 CW./ann. 58Ni—29Cr-9Fe 43 7)(23) 85 35 1.00
N06690 CW./ann. 58Ni—29Cr-9Fe 43 @@ @23) 85 35 1.00
B407 N08800 C.D./ann. Ni—Cr—Fe 45 ) 75 30 1.00
N08800 C.D./ann. Ni—Cr-+Fe 45 ]%) 75 30 1.00
N08810 Annealed Ni—Cr-Fe 45 @ 65 25 1.00
N08810 Annealed Ni—Cr=Fe 45 @ 65 25 1.00
B423 N08825 CW./ann. Ni—Fe—Cr—Mo-Cu 45 (][] 85 35 1.00
N08825 C.W./ann¢ Ni-Fe—Cr-Mo-Cu 45 (][]0 85 35 1.00
B44s N06625 Sol/ann. Ni—Cr—Mo-Cb 43 14)(18) 100 40 1.00
N06625 Annealed Ni—-Cr—-Mo-Ch 43 @(4) 120 60 1.00
B622 N06022 Sol. ann. Ni—Mo-Cr—Low C 44 (112 100 45 1.00
N06022 Sol. ann. Ni—-Mo-Cr-Low C 44 1212 100 45 1.00
N10276 Sol. ann. Low C—Ni—-Mo-Cr 43 Qa2 100 41 1.00
N¢0276 Sol. ann. Low C-Ni-Mo-Cr 43 1P@@a2) 100 41 1.00
R305564 Annealed Ni—Fe—Cr—Co=Mo-\\. 45 1) 100 45 1.00
R30556 Annealed Ni-Fe—Cr—-Co-Mo-W 45 (][] 100 45 1.00
B677 N08925 Annealed Ni—Fe—Cr—Mo-Cu—-Low C 45 D 87 43 1.00
N08925 Annealed Ni-Fe—Cr-Mo—-Cu-Low C 45 (©][e)] 87 43 1.00
N08926 Annealed Ni—Fe—Cr—-Mo-Cu—-N-Low C 45 19 (20) 94 43 1.00
N08926 Annealed Ni-Fe—Cr—-Mo—-Cu-N-Low C 45 1@@19)(20) 94 43 1.00
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Table A-4 Nickel and High Nickel Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy  Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Seamless Pipe and Tube
10.0 10.0 10.0 10.0 10.0 10.0 N02200 B161
8.0 [ 80 80U 38U 38U 30U N02200
18.6 |18.6 18.6 18.6 18.3 17.7 N@2200
80| 77 75 75 75 75 75 74 7.4 72 58 45 37 30 2.4 2.0 1.5 2N\ON02201 B161
6.7 6.4 63 62 62 62 62 62 61 60 58 45 37 3.0 2.4 2.0 1.5 1.2 N02201
17.1 (17.1 17.0 17.0 16.8 16.3 N02201
20.0 |18.5 17.8 17.2 16.8 16.3 16.1 159 15.7 15.5 153 15.1 14.9 14.7 14.5 13.0 9.8 6.6 NO0O8300 B163
20.0 (20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08300
16.7 |15.4 14.4 13.6 129 12.2 119 11.6 11.4 11.1 109 10.7 10.5 10.4 10.2 10:0 9.3 7.4 NO08§10
16.7 [16.7 16.7 16.7 16.7 16.7 16.1 15.7 15.3 15.0 14.7 14.5 14.2 140 13.8 116 9.3 7.4 NO08410
18.7 |16.4 15.2 14.7 14.7 14.7 14.7 14.6 14.5 143 11.0 8.0 N04400 B165
16.7 [14.6 13.6 13.2 13.1 13.1 13.1 13.0 12.9 12.7 11.0 8.0 N04400
24.3 |24.3 24.3 24.3 24.3 N04400
20.0 |19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 15.1 14.9 10.6 ~%0 4.5 3.0 2.2 2.0 NO06400 B167
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06400
16.7 (15.9 15.2 14.6 14.0 13.5 13.3 13.1 12.9 12.7 12.5 12.4 106\ 7.0 4.5 3.0 2.2 2.0 N06400
16.7 |16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.0 106 7.0 4.5 3.0 2.2 2.0 N06400
22.9 (21.3 20.8 20.5 20.2 19.9 19.8 19.6 19.4 19.1 18.7 16.00 10.6 7.0 4.5 3.0 2.2 2.0 N06400 B167
22.9 122.9 229 22.9 22.9 22.9 22.9 22.9 229 229 22.4\16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06400
20.0 |19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 1544149 106 7.0 4.5 3.0 2.2 2.0 N06400
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0.20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06400
23.3 120.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 159 15.8 15.7 15.6 15.5 154 154 153 153 N06417 B167
23.3 123.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7N21.5 21.3 21.2 21.0 20.9 209 20.8 20.7 18.1 NO06417
23.3 121.1 19.9 19.1 18.6 18.4 18.4 18.4 184~ 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0 N06490
23.3 123.3 23.3 23.3 23.1 22.9 229 22.8\22.7 22.6 225 22.2 16.5 11.6 9.0 6.5 4.5 3.0 NO06490
20.0 |18.5 17.8 17.2 16.8 16.3 16.1_15.9" 15.7 15.5 15.3 15.1 14.9 14.7 145 13.0 9.8 6.6 N08300 B407
20.0 |20.0 20.0 20.0 20.0 20.0 2040+20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 13.0 9.8 6.6 NO08400
16.7 (15.4 14.4 13.6 12.9 12.2 A19711.6 11.4 11.1 109 10.7 10.5 10.4 10.2 10.0 9.3 7.4 NO08410
16.7 |16.7 16.7 16.7 16.7 16,5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 140 13.8 11.6 9.3 7.4 NO08§10
23.3 |21.4 20.3 19.4 18.5 1738 17.5 17.3 17.2 17.0 N08§25 B423
23.3 123.3 23.3 23.3 233 23.3 23.3 23.3 23.2 23.0 N08§25
26.7 [24.9 23.6 22.6721.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 N06425 Ba4s
34.3 |34.3 34.3 33.6,%32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 299 29.5 29.0 N06425
28.6 |26.7 24,6,°22.9 21.5 20.4 20.0 19.6 19.3 19.0 N06(22 B622
28.6 |28.6 28.2/27.2 26.5 26.0 25.8 25.6 25.4 253 ... ... ... R N06(22
27.3 124.9~.23:0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 N10276
27.3 |273~27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 A A A ... N10276
286 256231 213 201 193 189 18 184 182 180 178 17 6 1Z.5 1723 1721 16.9 13.6 R3Q4956
28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
249 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 N08925 B677
24.9 249 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 N08925
26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 N08926
26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 N08926
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Spec.
No.

Specified Specified

UNS Minimum Minimum E
Alloy Temper or Nominal P- Tensile, Yield, or
No. Condition Composition No. Notes ksi ksi F

Seamless Pipe and Tube (Cont’d)

B690 N08367 Sol. ann. Fe—Ni—Cr—-Mo-Cu-N 45 (1)(8)(22) 95 45 1.00
NUS367 Sot—anm. Fe—N=Cr=Mo—Cu—N %) o2y 95 75 1.00
N08367 Sol. ann. Fe—Ni-Cr—-Mo-Cu-N 45 ((3]@2))] 100 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 1221 100 45 1.00
B729 N08020 Annealed Ni—Fe—Cr—Mo-Cu-Cb 45 (1) 80 35 1.00
N08020 Annealed Ni-Fe—Cr-Mo—-Cu-Cb 45 (][] 80 35 1.00
Welded Pige and Tube
B464 N08020 Annealed Ni—Fe—Cr-Mo—-Cu-Cb 45 (1) 80 35 0.85
N08020 Annealed Ni—Fe—Cr—-Mo-Cu—-Cb 45 ™M) 80 35 0.85
B468 N08020 Annealed Ni-Fe—Cr-Mo—-Cu-Cb 45 @) 80 35 0.85
N08020 Annealed Ni—Fe—Cr—Mo-Cu-Cb 45 (6)][®)] 80 35 0.85
B546 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (][] 95 35 0.85
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (O[] 95 35 0.85
B619 N06022 Sol. ann. Ni—-Mo-Cr-Low C 44 1@ 100 45 0.85
N06022 Sol. ann. Ni—-Mo—Cr-Low C 44 D212 100 45 0.85
N10276 Sol. ann. Low C—Ni—Mo-Cr 43 @Az 100 41 0.85
N10276 Sol. ann. Low C-Ni—-Mo-Cr 43 1)(2)12) 100 41 0.85
R30556 Annealed Ni-Fe—Cr—Co—Mo-W 45 (1) 100 45 0.85
R30556 Annealed Ni—Fe—Cr—-Co—Mo-W 45 mQ) 100 45 0.85
B626 N06022 Sol. ann. Ni-Mo—Cr-Low C 44 D@2 100 45 0.85
N06022 Sol. ann. Ni—-Mo—-Cr-Low C 44 (O[] 100 45 0.85
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 12 100 41 0.85
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 1212 100 41 0.85
R30556 Annealed Ni—Fe—Cr—Co—Mo=W 45 @))] 100 45 0.85
R30556 Annealed Ni—Fe—Cr—Co-No-sW 45 (3]¢) 100 45 0.85
B673 N08925  Annealed Ni-Fe-Cr-Mo—-Cu-Low C 45 (1) 87 43 0.85
N08925 Annealed Ni—Fe-Cr<Mo-Cu-Low C 45 (03]¢) 87 43 0.85
N08926 Annealed Ni-Fe~Cr~Mo—Cu—-N-Low C 45 (1(19)(20) 94 43 0.85
N08926 Annealed Ni—Fe~Cr—-Mo—Cu—-N-Low C 45 (1)2)(19)(20) 94 43 0.85
B674 N08925 Annealed Ni=Fe—Cr—Mo-Cu—Low C 45 (1) 87 43 0.85
N08925 Annealed Ni—Fe—Cr—-Mo—-Cu-Low C 45 (][] 87 43 0.85
N08926 Annealed Ni—Fe—Cr—-Mo-Cu—-N-Low C 45 19 (20) 94 43 0.85
N08926 Annealed Ni-Fe—Cr—-Mo-Cu—-N-Low C 45 11920 94 43 0.85
B675 N08367 Sol.)ann. Fe—Ni—-Cr-Mo-Cu-N 45 1)(®)(22) 95 45 0.85
N08367 Seol. ann. Fe—Ni—Cr—Mo—-Cu-N 45 1)) (©®)(22) 95 45 0.85
N08367. Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 1(®)(1) 100 45 0.85
NO8367 Sol. ann. Fe—Ni—Cr—-Mo-Cu-N 45 1)) (21) 100 45 0.85
B676 NO8367 Sol. ann. Fe—Ni—Cr—-Mo—-Cu-N 45 D®)Q2) 95 45 0.85
NORIL£ 7 Sal ann EaNi Cr Mo Ci N LEC LDV (DI Qc LE 0 85
™ 7 o T ™ T Ty - A VACS AT/ /AT 7 o *
N08367 Sol. ann. Fe—Ni—Cr—-Mo-Cu-N 45 (1)(8)(21) 100 45 0.85
N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 WE@E)RY 100 45 0.85
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy  Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Seamless Pipe and Tube (Cont’d)

27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 183 180 ... ... ... . . . . ... NO8367 B690
27.1 [27.125.7 246 238 233 23.1T 22.9 228 226 ... ... ... .. ... ... .. ... NO8367
28.6 [26.2 23.8 21.9 20.5 19.4 19.0 18.6 183 180 ... ... ... . . . . ... Nesger
28.6 |28.6 27.0 25.8 25.0 24.5 24.3 24.1 240 238 ... ... ... . . . . .. (\No8367
22.9 (20.6 19.7 189 18.2 17.7 17.5 17.4 17.2 168 ... ... ... . . . . .. N08(Q20 B729
22.9 (22.9 22.6 22.2 22.1 22.1 220 219 218 218 ... ... ... - . . . >.. NO08Q20

Welded Pipe and Tube

19.4 117.5 16.7 16.1 15.5 15.0 14.9 14.8 14.6 143 ... ... ... R . A0 . ... NO8Q20 B464
19.4 (19.4 19.2 18.8 18.8 18.8 18.7 18.6 185 185 ... ... ... - . - . ... NO08Q20
19.4 117.5 16.7 16.1 15.5 15.0 14.9 14.8 14.6 143 ... ... ... - .\ e . ... NO8Q20 B468
19.4 (19.4 19.2 18.8 18.8 18.8 18.7 18.6 185 185 ... ... ... . X - . . ... NO08Q20

19.8 (17.7 16.3 15.4 14.6 14.1 13.9 13.8 13.6 13.5 13.4 133 13.3 13.27, 13.1 13.1 13.0 13.0 NO06417 B546
19.8 119.8 19.8 19.8 19.8 19.1 18.8 18.6 18.4 183 18.1 18.0 17.9 178> 178 17.7 17.6 154 N06417

24.3 122.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 162 ... ... ... . . . . ... NO06¢22 B619
24.3 (22.7 20.9 19.4 183 17.4 17.0 16.7 16.4 16.2 ... ... . e . . . ... NO6Q22
23.2 (21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 144 14.0 . . . ... N10376
23.2 123.2 23.2 23.2 22.9 21.4 20.9 20.4 20.0 19.6 19.4 19,2/119.0 19.0 N10376

243 (21.8 19.6 18.1 17.1 16.4 16.1 159 15.7 155 153 ¥5:2° 15.0 148 14.7 145 144 11.6 R30456
24.3 1243 23.8 23.0 22.5 22.1 21.7 21.4 21.1 20.9 20.74320.5 20.2 20.0 19.8 180 14.4 11.6 R30356

24.3 1243 23.9 23.1 22.6 22.1 21.9 21.8 21.6 215 \& ... ... . . R e ... NO06Q22 B626
24.3 (243 23.9 23.1 22.6 22.1 219 21.8 21.6 215 ... ... ... . . . . ... NO6022
23.2 121.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 145 14.4 14.2 14.1 14.0 R R e ... N10376
23.2 (23.2 23.2 23.2 229 21.4 20.9 20.4 20.0N39.6 19.4 19.2 19.0 19.0 N10376

243 121.8 19.6 18.1 17.1 16.4 16.1 15.9 157~ 155 153 15.2 15.0 14.8 147 14.5 144 11.6 R30356
24.3 (243 23.8 23.0 22.5 22.1 21.7 21.4%21.1 20.9 20.7 20.5 20.2 20.0 19.8 180 144 11.6 R30456

21.1 (19.7 18.1 16.8 15.6 14.7 14.4 4.4° 14.4 144 ... ... ... ce . . . ... NO8925 B673
21.1 (21.1 20.4 19.5 18.8 18.2 179\\17.7 17.4 170 ... ... ... . . . . ... NO8925
22.9 120.5 183 16.7 15.9 153 450149 148 ... ... ... ... - . . . ... NO08926
22.9 (229 223 21.1 20.1 19.4 190 18.7 18.4 ... ... ... ... . . . . ... NO08926
21.1 (19.7 18.1 16.8 15.6 A&7 14.4 14.4 14.4 144 ... ... ... . . . . ... NO8925 B674
21.1 (21.1 20.4 19.5 188\18.2 179 17.7 17.4 17.0 ... ... ... . ... NO08925
22.9 (20.5 18.3 16.7 159Vv15.3 150 149 148 ... ... ... ... . . . . ... NO08926
22.9 (22.9 223 21.1¥7)20.1 19.4 19.0 18.7 18.4 ... ... ... ... e . . R ... NO08926
23.1 (22.2 20.2 18.7) 17.4 16.5 16.1 158 15.5 153 ... ... ... . . . . ... NO8367 B675
23.1 1231 21.8W20.9 20.2 19.8 19.6 19.5 19.4 19.2 ... ... ... . . . . ... NO08367
24.3 (22.2 20.2,18.7 17.4 16.5 16.1 158 15.5 153 ... ... ... ... NO08367
24.3 |124.3~"23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 ... ... ... - . . . ... NO08367
23.1 |22:2-720.2 18.7 17.4 16.5 16.1 15.8 155 153 ... ... ... R . . . ... NO8367 B676
23.1 B2+ 8—269—20 219819619519 A 10— — — — — ——N68367
243 22.2 20.2 18.7 17.4 16.5 16.1 15.8 155 153 ... ... ... . . . . ... NO8367
243 243 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 ... ... ... . . . . ... NO08367
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(16) Table A-4 Nickel and High Nickel Alloys (Cont’d)
Specified Specified
UNS Minimum Minimum E
Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No. Notes ksi ksi F

Welded Pipe and Tube (Cont’d)

B704 N06625 Annealed Ni—Cr—-Mo-Cb 43 (14) 120 60 0.85
B705 N06625 Annealed Ni—Cr—Mo-Cb 43 (14) 120 60 0.85
B804 N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 (1)(®8) 95 45 0.85
N08367 Sol. ann. Fe—Ni—-Cr-Mo—-Cu-N 45 @E®) 95 45 0.85
N08367 Sol. ann. Fe—Ni—Cr—-Mo-Cu-N 45 (1)(8)(21) 100 45 0.85
N08367 Sol. ann. Fe—Ni—-Cr-Mo—-Cu-N 45 (1)) (21) 100 45 0.85
Plate, Shegt, and Strip
B168 N06600 Annealed Ni—Cr—Fe 43 ® 80 35 1.00
N06600 Annealed Ni—Cr—Fe 43 (][] 80 35 1.00
N06600 Hot rolled Ni—Cr—Fe 43 (][] 85 35 1.00
N06600 Hot rolled Ni—Cr—Fe 43 DM@ 85 35 1.00
B168 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 1@ 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 W@ 95 35 1.00
N06690 Annealed 58Ni-29Cr-9Fe 43 @) 85 35 1.00
N06690 Annealed 58Ni—29Cr-9Fe 43 2) @) 85 35 1.00
B409 N08800 Annealed Ni—-Cr-Fe 45 (A1) 75 30 1.00
N08800 Annealed Ni—Cr—Fe 45 @Q@W@ 75 30 1.00
N08810 Annealed Ni—Cr-Fe 45 (A[)] 65 25 1.00
N08810 Annealed Ni—Cr—Fe 45 @@ 65 25 1.00
B424 N08825 Annealed Ni—Fe—Cr—Mo-Cu 45 (][] 85 35 1.00
N08825 Annealed Ni-Fe—Cr-Mo-Cu 45 (O[] 85 35 1.00
B435 R30556 Annealed Ni—Fe—Cr—Co—Mo+*W 45 1) 100 45 1.00
R30556 Annealed Ni-Fe—Cr—Co—Mo-W 45 (][] 100 45 1.00
B443 N06625 Sol. ann. Ni-CrxMo-Cb 43 (14)(18) 100 40 1.00
N06625 Annealed Ni=Cr*Mo-Cb 43 (14) 110 55 1.00
N06625 Annealed Ni+Cr—Mo-Cb 43 (14)(15) 120 60 1.00
B463 N08020 Annealed Ni-Fe—Cr-Mo—-Cu-Cb 45 @) 80 35 1.00
N08020 Annealed Ni—Fe—Cr—Mo-Cu-Cb 45 Qa2 80 35 1.00
B575 N06022 Sol.)ann. Ni—-Mo—-Cr-Low C 44 Qa2 100 45 1.00
N06022 Sel. ann. Ni-Mo-Cr-Low C 44 D@2 100 45 1.00
N10276 Sol. ann. Low C—Ni—-Mo—-Cr 43 Qa2 100 41 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 ()W) 100 41 1.00
B625 N08925 Annealed Ni—Fe—Cr—Mo—-Cu—Low C 45 (1) 87 43 1.00
N08925 Annealed Ni—Fe—Cr—Mo—-Cu-Low C 45 M) 87 43 1.00
N08926 Annealed Ni—Fe—Cr-Mo-Cu-N-Low C 45 (1)(19)(20) 94 43 1.00
N08926 Annealed Ni—Fe—Cr—Mo—-Cu-N-Low C 45 (1)(2)(19)(20) 94 43 1.00
B688 N08367 Sol. ann. Fe—Ni-Cr—-Mo-Cu-N 45 1?1122 95 45 1.00
N08367 Sol. ann. Fe—Ni—-Cr—-Mo-Cu-N 45 1D@@Ma1E22) 95 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—-Mo-Cu-N 45 1)@ (10)(21) 100 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 L@@ @021 100 45 1.00
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy  Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Welded Pipe and Tube (Cont’d)
29.1 29.1 29.1 28.5 28.0 27.5 27.3 27.0 26.8 26.5 26.3 26.0 25.7 254 25.1 247 N06625 B704
29.1 129.1 29.1 28.5 28.0 27.5 27.3 27.0 26.8 26.5 26.3 26.0 25.7 254 25.1 247 N06425 B705
23.1 |22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 N08367 B804
23.1 |123.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 N08367
24.3 122.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 N08367
24.3 |24.3 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 N08367
Plate, Shedt, and Strip
22.9 (21.3 20.8 20.5 20.2 19.9 19.8 19.6 19.4 19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06400 B168
22.9 122.9 22,9 22.9 229 229 229 229 229 229 224 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06400
23.3122.1 21,5 21.3 21.3 21.2 21.1 21.0 20.8 20.5 20.1 19.7 19.3 14.5 10.3 7.2 5.8 5.5 NO06400
23.3 123.3 23.3 23.3 23.3 233 233 23.3 23.3 23.3 23.3 23.3 233 14.5 103 7.2 5.8 5.5 N06400
23.3 120.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 159 15.8 15.7 15.6 155\ 15.4 154 153 153 NO6417 B168
23.3 123.3 23.3 23.3 23.3 22.5 22.1 219 21.7 215 213 21.2 21.0 {2009 20.9 20.8 20.7 18.1 NO6417
23.3 123.3 23.3 23.3 23.1 22.9 229 22.8 22.7 22.6 22.5 22.2 16.5_ 11.6 9.0 6.5 4.5 3.0 NO06490
23.3 121.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 d6.5" 11.6 9.0 6.5 4.5 3.0 NO06490
20.0 |18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 151149 14.7 14.5 13.0 9.8 6.6 NO8300 B409
20.0 |120.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 ,20:0 20.0 199 17.0 13.0 9.8 6.6 N08300
16.7 |15.4 14.4 13.6 129 12.2 119 11.6 11.4 11.1 10.9410.7 10.5 10.4 10.2 10.0 9.3 7.4 NO08§10
16.7 |16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 477 14.5 14.2 140 13.8 11.6 9.3 7.4 N08810
23.3 |121.4 20.3 19.4 18,5 17.8 17.5 173 17.2 1790 NO8425 B424
23.3 |23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2823.0 N08g25
28.6 |125.6 23.1 21.3 20.1 19.3 18.9 18.7\18.4 18.2 18.0 17.8 17.6 175 173 17.1 16.9 13.6 R30956 B435
28.6 |128.6 28.0 27.1 26.4 26.0 25.6 25.2. 24.9 24.6 24.3 24.1 238 23.6 233 21.2 17.0 13.6 R30956
26.7 |124.9 23.6 22.6 21.8 21.1 208 )20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 N06625 B443
31.4 |131.4 31.4 30.8 30.2 29.7 9} 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 N06625
34.3 |34.3 34.3 33.6 32.9 32(4432.1 31.8 31.5 31.2 309 30.6 30.3 29.9 29.5 29.0 N06625
22.9 120.6 19.7 18.9 182 W17.7 17.5 17.4 17.2 16.8 N08(20 B463
22.9 1229 22.9 22.6 22:222.1 221 22.0 219 21.8 N08Q20
28.6 |128.6 28.2 27.2) 26.5 26.0 25.8 25.6 25.4 25.3 N06Q22 B575
28.6 |28.6 28.2%2%.2 26.5 26.0 25.8 25.6 25.4 253 ... ... ... A N06(22
27.3 1249 239 ,21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.8 16.7 16.5 16.5 N10276
27.3 |127.3.2A3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 223 N10376
24,9 1232 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 N08925 B625
249 249 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 N08925
26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 N08926
26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 N08926
27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 N08367 B688
27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 N08367
28.6 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 N08367
28.6 28.6 27.0 25.8 25.0 24.5 24.3 24.1 24.0 23.8 N08367
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Spec.
No.

Specified Specified

UNS Minimum Minimum E
Alloy Temper or Nominal P- Tensile, Yield, or
No. Condition Composition No. Notes ksi ksi F

Bars, Rods, Shapes, and Forgings

B166

B408

B425

B446

B462

B473

B564

B564

B572

B574

B649

B691

N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (][] 95 35 1.00
NOG617 Anmeated 527N=22Cr=T3Co0-9M0 73 tot27) 95 35 1.00
N06690 Annealed 58Ni—29Cr-9Fe 43 @ 85 35 1.00
N06690 Annealed 58Ni-29Cr-9Fe 43 2@ 85 35 1.00
N08800 Annealed Ni—Cr—Fe 45 @ 75 30 1.00
N08800 Annealed Ni—Cr-Fe 45 @@ 75 30 1.00
N08810 Annealed Ni—Cr—Fe 45 @ 65 25 1.00
N08810 Annealed Ni—Cr-Fe 45 @ 65 25 1.00
N08825 Annealed Ni-Fe—Cr-Mo-Cu 45 (][] 85 35 1.00
N08825 Annealed Ni—Fe—Cr—Mo-Cu 45 L@@ 85 35 1.00
N06625 Sol. ann. Ni—Cr—Mo-Cb 43 (14)(18) 100 40 1.00
N06625 Annealed Ni—-Cr-Mo-Ch 43 2)(4)(16) 110 50 1.00
N06625 Annealed Ni—Cr—-Mo-Cb 43 @(14)(15B)@7) 120 60 1.00
N08020 Annealed Ni—Fe—Cr—Mo—-Cu-Cb 45 €)) 80 35 1.00
N08020 Annealed Ni—Fe—Cr—Mo-Cu-Cb 45 (@19) 80 35 1.00
N08020 Annealed Cr—Ni-Fe—Mo-Cu-Cb 45, (1) 80 35 1.00
N08020 Annealed Cr—Ni—Fe—Mo-Cu-Cb 45 mQ) 80 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (][] 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 WH® 95 35 1.00
N06625 Annealed Ni-Cr-Mo-Ch 43 @4 (6) 110 50 1.00
N06625 Annealed Ni—Cr—Mo-Cb 43 @457 120 60 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu<N 45 DE)2) 95 45 1.00
N08367 Sol. ann. Fe—Ni—Cr-Mo—Cu-N 45 D)2 95 45 1.00
N08800 Annealed Ni—Cr-Fe 45 D 75 30 1.00
N08800 Annealed Ni-€Er—Fe 45 (][] 75 30 1.00
N08810 Annealed Ni—Cr=Fe 45 ® 65 25 1.00
N08810 Annealed Ni*Cr—Fe 45 (©]e)] 65 25 1.00
R30556 Annealed Ni—Fe—Cr—Co—Mo-W 45 (1) 100 45 1.00
R30556 Annealed Ni—Fe—Cr-Co—Mo-W 45 M) 100 45 1.00
N06022 Sol/ann. Ni—-Mo—Cr-Low C 44 1)(12) 100 45 1.00
N06022 Sol. ann. Ni-Mo—-Cr-Low C 44 1212 100 45 1.00
N10276 Sol. ann. Low C—Ni-Mo—-Cr 43 1)(12) 100 41 1.00
N10276 Sol. ann. Low C-Ni—-Mo-Cr 43 L@Aa2 100 41 1.00
NQ8Q2:L Annealed Ni—Fe—Cr—Mo—Cu—laow C 45 1) 7 43 1.00
N08925 Annealed Ni—Fe—Cr-Mo—-Cu-Low C 45 (][] 87 43 1.00
N08926 Annealed Ni—Fe—Cr—-Mo-Cu—-N-Low C . D 94 43 1.00
N08926 Annealed Ni—Fe—Cr-Mo—-Cu—-N-Low C - (][] 94 43 1.00
N08367 Sol. ann. Fe—Ni—-Cr-Mo—-Cu-N 45 1(®)(2) 95 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo—-Cu-N 45 1)) (©®)(22) 95 45 1.00
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy  Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Bars, Rods, Shapes, and Forgings
23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 158 15.7 15.6 155 154 154 153 15.3 NO06617 B166
23.3 2373 233 233 23.3 225 2Z.r 2.9 2.7 25 213 2.7 20 209 209 20.8 20.7 T8I NUo6g417
23.3 123.3 23.3 23.3 23.1 229 229 228 22.7 22.6 225 22.2 16.5 11.6 9.0 6.5 4.5 3.0 ,NQ6490
23.3 121.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0~N06490
20.0 |18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 149 14.7 14.5 13.0 9.8 6.6 NO8300 B408
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 13.0 9.8 6.6 NO08400
16.7 |15.4 14.4 13.6 129 12.2 119 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08§10
16.7 |16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 NO08§10
23.3 |121.4 20.3 19.4 18.5 17.8 17.5 17.3 17.2 17.0 NO08825 B425
23.3 123.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2 23.0 N08425
26.7 1249 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 a9%4 19.4 N06625 B446
31.4 |31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4, 27.0 26.6 N06425
34.3 |34.3 34.3 33.6 329 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9" 29.5 29.0 N06425
22.9 |120.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 N08(20 B462
22.9 1229 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 N08Q20
22.9 120.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 N08(J20 B473
22.9 122.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 N08(020
23.3 120.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9.158 15.7 15.6 155 15.4 154 153 15.3 NO06417 B564
23.3 123.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 215, 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 NO06417
31.4 |31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 286 283 28.0 27.7 27.4 27.0 26.6 N06425
34.3 |34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5,31.2 30.9 30.6 30.3 29.9 29.5 29.0 N06625
27.1 |126.2 23.8 21.9 20.5 19.4 19.0 18.6 “18.3 18.0 N08367 B564
27.1 |127.1 25.7 24.6 23.8 23.3 23.1 22.9° 228 226 ... ... ... c. . C . ... No8367
20.0 |18.5 17.8 17.2 16.8 16.3 164~15.9 15.7 15.5 15.3 15.1 149 14.7 14.5 13.0 9.8 6.6 N08300
20.0 |20.0 20.0 20.0 20.0 20.0 20.0./20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 13.0 9.8 6.6 N08400
16.7 |15.4 14.4 13.6 129 12.2 9 11.6 11.4 11.1 109 10.7 10.5 10.4 10.2 10.0 9.3 7.4 NO08§10
16.7 |16.7 16.7 16.7 16.7 165 J16.1 15.7 15.3 15.0 14.7 14.5 14.2 140 13.8 11.6 9.3 7.4 N08g10
28.6 |25.6 23.1 21.3 20,1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 175 173 17.1 16.9 13.6 R30956 B572
28.6 |128.6 28.0 27.1,.26:4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 238 23.6 233 21.2 17.0 13.6 R30956
28.6 |122.9 22,9 22.6/ 22.2 22.1 22.1 22.0 21.9 21.8 N06(Q22 B574
28.6 |28.6 28,2,\27.2 26.5 26.0 25.8 25.6 25.4 253 ... ... ... Ce N06Q22
27.3 124.9 23.021.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 N10376
27.3 |27.3~.27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 223 N10276
249 12302 213 198 183 173 170 169 169 169 NQ8925 B649
24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 N08925
26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 N08926
26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 N08926
27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 N08367 B691
27.1 27.1 25.7 24.6 23.8 23.3 23.1 229 22.8 22.6 N08367
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Specified Specified
UNS Minimum Minimum E
Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No. Notes ksi ksi F
Seamless Fittings
B366 N06022 Sol. ann. Low C-Ni—-Mo-Cr 44 (1)(12) 100 45 1.00
NOGUZ22 Sotanm. oW C=Nt=Mo—Cr vy tot2)ytr2) TOO 75 1.00
N06625 Annealed Ni—Cr—Mo-Cb 43 (1)(14) 110 50 1.00
B366 N08020 Annealed Cr—Ni-Fe—Mo-Cu-Cb 45 @))] 80 35 1.00
N08020 Annealed Cr—Ni-Fe—Mo-Cu-Cb 45 (][] 80 35 1.00
N08367 Annealed Fe—Ni—-Cr-Mo-N 45 1(®)(22) 95 45 1.00
N08367 Annealed Fe—Ni—Cr—Mo-N 45 1)(2)(8)(22) 95 45 1.00
B366 N08925 Annealed Low C—Ni-Fe—Cr—Mo-Cu 45 (1) 87 43 1.00
N08925 Annealed Low C—Ni-Fe-Cr—-Mo—-Cu 45 (3]¢) 87 43 1.00
N08926 Annealed Low C—Ni-Fe-Cr—Mo-Cu-N 45 (1) 94 43 1.00
N08926 Annealed Low C—Ni-Fe-Cr—Mo-Cu-N 45 (63]¢) 94 43 1.00
B366 N10276 Sol. ann. Low C—Ni—Mo-Cr 43 Qa2 100 41 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 D@2 100 41 1.00
R30556 Annealed Ni—Fe—Cr—Co—Mo-W 45 D 100 45 1.00
R30556 Annealed Ni-Fe—Cr—-Co-Mo-W 45 (][] 100 45 1.00
B462 N08367 Sol. ann. Fe—Ni—-Cr—-Mo—-N 45 (1)(8)(22) 95 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo—-N 45 (1))(®)(22) 95 45 1.00
Welded Fitfings
B366 N06022 Sol. ann. Low C-Ni-Mo-Cr 44 12 100 45 0.85
N06022 Sol. ann. Low C-Ni—-Mo-Cr 44 1)(12)(13) 100 45 1.00
N06022 Sol. ann. Low C-Ni-Mo-Cr 44 1@@a2) 100 45 0.85
N06022 Sol. ann. Low C-Ni—-Mo-Cr 44 1)2)12)(13) 100 45 1.00
N06625 Annealed Ni—Cr—Mo-Cb 43 (14) 110 50 0.85
N06625 Annealed Ni—Cr—Mo-Cb 43 (13)(14) 110 50 1.00
B366 N08020 Annealed Cr—Ni-Fe—Mo-Cu-+Cb 45 (1) 80 35 0.85
N08020 Annealed Cr—Ni-Fe—Mo-Cu-Cb 45 D@3) 80 35 1.00
N08020 Annealed Cr—Ni-Fe=Mo-Cu-Cb 45 (][] 80 35 0.85
N08020 Annealed Cr—Ni£Fes-Mo—Cu-Cb 45 L3 80 35 1.00
B366 N08367 Sol. ann. Fe—Ni=Cr—Mo-N 45 (1)(8)(22) 95 45 0.85
N08367 Sol. ann. Fe+Ni—Cr—-Mo-N 45 (1)(8)(13)(22) 95 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo-N 45 1)) (©®)(22) 95 45 0.85
N08367 Sol. ann, Fe—Ni—-Cr-Mo-N 45 DB)(13)(22) 95 45 1.00
B366 N08925 Annealed Low C—Ni-Fe-Cr-Mo-Cu 45 1) 87 43 0.85
N08925 Anngealed Low C—Ni—Fe-Cr—-Mo—-Cu 45 (1)(13) 87 43 1.00
N08925 Anriealed Low C—Ni—Fe-Cr—Mo—-Cu 45 (3]} 87 43 0.85
N08925 Annealed Low C—Ni-Fe-Cr-Mo-Cu 45 1)) @13) 87 43 1.00
B366 N08926 Annealed Low C-Ni-Fe—Cr—-Mo-Cu-N 45 (1)(19)(20) 94 43 0.85
N08926 Annealed Low C—Ni-Fe-Cr—Mo—Cu-N 45 D@3) 94 43 1.00
N08926 Annealed Low C—Ni—Fe—Cr—Mo—-Cu-N 45 (1)(2)(19)(20) 94 43 0.85
N08926 Annealed Low C—Ni-Fe—Cr—-Mo—-Cu-N 45 12 @13) 94 43 1.00
B366 N10276 Sol. ann. Low C-Ni—-Mo-Cr 43 1)(12) 100 41 0.85
N10276 Sol. ann. Low C—Ni-Mo-Cr 43 1)(12)(13) 100 41 1.00
N10276 Sol. ann. Low C—Ni—-Mo-Cr 43 1212 100 41 0.85
N10276 Sol. ann. Low C-Ni—-Mo-Cr 43 DW@a2@3) 100 41 1.00
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy  Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Seamless Fittings
28.6 26.7 24.6 229 21.5 20.4 20.0 19.6 19.3 19.0 N06022 B366
28.6 [286 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 . . . . . - .. NO©(22
31.4 |31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 21.0 13.2 NQ6425
22.9 |120.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 N08(20 B366
22.9 1229 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 N08(G20
27.1 |126.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 N08367
27.1 (27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 N08367
24.9 123.2 21.3 19.8 183 17.3 17.0 16.9 16.9 16.9 N08925 B366
24.9 |24.9 23.0 23.0 22.1 21.4 21.1 20.8 20.4 20.1 N08925
26.9 |24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 N08926
26.9 |126.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 N08926
27.3 [24.9 23.0 21.3 19.9 18.8 182 17.8 17.4 17.1 169 16.7 16.6 16.5 N10276 B366
27.3 |127.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 223 ). A e ... N103176
28.6 |25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5¢, 173 171 16.9 13.6 R30456
28.6 |28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 ,23.6 23.3 21.2 17.0 13.6 R30956
27.1 126.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 N08367 B462
27.1 |27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 N08367
Welded Fittings
24.3 122.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 N06(Q22 B366
28.6 |26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 N06(Q22
24.3 124.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 N06(Q22
28.6 128.6 28.2 27.2 26.5 26.0 25.8 25.6 254 253y ... ... ... . . . N06(Q22
26.7 |26.7 26.7 26.2 25.7 25.2 25.0 24.7 24.6 (243 24.1 23.8 23.5 23.3 23.0 22.6 N06425
31.4 |131.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9,28.6 28.3 28.0 27.7 27.4 27.0 26.6 N06§25
19.4 |17.5 16.8 16.1 15.5 15.0 14.9 14.8( 146 14.3 N08(Q20 B366
22.9 120.6 19.7 18.9 18.2 17.7 17.5 174 17.2 16.8 N08(20
19.4 119.4 19.2 18.8 18.8 18.8 18.74186 18.5 18.5 N08(20
22.9 1229 22.6 22.2 22.1 22.1 22(0)21.9 21.8 21.8 N08(020
23.1 |122.2 20.2 18.7 17.4 16.5 161 15.8 15.5 15.3 N08367 B366
27.1 126.2 23.8 21.9 20.5 194 )19.0 18.6 18.3 18.0 N08367
23.1 |23.1 21.8 20.9 20.2_119)8 19.6 19.5 19.4 19.2 N08367
27.1 |127.1 25.7 24.6 238 _23.3 23.1 229 228 22.6 N08367
21.1 (19.7 18.1 16.8M156 14.7 14.4 14.4 14.4 14.4 N08925 B366
24.9 123.2 21.3 198,718.3 17.3 17.0 16.9 16.9 16.9 N08925
21.1 (21.1 20.4_19:5 18.8 18.2 179 17.7 17.4 17.0 N08925
24.9 124.9 23(9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 N08925
22.9 120.5.%183 16.7 15.9 15.3 15.0 14.9 14.8 N08926 B366
26.9 |24, _21.5 19.7 18.7 18.0 17.7 17.5 17.4 N08926
22.9 (229 22.3 21.1 20.1 19.4 19.0 18.7 18.4 N08926
26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 N08926
23.2 21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 14.1 14.0 N10276 B366
27.3 249 23.0 21.3 19.9 18.8 182 17.8 17.4 17.1 169 16.7 16.6 16.5 N10276
23.2 23.2 23.2 23.2 229 21.4 209 20.4 20.0 19.6 19.4 19.2 19.0 19.0 N10276
27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 223 N10276
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or

No. No. Condition Composition No. Notes ksi ksi F

Welded Fittings (Cont‘d)

B366 R30556 Annealed Ni—Fe—Cr-Co—Mo-W 45 6] 100 45 0.85

R30556 Anneated NT=Fe—Cr—Co—MOo—-W %) (O(T3) TO0 TS5 1.00
R30556 Annealed Ni—Fe—Cr—-Co—Mo-W 45 M) 100 45 0.85
R30556 Annealed Ni—Fe—Cr—Co—Mo-W 45 1@2@13) 100 45 1.00

GENERAL NOTES:

(@) The taQulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure Vessel Code applications, seéelated specififa-
tions i Section Il of the ASME Code.

(b) The strpss values in this Table may be interpolated to determine values for intermediate temperatures.

() The P-Numbers indicated in this Table are identical to those adopted by the ASME Boiler and Pressure Viessel Code. Qualification| of
welding procedures, welders, and welding operators is required and shall comply with the ASME Bojler;and Pressure Vessel Codg,
Sectior] IX, except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The mgterials listed in this table shall not be used at design temperatures above those for which allowable stress values are givén
herein jor in Table A-8.

(f) The tahulated stress values are S x E (weld joint efficiency factor) or S x F (materialquality factor), as applicable. Weld joint efff-
ciency factors are shown in Table 102.4.3.

(g) Pressuye—temperature ratings of piping components, as published in standards, referenced in this Code, may be used for compor{ents
meeting the requirements of those standards. The allowable stress values given\in' this Table are for use in designing piping compo-
nents that are not manufactured in accordance with referenced standards,

(h) The y doefficient = 0.4 except where Note (7) applies [see Table 104.1.2(8)].

() The talulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gdvern
the selpction of stresses.

() See pafa. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MJATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A.1), FIG. 100.1.2(A.2), FIG. 100.1.p(B.1),
FIG. 100.1.2(B.2), AND FIG. 100.1.2(B.3).

(2) Due tolthe relatively low yield strengths of these materials, these higher allowable stress values were established at temperatures
where the short time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable.|These
stress yalues exceed 67% but do not exceed™90% of the yield strength at temperature. Use of these values may result in dimengional
changels due to permanent strain. These, valugs should not be used for flanges of gasketed joints or other applications where slight
amounts of distortion can cause leakage.or malfunction.

(3) The mgximum temperature is limited to) 500°F because harder temper adversely affects design stress in the creep rupture tempefature
range.
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy  Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Welded Fittings (Cont’d)

243 21.8 19.6 18.1 17.1 16.4 16.1 159 15.7 155 153 15.2 15.0 14.8 147 145 144 11.6 R30556 B366
28.6 [25:6 23.T 2.3 20.T 193 189 18.7 18.4 18.Z 18.0 17.8 176 175 17.3 1I7.I 169 136 R30356
24.3 1243 23.8 23.0 22.5 22.1 21.7 21.4 21.1 209 20.7 20.5 20.2 200 19.8 180 14.4 11.6 R30456
28.6 |28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 243 241 238 23.6 233 21.2 170 13.6~\R30356

NOTE$ (Cont’d):
(4) [These values may be used for plate material only.
(5) [These values apply to sizes NPS 5 and smaller.
(6) [These values apply to sizes larger than NPS 5.
(7) PBee Table 104.1.2(A) for y coefficient value.
(8) Heat treatment after forming or welding is neither required nor prohibited. However, if heat treatinent is applied, the solution anneal-
ng treatment shall consist of heating to a minimum temperature of 2,025°F and then quenching in water or rapidly cooling by other
neans.
(9) [These values apply to thickness less than % in.
(10) [These values apply to thickness from /¢ in. up to and including %/ in.
(11) [These values apply to thickness more than ¥, in.
(12) Al filler metal, including consumable insert material, shall comply with the tequirements of Section IX of the ASME Boiler jand
Pressure Vessel Code.
(13) [These values (E=1.00) apply only to Class WX or WU fittings (all welds radiographed or ultrasonically examined).
(14) [rhis alloy is subject to severe loss of impact strength at room temperature after exposure in the range of 1,000°F to 1,400°F.
(15) [The minimum tensile strength of reduced tension specimens in accerdance with QW-462.1 of Section IX shall not be less fhan
110,000 psi.
(16) [rhese values apply to material with a thickness of greater than’ 4 in. prior to machining or fabricating.
(17) [These values apply to material with a maximum thickness of 4 in. prior to machining or fabricating.
(18) For service at 1,200°F or higher, the deposited weld metal shall be of the same nominal chemistry as the base metal.
(19) Heat treatment after fabrication and forming is neither required nor prohibited. If heat treatment is performed, the materidl shall be
heated for a sufficient time in the range of 2,010%F to 2,100°F followed by quenching in water or rapidly cooled by anothgr means.
(20) Welding electrodes or filler metal used for welding UNS N08926 shall conform to SFA-5.11 ENiCrMo-3 or ENiCrMo-4, or SFA-5.14
FRNiCrMo-3 or ERNiCrMo-4.

(21) [These values apply to thicknesses >4 i or less.

(22) [These values apply to thicknesses-greater than ¥ in.
(16)  (23) [the values apply to seamless pipe-and tubing with outside diameter 5 in. and under.
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(16) Table A-5 Cast Iron
Specified Specified E
Minimum Minimum or
Spec. No. Class Notes Tensile, ksi Yield, ksi F

Gray Cast Iron

A48 20 12 B)@4) 20
25 B 25
30 1) B)4) 30
35 1DRE)@) 35
40 DB 40
45 DQRE)©) 45
50 W)@ 50
55 1RE)©) 55
60 W@B)@) 60
A126 A @03)@® 21
B @QB)®W®@) 31
C @B)@W®@) 41
A278 20 2)(4)(5) 20
25 2 @) () 25
30 )(@4)(5) 30
35 2 ©&)(5) 35
40 @@ 6G) 40
45 @) 45
50 @) ) 50
55 (2 (5) 55
60 )(4)(5) 60

Ductile Cast Iron

A395 60-40-18 6)(8) 60 40 0.80
65-45-15 6)(8) 65 45 0.80
A536 60-42-10 2)(®) 60 42 0.80
70-50-05 1)®) 70 50 0.80

GENERAL NOTES:

(@) The taQulated specifications are ANSIYASTM or ASTM. For ASME Boiler and Pressure Vessel Code applications, see related specififa-
tions i Section Il of the ASME Code,

(b) The strpss values in this Tablesnay-be interpolated to determine values for intermediate temperatures.

(c) Cast irgn components shall.nat,be welded during fabrication or assembly as part of the piping system.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The mdterials listed in(thjs Table shall not be used at design temperatures above those for which allowable stress values are given.

(f) The taBulated stress-values for ductile cast iron materials are S X F (material quality factor). Material quality factors are not applicable
to othdr types of'east iron.

(g) Pressute-temperature ratings of piping components, as published in standards referenced in this Code, may be used for compor{ents
meeting the“tequirements of those standards. The allowable stress values given in this Table are for use in designing piping compo-
nents which are not manufactured in accordance with referenced standards.

(h) See para. 124.1.2 for lower temperature limits.
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Table A-5 Cast Iron

(16)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not

Exceeding
400 450 500 600 650 Class Spec. No.
Gray Cast Iron
2.0 20 A48
2. 75
3. 30
3. 35
4. 40
4. 45
5. 50
5. 55
6. 60
2. A Al126
3. B
4. C
2. 2.0 c. 20 A278
2. 2.5 Ce . &) 25
3. 3.0 c. A .. 30
3. 3.5 e . - 35
4. 4.0 ce A . 40
4. 4.5 ce e A 45
5. 5.0 A e Ce 50
5. 5.5 A e A 55
6. 6.0 S Fed e 60
Duct{le Cast Iron
9.4 9.6 9.6 9.6 8.5 60-40-18 A395
10.4 10.4 - e e 65-45-15
9.4 9.6 9.6 9.0 8.5 60-42-10 A536
11.3 11.2 11.2 10.5 10.0 70-50-05
NOTE$:
(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A.1), FIG. 100.1.2(A.2), FIG. 100.1.2(B|1),
FI[5.100.1.2(B.2), AND FIG. 100:172(B.3).
(2) Material quality factors are hot applicable to these materials.
(3) Fqr saturated steam at.250"psi (406°F), the stress values given at 400°F may be used.
(4) Fqr limitations on tHe‘use of this material, see para. 124.4.
(5) This material shall not be used where the design pressure exceeds 250 psig [1 725 kPa (gage)] or where the design temperature
efceeds 450°F(230°C).
(6) This material(shall not be used for boiler external piping where the design pressure exceeds 350 psig [2 415 kPa (gage)] or|where the
design.temperature exceeds 450°F (230°C).
(7) Piping components conforming to either ASME B16.1 or ASME B16.4 may be used for boiler external piping, subject to all the require-
ents of the particular standard
(8) For limitations on the use of this material, see para. 124.6.
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Table A-6 Copper and Copper Alloys

Specified
Size or Minimum Specified E
Spec. Temper or Thickness, P- Tensile, Minimum or
No. UNS Alloy No. Condition in. No. Notes ksi Yield, ksi F
Seamless Pipe and Tube
B42 €10200, €12000, C12200 Annealed 31 2 30 9 1.00
CI0200, CI2000, CI2200 DTawn 2 & under 3T 2@ TS 70 1.00
€10200, €12000, C12200 Drawn Over 2 to 12 31 @4 36 30 1.00
B43 C23000 Annealed 31 2 40 2 1.00
C23000 Drawn 31 @@ 40 18 1.00
B68 C10200, C12000, C12200 Annealed 31 (1) 30 9 1.00
B75 C10200, C12000, C12200 Annealed 31 ) 30 9 1.00
C10200, C12000, C12200 Light drawn 31 2)©4) 36 30 1.00
€10200, €12000, C12200 Hard drawn 31 @@ 45 40 1.00
B88 C10200, C12000, C12200 Annealed 31 (1) 30 9 1.00
€10200, €12000, C12200 Drawn 31 D@ 36 30 1.00
B111 C10200, C12000 Light drawn 31 (€2(E)] 36 30 1.00
C10200, C12000 Hard drawn 31 (10HB) 45 40 1.00
C12200, C14200 Light drawn 31 MmHE) 36 30 1.00
C12200, C14200 Hard drawn 31 (©]E)] 45 40 1.00
B111 C23000 Annealed 32 1) 40 12 1.00
€28000 Annealed 32 2 50 20 1.00
C44300, C44400, C44500 Annealed 32 2 45 15 1.00
C60800 Annealed 35 D 50 19 1.00
B111 C68700 Annealed 32 (1) 50 18 1.00
C70400 Annealed 34 (€))] 38 12 1.00
C70400 Light drawn 34 (1) 40 30 1.00
B111 C70600 Annealed 34 2 40 15 1.00
C71000 Annealed 34 2 45 16 1.00
C71500 Annealed 34 2 52 18 1.00
B280 C12200 Anhealed 31 1) 30 9 1.00
C12200 Drawn 31 (6)][A)] 36 30 1.00
B302 C12000, C12200 Drawn 31 (©]E)] 36 30 1.00
B315 C61300, C61400 Annealed 35 (1) 65 28 1.00
B466 C70600 Annealed 34 1) 38 13 1.00
C71500 Annealed 34 D 52 18 1.00
Welded Pige and Tubé
B467 C70600 Annealed 4, & under 34 (1) 40 15 0.85
C70600 Annealed Over 4Y, 34 (1) 38 13 0.85
C71500 Annealed 4, & under 34 (1) 50 20 0.85
C71500 Annealed Over 4Y, 34 (1) 45 15 0.85
B608 C61300, C61400 Annealed 35 16 70 30 0.80
Plate
B171 C70600 Annealed 2%, & under 34 1) 40 15 1.00
C70600 Hot rolled 2Y, & under 34 (@)} 40 15 1.00
C71500 Annealed 2%, & under 34 (1) 50 20 1.00
C71500 Annealed Over 2% to 5 34 (1) 45 18 1.00
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Table A-6 Copper and Copper Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 UNS Alloy No. No.
Seamless Pipe and Tube
6.0 5.1 49 48 47 40 3.0 C10200, C12000, C12200 B42
129 129 129 129 125 II.38 7.3 CI0200, CI2000, CI2290
10.3 110.3 10.3 103 10.0 9.7 9.4 C10200, C12000, C12200
80| 80 80 80 80 70 50 20 C23000 B43
80| 80 80 80 80 70 50 20 C23000
6.0 5.1 49 48 47 40 3.0 C10200,'€12000, C12200 B68
6.0 5.1 49 48 47 40 3.0 C10200, C12000, C12200 B75
10.3 1 10.3 10.3 10.3 10.0 9.7 9.4 C10200, C12000, C12200
12.9 1129 129 129 12,5 11.8 4.3 ¢10200, C12000, C12200
6.0 5.1 49 48 47 4.0 3.0 C10200, C12000, C12200 B88
10.3 110.3 10.3 103 10.0 9.7 9.4 C10200, C12000, C12200
10.3 1 10.3 10.3 10.3 10.0 9.7 9.4 C10200, C12000 B111
129 1129 129 129 125 11.8 4.3 C10200, C12000
10.3 1 10.3 10.3 10.3 10.0 9.7 9.4 C12200, C14200
12.9 1129 129 129 125 11.8 4.3 C12200, C14200
80| 80 80 80 80 70 50 20 C23000 B111
13.3113.3 133 133 133 108 53 ... C28000
10.0 | 10.0 10.0 10.0 10.0 98 35 20 ... C44300, C44400, C44500
12.7 112.2 12.2 12.2 12.0 100 6.0 4.0 20 C60800
12.0 | 11.9 11.8 11.7 11.7 6.5 3.3 1.8 C68700 B111
8.0| 8.0 C70400
11.4 | 11.4 C70400
100 9.7 95 93 9.0 88 87 85\\80 70 60 ... ... C70600 B111
10.7 | 10.6 10.5 10.4 10.2 101 9.9 96/ 93 89 84 77 70 C71000
12.0 |11.6 11.3 11.0 10.8 10.5 10.3, 10.1 99 98 96 95 9.4 C71500
6.0 5.1 49 48 47 4.0 (30 C12200 B280
10.3 110.3 10.3 10.3 10.0 9.7 9.4 C12200
10.3 1 10.3 10.3 10.3 10.0_\9.7 9.4 C12000, C12200 B302
18.6 | 18.6 18.5 18.3 18.2y718.1 179 17.5 17.0 C61300, C61400 B315
87| 84 82 80y\78 77 75 7.4 73 70 6.0 ... ... C70600 B466
12.0 | 11.6 11.3 »n0. 10.8 10.5 103 101 9.9 98 9.6 9.5 9.4 C71500
Welded Pipe and Tube
8.5 | 8.3.5:8:1 79 77 75 7.4 7.2 63 57 4.3 C70600 B467
7.4 22,070 68 67 65 6.4 63 6.2 5.7 4.3 C70600
11.3 1109 10.7 10.4 10.2 100 9.7 96 9.4 9.2 9.1 C71500
85 82 80 78 76 75 73 72 70 69 638 C71500
16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.1 14.6 C61300, C61400 B608
Plate
100 97 95 93 90 88 87 85 80 70 6.0 C70600 B171
100 97 95 93 90 88 87 85 80 70 60 ... ... C70600
13.3 129 12.6 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.7 10.6 10.4 C71500
12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 99 98 96 95 9.4 C71500
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Table A-6 Copper and Copper Alloys (Cont’d)

Specified
Size or Minimum Specified E
Spec. Temper or Thickness, P- Tensile, Minimum or
No. UNS Alloy No. Condition in. No. Notes ksi Yield, ksi F
Rod
B16 C36000 Annealed 1 & under . @)@ ®B) 48 20 1.00
C36000 Anneated OVer 1 1o 2 .. (V41 SILVALL:)) oZ 8 1.00
C36000 Annealed Over 2 .. 2)B)@)(8) 40 15 1.00
B151 C71500 Annealed Over 1 34 (1) 45 18 1.00
B453 C35300 Annealed Under % . @B)@)®B) 46 16 1.00
C35300 Annealed l/2 to1l c. @B ®B) 44 15 1.00
C35300 Annealed Over 1 . @B)@)®B) 40 15 1.00
Bar
B16 C36000 Annealed 1 & under - @B ®B) 44 18 1.00
C36000 Annealed Over 1 - @)@ @8) 40 15 1.00
Die Forgings (Hot Pressed)
B283 C37700 As forged 1Y, & under - 6] 50 18 1.00
37700 As forged Over 1Y, e M) 46 15 1.00
Castings
B61 €92200 As cast . A . 34 16 0.80
B62 C83600 As cast o ... ... 30 14 0.80
B148 €95200 As cast - 35 D 65 25 0.80
C95400 As cast e 35 DG) 75 30 0.80
B584 €92200 As cast N~ - - 34 16 0.80
C93700 As cast J.. Ce 3 30 12 0.80
C97600 As cast . . 3 40 17 0.80
GENERAL NOTES:
(@) The taQulated specifications are ANSI/ASTM or ‘ASTM. For ASME Boiler and Pressure Vessel Code applications, see related specifita-
tions i Section Il of the ASME Code.
(b) The strpss values in this Table may Be interpolated to determine values for intermediate temperatures.
(c) The P-Numbers listed in this Tabl¢ are identical to those adopted by the ASME Boiler and Pressure Vessel Code. Qualification of veld-
ing projcedures, welders, and welding operators is required and shall comply with the ASME Boiler and Pressure Vessel Code,
Section] IX, except as modified by para. 127.5.
(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”
(e) The mdterials listed inithis Table shall not be used at design temperatures above those for which allowable stress values are given.
Howev¢r, for saturated»steam at 250 psi (406°F), the allowable stress values given for 400°F may be used.
(f) The taBulated stress’values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint effj-
ciency factors“are shown in Table 102.4.3.
(g) Pressute~temperature ratings of piping components, as published in standards referenced in this Code, may be used for comporfents
meetin . lues gi A . L . bo-
nents that are not manufactured in accordance with referenced standards.

(h) For limitations on the use of copper and copper alloys for flammable liquids and gases, refer to paras. 122.7, 122.8, and 124.7.

(i) The y coefficient equals 0.4 [see Table 104.1.2(A)].

() The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern
the selection of stresses.

(k) See pa

ra. 124.1.2 for lower temperature limits.
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Table A-6 Copper and Copper Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 UNS Alloy No. No.

Rod

13.3 12.6 12.0 11.5 11.1 10.7 5.3 2.0 C36000 B16

12.0 [TT3 108 104 100 9.7 5.3 AY C36000

10.0 | 9.4 9.0 87 83 8.1 5.3 2.0 - A . . - . . C36000

12.0 |11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 98 9.6 9.5 9.4 . e C71500 B151

10.7 | 10.1 9.6 9.2 8.9 8.6 5.3 2.0 - A . - Ce A Ce C35300 B453

10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 L. ce . c. e e .. €35300

10.0 | 9.4 9.0 87 83 8.1 5.3 2.0 . A e e . e ce C35300

Bar
12.0 | 11.3 10.8 10.4 10.0 9.7 5.3 2.0 ce. R A Ce Ce. ce | O C36000 B16
10.0| 94 9.0 87 83 8.1 5.3 2.0 Ce ce Ce Ce . A ™. C36000
Die Forgings (Hot Pressed)
12.0 | 11.3 10.8 C37700 B283
10,0 | 9.4 9.0 C37700
Castings
7.8 7.8 7.8 7.8 7.8 7.8 6.6 6.2 5.8 4.0 N A A A A C92200 B61
69| 69 69 69 66 65 55 54 ... .0 8N oo oo o 83600 B62

13.4 |12.6 12.2 11.8 11.6 11.4 11.4 11.4 11.4 94 5.9 ce Ce A A €95200 B148

16.0 | 15.2 15.0 14.8 14.8 14.8 148 12.8 11.1 88 68 ... Ce . e €95400

7.8 7.8 7.8 7.8 7.8 7.8 6.6 6.2 5.8 4.0 ... Ce - . . €92200 B584
6.4 5.9 5.5 5.3 5.3 5.2 5.1 e J.. Ce e e Ce . Ce C93700
6.0 5.8 5.6 5.5 5.4 C97600

NOTE$:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A.1), FIG. 100.1.2(A.2), FIG. 190.1.2(B.1),
FIG. 100.1.2(B.2), AND FIG. 100.1.2(B:3).

(2) This material may be used for Boiler External Piping provided that the nominal size does not exceed 3 in. and the design tgmperature
dpes not exceed 406°F. This(matérial shall not be used for blowoff or blowdown piping except as permitted in para. 122.1.4. Where
threaded brass or copperpip€’is used for feedwater piping, it shall have a wall thickness not less than that required for scijedule 80
steel pipe of the same.nonfinal size.

(3) Welding or brazing ¢f‘this material is not permitted.

(4) When this material is 'used for welded or brazed construction, the allowable stress values used shall not exceed those given for the
sgme materialsin=the annealed condition.

(5) Castings that(are welded or repair welded shall be heat treated at 1,150°F-1,200°F, followed by moving-air cooling. The required time
aff tempetature is based on the cross-section thicknesses as follows:

(@).1%4 hr for the first inch or fraction thereof
(b)X Y hr for each additional inch or fraction thereof
(6) Welds must be made by an electric fusion welding process involving the addition of filler metal.
(7) Material conforming to ASTM B16 alloy C36000 shall not be used in primary pressure relief valve applications.

(8) Materials shall be tested to determine the presence of residual stresses that might result in failure of individual parts due to stress cor-
rosion cracking. Tests shall be conducted in accordance with ASTM B154 or ASTM B858. The test frequency shall be as specified in
ASTM B249.
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Table A-7 Aluminum and Aluminum Alloys

Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Drawn Seamless Tube
B210 A93003 0 0.010 to 0.500 21 6)) 14 5 1.00
R93003 HIZ 0.0T0 10 U.500 7T 3) 20 17 1.00
Alclad A93003 0 0.010 to 0.500 21 @& 13 4.5 1.00
Alclad A93003 H14 0.010 to 0.500 21 LB)@) 19 16 1.00
B210 A95050 0 0.018 to 0.500 21 ® 18 6 1.00
Alclad A95050 0 0.018 to 0.500 21 1a3)(23) 17 R 1.00
A96061 T4 0.025 to 0.500 23 1)) 30 16 1.00
A96061 T6 0.025 to 0.500 23 ODIO)] 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.500 23 (63][¢)] 24 1.00
Seamless Ripe and Seamless Extruded Tube
B241 A93003 0 All 21 @) 14 5 1.00
A93003 H18 Less than 1.000 21 (63][€)] 27 24 1.00
B241 A93003 H112 Note (20) 21 D30 14 5 1.00
Alclad A93003 0 All 21 (L&) 13 4.5 1.00
Alclad A93003 H112 All 21 (1)3)(4) 13 4.5 1.00
B241 A95083 0 All 25 e 39 16 1.00
A95083 H112 All 25 (OIS 39 16 1.00
A95454 0 Up thru 5.000 22 D 31 12 1.00
A95454 H112 Up thru 5.000 22 1) 31 12 1.00
B241 A96061 T4 All 23 D®)©) 26 16 1.00
A96061 T6 Pipe &NPS 1 23 L@6G) 42 35 1.00
A96061 T6 Note\24) 23 1)(6)(9)(24) 38 35 1.00
A96061 T4, T6 welded All 23 L@O) 24 ... 1.00
A96063 T6 Note (10) 23 1)(6)(10) 30 25 1.00
A96063 T5, T6 welded Note (10) 23 W@ (0) 17 10 1.00
Drawn Seamless Condenser and Heat Exchanger Tube
B234 A93003 H14 0.010 to 0.200 21 (6)][@)] 20 17 1.00
Alclad A93003 H14 0.010 to 0.200 21 L@@®) 19 16 1.00
A95454 H34 0.010 to 0.200 22 (6)][@)] 39 29 1.00
B234 A96061 T4 0.025 to 0.200 23 1)(®) 30 16 1.00
A96061 T6 0.025 to 0.200 23 1)(6) 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.200 23 (][] 24 1.00
Arc-Welded Round“\Tube
B547 A93003 0 0.125 to 0.500 21 [6D[¢%)) 14 5 1.00
A93003 [0) 0.125 to 0.500 21 (1)(16) 14 5 0.85
A93003 H112 0.250 to 0.400 21 (D@s)(5) 17 10 1.00
A93003 H112 0.250 to 0.400 21 1@s)(e) 17 10 0.85
B547 Alclad A93003 0 0.125 to 0.499 21 1)(4)(5) 13 4.5 1.00
Alclad A93003 0 0.125 to 0.499 21 D@®)(e6) 13 4.5 0.85
Alclad A93003 H112 0.250 to 0.499 21 D@®)s)(15) 16 9 1.00
Alclad A93003 H112 0.250 to 0.499 21 D@®Aas)@e) 16 9 0.85
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(16)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Drawn Seamless Tube
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B210
5.7 5.7 5.7 T.9 T3 370 27 A93003
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003
5.1 5.1 5.1 4.5 3.9 2.7 2.1 Alclad A93003
4.0 4.0 4.0 4.0 4.0 2.8 1.4 A95050 B210
3.3 3.3 3.3 3.3 3.3 2.8 1.4 Alclad\A95050
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Seamless Pipe and Seamless Exfruded Tube
3.4 3.4 3.4 3.0 2.4 1.8 K4 A93003 B241
7.8 7.8 7.7 6.3 5.4 3.5 2.5 A93003
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B241
3.0 3.0 3.0 2.7 2.2 1.6 1.2 Alclad A93003
3.0 3.0 3.0 2.7 2.2 1.6 1.2 Alclad A93003
10.7 10.7 A95083 B241
10.7 10.7 ce ce ce A . A95083
8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454
8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454
7.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B241
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
8.6 8.6 8.6 6.8 5.0 3.4 2.0 A96063
4.3 4.3 4.3 4.2 3.9 3.0 2.0 A96063
Drawn Seamless Condenser and Heat Exchanger Tube
5.7 5.7 5.7 4.9 4.3 3.0 2.4 A93003 B234
5.1 5.1 5.1 4.5 3.9 2.7 2.1 Alclad A93003
11.1 11.1 11.1 7.5 5.5 4.1 3.0 A95454
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B234
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
6.9 6,9 6.9 6.8 5.5 4.6 3.5 A96061
Arc-Welded Round Tube
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B547
2.9 2.9 2.9 2.6 2.0 1.5 1.2 A93003
4.9 4.9 4.9 4.0 3.6 3.0 2.4 A93003
4.2 4.2 4.2 3.4 3.1 2.6 2.0 A93003
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003 B547
2.6 2.6 2.6 2.3 1.9 1.4 1.1 Alclad A93003
4.6 4.6 4.6 2.7 2.2 1.6 1.3 Alclad A93003
3.9 3.9 3.9 2.3 1.9 1.4 1.1 Alclad A93003
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)
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Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Arc-Welded Round Tube (Cont’d)
B547 A95083 6] 0.125 to 0.500 25 1®)@15) 40 18 1.00
AR95083 O 0.125 10 U.500 75 (@) (1o) 70 3 0.85
B547 A95454 6] 0.125 to 0.500 22 [6D[¢%)) 31 12 1.00
A95454 0 0.125 to 0.500 22 D@e) 31 12 0.85
A95454 H112 0.250 to 0.499 22 (1D@s)(5) 32 18 1.00
A95454 H112 0.250 to 0.499 22 1@s)(e) 32 18 0.85
B547 A96061 T4 0.125 to 0.249 23 DW@@s5@7) 30 16 1.00
A96061 T4 0.125 to 0.249 23 W@@ae)(17) 30 16 0.85
A96061 T451 0.250 to 0.500 23 DW@@s5)@a7) 30 16 1.00
A96061 T451 0.250 to 0.500 23 W@@ae)(17) 30 16 0.85
B547 A96061 T6 0.125 to 0.249 23 1)@)(15)(17) 42 35 1.00
A96061 T6 0.125 to 0.249 23 D@ @exx7) 42 35 0.85
A96061 T651 0.250 to 0.500 23 D@ @s)17) 42 35 1.00
A96061 T651 0.250 to 0.500 23 DO@AA6)(17) 42 35 0.85
B547 A96061 T4 0.125 to 0.249 23 W) (15)(25) 30 16 1.00
A96061 T4 0.125 to 0.249 23 W@ (1e6)(25) 30 16 0.85
A96061 T451 0.250 to 0.500 23 W@ @5 (25) 30 16 1.00
A96061 T451 0.250 to 0.500 23 D@ (16)(25) 30 16 0.85
B547 A96061 T6 0.125 to 0.249 23 D@ (1525 42 35 1.00
A96061 Té6 0.125 to 0s249 23 W@ @e)(25) 42 35 0.85
A96061 T651 0.250,to 0+500 23 D@ @s5)(25) 42 35 1.00
A96061 T651 0.250°te 0.500 23 W@ @e)(25) 42 35 0.85
Sheet and PPlate
B209 A93003 6] 0.051 to 3.000 21 (6))] 14 5 1.00
A93003 H112 0.250 to 0.499 21 (63][€)] 17 10 1.00
A93003 H112 0.500 to 2.000 21 (©]E)] 15 6 1.00
B209 Alclad A93003 0 0.051 to 0.499 21 @& 13 4.5 1.00
Alclad A93003 0 0.500 to 3.000 21 (D(@s) 14 5 1.00
Alclad A93003 HI12 0.250 to 0.499 21 DB 16 9 1.00
Alclad A93003 H¥12 0.500 to 2.000 21 DBQ9 15 6 1.00
B209 A95083 0 0.051 to 1.500 25 e 40 18 1.00
A95454 0 0.051 to 3.000 22 1) 31 12 1.00
A9 54 54, H112 0.250 to 0.499 22 (6)][E)] 32 18 1.00
A9 5457 H112 0.500 to 3.000 22 (6]E)] 31 12 1.00
B209 A96061 T4 0.006 to 0.249 23 (1)(6)(9) 30 16 1.00
A96061 T451 0.250 to 3.000 23 ODIOIS)] 30 16 1.00
A96061 T4 welded 0.006 to 0.249 23 @O 24 1.00
A96061 T451 welded 0.250 to 3.000 23 W@ 24 1.00
B209 A96061 T6 0.051 to 0.249 23 0E©)o) 42 35 1.00
A96061 T651 0.250 to 4.000 23 OHIOIS) 42 35 1.00
A96061 T651 4,001 to 6.000 23 0©)%) 40 35 1.00
A96061 T6 welded 0.051 to 0.249 23 @O 24 1.00
A96061 T651 welded 0.250 to 6.000 23 @@ 24 1.00
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2016

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Arc-Welded Round Tube (Cont’d)
11.4 11.4 A95083 B547
9.7 9.7 A95033
8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454 B547
6.8 6.8 6.8 6.4 4.7 3.5 2.6 A95454
9.1 9.1 9.1 7.5 5.5 4.1 3.0 A95454
7.8 7.8 7.8 6.4 4.7 3.5 2.6 A95454
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B547
7.3 7.3 7.3 7.2 5.9 5.4 3.8 A96061
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
7.3 7.3 7.3 7.2 5.9 5.4 3.8 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4,5 A96061 B547
10.2 10.2 10.2 9.9 7.1 5.4 3.8 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
10.2 10.2 10.2 9.9 7.1 5.4 3.8 A96061
6.9 6.9 6.9 6.9 5.5 426 3.5 A96061 B547
5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061
5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B547
5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061
5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
Shegt and Plate
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B209
4.9 4.9 4.9 4.0 3.6 3.0 2.4 A93003
3.8 3.8 3.7 3.2 2.4 1.8 1.4 A93003
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003 B209
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003
4.3 4.3 4.3 3.8 3.3 2.7 2.1 Alclad A93003
3.9 3.9 3.9 3.0 2.2 1.6 1.3 Alclad A93003
11.4 114 A95083 B209
8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454
9.1 9.1 9.1 7.5 5.5 4.1 3.0 A95454
8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B209
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B209
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
11.4 11.4 11.4 11.1 8.2 6.3 4.4 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
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ASME B31.1-2016

Table A-7 Aluminum and Aluminum Alloys (Cont’d)
Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Die and Hand Forgings
B247 A93003 H112 Up thru 4.000 21 D@ 14 5 1.00
A93003 HTTZ wetded Op thra 4.000 7T (O T 5 1.00
B247 A95083 H111 Up thru 4.000 25 OHIOIE)] 39 20 1.00
A95083 H112 Up thru 4.000 25 @D©)®e) 39 16 1.00
A95083 H111, H112 welded Up thru 4.000 25 L@ ®) 38 16 1.00
B247 A96061 Té6 Up thru 4.000 23 DEQ 38 35 1.00
A96061 T6 Up thru 4.000 23 D®)12) 37 33 1.00
A96061 Té6 4,001 to 8.000 23 DE)Q2) 35 32 1.00
A96061 T6 welded Up thru 8.000 23 (][] 24 e 1.00
Rods, Bars| and Shapes
B221 A91060 0] All 21 1222 8.5 2.5 1.00
A91060 H112 All 21 1B)2HR2 8.5 2.5 1.00
B221 A91100 0 All 21 1EHRY 11 3 1.00
A91100 H112 All 21 (1)3)(21)(22) 11 3 1.00
B221 A93003 0 All 21 MY 14 5 1.00
A93003 H112 All 21 DHBREDERY 14 5 1.00
B221 A92024 T3 Up thru 0.249 . D@©2DEQ2) 57 42 1.00
A92024 T3 0.250-0.749 ce D@O@EDER2 60 44 1.00
A92024 T3 0.750-1:499 ce D@©21DQ2) 65 46 1.00
A92024 T3 1.500\and over - D@O@EDER2 68 48 1.00
B221 A95083 6] Up)thru 5.000 25 wERHERY 39 16 1.00
A95083 H111 Up thru 5.000 25 1DB)B)R1(22) 40 24 1.00
A95083 H112 Up thru 5.000 25 MB)®ECNERY 39 16 1.00
B221 A95086 H112 Up thru 5.000 25 MWR®ECNEY 35 14 1.00
B221 A95154 (6] All 22 OHEREHER2 30 11 1.00
A95154 H112 All 22 1)B)B)(121)(22) 30 11 1.00
B221 A95454 Q Up thru 5.000 22 122 31 12 1.00
A95454 H111 Up thru 5.000 22 DHBRRHERY 33 19 1.00
A95454 H112 Up thru 5.000 22 1)B)21)(22) 31 12 1.00
B221 A95456 0] Up thru 5.000 25 (1)(8)(21)(22) 41 19 1.00
A95456 H111 Up thru 5.000 25 DB)B)RDQ2) 42 26 1.00
A95456 H112 Up thru 5.000 25 1)B)6)121)(122) 41 19 1.00
B221 A96061 T4 All 23 1292122 26 16 1.00
A96061 T6 All 23 D@©21Q2) 38 35 1.00
A96061 T4 welded All 23 DO@©@RDER2) 24 . 1.00
A96061 T6 welded All 23 D@ ©R21Q2) 24 A 1.00
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2016

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Die and Hand Forgings
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B247
3.4 3 37 370 P T8 TZ A93003
111 11.1 A95083 B247
10.7 10.7 A95083
10.9 10.9 A95083
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061 B247
10.6 10.6 10.6 10.5 7.7 6.3 4.5 A96061
10.0 10.0 10.0 9.9 7.4 6.1 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Rods, Bars, pnd Shapes
1.7 1.7 1.6 1.5 1.3 1.1 0.8 A91060 B221
1.7 1.7 1.6 1.5 1.3 1.1 0.8 A91060
2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100 B221
2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B221
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003
16.3 16.3 16.3 12.6 9.5 6.0 4.2 A92024 B221
17.1 17.1 17.1 13.2 10:0 6.3 4.4 A92024
18.6 18.6 18.6 14.3 10.8 6.8 4.7 A92024
19.4 19.4 19.4 15.0 11.3 7.1 5.0 A92024
10.7 10.7 A95083 B221
11.4 11.4 A95083
10.7 10.7 A95083
9.3 9.3 A95086 B221
7.3 7.3 A95154 B221
7.3 7.3 A95154
8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454 B221
9.4 9.4 9.4 7.5 5.5 4.1 3.0 A95454
8.0 8:0. 8.0 7.5 5.5 4.1 3.0 A95454
11.7 M.7 A95456 B221
12.0 12.0 A95456
11.7 11.7 A95456
7.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B221
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

Specified Specified

Size or Minimum Minimum E

Spec. Thickness, P- Tensile, Yield, or

No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Rods, Bars, and Shapes (Cont’d)
B221 A96063 T1 Up thru 0.500 23 B2 17 9 1.00
[A96U63 TT U.501—=1.000 23 (IR22Z1(22) 16 3 1.00
A96063 T5 Up thru 0.500 23 D@22 22 16 1.00
A96063 T5 0.501-1.000 23 L@ 21 15 1.00
A96063 T6 Up thru 1.000 23 D@22 30 25 1.00
A96063 T5, T6 welded Up thru 1.000 23 L@ 17 10 1.00

Castings

B26 A24430 F . . (6)][®)] 17 6 0.80
A03560 T6 - - (63][®))] 30 20 0.80
A03560 T71 e e (6)[®)] 25 18 0.80

GENERAL NOTES:

(@) The taQulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure Vessel-Code applications, see related specifita-
tions i Section Il of the ASME Code.

(b) The strpss values in this Table may be interpolated to determine values for intermedjate\témperatures.

(c) The P-Numbers listed in this Table are identical to those adopted by the ASME Bojler and Pressure Vessel Code. Qualification of veld-
ing projcedures, welders, and welding operators is required and shall comply with*the ASME Boiler and Pressure Vessel Code,

Section] IX, except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands of¢pounds per square inch.”

(e) The mdterials listed in this Table shall not be used at design temperaturesvabove those for which allowable stress values are given.

(f) The tahulated stress values are S x E (weld joint efficiency factor) oSy F (material quality factor), as applicable. Weld joint efff-
ciency factors are shown in Table 102.4.3.

(g) Pressute—temperature ratings of piping components, as published in standards referenced in this Code, may be used for comporjents
meeting the requirements of those standards. The allowable stress values given in this Table are for use in designing piping compo-
nents that are not manufactured in accordance with referenced standards.

(h) Aluminum and aluminum alloys shall not be used for flammable fluids within the boiler plant structure (see para. 122.7).

() The y qoefficient equals 0.4 [see Table 104.1.2(A)].

() The taQulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gdvern
the selpction of stresses.

(k) See pafa. 124.1.2 for lower temperatureAimits.

NOTES:

(1) THIS MJATERIAL IS NOT ACCEPTABLE-EGR USE ON BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A.1), FIG. 100.1.2(A.2), FIG. 100.1.p(B.1),
FIG. 100.1.2(B.2), AND FIG. 100:1,2(B.3).

(2) These allowable stress values\are not applicable when either welding or thermal cutting is employed.

(3) These gllowable stress values are not applicable when either welding or thermal cutting is employed. In such cases, the correspgnding
stress Yalues for the Q"temper shall be used.

(4) These allowable stress,Values are 90% of those for the corresponding core material.

(5) These gllowable Stress values apply only to seamless pipe smaller than NPS 1 that is extruded and then drawn.

(6) These allowable\stress values are not applicable when either welding or thermal cutting is employed. In such cases, the correspgnding
stress yalues™for the welded condition shall be used.
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Rods, Bars, and Shapes (Cont’d)
4.9 4.9 4.9 4.2 4.2 3.4 2.0 A96063 B221
4.6 7o 7o LAY LAY 37 20 A96063
6.3 6.3 6.3 5.1 4.6 3.4 2.0 A96063
6.0 6.0 6.0 4.9 4.3 3.4 2.0 A96063
8.6 8.6 8.6 6.8 5.0 3.4 2.0 A96063
4.3 4.3 4.3 4.2 3.9 3.0 2.0 A96063
Castings
3.2 3.2 3.2 3.0 2.8 2.5 2.2 A24430 B26
6.9 6.9 6.9 5.0 o L. ... A03560
5.8 5.8 5.8 5.0 4.3 3.3 1.9 A03560
NOTE$ (Cont’d):
(7) [The strength of a reduced-section tensile specimen is required to qualify welding procedures. Refer to the ASME Boiler anfl Pressure
essel Code, Section IX, QW-150.
(8) Refer to the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, Part UNF, NF-13(b) regarding stress corrosion.
(9) For stress relieved tempers (1351, T3510, T3511, T451, T4510, T4511, T65%, T6510, and T6511), stress values for the material in
the basic temper shall be used.
(10) [These allowable stress values apply to all thicknesses and sizes of seamless pipe. They also apply to seamless extruded fube in
thicknesses up to and including 1.000 in.
(11) [These allowable stress values are for die forgings.
(12) [These allowable stress values are for hand forgings.
(13) For temperatures up to 300°F, these allowable stress values‘are 83% of those for the corresponding core material. At temperatures of
B50°F and 400°F, these allowable stress values are 90%-0f those for the corresponding core material.
(14) [These allowable stress values are for the tempers listed in the welded condition and are identical to those for the O templer.
(15) [These allowable stress values are based on 100%-radiography of the longitudinal weld in accordance with ASTM B547, pgra. 11.
(16) [These allowable stress values are based on spot.radiography of the longitudinal weld in accordance with ASTM B547, parf. 11.
(17) [These allowable stress values are for the heat-treated tempers listed that are tempered after welding.
(18) [The tension test specimen from plate which is not less than 0.500 in. thick is machined from the core and does not inclufle the clad-
ding alloy. Therefore, the allowable stress values for thicknesses less than 0.500 in. shall be used.
(19) [rhe tension test specimen from plate-which is not less than 0.500 in. thick is machined from the core and does not inclufle the clad-
ding alloy. Therefore, these allowable stress values are 90% of those for the core material of the same thickness.
(20) [The allowable stress values-for.seamless pipe in sizes NPS 1 and larger are as follows:
100°F 3.5 ksi
150°F 3.5 ksi
200°F 3.4 ksi
(21) Ptress values.in Téstricted shear, such as in dowel bolts or similar construction in which the shearing member is so restridted that
the sectiofunder consideration would fail without reduction of area, shall be 0.80 times the values in this Table.
(22) PBtresswalues in bearing shall be 1.60 times the values in this Table.
(23) ASTMB210 does not include this alloy/grade of material.
(24) [These allowable stress values apply to all thicknesses and sizes of seamless tubing. They also apply to NPS 1 and larger peamless
pipe.
(25) These allowable stress values are for the tempers listed in the welded condition.
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Table A-8 Temperatures 1,200°F and Above

Specified Specified
UNS Minimum Minimum
Spec. Type or Alloy P- Tensile, Yield,
No. Grade No. Temper Nominal Composition No. Notes ksi ksi
Seamless Pipe and Tube
A213 TP304H S30409 A 18Cr-8Ni 8 ce 75 30
S30815 21Cr—11Ni-N ] @ ]7 5
TP310H S31009 ce 25Cr—20Ni 8 @) 75 B30
TP316H S31609 e 16Cr—12Ni-2Mo 8 A 75 30
TP316L S31603 A 16Cr-12Ni-2Mo 8 1) 70 25
A213 TP321H S$32109 Ce 18Cr—10Ni-Ti 8 75 30
TP347H S34709 Ce 18Cr-10Ni-Cb 8 Z5 B30
TP348H S34809 Ce 18Cr—10Ni-Cb 8 75 30
A312 TP304H S30409 - 18Cr-8Ni 8 . 75 30
. S30815 Ce 21Cr-11Ni-N 8 1) 87 45
TP310H S$31009 - 25Cr—20Ni 8 2@ 75 30
TP316H S31609 e 16Cr-12Ni-2Mo 8 R 75 B30
A312 TP321H S32109 A 18Cr-10Ni-Ti 8 75 B30
TP347H S34709 e 18Cr-10Ni-Cb 8 75 30
TP348H S34809 A 18Cr-10Ni-Cb 8 75 B30
A376 TP304H S30409 A 18Cr-8Ni 8 75 B30
TP316H S31609 e 16Cr-12Ni-2Mo 8 75 30
TP321H S32109 A 18Cr-10Ni-Ti 8 75 B30
TP347H S34709 Ce 18Cr-10Ni-Cb 8 75 30
B163 . N08800 Annealed Ni—Cr—Fe 45 @ 75 B30
N08810 Annealed Ni—Cr—Fe 45 1) 65 25
B167 . N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 . 95 35
B407 e N08800 C.D./ann. Ni—Cr—Fe 45 .. 75 30
N08810 Annealed Ni—Cr-Fe 45 e 65 25
B622 - R30556 Anbealed Ni-Fe—Cr-Co-Mo-W 45 (1) 100 145
Welded Pige and Tube — Without Fillér Métal
A249 TP304H S30409 Ce 18Cr—8Ni 8 ce 75 35
. S30815 ... 21Cr-11Ni-N 8 @ 87 5
TP310H S31009 Ce 25Cr—20Ni 8 L@ @® 75 35
TP316H 531609 Ce 16Cr-12Ni-2Mo 8 A 75 B5
A249 TP321H S32109 A 18Cr—10Ni-Ti 8 75 B5
TP347H $34709 ... 18Cr-10Ni-Cb 8 75 35
TR348H $34809 ... 18Cr-10Ni-Cb 8 75 35
A312 TP304H S30409 A 18Cr-8Ni 8 R 75 30
. S30815 ... 21Cr-11Ni-N 8 @ 87 45
TP310H S31009 A 25Cr—20Ni 8 )4 75 30
TP316H S31609 . 16Cr—12Ni-2Mo 8 . 75 30
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Table A-8 Temperatures 1,200°F and Above

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Seamless Pipe and Tube
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A213
1.00 52 40 31 24 19 16 13
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310H
1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316H
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TRP316L
1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A213
1.00 7.9 59 4.4 3.2 2.5 1.8 1.3 TP347H
1.00 7.9 59 4.4 3.2 2.5 1.8 1.3 TP348H
1.00 6.1 4.7 3.7 2.9 2.3 1.8 4 TP304H A312
1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 -
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310H
1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316H
1.00 5.4 4.1 3.2 2.5 1.9 155 1.1 TP321H A312
1.00 7.9 59 4.4 3.2 2.5 1.8 1.3 TP347H
1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP348H
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A376
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 TP316H
1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H
1.00 7.9 59 4.4 3.2 2.5 1.8 1.3 TP347H
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B163
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 B167
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B407
1.00 7.4 59 4.1 3.8 3.0 2.4 1.9
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 B622
Welded Pipe and Tube — Withou{ Filler Metal
0.85 5.2 40 3.2 2.5 2.0 1.6 1.2 TP304H A249
0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 e
0.85 3.4 2.6 1.9 1.4 1.1 0.82 0.64 TP310H
0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
0.85 46 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A249
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP348H
0.85 5.2 4.0 3.2 2.5 2.0 1.6 1.2 TP304H A312
0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 .
0.85 3.4 2.6 1.9 1.4 1.1 0.82 0.64 TP310H
0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
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Table A-8 Temperatures 1,200°F and Above (Cont’d)

Specified Specified
UNS Minimum Minimum
Spec. Type or Alloy P- Tensile, Yield,
No. Grade No. Temper Nominal Composition No. Notes ksi ksi
Welded Pipe and Tube — Without Filler Metal (Cont’d)
A312 TP321H S32109 18Cr-10Ni-Ti 8 75 30
1P347H S32709 18Cr—10Ni—Ch ] 75 30
A409 S30815 21Cr-11Ni-N 8 1) 87 45
B619 R30556 Annealed Ni—-Fe—-Cr-Co—Mo-W 45 1) 100 145
B626 R30556 Annealed Ni-Fe—Cr-Co-Mo-W 45 1) 100 45
Welded Pige and Tube — Filler Metal Added
A358 1&3 S30815 21Cr-11Ni-N 8 1) 87 45
2 S30815 21Cr-11Ni-N 8 1) 87 45
A409 S30815 21Cr-11Ni-N 8 1) 87 45
B546 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 B5
Plate
A240 304 S30400 18Cr-8Ni 8 20B) 75 30
A S30815 21Cr-11Ni-N 8 1) 87 45
310S S31008 25Cr—20Ni 8 2)B)4) 75 30
316 S31600 16Cr-12Ni-2Mo 8 23 75 B30
316L S31603 16Cr-12Ni-2Mo 8 1) 70 25
A240 321 S$32100 18Cr—10Ni-Ti 8 20B) 75 30
347 S34700 18Cr-10Ni-Cb 8 (®)]E)] 75 B0
348 S34800 18Cr—1QNi-Ch 8 1H@B) 75 30
B168 N06617 Annealed 52Nj~22Cr-13Co-9Mo 43 95 B35
B409 N08800 Annealed Ni—Cr—Fe 45 3) 75 30
N08810  Annealed Ni—Cr-Fe 45 ©)] 65 25
Plate, Shegt, and Strip
B435 R30556 Annealed Ni—Fe—Cr-Co—Mo-W 45 1) 100 145
Bars, Rods| and Shapes
A479 A 530815 21Cr-11Ni-N 8 1) 87 45
TP316L S31603 16Cr-12Ni-2Mo 8 ®®) 70 25
B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 36
B408 N08800 Annealed Ni—Cr—Fe 45 75 30
N08810 Annealed Ni—Cr—Fe 45 65 25
B572 R30556 Annealed Ni-Fe-Cr-Co—Mo-W 45 @) 100 45
Forgings
A182 F304H S30409 18Cr-8Ni 8 A 75 30
c. S30815 21Cr-11Ni-N 8 1) 87 45
F310H S31009 25Cr—20Ni 8 D@ @®) 75 30
F316H S31609 16Cr—12Ni-2Mo 8 - 75 30
F316L S31603 16Cr-12Ni-2Mo 8 (1) 70 25
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Table A-8 Temperatures 1,200°F and Above (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Welded Pipe and Tube — Without Filler Metal (Cont’d)
0.85 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A312
0.85 67 50 2 2 21 16 11 IP347H
0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 A409
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 B619
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 B626
Welded Pipe-and Tube — Filler Metal Added
1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 1&3 A358
0.90 4.7 3.6 2.8 2.2 1.7 1.4 2 2
0.80 4.2 3.2 2.5 1.9 1.5 1.3 1.0 A409
0.85 13.0 12.3 9.5 7.4 5.6 4,3 3.3 B546
Plate
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A240
1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 -
1.00 2.5 1.5 0.80 0.50 0.40 0.30 0.20 310S
1.00 7.4 5.5 4.1 3.1 23 1.7 1.3 316
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316L
1.00 3.6 2.6 1.7 1.1 0.80 0.50 0.30 321 A240
1.00 4.4 3.3 2.2 1.5 1.2 0.90 0.80 347
1.00 4.4 3.3 2.2 5 1.2 0.90 0.80 348
1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 B168
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B409
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
Plate, Shedt, and Strip
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 B435
Bars, Rods, pnd Shapes
1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 - A479
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TP316L
1.00 153 14.5 11.2 8.7 6.6 5.1 3.9 B166
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B408
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 B572
Forgings
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304H A182
1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 Ce
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 F310H
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 F316H
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 F316L
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Table A-8 Temperatures 1,200°F and Above (Cont’d)

Specified Specified
UNS Minimum Minimum
Spec. Type or Alloy P- Tensile, Yield,
No. Grade No. Temper Nominal Composition No. Notes ksi ksi
Forgings (Cont’d)
A182 F321H S32109 A 18Cr-10Ni-Ti 8 ce 75 30
E347H S34709 18Cr—10Ni—Ch ] Z5 30
F348H S34809 Ce 18Cr—10Ni-Cb 8 Ce 75 30
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 e 95 35
N08800 Annealed Ni—Cr-Fe 45 .. 75 30
N08810 Annealed Ni—Cr-Fe 45 . 65 25
Fittings (Sqamless and Welded)
A403 WP304H S30409 e 18Cr—8Ni 8 (1) 75 30
WP316H S$31609 Ce 16Cr-12Ni-2Mo 8 @ 75 30
WP316L S31603 Ce 16Cr-12Ni-2Mo 8 1) 70 25
WP321H S$32109 A 18Cr—10Ni-Ti 8 (6D)] 75 30
WP347H S34709 e 18Cr-10Ni-Cb 8 @ 75 B30
WP348H S34809 Ce 18Cr-10Ni-Cb 8 )] 75 30
B366 R30556 Annealed Ni-Fe—Cr-Co-Mo-W 45 (6] 100 45
R30556 Annealed Ni—-Fe—Cr-Co—Mo-W 45 1@ 100 145

GENERAL NOTES:

(@) The taBulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and‘Pressure Vessel Code applications, see related specifita-
tions i Section Il of the ASME Code.

(b) The strpss values in this Table may be interpolated to determine values for intermediate temperatures.

(c) The P-Numbers listed in this Table are identical to those adopted-hy the ASME Boiler and Pressure Vessel Code. Qualification of fveld-
ing projcedures, welders, and welding operators is required and)shall comply with the ASME Boiler and Pressure Vessel Code,

Sectior] IX, except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” @re “thousands of pounds per square inch.”

(e) The mdterials listed in this Table shall not be used @t design temperatures above those for which allowable stress values are given.

(f) The tahulated stress values are S x E (weld joint-efficiency factor) or S x F (material quality factor), as applicable. Weld joint efff-
ciency factors are shown in Table 102.4.3.

(g) Pressuye-temperature ratings of piping comp@nents, as published in standards referenced in this Code, may be used for compor{ents
meeting the requirements of those standards. The allowable stress values given in this Table are for use in designing piping compo-
nents Which are not manufactured in“accordance with referenced standards.

(h) All the |materials listed are classified,as austenitic [see Table 104.1.2(A)].

() The talulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gdvern
the selpction of stresses.
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Table A-8 Temperatures 1,200°F and Above (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Forgings (Cont’d)
1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 F321H A182
1.00 Q 59 4d 32 25 18 13 F347H
1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 F348H
1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 e B564
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80
1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9
Fittings (Seamless gnd Welded)
1.00 6.1 4.7 3.7 2.9 2.3 1.8 14 WP304H A403
1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 WP316H
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 WP316L
1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 WP321H
1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP347H
1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP348H
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 Ce B366
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1
NOTE$:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A.1), FIG. 100.1.2(A.2), FIG. 190.1.2(B.1),
FIG. 100.1.2(B.2), AND FIG. 100.1.2(B.3).

(2) These allowable stress values shall be used only if the carbon(eontent of the material is 0.04% or higher.
(3) These allowable stress values tabulated shall be used only-fithe material is heat treated by heating to a minimum temperafure of
900°F and quenching in water or rapidly cooling by othen means.

(4) These allowable stress values shall be used only when the grain size of the material is ASTM No. 6 or coarser.

(5) THese allowable stress values shall be used only when Supplementary Requirement S1 per ASTM A479 has been specified.
(6) Seamless.

(7) Welded—all filler metal, including consumabte insert material, shall comply with the requirements of Section IX of the ASMH Boiler and
Plessure Vessel Code.

=
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Table A-9 Titanium and Titanium Alloys

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Condition Composition No. Notes ksi ksi F
Seamless Pipe and Tube
B338 1 Annealed Ti 51 ® 35 25 1.00
7 Anneated I 51 (¥9) 50 70 1.00
3 Annealed Ti 52 €Y} 65 55 1.00
7 Annealed Ti-Pd 51 (1) 50 40 1.00
12 Annealed Ti—-Mo—Ni 52 (1) 70 50 1.00
B861 1 Annealed Ti 51 (1) 35 25 1.00
2 Annealed Ti 51 1) 50 40 1.00
3 Annealed Ti 52 @) 65 55 1.00
7 Annealed Ti-Pd 51 ® 50 40 1.00
12 Annealed Ti-Mo—Ni 52 @))] 70 50 1.00
Welded Pige and Tube
B338 1 Annealed Ti 51 (€3]®)] 35 25 0.85
2 Annealed Ti 51 (][] 50 40 0.85
3 Annealed Ti 52 (€3]®)] 65 55 0.85
7 Annealed Ti-Pd 51 (][] 50 40 0.85
12 Annealed Ti—-Mo—Ni 52 (1)@ 70 50 0.85
B862 1 Annealed Ti 51 1)) 35 25 0.85
2 Annealed Ti 51 (][] 50 40 0.85
3 Annealed Ti 52 mHQ) 65 55 0.85
7 Annealed Ti-Pd 51 (][] 50 40 0.85
12 Annealed Ti—-Mo—-Ni 52 (€3]®)] 70 50 0.85
Plate, Shegt, and Strip
B265 1 Annealed Ti 51 (1) 35 25 1.00
2 Annealed Ti 51 ® 50 40 1.00
3 Annealed Ti 52 6))] 65 55 1.00
7 Annealed Ti~Pd 51 D 50 40 1.00
12 Annealed Ti-Mo—Ni 52 1) 70 50 1.00
Forgings
B381 F1 Annealed Ti 51 (1) 35 25 1.00
F2 Annealed Ti 51 (1) 50 40 1.00
F3 Annealed Ti 52 ® 65 55 1.00
F7 Annealed Ti-Pd 51 @) 50 40 1.00
F12 Annealed Ti-Mo—Ni 52 ® 70 50 1.00
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Table A-9 Titanium and Titanium Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 Grade No.
Seamless Pipe and Tube
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B338
14.3 377 T2 T3 103 95 38 8.2 7.0 7.0 5.5 P
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 306 1 B861
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6)5 2
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 127 12.3 12
Welded Pige and Tube
8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B338
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 2
15.8 14.9 13.4 121 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 7
17.0 17.0 15.9 14.8 13.8 12.9 12.1 11.5 111 10.8 10.5 12
8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B862
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 2
15.8 14.9 13.4 121 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 7
17.0 17.0 15.9 14.8 13.8 12.9 12.1 11.5 111 10.8 10.5 12
Plate, Shedt, and Strip
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B265
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 1033 9.5 8.8 8.2 7.6 7.0 6.5 7
20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Forgings
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 F1 B381
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F2
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 F3
14.3 13.7 124 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F7
20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 131 12.7 12.3 F12
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Table A-9 Titanium and Titanium Alloys (Cont’d)

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Condition Composition No. Notes ksi ksi F
Bars and Billets
B348 1 Annealed Ti 51 (1) 35 25 1.00
7 Anneated TI 51 ¥9) 50 70 1.00
3 Annealed Ti 52 (1) 65 55 1.00
7 Annealed Ti—-Pd 51 1) 50 40 1.00
12 Annealed Ti—-Mo—Ni 52 (1) 70 50 1.00

Castings

B367 C-2 As-cast Ti 50 (©)]E)] 50 40 0.80

GENERAL NOTES:

(@) The taQulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure Vessel Code apglications, see related specififa-
tions i Section Il of the ASME Code.

(b) The stress values in this Table may be interpolated to determine values for intermediate tempefatures.

() The P-Numbers listed in this Table are identical to those adopted by the ASME Boiler and Pressure Vessel Code. Qualification of pveld-
ing procedures, welders, and welding operators is required and shall comply with the ASME Boiler and Pressure Vessel Code,

Sectior] IX, except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands of pounds\per square inch.”

(e) The mgterials listed in this Table shall not be used at design temperatures aboye_those for which allowable stress values are given.

(f) The taBulated stress values are S x E (weld joint efficiency factor) or S X F (material quality factor), as applicable. Weld joint effj-
ciency factors are shown in Table 102.4.3.

(g) Pressufe—temperature ratings of piping components, as published in standards referenced in this Code, may be used for compor{ents
meeting the requirements of those standards. The allowable stress yatues given in this Table are for use in designing piping compo-
nents Which are not manufactured in accordance with referenced_standards.

(h) The y doefficient equals 0.4 [see Table 104.1.2(A)].

() The taQulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gdvern

the sel
() See pa

pction of stresses.
Fa. 124.1.2 for lower temperature limits.
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Table A-9 Titanium and Titanium Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 Grade No.
Bars and Billets
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B348
14.3 1377 727 T3 103 95 8.8 8.2 7.6 7.0 B.5 4
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Castings
11.4 10.5 10.0 9.0 8.3 7.6 G2 B367
NOTE$:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIG. 100.1.2(A:1)) FIG. 100.1.2(A.2), FIG. 10.1.2(B.1),

Fl
(2) Fi

3) W

5. 100.1.2(B.2), AND FIG. 100.1.2(B.3).
ler metal shall not be used in the manufacture of welded pipe or tubing.
elding of this material is not permitted.
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Table A-10 Bolts, Nuts, and Studs

Specified Specified
Type Material Minimum Minimum
Spec. or Category / Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi

Carbon Steel

A194 1,2, 2H Carbon steel (6))]

A307 B C Carbon steel @Q0B)©® 60

A449 C Carbon steel )(5)(6) 120

C Carbon steel 26G)@) 105
C Carbon steel 2)()(8) 90

Low and Intermediate Alloy Steel

A193 B5 5Cr-%Mo Alloy steel (5)(9)(10) 100 80
B7 1Cr-Y5Mo Alloy steel (11) 125 105
B7 1Cr-Y%Mo Alloy steel 12) 115 95
B7 1Cr-Y5Mo Alloy steel (13) 100 75
B7M 1Cr-Y%Mo Alloy steel 2(11) 100 80

A193 B16 1Cr-YMo-V Alloy steel 19) 125 105
B16 1Cr-YMo-V Alloy steel (12) 110 95
B16 1Cr-%;Mo-V Alloy steel 13) 100 85

A194 3 5Cr-Y,Mo-V Alloy steel )
4 C-Mo Alloy steel 1)(14)
7 Cr-Mo Alloy steel 1)

A320 L7 1Cr-Y5Mo Allgy steel )(5)(15) 125 105
L7M 1Cr-Y5Mo Alloy steel 2)11) 100 80
L43 1%,Ni-/,Cr-Y,Mo Alloy steel 2)(5)(15) 125 105

A354 BC Alloy steel 5)9)(11) 125 109
BC Alloy steel (5)(9)(12) 115 99
BD Alloy steel 5)9)(11) 150 130
BD Alloy steel (5)9)(12) 140 120

Stainless Yteels

Austenitic

A193 B8 1 18Cr—8Ni S$30400 B)16)(17) 75 30
B8C 1 18Cr-10Ni-Ch S34700 B)a6)(17) 75 30
B8M 1 16Cr-12Ni-2Mo S$31600 (5)(16)(17) 75 30
B8T 1 18Cr—10Ni-Ti 532100 B)16)(17) 75 30

A193 B8 2 18Cr-8Ni S$30400 5)(18)(19) 125 100
B8 2 18Cr—8Ni 530400 (5)(18)(20) 115 80
B8 2 18Cr-8Ni S$30400 5)(18)(21) 105 65
B8 2 18Cr—8Ni 530400 (5)(18)(22) 100 50

A193 B8€E 2 18Cr-10Ni-Ch S34700 5)(18)(19) 125 100
B8C 2 18Cr-10Ni-Cb S34700 (5)(18)(20) 115 80
BRC 2 18Cr—10Ni=Ch S34700 (5)(18)(21) 105 65
B8C 2 18Cr-10Ni-Cb S34700 (5)(18)(22) 100 50

A193 B8M 2 16Cr-12Ni-2Mo S$31600 (5)(18)(19) 110 80
B8M 2 16Cr-12Ni-2Mo S$31600 (5)(18)(20) 100 80
B8M 2 16Cr—-12Ni-2Mo 531600 B)(18)(21) 95 75
B8M 2 16Cr-12Ni-2Mo S$31600 (5)(18)(22) 90 65

A193 B8T 2 18Cr—10Ni-Ti 532100 (5)(18)(19) 125 100
B8T 2 18Cr—10Ni-Ti $32100 (5)(18)(20) 115 80
B8T 2 18Cr—10Ni-Ti 532100 (5)(18)(21) 105 65
B8T 2 18Cr—10Ni-Ti 532100 (5)(18)(22) 100 50
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Table A-10 Bolts, Nuts, and Studs

ASME B31.1-2016

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Carbon Steel
1, 2, 2H A194
70170 7.0 ... 7.0 ... B A307
23.0 3.0 23.0 ... 23.0 ... 23.0 23.0 ... A449
20.2 20.2 20.2 ... 20.2 ... 20.2 20.2 ...
14.5 14.5 14.5 ... 145 ... 145 145 ...
Low and Intermediatd Alloy Steel
20.0 0.0 20.0 ... 20.0 ... 20.0 20.0 20.0 20.0 20.0 18.5 14.5 10.4 7.6 5.6 4.2 3.1 2.0 1.3 B5 A193
25.0 5.0 25.0 ... 25.0 ... 25.0 25.0 25.0 25.0 23.6 21.0 16.3 12.5 8.5 4.5 B7
23.0 3.0 23.0 ... 23.0 ... 23.0 23.0 23.0 23.0 22.2 20.0 16.3 12.5 8.5 4.5 B7
18.8 18.8 188 ... 188 ... 18.8 18.8 18.8 18.8 18.8 18.0 16.3 12.5 8.5 4.5 B7
20.0 0.0 20.0 ... 20.0 ... 20.0 20.0 20.0 20.0 20.0 18.5 16.5 12.5 8.5 4.5 B7M
25.0 5.0 25.0 ... 25.0 ... 25.0 25.0 25.0 25.0 25.0 25.0 23.5 20.5 16.0 410 6.3 2.8 B16 A193
22.0 2.0 22.0 ... 220 ... 22.0 22.0 22.0 22.0 22.0 22.0 21.0 18.5 15.3 1I.0 6.3 2.8 B16
20.0 20.0 20.0 ... 20.0 ... 20.0 20.0 20.0 20.0 20.0 20.0 18.8 16.7 143 "11.0 6.3 2.8 B16
3 A194
4
7
25.0 5.0 25.0 ... 25.0 ... 25.0 25.0 25.0 25.0 ... ... N.. .. ... ... L7 A320
20.0 0.0 20.0 ... 20.0 ... 20.0 20.0 20.0 20.0 20.0 18:5.16.3 12.5 8.5 4.5 L7M
25.0 5.0 25.0 ... 25.0 ... 25.0 25.0 25.0 25.0 ... L43
25.0 5.0 25.0 ... 25.0 ... 25.0 25.0 25.0 ... BC A354
23.0 3.0 23.0 ... 23.0 ... 23.0 23.0 23.0 ... BC
30.0 B0.0 30.0 ... 30.0 ... 30.0 30.0 30.0 s« BD
28.0 28.0 28.0 ... 28.0 ... 28.0 28.0 28.0 .).". BD
Staipless Steels
\ustenitic
18.8 6.7 15.0 ... 13.8 ... 12.9~12.1 12.0 11.8 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 B8 A193
18.8 17.9 16.4 ... 15,5 ..._45/0 14.3 14.1 13.8 13.7 13.6 13.5 13.5 13.4 13.4 12.1 9.1 6.1 4.4 B8C
18.8 7.7 15.6 ... 143 .. \_13.3 12.6 12.3 12.1 11.9 11.7 11.6 11.5 11.4 11.3 11.2 11.0 9.8 7.4 B8M
18.8 17.8 16.5 ... 15.3¢N, 14.3 13.5 13.3 12.9 12.7 12.5 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 B8T
25.0 B8 A193
20.0 B8
18.8 B8
18.8 B8
25.0 B8C A193
20.0 B8C
18.8 B]C
18.8 ... B8C
22.0 22.0 22.0 ... 220 ... 22.0 22.0 22.0 22.0 22.0 ... B8M A193
20.0 20.0 20.0 ... 20.0 ... 20.0 20.0 20.0 20.0 20.0 ... B8M
18.8 17.7 163 ... 16.3 ... 16.3 16.3 16.3 16.3 16.3 ... B8M
18.8 17.7 156 ... 143 ... 13.3 12.5 12.5 12,5 12,5 ... B8M
25.0 ... B8T A193
20.0 ... B8T
18.8 ... B8T
18.8 ... B8T
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(16) Table A-10 Bolts, Nuts, and Studs (Cont’d)
Specified Specified
Type Material Minimum Minimum
Spec. or Category / Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Stainless Steels (Cont’d)
Austenitic (Cont’d)
A194 8 .. T3CT—38Nt S30400 1U5)
8C A 18Cr-10Ni-Cb S34700 @
A194 8M - 16Cr—12Ni-Mo $31600 (6))]
8T ... 18Cr—10Ni-Ti $32100 @
8F e 18Cr-8Ni—-Fm . (6))]
A320 B8 1 18Cr-8Ni S$30400 (5)(18) 75 30
B8 1 18Cr-8Ni S$30400 (5)(23) 75 30
B8 2 18Cr—8Ni S30400 5)(18)(22) 100 50
B8 2 18Cr-8Ni S$30400 (5)(18)(21) 105 65
B8 2 18Cr—8Ni 530400 (5)(18)(20) 115 80
B8 2 18Cr-8Ni $30400 (5)(18)@9) 125 100
A320 B8C 1 18Cr-10Ni-Cb S34700 (5) 75 30
B8C 1 18Cr-10Ni-Cb S34700 (5)(23) 75 30
B8C 2 18Cr-10Ni-Cb S34700 (5)(18)(22) 100 50
B8C 2 18Cr-10Ni-Cb S34700 (5)(18)(21) 105 65
B8C 2 18Cr-10Ni-Ch S34700 (5)(18)(20) 115 80
B8C 2 18Cr-10Ni-Cb S34700 (5)(18)(19) 125 100
A320 B8M 1 16Cr-12Ni-2Mo S31600 (5) 75 30
B8M 1 16Cr—12Ni-2Mo S31600 (5)(23) 75 30
B8M 2 16Cr-12Ni-2Mo $31600 5)(18)(22) 90 50
B8M 2 16Cr—12Ni-2Mo $31600 G)(18)(21) 95 65
B8M 2 16Cr-12Ni-2Mo S$31600 (5)(18)(20) 100 80
B8M 2 16Cr-12Ni-2Mo 531600 (5)(18)(19) 110 95
A320 B8T 1 18Cr—10Ni-Tj $32100 (5) 75 30
B8T 1 18Cr—10Ni-Ti $32100 3)(23) 75 30
B8T 2 18Cr—10Nj-Ti 532100 (5)(18)(22) 100 50
B8T 2 18Cr—10Ni-Ti 532100 B)(18)(21) 105 65
B8T 2 18€Cr<10Ni-Ti $32100 (5)(18)(20) 115 80
B&T 2 18Cr—10Ni-Ti $32100 (5)(18)(19) 125 100
A453 660 A&B 15Cr-25Ni-Mo-Ti-V-B S66286 (5) 130 85
A479 TP309H e 23Cr-12Ni $30909 24) 75 30
TP309H 7 23Cr-12Ni 530909 - 75 30
TP310H \¥ 25Cr—20Ni $31009 24) 75 30
TP310H /.. 25Cr—20Ni $31009 ... 75 30
Martensiftic
A193 B6 (410) 13Cr S41000 (5)(10) 110 85
A194 5} P T3€Cr SHTO000 (1)
Precipitation Hardened
A564 630 H1100 17Cr-4Ni-3.5Cu—-0.04P S17400 (5)(25) 140 115
Copper and Copper Alloys
B150 ... . .. C61400 226)(27)(28) 80 40
C61400 (2)(26)(28)(29) 75 35
C61400 2(26)(28)(30) 70 32
C61400 2)(26)(28)(31) 70 30
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

18.8
18.8
18.8
18.8
20.0
25.0

18.8
18.8
18.8
18.8
20.0
25.0

18.8
18.8
18.8
18.8
20.0
25.0

18.8
18.8
18.8
18.8
20.0
25.0

21.3

20.0
20.0
20.0
20.0

21.3

Stainless Steels (Cont’d)
Austenitic (Cont’d)

16.7

18.4

17.7

17.8

21.3

20.0
17.5
17.6
20.0

19.5

150 ...

17.1 ...

156 ...

16.5 ...

21.3

21.3

200 ...
16.1 ...
16.1 ...
20.0 ,.%

18.9 ...

13.8 ...

16.0 ...

143 ...

21.3

213

20.00 %
5.0 ..
15.1 ...
199 ...

185 ...

21.3

19.4
14.4
14.3
19.3

18.3

21.3

18.8
13.9
13.7
18.5

17.9

21.3

18.5
13.7
13.5
18.2

17.6

21.3

18.2
13.5
13.3
17.9

17.2

21.3

18.0
13.3
13.1
17.7

16.7

21.3

17.7
13.1
12.9
17.4

16.1

21.3

17.5
12.9
12.7
17.2

15.3

21.3

17.2
12.7
12.5
16.9

21.3

16.9
12.5
12.3
16.7

12.3 ...

21.3

13.8
12.3
12.1
13.8

10.3
10.3
10.3
10.3

7.6
7.6
7.6
7.6

8 Al194
8¢

8M A194
8T
8F

B8 A320
B8
B8
B8
B8
B8

B8C A320
B8C
B8C
B8C
B8C
B8C

B8M A320
B8M
B8M
B8M
B8M
B8M

B8T A320
B8T
B8T
B8T
B8T
B8T

660 A453

55 4.0 TP3(Q9H A479
55 4.0 TP3Q9H
55 4.0 TP310H
55 4.0 TP310H

artensitic

B6 A193

28.0 ...

17.5
17.5
17.5
17.5

17.5
17.5
17.5
17.5

17.5
17.5
17.5
17.5

17.5
17.5
17.5
17.5

17.2
17.2
17.2
17.2

16.6
16.6
16.6
16.6

16.1 ...
16.1 ...
16.1 ...
16.1 ...

6 A194

Precipitation Hardened

630 A564

Copper and Copper Alloys
B150
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

GENERAL NOTE: See para. 124.1.2 for lower temperature limits.
NOTES:
This is a product specification. Allowable stresses are not necessary. Limitations on metal temperature for materials covered by this
specification for use under B31.1 are as follows:

@

@

€]
4)

)

©)
@

®
©

(10)
(11)
(12)
(13)
(14)

(15
(16)

17

(18)

19
0
1)
22)
23)
4)

25)
26)
27)
28)
29
(30)
G

(a)
()
©
@
(e)

Grades 1 and 2, —20°F to 600°F
Grade 2H, —20°F to 800°F

Grades 3 and 7, —20°F to 1,100°F
Grade 4, —20°F to 900°F

Grades 6 and 8F, —20°F to 800°F

®
THIS
FIG. 1
This
The 4
with
Thesd
bolte
neceg
Thesg
Thesd
in did
Thesd
in dig
Betw
speci
Thesg
Thesd
Thesg
Thesg
Upon
graph
Minir
The 4
highg
The 4
mum
The K
at led
ness
Thesg
Thesd
Thesg
Thesg
Thesd
Due {
the s
stres
dime
tions

Grades 8, 8C, 8M, and 8T, —20°F to 1,200°F

IMATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE-RETAINING PARTS OF BOILER EXTERNAL PIPING — SEE
00.1.2(A.1), FIG. 100.1.2(A.2), FIG. 100.1.2(B.1), FIG. 100.1.2(B.2), AND FIG. 100.1.2(B.3).

naterial shall not be used above 400°F. The allowable stress value is 7,000 psi.

llowable stress values listed in MSS SP-58 for this material may be used for pipe supporting elements designed in accord
MSS SP-58.

allowable stress values are established from a consideration of strength only and will be satisfactory.for-average service,
 joints, where freedom from leakage over a long period of time without retightening is required, lower stress values may
sary as determined from the relative flexibility of the flange, bolt, and corresponding relaxation.preperties.

allowable stress values apply to bolting materials less than or equal to 1 in. in diameter.

allowable stress values apply to bolting materials greater than or equal to 1 in. in diameter-and less than or equal to 11
meter.

allowable stress values apply to bolting materials greater than or equal to 1% in.in diameter and less than or equal to
meter.

ben temperatures of —20°F and 400°F, allowable stress values equal to the lower of the following may be used: 20% of th
fied tensile strength or 25% of the specified yield strength.

allowable stress values apply to bolting materials 4 in. in diameter and:'smaller.

allowable stress values apply to bolting materials 2' in. in diameter;and smaller.

allowable stress values apply to bolting materials larger than 2% {n>in diameter but not larger than 4 in. in diameter.
allowable stress values apply to bolting materials larger than 4\in. in diameter but not larger than 7 in. in diameter.
prolonged exposures to temperatures above 875°F, the carbide phase of carbon—molybdenum steel may be converted to
ite.

hum tempering temperature shall be 800°F.

llowable stress values tabulated for temperatures Qver 1,000°F apply only if the carbon content of the material is 0.04%
r.

temperature of 1,900°F and quenching in water or rapidly cooling by other means.

ardness of this material, under the thread, roots, shall not exceed Rockwell C35. The hardness shall be measured on a fla
st Y in. across, prepared by removifig,thread. No more material than necessary shall be removed to prepare the flat area
measurements shall be made at the'same frequency as the tensile test.

allowable stress values apply-to.bolting materials %, in. in diameter and smaller.

allowable stress values apply-to bolting materials larger than ¥, in. but not larger than 1 in. in diameter.

allowable stress values™apply to bolting materials larger than 1 in. but not larger than 1 in. in diameter.

allowable stress values. dpply to bolting materials larger than 1%, in. but not larger than 1% in. in diameter.

allowable stress«values apply to bolting material that has been carbide solution treated.
o relatively low(yield strength of these materials, these higher allowable stress values were established at temperatures
hort-time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. Thed
values gxceed 67% but do not exceed 90% of the yield strength at temperature. Use of these stress values may result if
hsionaltehanges due to permanent strain. These values should not be used for the flanges of gasketed joints or other app|
where slight amounts of distortion can cause leakage or malfunction.

llowable stress values tabulated for temperatures over 1,000°F apply only if the material is heat treated by heating to a nji

ance
For

be

> in.

area,
Hard-

here

ica-

Thesg

allowable stress values apply to bolting materials 8 in. in diameter and smaller.

Welding or brazing of this material is not permitted.
These allowable stress values apply to bolting materials Y in. in diameter and smaller.

Temp

ered to HR50.

These allowable stress values apply to bolting materials greater than Y in. but not larger than 1 in. in diameter.
These allowable stress values apply to bolting materials greater than 1 in. but not larger than 2 in. in diameter.
These allowable stress values apply to bolting materials greater than 2 in. but not larger than 3 in. in diameter.
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MANDATORY APPENDIX B
THERMAL EXPANSION DATA

Begins on next page.
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Table B-1 Thermal Expansion Data (Cont’d)

NOTES:
(1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.

(2) Group 1 alloys (by nominal composition):

Carbon steels 2Y,Cr-1Mo
(C, C-Si, C-Mn, and C-Mn-Si) 3Cr-1Mo

c-Y,Mo YoNi-YoMo-V

Y4Cr=YsMo-V YoNi-Y4Cr=Y,Mo-V

Y,Cr-Y,Mo-Si 3/ Ni-Y4Mo-Cr-V

Y,Cr=%Mo 3 Ni-YsMo-14Cr-V.

YoerYNi-Y,Mo 3/.Ni-Y4Cu-Mo

¥, CrY4Ni—Cu % Ni-YCr-Y,Mo-V

3.3/, Ni-Cu-Al 3/ Ni—1Mo->/,Cr

1Cr{%Mo 1Ni-Y5Cr-YMo

1Cr4%%Mo-Si 1Y, Ni-1Cr-%Mo

1Cr%Mo 13/,Ni-3/,Cr-Y,Mo

1Cr4%Mo-V 2Ni-%,Cr-Y,Mo

1Y,4r-%Mo 2Ni-,Cr-Y4Mo

1Y,qr-Y,Mo-Si 2Y4Ni

1%,4r-YMo-Cu 3YNi

2Cr%;Mo 3YNi-1%/,Cr-YMo-V
(3) Group ? alloys (by nominal composition):

Mn—V

Mn—Y,Mo

Mn—,Mo

Mn—,Mo-Y,Ni
Mn—,Mo-Y4Ni
Mn—,Mo->/,Ni
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Table B-1 (SI) begins on the next page.
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Table B-1 (SI) Thermal Expansion Data

A = Mean Coefficient of Thermal Expansion, 10"*mm/mm/°C . X .
B — Linear Thermal Expansion, mm/m } in Going From 20°C to Indicated Temperature [Note (1)]
Coef- Temperature Range 20°C to

Material ficient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275
Group 1 carbon and low alloy A 9.9 10.7 11.1 115 11.8 11.9 121 12.3 124 12.6 12.7 12.9 13.0 13.2
steels [Note (2)] B -2.2 -13 -08 O 0.4 07 10 13 16 20 23 26 3.0 3.4
Group 2 loy alloy steels [Note (3)] A 10.8 11.7 12.0 12.6 12.8 13.0 13.1 13.2 13.4 13.5 13.6 13.7 13.8] 13.9
B -2.4 -14 -08 O 0.4 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.6
5Cr—1Mo sfeels A 10.1 10.8 11.2 11.5 11.8 12.0 12.1 12.3 12.4 12.5 12.6 12.6,12.7| 12.8
B -2.2 -13 -08 O 04 0.7 10 13 16 19 23 2.6 29| 33
9Cr-1Mo sfeels A 9.0 9.8 10.1 10.5 10.6 10.7 109 11.0 11.1 11.2 118 11.4 11.5| 11.6
B -20 -12 -0.7 O 03 06 09 1.2 1.4 1720 23 26| 3.0

Straight chfomium stainless steels
12Cr to 13Cr steels A 9.1 9.9 10.2 10.6 10.9 11.0 11.1 113 11%4H11.4 11.5 11.6 11.6| 11.7
B -20 -12 -0.7 O 03 06 09 1.2, \¥'s 1.8 21 24 27| 3.0
15Cr to 17Cr steels A 8.1 8.8 91 9.6 9.7 99 10.0 A0.* 10.2 10.3 10.4 10.5 10.6| 10.7
B -1.8 -1.1 -06 O 0.3 0.5 0.8 1.1 1.3 1.6 1.9 2.2 2.4 2.7
27Cr stegls A 7.7 8.5 8.7 9.0 9.2 9.2 %3 9.4 9.4 95 9.5 9.6 9.6 9.7
B -1.7 -1.0 -06 O 0.3 0.5 0.7 1.0 1.2 1.5 1.7 2.0 2.2 2.5
Austenitic stainless steels (304, A 13.5 14.3 14.7 15.3 15.6.15.9 16.2 16.4 16.6 16.8 17.0 17.2 17.4| 17.5
(305, 31p, 317, 321, 347, 348 B -3.0 -1.7 -1.0 O 0%y 09 13 17 22 26 3.1 35 4.0 4.5

19-9DL ¥YM-15, etc.)

Other austg¢nitic stainless steels A 12.8 13.6 14.1 114y 15.0 15.2 15.4 15.6 15.7 159 16.0 16.1 16.3| 16.4
(309, 31p, 315, XM-19, etc.) B -2.8 -1.6 -1.0()0 0.4 08 12 16 20 25 29 33 3.7 4.2
Gray cast ifon A o . A 9.8 10.1 10.2 10.4 10.5 10.7 10.8 11.0 11.1 11.2| 11.4
B - Ve c. 0 0.3 0.6 0.8 1.1 1.4 1.7 2.0 2.3 2.6 2.9
Ductile casf iron A A 8.8 9.5 10.3 10.5 10.7 109 11.1 11.3 11.6 11.8 12.0 12.2| 12.4
B -1.1 -0.7 O 03 06 09 1.2 15 18 21 25 28| 31
Monel (67Ni-30Cu) N04400 A 10.4 12.2 13.0 13.8 14.1 14.4 14.6 14.8 15.0 15.1 15.3 15.4 15.5| 15.6
B -23 -15 -09 O 0.4 08 12 16 19 23 28 3.2 3.6| 4.0
Nickel alloys N02200 and N02201 A 9.6 10.8 11.4 11.9 12.4 12.7 13.0 13.3 13.5 13.7 13.9 14.0 14.2| 14.3
B -2.2 -14 -08 O 0.4 0.7 1.0 1.4 1.8 2.1 2.5 2.9 3.3 3.6
Nickel alloy N06022 A Ce . oo 124 124 12,4 124 12,4 124 124 124 125 12.5| 12.6
B 0 04 07 10 13 16 19 22 26 29| 3.2
Nickel alloy N06600 A 9.9 10.8 11.5 12.3 12,5 12.7 12.8 13.0 13.2 13.3 13.5 13.6 13.7| 13.8
B -2.2 -13 -0.8 O 0.4 07 10 14 17 21 24 28 3.2 3.5
Nickel alloy-No6625 A 10— 24— 26— 12— 2 9—13-0—133+—432—132—4+32 133
B 0 0.4 0.7 1.0 1.4 1.7 2.0 2.4 2.7 3.0 3.4
Nickel alloys NO8800 and N08810 A 10.6 12.5 13.3 14.2 14.6 149 15.1 15.3 15.5 15.6 15.8 159 16.0 16.1
B -23 -15 -09 O 04 08 12 16 2.0 24 28 33 3.7 44
Nickel alloy NO8825 A 12.9 13.5 13.6 13.7 13.9 14.0 14.2 14.3 14.4 14.4 145 14.6
B -09 O 0.4 08 11 15 18 22 26 3.0 33 37
Nickel alloy N10276 A ce AN ... 10.8 11.0 11.2 11.4 11.6 11.7 11.9 12.0 12.2 12.4 12,5
B Ce Ce c. 0 0.3 0.6 0.9 1.2 1.5 1.8 2.2 2.5 2.8 3.2
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Table B-1 (SI) Thermal Expansion Data

A=
B =

Mean Coefficient of Thermal Expansion, 10"°mm/mm

°C
Linear Thermal Expansion, mm/m / } in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

300

350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775

800

13.3
3.7

14.0
3.9

12.8
3.6

11.7
3.3

11.7
3.3

10.8
3.0

9.7
2.7

17.7
4.9

16.5
4.6

11.5
3.2

12.5
3.5

15.7
4.4

14.4
4.0

12.6
3.5

14.0
3.9

13.3
3.7

16.2
4.5

14.7
4.1

12.6
3.5

13.4
4.1

13.6 13.7 13.8 14.0 14.1 14.2 14.4 145 14.6 14.7 148 149 150 151 151 152 153 153
45 49 53 57 61 65 69 73 77 82 86 90 94 99 103 107 11.1 11.6

14.1
4.3

12.9
3.9

11.8
3.6

11.8
3.6

10.8
3.3

9.8
3.0

17.8
5.4

16.6
5.0

11.7
3.6

12.6
3.9

15.8
4.8

14.5
4.4

12.7
3.9

14.1
4.3

14.2 143 14.4 145 14.6 14.6 14.7 14.8 14.8 14.9 15.0 15.0 15.1 151 152 152 153 [153
47 51 55 59 63 67 71 75 79 83 87 91 95 99 103 107 111.10]111

13.0 13.0 13.1 13.2 13.2 13.3 13.4 13.4 13.5 13.6 13.6 13.7 13.7 13.8 13.9 13.9|,14.0 [14.0
43 46 50 53 57 61 64 68 72 75 79 83 87 90 94 /98 10.2 |10.6

11.9 119 12.0 121 12.2 123 123 124 125 12.6 12.7 127 128 129 13.0) 13.1 13.3 |13.4
39 42 46 49 52 56 59 63 66 70 73 77 81 85 %89 93 9.7 [10.1

11.8 119 119 12.0 12.0 12.1 12.1 12.2 12.2 123 123 12.4 1247125 12,5 12,5 125 [12.6
39 42 45 49 52 55 58 62 65 68 72 75,78 82 85 88 92095

109 11.0 11.0 11.1 11.2 11.2 113 113 11.4 11.4 115 11,5+115 11.6 11.6 11.7 11.7 [11.8
3.6 39 42 45 48 51 54 57 60 63 66,0 73 76 79 82 86 |89

9.9 99 10.0 10.0 10.1 10.2 10.2 10.3 10.4 10.4 10.5 10.5 10.6 10.6 10.7 10.7 10.8 [10.8
33 35 38 41 43 46 49 52 55 58.N\61 64 67 70 72 76 7.9 |82

17.9 18.0 181 18.2 18.3 18.4 18.4 185 18.6. 187 18.8 189 19.0 19.1 19.2 19.3 19.4 |19.4
59 64 69 74 79 83 89 94 99104 109 11.4 12.0 12.5 13.1 13.6 14.1 |14.7

16.6 16.7 16.8 16.9 17.0 17.1 17.2 172 173 17.4 175 17.6 17.7 178 179 18.0 18.1 |18.2
55 59 64 68 73 78 82%\87 92 97 102 10.6 11.1 11.7 12.2 12.7 13.2 |13.7

11.8 12.0 12.1 123 12.4 12.6 127 12.9 13.0
3.9 42 46 50 53 57 N6l 65 6.9

12.8 12,9 13.0 13.1 13.2%\13722 13.3 13.4 135
42 46 49 53 S9N 60 6.4 68 7.2

15.9 16.0 16.0 16.1%16.1 16.2 16.2 163 16.3 16.4 16.4 16.5 16,5 16.5 16.6 16.6 16.7 |16.7
52 57 61 _%65 69 74 78 82 86 91 95 10.0 10.4 10.8 11.3 11.7 12.2 |12.6

14.6 147 148) 149 15.0 151 15.2 153 15.4 15.5 15.6 15.6 157 158 159 159 16.0 (16.1
48 5256 60 65 69 73 77 82 86 9.0 95 99 103 108 11.2 11.7 |12.2

12.8 12.9° 13.0 13.2 13.3 13.5 13.6 13.8 13.9 14.1 143 14.4 14.6 148 149 151 152 [15.4
4246 50 53 57 61 65 70 74 78 83 87 92 97 101 10.6 11.1 [11.6

142 143 14.4 145 14.6 14.7 148 149 150 15.1 15.2 153 154 156 157 15.8 15.9 |16.1
47 51 55 59 63 67 71 75 79 84 88 93 97 102 107 11.1 11.6 (121

133
4.1

16.3
5.0

14.8
4.5

12.8
3.9

34 135 135 136 13.7 13.83 140 14T 142 143 145 146 1438 149 15.0 1I5.I 153 154
44 48 51 55 59 63 67 71 75 80 84 88 93 9.8 102 107 11.2 116

16.4 16.5 16.5 16.6 16.7 16.8 16.8 169 17.0 17.1 17.2 17.2 173 17.4 175 17.6 17.7 17.8
54 58 63 67 72 76 81 85 9.0 95 99 104 109 11.4 11.9 12.4 129 134

149 150 151 15.1 152 153 15.4 15.5 15.6
49 53 57 61 65 70 74 78 83

129 13.0 13.1 13.2 13.3 13.4 13.5 13.6 13.7 13.8 13.9 14.0 14.1 14.2 143 143 14.4 145
43 46 50 54 57 61 65 69 73 77 81 85 89 93 97 101 10.5 109
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15.4
12.0

15.3
11.5

14.1
11.0

13.6
10.6

12.6
9.8

11.9
9.3

10.9
8.5

19.4
15.2

18.3
14.3

16.8
13.1

16.2
12.6

15.6
12.1

16.2
12.6

15.6
12.1

17.9
14.0

14.6
11.4
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Table B-1 (SI) Thermal Expansion Data (Cont’d)

A = Mean Coefficient of Thermal Expansion, 10"*mm/mm/°C . X .
B — Linear Thermal Expansion, mm/m } in Going From 20°C to Indicated Temperature [Note (1)]
Coef- Temperature Range 20°C to
Material ficient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275
Copper alloys C1XXXX series A 13.9 157 16.2 16.7 17.0 17.2 173 17.4 17.5 17.6 17.7 178 17.8 17.9
B -3.1 -19 -11 0 05 09 14 18 23 27 32 3.6 41 4.6
Bronze alldys A 15.1 15.8 16.4 17.2 17.6 17.9 18.0 18.2 18.2 18.3 18.4 18.5 18.5| 18.6
B -33 -19 -11 0 05 10 14 19 24 28 33 3.8 N&3| 4.7
Brass alloyp A 14.7 15.4 16.0 16.7 17.1 17.4 17.6 17.8 18.0 18.2 18.4 ,18.¢/ 18.8] 19.0
B -3.2 -19 -11 O 0.5 1.0 14 19 23 28 33 3.8 43| 4.8
Copper—nigkel (70Cu—30Ni) A 11.9 13.4 14.0 14.5 149 15.2 15.3 15.5 15.7 158160 16.1 16.3| 16.4
B -26 -16 -1.0 0 0.4 08 12 16 20 25 VY29 33 3.7| 4.2
Aluminum hlloys A 18.0 19.7 20.8 21.7 22.6 23.1 23.4 23.7 2309.8\24.2 24.4 24.7 25.0| 25.2
B -4.0 =24 -15 0 0.7 13 19 25 31 3.7 4.4 51 5.7 6.4
Titanium alloys (Grades 1, 2, 3, 7, A 82 83 84 85 85 ,86) 86 86 87 87 87| 88
and 12) B -0.6 O 03 0.5 0.7.%09 1.1 1.3 1.6 1.8 20| 22
NOTES:
(1) These glata are for information and it is not to be implied that materials are suitable'for all the temperature ranges shown.

(2) Group [ alloys (by nominal composition):
Carljon steels 2Y,.Cr-1Mo
(d, C-Si, C-Mn, and C-Mn-Si) 3Cr-1Mo
c-YUMo Y4Ni-Y4,Mo-V
YoC-YMo-V YoNi=Y4Cr=Y,Mo=V.
Y45C-Y,Mo-Si 3. Ni-Y,Mo-Crev
sC-Y5Mo 3/ Ni-Y4Mor-Y4€r-V
YCl-Y5Ni-Y,Mo 3/, Ni-%eu=Mo
3. Cl-Y,Ni—Cu 3/ Ni=V5Cr-Y4Mo-V
3, Cl-Ni-Cu-Al 3 Ni=tMo-/,Cr
1Cr+Y%4Mo 1Ni=Y,Cr-4Mo
1Cr4%%Mo-Si 1Y Ni-1Cr-Y4Mo
1Cri4Mo 1%/,Ni-%/,Cr-Y,Mo
1Cr1Y4Mo-V 2Ni-%/,Cr-Y,Mo
1Y,¢r-%Mo 2Ni-%,Cr-Y4Mo
1Y, ¢r-YMo-Si 2Y4Ni
1%,¢r-YMo—Cu 3Y4Ni
2CrY4Mo 3Y,Ni-1%,Cr-YMo-V
(3) Group P alloys (by nominal composition):
Mn—V
Mn4Y,Mo
Mn4%Mo
Mnd%,Mo=V;Ni
MndYoMo=Y5,Ni
Mn—>/,Mo—7/,Ni
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Table B-1 (SI) Thermal Expansion Data (Cont’d)

A = Mean Coefficient of Thermal Expansion, 10"*mm/mm/°C . . X
B = Linear Thermal Expansion, mm/m } in Going From 20°C to Indicated Temperature [Note (1)]
Temperature Range 20°C to
300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800
18.0 18.0
5.0 5.5
18.7 118.8 18.9 19.0 19.0 19.1 19.2 19.3 19.4 19.4 19.5 19.6 19.7 19.7 19.8
52| 57 62 67 72 77 83 88 93 98 103 109 11.4 119 125
19.2 119.3 19.5 19.6 19.8 20.1 20.3 20.5 20.7 20.8 21.0 21.2 21.4 21.6 21.8
5.4 59 6.4 7.0 7.5 8.2 8.7 9.3 9.9 10.5 11.1 11.8 12.4 13.1 13.7
16.5 |16.5 16.6 16.6 16.7
46 50 55 59 6.3
25.5 | 25.6
7.1 7.8
88| 88 89 89 9.0 9.2
25| 27 29 32 34 37
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MANDATORY APPENDIX C

MODULI OF ELASTICITY

Table C-1

Moduli of Elasticity for Ferrous Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Material -100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300%1,400 |1,500
Carbon ste¢ls with carbon content 30.3 29.4 28.8 28.3 27.4 27.3 26.5 25.5 24.2 22.5 20.4 18.0
0.30% of less
Carbon steg¢ls with carbon content 30.1 29.2 28.6 28.1 27.7 27.1 26.4 25.3 24.0 22.3 20.2 179.V15.4
above 0.B0%
Carbon-molybdenum steels 30.0 29.0 28.5 28.0 27.6 27.0 26.3 25.3 23.9 22.2 20.1' 17.8 15.3
Nickel steels 28.6 27.8 27.1 26.7 26.2 25.7 25.1 24.6 23.9 232 22.4 21.5 20.4 19.2 17.7
Chromium gteels:
14Cr through 2Cr 30.5 29.6 29.0 28.5 28.0 27.4 26.9 26.2 .25:6 24.8 23.9 23.0 21.8 20.5 18.9
21/4Crthr0ugh 3Cr 31.4 30.6 29.9 29.4 28.8 28.3 27.7 27.0N26.3 25.6 24.7 23.7 225 21.1 19.4
5Cr throygh 9Cr 31.9 31.0 30.3 29.7 29.2 28.6 28.1.2%5 26.9 26.2 25.4 24.4 233 22.0 20.5
Austenitic dtainless steels:
Type 304}, 18Cr-8Ni 29.2 28.3 27.5 27.0 26.4 25.9¥25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 |18.1
Type 310, 25Cr—20Ni 29.2 28.3 27.5 27.0 26.4 2519 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 |18.1
Type 316, 16Cr-12Ni-2Mo 29.2 28.3 27.5 27.0 26.4°25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 |18.1
Type 321}, 18Cr—10Ni-Ti 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 |18.1
Type 347}, 18Cr-10Ni-Cb 29.2 28.3 27.5 27:026.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 |18.1
Type 309, 23Cr-12Ni 29.2 28.3 27.5 27.0°26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 |18.1
Straight chjomium stainless steels
(12Cr, 174Cr, 27Cn) 30.2 29.2 28.4 27.9 27.3 26.8 26.2 25.5 24.5 23.2 21.5 19.2 16.5
Gray cast irpn 13.4 13.2 12,9 12.6 12.2 11.7 11.0 10.2
NOTE:
(1) These data are for information 'afd it is not to be implied that materials are suitable for all the temperature ranges shown.
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Table C-1 (SI) Moduli of Elasticity for Ferrous Material

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by, 10%) [Note (1)]

Temperature, °C

Material -75 25 100 150 200 250 300 350 400 450 500%.'550 600 650 700| 750 800
Carbon steels with carbon content 209 202 198 195 192 189 185 179 171 162151 137 122 107
0.30% or less
Carbop steels with carbon content 207 201 197 194 191 188 183 178 170, 161 149 136 121 106
abope 0.30%
Carbop—molybdenum steels 207 200 196 193 190 187 183 ¥ 170 160 149 135 121 106
Nickel| steels 197 191 187 184 181 178 174 171 167 163 158 153 147 141 133
Chromnfium steels:
14Ct through 2Cr 210 204 200 197 193 (A90 186 183 179 174 169 164 157 150 142
21/4 Cr through 3Cr 217 210 206 202 199%196 192 188 184 180 175 169 162 155 146
5Cr[through 9Cr 220 213 208 205 (201 198 195 191 187 183 179 174 168 161 153
Austenitic stainless steels:
Typ¢ 304, 18Cr-8Ni 201 195 189\*86 183 179 176 172 169 165 160 156 151 146 140| 134 127
Typ¢ 310, 25Cr—20Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140| 134 127
Typ¢ 316, 16Cr-12Ni-2Mo 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140| 134 127
Typ¢ 321, 18Cr-10Ni-Ti 201 ~195 189 186 183 179 176 172 169 165 160 156 151 146 140| 134 127
Typ¢ 347, 18Cr—10Ni-Cb 204 195 189 186 183 179 176 172 169 165 160 156 151 146 140| 134 127
Typ¢ 309. 23Cr-12Ni 209 195 189 186 183 179 176 172 169 165 160 156 151 146 140| 134 127
Straight chromium stainless steels
(12¢r, 17Cr, 27Cr) 208 201 195 192 189 186 182 178 173 166 157 145 131
Gray dast iron 92 91 89 87 85 82 78 73 67
NOTE:
(1) THese datavare’for information and it is not to be implied that materials are suitable for all the temperature ranges shown.
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Table C-2 Moduli of Elasticity for Nonferrous Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Materials -100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200

High Nickel Alloys

N02200 (200) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N02201 (201) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N04400 (400) 26.8 26.0 25.5 25.1 24.7 24.3 23.9 23.6 23.1 22.7 22.2 21.7 21.2
N06002 (X) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 24.9 24.3 23.8 23.2
N06007 (G 28.6 27.8 27.2 26.8 26.4 26.0 25.6 25.2 24.7 24.3 23.8 23.2 22.6
N06022 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 24.9 24.3 23.8 23.2
N06455 (C-4) 30.7 29.8 29.2 28.7 28.3 27.9 27.4 27.0 26.5 26.0 255 24.9 24.3
N06600 (640) 31.9 31.0 30.3 29.9 29.4 29.0 28.6 28.1 27.6 27.1 265 25.9 25.3
N06617 (617) . 29.2 28.4 28.0 27.7 27.4 27.0 26.5 26.0 25.5 24.9 24.3 23.8
N06625 (625) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N08020 28.8 28.0 27.4 27.0 26.6 26.2 25.8 25.4 24.9 204 23.9 23.4 22.8
N08320 (20 Mod) 28.6 27.8 27.1 26.7 26.4 26.0 25.7 25.3 24.7 24.2 23.6 23.2 22.7
N08800 (890) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25:4 24.9 24.4 23.8 23.2
N08810 (800H) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 2574 24.9 24.4 23.8 23.2
N08825 28.8 28.0 27.4 27.0 26.6 26.2 25.8 25.4 24.9 24.4 23.9 23.4 22.8
N10001 (B 32.0 31.1 30.4 30.0 29.5 29.1 28.7 2802 27.7 27.2 26.6 26.0 25.3
N10276 (CR76) 30.7 29.8 29.2 28.7 28.3 27.9 27.4 27.0 26.5 26.0 25.5 24.9 24.3
N10665 (B{2) 32.3 31.4 30.7 30.2 29.8 29.3 28.9 28.4 27.9 27.4 26.8 26.2 25.6
Aluminum @nd Aluminum Alloys

A24430 (B443) 10.5 10.0 9.6 9.2 8.7 8+l

A91060 (1960) 10.5 10.0 9.6 9.2 8.7 8.1

A91100 (1100) 10.5 10.0 9.6 9.2 8.7 8.1

A93003 (3003) 10.5 10.0 9.6 9.2 8.7 8.1

A93004 (3004) 10.5 10.0 9.6 9.2 8.7 8.1

A96061 (6061) 10.5 10.0 9.6 9.2 8.7 8.1

A96063 (6063) 10.5 10.0 9.6 9.2 8.7 8.1

A95052 (5052) 10.7 10.2 9.7 9.4 8.9 8.3

A95154 (5154) 10.7 10.2 9.7 9.4 8.9 8.3

A95454 (5454) 10.7 10.2 9.7. 9.4 8.9 8.3

A95652 (5452) 10.7 10.2 97 9.4 8.9 8.3

A03560 (316) 10.8 10.3 9.8 9.5 9.0 8.3

A95083 (5(83) 10.8 10.3 9.8 9.5 9.0 8.3

A95086 (5(486) 10.8 10.3 9.8 9.5 9.0 8.3

A95456 (5456) 10.8 10.3 9.8 9.5 9.0 8.3

Copper and Copper Alloys

C83600 14.4 14.0 13.7 13.4 13.2 12.9 12.5 12.0

€92200 14.4 14.0 13.7 13.4 13.2 12.9 12.5 12.0

C46400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8

C65500 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8

€95200 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8

€95400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8

C10200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5

C11000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5

C12000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5

C12200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5

C12500 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5

C14200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5

C23000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5

C61400 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
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Table C-2 Moduli of Elasticity for Nonferrous Material (Cont’d)
E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]
Temperature, °F
Materials -100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200
Copper and Copper Alloys (Cont’d)
C70600 18.5 18.0 17.6 17.3 16.9 16.5 16.0 15.4
€97600 19.6 19.0 18.5 18.2 17.9 17.5 16.9 16.2
C7104o 20.6 20.0 19.5 19.2 18.8 18.4 17.8 17.1
C7154d0 22.6 22.0 21.5 21.1 20.7 20.2 19.6 18.8
Unalldyed Titanium
Grade} 1, 2, 3,
7, and 12 15.5 15.0 14.6 14.0 13.3 12.6 11.9 11.2
NOTES:
(1) THese data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.

2) Fg
E

r NO8800 and N08810, use the following E values above 1,200°F: at 1,300°F, £ = 22.7; at ¥400°F, E = 21.9; at 1,500°f,

= 21.2 x 10° psi.
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Table C-2 (SI) Moduli of Elasticity for Nonferrous Material

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 10°) [Note (1)]
Temperature, °C
Materials -75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

High Nickel Alloys

N02200 (200) 213 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N02201 (201) 213 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N04400 (400) 185 179 175 173 171 168 166 163 161 158 155 152 149 146 142 139 135
N06002 (X) 202 196 192 189 187 184 182 179 176 173 170 167 163 160 156\ Y152| 148
N06007 (G 197 191 187 185 182 180 177 175 172 169 166 163 160 156 152, 148| 144
N06022 212 206 201 199 196 193 191 188 185 182 179 175 172 168 164 160| 155
N06455 (C-H4) 212 205 201 198 195 193 190 187 184 181 178 175 171 167\ 163 159| 155
N06600 (640) 220 213 209 206 203 201 198 195 192 189 186 182 178 sAr4 170 165| 161
N06617 (617) ... 201 196 193 191 189 187 184 181 178 174 171 167, 164 160 156| 152
N06625 (625) 213 207 202 199 197 194 191 189 186 183 180 176 172/ 169 164 160| 156
N08020 199 193 189 186 184 181 179 176 173 170 167 164-)161 157 153 150| ...
N08320 (2¢ Mod) 198 192 187 185 182 180 177 175 172 169 167 ,163~ 159 156 152 149| 144
N08800 (8(0) 202 196 192 189 187 184 182 179 176 173 170 167 164 160 156 152| 148
N08810 (8Q0H) 202 196 192 189 187 184 182 179 176 173 ¥70 ~167 164 160 156 152| 148
N08825 199 193 189 186 184 181 179 176 173 1701367 164 161 157 153 150

N10001 (B 221 214 209 206 204 201 198 196 193 189 186 182 178 174 170 166]| 161
N10276 (CR76) 212 205 201 198 195 193 190 187 184 181 178 175 171 167 163 159| 155
N10665 (B{2) 223 216 211 208 206 203 200 197 194,191 188 184 180 176 172 168| 163

Aluminum @nd Aluminum Alloys

A24430 (B443) 72 69 66 63 60 57 52 46
A91060 (1060) 72 69 66 63 60 57  52\\'%46
A91100 (1100) 72 69 66 63 60 57 52 46
A93003 (3¢03) 72 69 66 63 60 57 52 46
A93004 (3Q04) 72 69 66 63 60 57N\ 52 46
A96061 (6061) 72 69 66 63 60 -N\577 52 46
A96063 (6063) 72 69 66 63 60 57 52 46
A95052 (5052) 74 70 67 65 62 58 53 47
A95154 (5154) 74 70 67 65 62 58 53 47
A95454 (5454) 74 70 67 (65 62 58 53 47
A95652 (552) 74 70 67~ .65 62 58 53 47
A03560 (336) 75 71 68 65 62 58 54 47
A95083 (5(83) 75 71 68 65 62 58 54 47
A95086 (5(086) 75 74 68 65 62 58 54 47
A95456 (5456) 75 74 68 65 62 58 54 47

Copper and Copper Alloys

(83600 99 96 94 93 91 89 87 84 81
€92200 99 96 94 93 91 89 87 84 81
C46400 106 103 101 99 97 96 93 90 86
C65500 106 103 101 99 97 96 93 90 86
€95200 106 103 101 99 97 96 93 90 86
C95400 106 103 101 99 97 96 93 90 86
C10200 121 117 114 112 110 108 106 102 98
C11000 121 117 114 112 110 108 106 102 98
C12000 121 117 114 112 110 108 106 102 98
C12200 121 117 114 112 110 108 106 102 98
C12500 121 117 114 112 110 108 106 102 98
C14200 121 117 114 112 110 108 106 102 98
C23000 121 117 114 112 110 108 106 102 98
€61400 121 117 114 112 110 108 106 102 98
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Table C-2 (SI) Moduli of Elasticity for Nonferrous Material (Cont’d)

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °C

Materials =75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Copper and Copper Alloys (Cont’d)
C70600 127 124 121 119 117
€97600 135 131 128 126 123
C7104o 142 138 134 132 130
C715q0 156 152 148 145 143
Unalldyed Titanium
Grade} 1, 2, 3,

7, and 12 107 103 101 97 93 88 84 80 75 71
NOTE:
(1) THese data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.
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ASME B31.1-2016

FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table D-1 Flexibility and Stress Intensification Factors

Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Déscription h k i Sketch
i th
r
Welding eljow or pipe bend t,R 1.65 0.9 C
INotes (1), 2), 3), @), (5)] = “h h Rl
Closely spaked miter bend
[Notes (1, (2), 3), (5)]
s<r(1 +tan 6 sty cot 8 1.52 09
B>6t, 22 p5/6 b3
0 < 22Y%|deg
Widely spaged miter bend
[Note(s ), (2),)(5), (6)] t, (1 + cot 6) 1.52 0.9
s>r(1 +tan 6 5, oY)
2r 5/6 2/3
6< 22Y|deg h h
Welding teg¢ per
ASME B1}6.9 [Notes (1), 3.1ty 1 0.9
@, @] r h?
rX
5/2 r -—f
Reinforced [ahricated tee / tr\ oo A t,
Kln - 2} T 7 _L _L'
[Notes (1), (2), (8), 9] h??
167 To L7 T
Pad Saddle
T
Unreinforced fabricated tee t, 1 0.9 T t,
[Notes (1), (2), 9] T Iz
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Description h k i Sketch
Branch welded-on fitting
(integrally reinforced) per 3.3t 1 09
MSS SP-97 [Notes (1), (2)] r h?
vt
Extruded outlet meeting the A
reqliirements of para. t 1 0.9 TN T
10413.1(G) [Notes (1), (2)] r h?? § f
yIn
. . =
Weldefd- t rt _ |t
gt USRI o et
) s r h 2/3 ' —
rX
Flexibility
Factor, Stress Intensification factor,
Description k i Sketch
For checking branch_end
Branch connection Ri\?? (FGNY? (tao\ (1 m .
1 1.5 (— —||— See Fig. D-1
[Nofes (1), (10)] ton Ry, tan) \ 1o
Butt weld [Note (1)]
t>9.237 in., 1 1.0 [Note (11)]
) ax < 1/16 in.,
afd S/t < 0.13 S
Butt weld [Note (1)] " l t
t>9.237 in., 1
5“8)( S 1/8 In? 6
ahd 5avg/t = any value 1.9 max. or [0.9 + 2.7(5avg/t)], T
but not less than 1.0
Butt weld [Note (1)] [Note (11)]
t<9.237 in., 1
5nax < 1/16 inu
afd ,g/t <,0:33
. See Figs. 127.4.4(A), 127.4.4(B), and
Fillet welds 1 1.3 [Note (12)] 127.4.4(0)
tn
Tapered transition per para. 1.9 max. or l P
127.4.2(B) and 1 —j'
D 5 - .
tn tn
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Flexibility Stress Intensification Factor,
Description Factor, k i Sketch

Concentric reducer per
ASME B16.9 1
[Notes (1), (13)]

2.0 max. or

0 5+0-01«

Threaded pjpe joint or
threaded|flange

Corrugated [straight pipe, or
corrugatgd or creased bend 5 2.5
[Note (14)]

GENERAL NPTE: The validity of the stress intensification and flexibility factor data in Table D-1 has heen_demonstrated for D,/t, < 100.

NOTES:

6y

@

©)
)
)

(©)
@
®
©)

The fgllowing nomenclature applies to Table D-1:

B |= length of miter segment at crotch, in. (mm)
D, |= outside diameter, in. (mm)
D,» |= outside diameter of branch, in. (mm)
D, |= outside diameter of reducer on large end, in. (mm)
D, |= outside diameter of reducer on small end, in. (mm)
R [= bend radius of elbow or pipe bend, in. (mm)
r|= mean radius of pipe, in. (mm) (matching pipe for tees)
e |= external crotch radius of welded-in contour inserts and welding\tees, in. (mm)
s |= miter spacing at centerline, in. (mm)
T. = crotch thickness of welded-in contour inserts and welding’tees, in. (mm)
t, [= nominal wall thickness of pipe, in. (mm) (matching pipe for tees)
t.|= reinforcement pad or saddle thickness, in. (mm)
a |= reducer cone angle, deg
8|= mismatch, in. (mm)
0 |= one-half angle between adjacent miter axes;.deg

The flexibility factors k and stress intensification factors i in Table D-1 apply to bending in any plane for fittings and shall in no| case
be taken less than unity. Both factors apply over the effective arc length (shown by heavy centerlines in the sketches) for curved and
miter|elbows, and to the intersection point.foritees. The values of k and i can be read directly from Chart D-1 by entering with the
charafteristic h computed from the formulas given.
Where¢ flanges are attached to one or beth ends, the values of k and i in Table D-1 shall be multiplied by the factor ¢ given belpw,
whicH can be read directly from CHart)D-2, entering with the computed h: one end flanged, ¢ = h'/®; both ends flanged, ¢ = H'/°.
The designer is cautioned that.cast butt welding elbows may have considerably heavier walls than those of the pipe with whicH they
are uged. Large errors may be.introduced unless the effect of these greater thicknesses is considered.
In large diameter thin-wallfelbows and bends, pressure can significantly affect magnitudes of k and i. Values from the Table mgy be

corredted by dividing k.Jby
7/3 1/3
tsfg)) ()
E ) \t, r

5/2 2/3
14325 (2} [1] (R
E. ) \t, r
Also includes single miter joints.

If r, > Dop/8 and T, > 1.5t,, a flexibility characteristic, h, of 4.4t,/r may be used.

When ¢, > 1.5t,, h = 4.05¢, /r.

The stress intensification factors in the Table were obtained from tests on full size outlet connections. For less than full size outlets,
the full size values should be used until more applicable values are developed.

and dividing / by
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)
NOTES (Cont’d):
(10) The equation applies only if the following conditions are met:

(@) The reinforcement area requirements of para. 104.3 are met.

(b) The axis of the branch pipe is normal to the surface of run pipe wall.

(¢) For branch connections in a pipe, the arc distance measured between the centers of adjacent branches along the surface of the
run pipe is not less than three times the sum of their inside radii in the longitudinal direction or is not less than two times the sum
of their radii along the circumference of the run pipe.

(d) The inside corner radius r; (see Fig. D-1) is between 10% and 50% of t,,.
(e) The outer radius r, (see Fig. D-1) is not less than the larger of T, /2, (T, + y)/2 [shown in Fig. D-1 sketch (c)], or t,, /2.
(f) The outer radius r3 (see Fig. D-1) is not less than the larger of:

(1) 0.0026d,;

(2) 2(sin 6)° times the offset for the configurations shown in Fig. D-1 sketches (a) and (b).
@) Ry /tyy <50 andr’y, /Ry, <0.5.
(11) The stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are between .875¢ and
.10t for an axial distance of /D_,,t D, and t are nominal outside diameter and nominal wall thickness, respéctively. &, i the aver-
hge mismatch or offset.
(12) Ffor welds to socket welded fittings, the stress intensification factor is based on the assumption thét,the pipe and fitting afe matched
n accordance with ASME B16.11 and a full weld is made between the pipe and fitting as shown ‘in,Fig. 127.4.4(C). For wdlds to
ocket welding flanges, the stress intensification factor is based on the weld geometry showiiin Fig. 127.4.4(B) and has Heen shown
o envelop the results of the pipe to socket welded fitting tests. Blending the toe of the fillét-weld, with no undercut, smopthly into

he pipe wall, as shown in the concave fillet welds in Fig. 127.4.4(A) sketches (b) and (d), has been shown to improve th¢ fatigue
berformance of the weld.

(13) The equation applies only if the following conditions are met:

(a) Cone angle a does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D;/t; and D,/t, does not exceed 100.

(¢) The wall thickness is not less than t; throughout the body of the reducer, except in and immediately adjacent to thq cylindrical
bortion on the small end, where the thickness shall not be less than t
(14) Factors shown apply to bending; flexibility factor for torsion equals 0:9-
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Fig. D-1 Branch Connection Dimensions

—| T, ’., — T ’.,
Branch pipe
— le— thp ‘ <~ 1
Dy, ‘ r3 D, 3
6,= 45 deg ,
" I'm / ]
Im ) //— Branch ~ 6= 90 deg
. Offset . W Offset
L, L
p p
ry r
<L |
r r
%\1 | ’""T’“ % N T
R Rm
(a) (b)
Tb= tnb+0667y
s ’_, top Branch | —tp=T,
Branch pipe
Dy "3
Dy
r;n o 8
6, = 45 deg I
\% / Branch
/— £ ,
[ B
4 ry
2 r N
8 l T
- t
C R e i
[y R f
R, R
m
(c) (d)
Dy="outside diameter of branch pipe, in. (mm) ry, ry, r3= transition radii of branch
— 1 =teightof mozzte; it refnforcement, . (mmy)
R,,= mean radius of run pipe, in. (mm) rp,= outside radius of branch
T, = effective thickness of branch reinforcement, in. (mm)
reinforcement, in. (mm) t,,= nominal thickness of branch pipes, in. (mm)
ri= inside radius of branch, in. (mm) t,,= nominal thickness of run pipe, in. (mm)
r'm= mean radius of branch pipe, in. (mm) 0,= transition angle of branch
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Chart D-1 Flexibility Factor, k, and Stress Intensification Factor, i

100

Stress Intensification Factor, i, and Flexibility Factor, k

70 —
60 —
50

40 |-

30

20 —

15—

o Flexibility factor for elbows

k=1.65/h

10 Flexibility factor for miters

9 k= 1.52/h56

8 —

7 —

6 —

5+ Stress intensification factor
i=0.9/h?"

4 —

3 —

2 -

1 | | | | | | | | | | | | | |

0.01 0.03 0.04 0.05 0.06 0.08 0.10 0.14 0.2 0.3 04 05 0.6 08 1.0 1.4

Characteristic, h
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Chart D-2 Correction Factor, ¢

1.00 —
0.90 —
0.80 —

One end flanged ¢ = h'/6

0.70 —
0.60 —

Both ends flanged ¢ = h'/3

0.25 | | | | | | | | | | | | |
0.01 0.03 0.04 0.05 0.06 0.08 0.10 0.14 0.20 0.30 0.40.\0:50 0.60 0.80 1

Characteristic, h
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MANDATORY APPENDIX F (16
REFERENCED STANDARDS

Specific editions of standards incorporated in this Code by reference are shown in this issue of Mandatory Appendix F. It is not practical
to refer to a specific edition of each standard throughout the Code text, but instead, the specific edition reference dates are shown here.
Mandatory Appendix F will be revised at intervals as needed and issued. The names and addresses of the sponsoring organizations are

also shown in this issue.

Amerigan National Standard
7223.1-2012

ASCE/ISEI Standard

7-05, f-10

ASTM |[Specifications [Note (1)]

ASTM Specifications [Note (1)]

(Cont’d)

A307-07b
A312/A312M-13b
A320/A320M-07a
A322-07
A333/A333M-05
A335/A335M-06
A336/A336M-07

ASTM Specifications [No
(Cont’d)

A815/A815M-07a
A928/A928M-11
A965/A965M-12
A992/A992M-06a

B26/B26M-05

A36/A36M-05 A350/A350M-04a B32-04
A4L7[AA7M-99 (RO4) A351/A351M-06 B42-02
A48/A48M-03 A354-07 B43-98 (RO4)
A53/A53M-07 A358/A358M-05 B61-02
A369/A369M-06 B62-02
A105/]A105M-05 A376/A376M-06 B68-02
A106/]A106M-10 A377-03 B68M-99 (RO5)
A125-p6 (RO7) A387/A387M-06a B75-02
A126-p4 A389/A389M-03 B88-03
A134-p6 (RO5) A395/A395M-99"(R04) B88M-05
A135/A135M-06
A139/A139M-04 A403/A403M-13a B108-06
A178/A178M-02 A409/A409M-01 (RO5) B111/B111M-04
A179/A179M-90a (RO5) A420/A420M-07 B148-97

A181/A181M-06
A182/A182M-07a

A426/A426M-07
A437/A437M-06

B150/B150M-03
B151/B151M-05

A192/A192M-02 A449-07b B161-05
A193/A193M-07 A450/A450M-04a B163-04
A194/A194M-07a A451/A451M-06 B165-05
A197/A197M-00 (RO6) A453/A453M-04 B166-08

A479/A479M-11 B167-11
A210/A210M-02 B168-08
A213/A213M-07a A515/A515M-03 B171-04

A214/]A214M-96 (RO5)
A216/A216M-07

A516/A516M-06
A530/A530M-04a

B209/B209M-06

te (1)]

A217/217M-07 A564/A564M-04 B210-04
A229/]A229M-99 A575-96 (R02) B210M-05
A234/]A234M-07 A576-90b (R06) B221-06
A240/A240M-11b A587-96 (RO5) B234-04

A242 [A242M-04¢ B234M-04
A249 [K249M=-07 AG71+06 BoAHB2A 0
A254-97 (R0O2) A672-06 B247-02a
A268/A268M-05a A691-98 (R02) B247M-02a
A276-06 B251-02¢
A278/A278M-01 (RO6) A714-99 (RO3) B251M-97 (RO3)
A283/A283M-00 A789/A789M-11 B265-07
A285/A285M-03 A790/A790M-11 B280-03
A299/A299M-04 B283-06
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Referenced Standards (Cont’d)

ASTM Specifications [Note (1)] ASTM Specifications [Note (1)] ASME Codes & Standards
(Cont’d) (Cont’d)
Boiler and Pressure Vessel Code,
B302-07 B804-02 2001 Edition, including
B315-06 B828-02 Addenda
B338-06a B861-06a
B348-06a B862-06b< B1.1-1989
B361-02 B1.13M-2001
B366-04b< ASTM Standard Test Methods B1.20.1-1983 (R2001)
B367-06 (ANSI/ASME B1.20.1)
B381-06a D323-06 B1.20.3-1976 (R1998)
E94-04 (ANSI B1.20.3)
B407-04 E125-85 (RO4) B16.1-2005
B408-06 E186-04 B16.3-1998
B409-06¢ E280-04 B16.4-2005
B423-05 E446-04 B16.5-2003
B424-05 B16.9-2007
B425-99 (RP5) MSS Standard Practices B16.10-2000
B435-06 B16:11-2005
B443-00 (RP5) SP-6-12 B16.14-1991
B444-06 SP-9-13 B16.15-1985 (R1994)
B446-03 (RP8) SP-25-13 (ANSI/ASME B16.15)
B462-06 SP-42-13 B16.18-1984 (R1994)
B463-04 SP-43-13 (ANSI B16.18)
B464-05 SP-45-03 (R08) B16.20-1998
B466/B464M-07 SP-51-12 B16.21-2005
B467-88 (RP3) SP-53-99 (R07) B16.22-2001 (R2005)
B468-04 SP-54-99 (R07) B16.24-2001
B473-07 SP-55-06 B16.25-2003
SP-58-09 B16.26-2011
B546-04 SP-61-13 B16.34-2004
B547/B547M-02 SP-67-11 B16.42-1998
B564-06a SP-68-11 B16.47-1996 (1998a)
B572-06 SP-75-14 B16.48-2005
B574-06¢ SP-79-14 B16.50-2001
B575-06 SP-80-13
B584-06a SP-83-14 B18.2.1-1996 (1999a)
SP-88-10 B18.2.2-1987 (R1999)
B608-07 SP-93-99 (R04) (ASME/ANSI B18.2.2)
B619-06 SP-94-92 B18.2.3.5M-1979 (R2001)
B622-06 SP-95-14 B18.2.3.6M-1979 (R2001)
B625-05 SP-97-12 B18.2.4.6M-1979 (R1998)
B626-06 SP-105-10 B18.21.1-1999
B649-06 SP-106-12 B18.22M-1981
B673-05¢ B18.22.1-1965 (R1998)
B674-05 AWS Specifications
B675-02 B31.3-2002
B676-03 A3.0-01 B31.4-2002
B677-05 D10.10-99 B31.8-1999
B688-96 (RP4) QC1-07 B31Ea-2010
B690-02 (RP7) B31J-2008 (R2013)
B691-95 APT Specifications B3TT-2010
B36.10M-2004
B704-03 5L, 38th Edition, 1990 B36.19M-2004
B705-05 570, 3rd Edition, 2009
B729-05 TDP-1-1998
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Referenced Standards (Cont’d)

AWWA and ANSI/AWWA

National Fire Codes

Standards Standards (Cont’d)
NFPA 85-11
C110/A21.10-98 C300-97 NFPA 1963-09
C111/A21.11-95 C301-99
C115/A21.15-99 C302-95 PFI Standards
C150/A21.50-96 C304-99
C151/A21.51-96 ES-16-08
C153/A21.53-94 C500-93(95a) ES-24-08
C504-94
C200-p7 C509-94 FCI Standard
C207-p4
C208-p6 C600-99 79-1-03
C606-97
GENERAL NOTE: The issue date shown immediately following the hyphen after the number of the standard(¢.g., B1.1-1989, A3p/A36M-05,
SP-6-12) is the effective date of issue (edition) of the standard. B18.2.2-1987 (R1999) designates specificationseaffirmed without chapge in 1999.
NOTE:
(1) For boiler external piping material application, see para. 123.2.2.
Specifications and standards of the following organizations appear in this Appendix:
AISC American Institute of Steel Construction ASTM  AmerieamSociety for Testing and Materials
1 East Wacker Drive, Suite 700 (ASTM International)
Chicago, IL 60601-1802 100"Barr Harbor Drive
Phone: 312 670-2400 RO. Box C700
Fax: 312 670-5403 West Conshohocken, PA 19428-2959
Wwww.aisc.org Phone: 610 832-9585
Fax: 610 832-9555
ANSI | American National Standards Institute www.astm.org
25 West 43rd Street
New York, NY 10036 AWS  American Welding Society
Phone: 212 642-4900 8669 NW 36 Street, No. 130
Fax: 212 398-0023 Miami, FL 33166
WWW.ansi.org Phone: 305 443-9353 or 800 443-9353
WWW.aws.org
API American Petroleum Institute
1220 L Street, NW AWWA  American Water Works Association
Washington, DC 20005-4070 6666 West Quincy Avenue
Phone: 202 682-8000 Denver, CO 80235
www.api.org Phone: 303 794-7711 or 800 926-7337
WwWw.awwa.org
ASCE | American Society of Civil Engineers
1801 Alexander Bell\Brive FCI Fluid Controls Institute, Inc.
Reston, VA 20191-4400 1300 Sumner Avenue
Phone: 800 548-2723 Cleveland, OH 44115-2851
703-295-6300 (International) Phone: 216 241-7333
Fax: 703/295-6222 Fax: 216 241-0105
wwwiasce.org www.fluidcontrolsinstitute.org
ASME| Theé American Society of Mechanical Engineers MSS Manufacturers Standardization Society of

Two Park Avenue

New York, NY 10016-5990
Phone: 800-843-2763
Fax: 973 882-1717, 5155
www.asme.org
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Vienna, VA 22180-4602
Phone: 703 281-6613
www.msshq.org
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Referenced Standards (Cont’d)

National Fire Protection Association PPI Plastics Pipe Institute

1 Batterymarch Park 105 Decker Court, Suite 825
Quincy, MA 02169-7471 Irving, TX 75062

Phone: 617 770-3000 or 800-344-3555 Phone: 469 499-1044

Fax: 617 770-0700 Fax: 469 499-1063
www.nfpa.org www.plasticpipe.org

Pipe Fabrication Institute SE| Structural Engineering Institute of ASCE
USA Office: 511 Avenue of the Americas, #601 1801 Alexander Bell Drive
New York, NY 10011 Reston, VA 20191-4400
Capada Office: 655-32nd Ave., #201 Phone: 800 548-2723
La¢hine, QC H8T 3G6 Fax: 703 295-6361

Phpne: 514 634-3434 or 866 913-3434 www.seinstitute.org

Fax: 514 634-9736
www.pfi-institute.org
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MANDATORY APPENDIX G
NOMENCLATURE

(16)

This-Append —eopHaHooitHhe nomenclatore wsed—wH—h octe—Rehaded—are erm—definitions
and finits that can be uniformly applied. These terms are also defined at a convenient location withincthe Code.
When used elsewhere within the Code, definitions given here shall be understood to apply.

Units Referencés
Symbpl Definition Sl u.s. Paragraph Tablg/Fig./App.
A Corrosion, erosion, and mechanical allowances mm in. 104.1.2(A)[eqs.)(3), 104.3J1(G)
(including threading, grooving) 4), (548, (9),
(101

104:371(D.2)

104.3.1(G)

104.4.1(B)

104.5.2(B)[eq. (13)]

104.5.3(A)
Area gvailable for reinforcement:

A in run pipe mm? in.? 104.3.1(D.2.3) 104.3J1(D)

104.3.1(G.6) 104.3J1(G)

A, in branch pipe mm? in.2 104.3.1(D.2.3) 104.3J1(D)

104.3.1(G.6) 104.3J1(G)

As by deposited metal beyond outside diameter of mm? in.2 104.3.1(D.2.3) 104.31(D)

run and branch and for fillet weld attachments
of rings, pads, and saddles

A, by reinforcing ring, pad, or integral.reinforcement mm? in.2 104.3.1(D.2.3) 104.31(D)

104.3.1(G.6) 104.3J1(G)

As in saddle on right angle ¢onhection mm? in.? 104.3.1(D.2.3) 104.3J1(D)

Ag Pressure design area~expected at the end of ser- mm? in.? 104.3.1(D.2) 104.3J1(D)
vice life
A; Required reinforcement area mm? in.?2 104.3.1(D.2.2) 104.31(D)
104.3.1(G.5) 104.311(G)
B Leqgthr of miter segment at crotch mm in. 104.3.3(A&B) App. 0, Table D-1
b Subscript referring to branch 104.3.1(D.2) 104.3J1(D)
C Cold-spring factor 119.10.1[eqgs. (18),
(191
Cx Size of fillet weld for socket welding components mm in. 127.4.4(0)
other than flanges
c Flanged elbow correction factor Table D-1
Chart D-2
D Nominal pipe size mm in. 119.7.1(A.3)
D, Outside diameter of reducer mm in. App. D, Table D-1
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Units References

Symbol Definition Sl u.s. Paragraph Table/Fig./App.

D, Outside diameter of pipe mm in 102.3.2(A) App. D, Table D-1
104.1.2(A)[egs. (7), 104.1.2(A)

Q)
104.8.1[eq. (15)]
104.8.2[eq. (16)]

Doy Outside diameter of branch mm in 104.3.1(D.2) App. D, Fig. D-1
104.3.1(D.2.3) 104.3.1(G)
104.3.1(E)
104.3.1(G.4)
104.3.1(G.5)

Dop Outside diameter of header or run pipe mm in 104.3.1(D.2) 104.3.1(G)
104.3.1(E)
104.3.1(G.4)
104.3.1(G.5)

d Inside diameter of pipe mm in. 104.1.2(A)feqs. (8), 104.1.2(A)

(19)]

d, Inside centerline longitudinal direction of the fin- mm in. 104.3.1(D) 104.3.1(D)

ished branch opening in the run of the pipe 104.3.1(F)

d, Half-width of reinforcement zone mm in 104.3.1(D.2) 104.3.1(D)

ds Diameter of finished opening mm in 104.4.2

dg Inside or pitch diameter of gasket mm in 104.5.3(A)[eq. (14)] 104.5.3

dy Corroded internal diameter of branch pipe mm in 104.3.1(G.4) 104.3.1(G)

d. Corroded internal diameter of extruded outlet mm in 104.3.1(G.4) 104.3.1(G)
104.3.1(G.5)
104.3.1(G.6)

d; Inside diameter of Y-globe valve mm in 122.1.7(0)

d, Nominal inside diameter of pipe mm in 102.3.2(A)

d, Corroded internal diameteryof run mm in 104.3.1(G.4) 104.3.1(G)

E Weld joint efficiengy\factor 104.1.2(A.5) 102.4.3

App. A Notg¢s and
Tables
E Youngisunedulus of elasticity (used with MPa psi 119.6.2 App. C, Tables
sfbscripts) 119.6.4 C-1 and (-2
119.10.1[egs. (18), App. D, Tabje D-1
(19)]
F Casting quality factor 104.1.2(A.5) App. A Notes and
Tables

f Stress range reduction factor 102.3.2(B)[eq. (1)]

h Subscript referring to run or header 104.3.1(D.2) 104.3.1(D)

104.3.1(G)

h Thread depth (ref. ASME B1.20.1) mm in 102.4.2

h Flexibility characteristic, to compute i, k App. D, Table D-1
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Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
h, Height of extruded lip mm in. 104.3.1(G.2) 104.3.1(G)
104.3.1(G.4)
/ Lorenz equation compensation factor 102.4.5[egs. (3), (4),
(5), (6)]
i Stress intensification factor 104.8.1[eq. (15)] App-0, Table D-1
104.8.2[eq. (16)]
104.8.3[eq. (17)]
104.8.4(0)
i Subscript for resultant moment 104.8.4(A)
K Factor for reinforcing area 104¢3.1(G.5) 104.3J1(G)
k Factor for occasional loads 104.8.2[eq. (16)]
k Flexibility factor App. O, Table D-1
L Developed length of line axis m ft 119.7.1(A.3)
Ly Height of nozzle mm in. 104.8.4(0) App. O, Fig. D-1
Ly Altitude of reinforcing zone outside run pipe mm in. 104.3.1(D.2) 104.3J1(D)
Lg Altitude of reinforcing zone for extruded,outlet mm in. 104.3.1(G.4) 104.311(G)
104.3.1(G.6)
M Moment of bending or toysional force (used with mm-N in.-lb 104.8.1[eq. (15)] 104.844
subscripts to define.applications as shown in 104.8.2[eq. (16)]
referenced paragraphs) 104.8.3[eq. (17)]
104.8.4(A)
104.8.4(0)
MAWR Maximum allowable working pressure kPa psi 100.2
MSOP Maximum sustained operating pressure kPa psi 101.2.2
N Total number of equivalent reference displace- 102.3.2(B)[eq. (2)]
ment stress range cycles
Ne Number of cycles of reference displacement 102.3.2(B)[eq. ()]
stress range
N; Number of cycles associated with displacement 102.3.2(B)[eq. (2)]
stress range
NPS Nominal pipe size in. General


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
P Internal design gage pressure of pipe, component kPa psi 102.3.2(A) App. D, Table D-1
104.1.2(A)[egs. (7),
®), 9, (10)]
104.5.1(A)
104.5.2(B)
104.5.3(A)[eq. (14)]
104.5.3(B)
104.8.1[eq. (15)]
104.8.2[eq. (16)]
122.1.2(A)
122.1.3(A)
122.1.4(A)
122.1.4(B)
122.1.6(B)
122.1.7(0)
122.4(B)
qg; Ratio of computed stress range other than refer- 102.3.2(B)feq. (2)]
ence range (S) to computed reference stress
range (Sp
R Reaction moment in flexibility analysis (used with mm-N in.-lb 119.10.1[egs. (18),
subscripts) 9]
R Centerline radius of elbow or bend, and effective mm in. 102.4.5(B) App. D, Tabje D-1
“radius” of miter bends 104.3.3(C.3.1) 102.4.5
129.3.4.1
Ry Mean radius after forming mm in. 129.3.4.1
Ry Original mean radius mm in. 129.3.4.1
Rm Mean radius of run pipe mm in. App. D, Fig|D-1
App. D, Tabje D-1
r Mean radius of pipe using nominal'wall ¢, mm in. 104.3.3 App. D, Tabje D-1
r Half width of reinforcementzane mm in. 104.3.1(G.4) 104.3.1(G)
ri, s I3 Transition radii of branch reinforcement mm in. App. D, Fig,|D-1
Iy Branch mean cress=sectional radius mm in. 104.8.4
ri Inside radius of branch mm in. 104.8.4(0) App. D, Fig,|D-1
r'm Méan“radius of branch mm in. 104.8.4(0) App. D, Fig,|D-1
App. D, Tabje D-1
ro Radius of curvature of external curved portion mm in. 104.3.1(G.2) 104.3.1(G)
104.3.1(G.4)
104.3.1(G.6)
Tod Normal outside radius of pipe or tube mm in. 129.3.4.1
Ip Outside radius of branch reinforcement mm in. App. D, Fig. D-1
App. D, Table D-1
Iy External crotch radius of welded-in contour mm in. App. D

inserts
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Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
S Basic material allowable stress MPa psi 122.1.2(A)
122.1.3(B)
122.4(B.3)
S Basic material allowable stress MPa ksi 102.3.1(A) App. A Tables
and Notes
Sa Bolt design stress at atmospheric temperature kPa psi 104.5.1(A)
Sy Bolt design stress at design temperature kPa psi 104.5.1(A)
Se Basic material allowable stress at minimum (cold) MPa psi 102.3.2(B)[eq. (1))
temperature
S¢ Allowable stress for flange material or pipe kPa psi 104.5.1(A)
Sh Basic material allowable stress at maximum (hot) MPa psi 102:372(B)[eq. (1)]
temperature 104:8.1[eq. (15)]
104.8.2[eq. (16)]
104.8.3[eq. (17)]
119.10.1 [eq. (19)]
S Longitudinal pressure stress kPa psi 102.3.2(A)
104.8
Sa Allowable stress range for expansion stress MRa psi 102.3.2(B)[eq. (1)]
104.8.3[eq. (17)]
Se Computed thermal expansion stress range MPa psi 104.8.3[eq. (17)]
119.6.4
119.10.1[eq. (19)]
S, Longitudinal stress due to pressure, weight, and MPa psi 102.3.2(D)
other sustained loads 104.8.1[eq. (15)]
SE Allowable stress (including weéldsjoint efficiency MPa psi 102.3.2(B)
factor) 104.1.2(A)[egs. (7),
®, 9, (10)]
104.5.2(B)
104.5.3(A)[eq. (14)]
104.5.3(B)
SE Allowablé stress (including weld joint efficiency MPa ksi 102.3.1(A) App. A Tables
factor) and|Notes
SF Allowable stress (including casting quality factor) MPa psi 104.1.2(A)
SF Allowable stress (including casting quality factor) MPa ksi 102.3.1(A) App. A Tables
and Notes
s Miter spacing pipe centerline mm in. App. D, Table D-1
T Actual pipe wall thickness (by measurement) or mm in. 104.3.1(D.2) 104.3.1(D)
the minimum wall thickness permissible under 104.3.1(G.4) 104.3.1(G)
the purchase specification, used with or with- 104.3.1(G.6) App. D, Fig. D-1
out subscripts, namely 104.8.4(0)
Ty, =thickness of branch
T, =thickness of header, etc.
T Crotch thickness of welded-in contour inserts mm in. App. D, Table D-1
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Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
T, Corroded finished thickness extruded outlet mm in. 104.3.1(G.4) 104.3.1(G)
104.3.1(G.6)
t Pressure design thickness pipe, components mm in. 104.1.2(A)[egs. (7), 104.3.1(G)
(used with subscripts) ®), 9), 10)] 104.5.3
104.3.1(D.2) 127.4.8(D)
104.3.1(G.4)
104.3.3(C.3.1)
104.3.3(C.3.2)
104.4.1(B)
104.4.2
104.5.2(B)[eq. (13)]
104.5.3(A)[eq. (14)]
104.5.3(B)
104.8.1
104.8.4(0)
127.4.8(B)
132.4.2(F)
tin Nominal wall thickness of reducer mm in. App. D, Tabje D-1
t. Throat thickness of cover fillet weld, branch mm in. 127.4.8(B) 127.4.8(D)
connection 132.4.2(E) 127.4.8(E)
te Effective branch wall thickness mm in. 104.8.4(C)
tm Minimum required thickness of component, mm in. 104.1.2(A)[egs. (7), 102.4.5
including allowances (c) for mechanical joining, ®), 9), 10)] 104.1.2(A)
corrosion, etc. (used with subscripts), namely 104.3.1(D.2) 104.3.1(D)
tmp=minimum thickness of branch 104.3.1(E) 104.3.1(G)
tmn=minimum thickness of header 104.3.1(G) 127.4.2
104.3.3(C.3.1)
104.3.3(C.3.2)
104.4.1(B)
104.5.2(B)[eq. (13)]
104.5.3(A)
t, Nominal wall thickness of component (used with mm in. 102.3.2(A.3) 127.4.4(B)
subscripts), namely 104.3.3 127.4.4(0)
t,, =nominal wall thickneéss of branch 104.8.1[eq. (15)] 127.4.8(D)
t,»=nominal wall'thickness of header 104.8.2[eq. (16)] 127.4.8(E)
t,»=nominal thickress of reinforcement 104.8.4(0) App. D, Fig|D-1
127.4.8(B) App. D, Tabje D-1
129.3.4.1
132.4.2(E)
t, Thickness”of reinforcing pad or saddle mm in. 104.3.1(D.2) 104.3.1(D)
104.3.1(E) App. D, Tabje D-1
ts Wall thickness of segment or miter mm in. 104.3.3(C.3)
t, Weld thickness mm in. 104.3.1(C.2) 127.4.8(G)
u Anchor distance (length of straight line joining m ft 119.7.1(A.3)
anchors)
w Weld strength reduction factor 102.4.7 102.4.7
104.1.4
Xmin Size of fillet weld for slip-on and socket welding mm in. 127.4.4(B)
flanges or socket wall for socket welds
Y Resultant of movement to be absorbed by 119.7.1(A.3)

pipelines
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Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
y A coefficient having values given in 104.1.2(A.7)[eqs. 104.1.2(A)
Table 104.1.2(A) ), ®, 9, 10)] App. A, Notes to
Tables A-4, A-5,
A-6, A-7, and
A-9
Branch offset dimension mm in. .. App. D, Fig. D-1
Z Section modulus of pipe mm?> in2 104.8.1[eq. (15)]
104.8.2[eq. (16)]
104.8.3[eq. (17)]
104.8.4(A)
104.8.4(0)
a Angle between axes of branch and run deg deg 104.3.1(D.2) 104.3J1(D)
104.3.1(E)
@ Reducer cone angle deg deg . App. [, Table D-1
8 Mismatch or offset mm in. .~ App. O, Table D-1
0 Angle of miter cut deg deg 104.3.3 App. O, Table D-1
0, Transition angle of branch reinforcement deg deg . App. O, Fig. D-1
> Equal to or greater than
< Equal to or less than
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MANDATORY APPENDIX H
PREPARATION OF TECHNICAL INQUIRIES

(b) Background. State the purpose of the ing

uiry,
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revisions
dictated
activities
tions of t
the prese
The Intro
responsiH
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respond
Section td
policy, Af
any item
and, acco|
will be r
consultar
general a
If, based
opinion d
professio

RODUCTION

ME B31 Committee, Code for Pressure Piping,
ider written requests for interpretations and
of the Code rules, and develop new rules if
by technical development. The Committee’s
in this regard are limited strictly to interpreta-
he rules or to the consideration of revisions to
ht rules on the basis of new data or technology.
duction to this Code states “It is the owner’s
ility to determine which Code Section is appli-
piping installation.” The Committee will not
o inquiries requesting assignment of a Code
a piping installation. As a matter of published
bME does not approve, certify, rate, or endorse
construction, proprietary device, or activity,
rdingly, inquiries requiring such consideration
bturned. Moreover, ASME does not act as a
t on specific engineering problems or on the
bplication or understanding of the Code rules.
bn the inquiry information submitted, it is the
f the Committee that the inquirer should seek
hal assistance, the inquiry will be returned-with

the reconpmendation that such assistance be obtained.
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for the Cd
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Inquiri
the rules
entrules
shall megq

(a) Sco
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unrelated

bs that do not provide the informatjon-heeded
mmittee’s full understanding willbe returned.

DUIREMENTS

bs shall be limited strictly to interpretations of

br to the consideration of revisions to the pres-
n the basis of new data or technology. Inquiries
t the following-yequirements:

be. Involve assingle rule or closely related rules
pe of the<Code. An inquiry letter concerning
subjeats¢will be returned.

which may be either to obtain an interpretationof
rules, or to propose consideration of a revision-t
present rules. Provide concisely the informatien ne
for the Committee’s understanding of thie inquiry,
sure to include reference to the applicable Code Se
Edition, Addenda, paragraphs, figures, and tabl
sketches are provided, they shall be'limited to the
of the inquiry.
(c) Inquiry Structure
(1) Proposed Question(s). The inquiry shall be 5

Code
o the
eded
being
Ction,
es. If
Ecope

tated

in a condensed and ‘precise question format, omjtting

superfluous baeKground information, and, W
appropriate, composed in such a way that “yes” or
(perhaps with provisos) would be an acceptable
The inquity’statement should be technically and ed
ally cofrect.

(2) Proposed Reply(ies). Provide a proposed
stating what it is believed that the Code requires
the inquirer’s opinion, a revision to the Code is ne
recommended wording shall be provided in addit
information justifying the change.

H-3 SUBMITTAL

Inquiries should be submitted in typewritten
however, legible handwritten inquiries will be cg
ered. They shall include the name and mailing ad|
of the inquirer, and be mailed to the following ad

Secretary

ASME B31 Committee

Two Park Avenue

New York, NY 10016-5990

here
l/noll

reply.

itori-
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If in
bded,
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form;
nsid-
dress
Hress:
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MANDATORY APPENDIX }
QUALITY CONTROL REQUIREMENTS FOR
BOILER EXTERNAL PIPING (BEP)

FOREWORD

This Mandatory Appendix contains the quality con-
trol rpquirements for boiler external piping. The follow-
ing if that portion of Nonmandatory Appendix A, A-301
and A-302, of the ASME Boiler and Pressure Vessel Code,
Sectipn I, which is applicable to BEP.

J-1 |QUALITY CONTROL SYSTEM
J-1.1{ General

J-1.1.1 Quality Control System. The Manufacturer
or aspembler shall have and maintain a quality control
system which will establish that all Code requirements,
including material, design, fabrication, examination (by
the Nlanufacturer), and inspection of boilers and boiler
parts| (by the Authorized Inspector), will be met. Pro-
vided that Code requirements are suitably identified,
the system may include provisions for satisfying-any
requirements by the Manufacturer or user that exceed
minijnum Code requirements and may include “provi-
siong for quality control of non-Code work: In*such sys-
tems| the Manufacturer may make changes in parts of
the dystem that do not affect the €ode requirements
withljout securing acceptance by) the Authorized
Inspgctor. Before implementation,) revisions to quality
contyol systems of Manufadturers and assemblers of
safety and safety relief valves shall have been found
acceptable to an ASMEtdesignee if such revisions affect
Codd requirements,

The system that the Manufacturer or assembler uses
to mpet the requirements of this Section must be one
suitaple for diis/her own circumstances. The necessary
scop¢ and detail of the system shall depend on the com-
plexitytof-the work performed and on the size and com-

It is intended that information learned abeut the sys-
tem in connection with evaluation willJbe {reated as
confidential and that all loaned descriptions will be
returned to the Manufacturer upon completion of the
evaluation.

J-1.2 Outline of Features.to/Be Included in the
Written Description®of the Quality Confrol
System

The followingds'a guide to some of the feaftures that
should be covered in the written description of the qual-
ity control-system and that is equally applicabjle to both
shop and field work.

J-1.2.1 Authority and Responsibility. The|authority
and-responsibility of those in charge of the quality con-
trol system shall be clearly established. Perpons per-
forming quality control functions shall have|sufficient
and well-defined responsibility, the authority, and the
organizational freedom to identify quality control prob-
lems and to initiate, recommend, and provide polutions.

J-1.2.2 Organization. An organization chhart show-
ing the relationship between management and engi-
neering, purchasing, manufacturing, field assembling,
inspection, and quality control is required to feflect the
actual organization. The purpose of this chart |s to iden-
tify and associate the various organizational grpups with
the particular function for which they are regponsible.
The Code does not intend to encroach on the
Manufacturer’s right to establish, and from tirhe to time
to alter, whatever form of organization the Manjufacturer
considers appropriate for its Code work.

J-1.2.3 Drawings, Design Calculatigns, and
Specification Control. The Manufacturer’s ¢r assem-
bler’s quality control system shall provide pfocedures

plextty—of—the—Manufacturer's—(or—=assembter’s)
organization. A written description of the system the
Manufacturer or assembler will use to produce a Code
item shall be available for review. Depending upon the
circumstances, the description may be brief or
voluminous.

The written description may contain information of
proprietary nature relating to the Manufacturer’s (or
assembler’s) processes. Therefore, the Code does not
require any distribution of this information, except for
the Authorized Inspector or ASME designee.

that will ensure that the latest applicable drawings,
design calculations, specifications, and instructions,
required by the Code, as well as authorized changes,
are used for manufacture, assembly, examination,
inspection, and testing.

J-1.2.4 Material Control. The Manufacturer or
assembler shall include a system of receiving control
that will ensure that the material received is properly
identified and has documentation, including required
material certifications or material test reports, to satisfy
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Code requirements as ordered. The material control sys-
tem shall insure that only the intended material is used
in Code construction.

J-1.2.5 Examination and Inspection Program. The
Manufacturer’s quality control system shall describe the
fabrication operations, including examinations, suffi-
ciently to permit the Authorized Inspector to determine
at what stages specific inspections are to be performed.

J-1.2.6
be a systsg

m agreed upon with the Authorized Inspector
for corre¢tion of nonconformities. A nonconformity is
any condjtion that does not comply with the applicable
rules of this Section. Nonconformities must be corrected
or eliminated in some way before the completed compo-
nent can pe considered to comply with this Section.

J-1.2.7
include p|
to requirg
Section.

J-1.2.8 Nondestructive Examination. The quality
control system shall include provisions for identifying
nondestfuctive examination procedures the
Manufacturer will apply to conform with requirements
of this Selction.

J-1.2.9 Heat Treatment. The quality control system
shall proyide controls to ensure that heat treatments as
required py the rules of this Section are applied. Means
shall be ndicated by which the Authorized Inspector
can satisfly him/herself that these Code heat treatmerit
requiremgnts are met. This may be by review of futnace
time — tgmperature records or by other méthods as
appropriate.

J-1.2.
Equipmer

Welding. The quality control system shall
rovisions for indicating that welding conforms
ments of Section IX as supplemented by this

10 Calibration of Measurement and Test
t. The Manufacturer or assembler shall have
a system [for the calibration of examination, measuring,
and test ¢quipment used in fulfillment of requirements
of this Section.

J-1.2.1
assemble
radiogrd
required

J-1.2.12 Sample Forms. The forms used in the qual-
ity contrdl system and any detailed procedures for their

1 Records Retention. The Manufacturer or
F shall have @ system for the maintenance of
phs and Manufacturers” Data Reports as
by thisiSéetion.

J-1.2.13 Inspection of Boilers and Boiler Parts

J-1.2.13.1  Inspection of boilers and boiler parts
shall be by the Authorized Inspector described in PG-91.

J-1.2.13.2  The written description of the quality
control system shall include reference to the Authorized
Inspector.

(or assembler)
nt the
rrent
hality

J-1.2.13.2.1 The Manufacturer

d d dvdlldDIc 10
Manufacturer’s plant (or construction site) a\cif
copy of the written description or the applicable q

control system.

J-1.2.13.2.2  The Manufacturer’s quality c¢ntrol
system shall provide for the Auth¢rized Inspector pt the
Manufacturer’s plant to havelaccess to all drawings,
calculations, specifications, gprocedures, process sheets,
repair procedures, records; test results, and any fother
documents as necessary(for the Inspector to pefform
his/her duties in,aécordance with this Section{ The
Manufacturer may<¢provide such access either to hi$/her
own files of such/documents or by providing copjes to
the Inspector.

J-1.2.14 Inspection of Pressure-Relieving Valves

J-1.2.14.1  Inspection of safety, safety-relief, and
power-actuated pressure-relieving valves shall be by
designated representative of the ASME, as descrifed in
PG-73.3.

J-1.2.14.2  The written description of the quality
control system shall include reference to the ASME
designee.

J-1.2.14.2.1 The valve Manufacturer (or agsem-
bler) shall make available to the ASME designee at the
Manufacturer’s plant a current copy of the wiitten

description of the applicable quality control system.

J-1.2.14.2.2 The valve Manufacturer
assembler’s) quality control system shall provide f
ASME designee to have access to all drawings, ca
tions, specifications, procedures, process sheets, 1
procedures, records, test results, and any other
ments as necessary for the designee to perform his/her
duties in accordance with this Section. The Manufa¢turer

s (or
br the
cula-
epair
Hocu-

use shall be available for review. The written description
shall make necessary references to these forms.
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may provide such access either to his/her own files of
such documents or by providing copies to the designee.
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MANDATORY APPENDIX N
RULES FOR NONMETALLIC PIPING
AND PIPING LINED WITH NONMETALS

FOREWORD of considerations exist for the use of thesematprials that
ASME B31.1 contains rules governing the design, fab- ~ are not addressed in the body of the Eode. Inn order to
rication, materials, erection, test, examination, inspec- address these, the requirements and, recommgndations

tion| operation, and maintenance of power piping  for the use of nonmetallic piping (except in pafas. 105.3,
systems. Experience in the application of nonmetallic =~ 108.4, 116, and 118) have been separately ass¢gmbled in
mateyials for piping systems has shown that a number  this Mandatory Appendix
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Chapter N-I
Scope and Definitions

N-100 GENERAL

adhesive: a material designed to join two other compo-

This Mhndatory Appendix provides requirements for
the design, materials, fabrication, erection, testing,
examinatjon, and inspection of nonmetallic piping and
metallic giping lined with nonmetals within the jurisdic-
tion of the ASME B31.1 Power Piping Code. All refer-
ences to|the Code or to Code paragraphs in this
Appendix are to the Section B31.1 Power Piping Code.
In this Appendix, nonmetallic piping shall be limited
to plasticjand elastomer-based piping materials, with or
without fabric or fibrous material added for pressure
reinforcement. Metallic piping lined with nonmetals
shall be |imited to factory-made plastic-lined ferrous
metal pige, fittings, and flanges produced to one of the
product standards for plastic-lined piping materials
listed in Tlable N-126.1.

Stand4qrds and specifications incorporated in this
Appendix are listed in Table N-126.1.

The piovisions in Chapters I through VI and in
Mandatopy Appendices A through F are requirements of
this Appgndix only when specifically referenced herein.

N-100.1 |Scope

N-10p.1.1  All applicable requirements of
para. 1001 and the limitations of para. 105.3 shall be
met in addition to those in this Appendix

N-100{1.2  Use of this Appendix is“limited to

(A) wdter service.

(B) nonflammable and nontgXicliquid, dry material,
and slurry systems.

(C) other services as.§pecifically listed in section
N-122.

(D) matallic piping lined with nonmetals. If used in
accordange with para. 122.9 for conveying corrosive lig-
uids and|gases;-the design of the lined piping system
shall megt the_requirements of para. 104.7.

nent materials together by surface attachment (bendling).

adhesive joint: a bonded joint made using an, adhesive
on the surfaces to be joined.

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

bonding operator: one who operates’a machine or jauto-
matic bonding equipment.

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

Bonding Procedure Specification (BPS): the documenit that
lists the parameters to be used in the constructipn of
bonded joints. in“accordance with the requirements of
this Code.
butt-andswrapped joint: a joint made by applying plies of
reinfer¢ement saturated with resin to the surfaces|to be
joined.
chopped roving: a collection of noncontinuous glass
strands gathered without mechanical twist. Each strand
is made up of glass filaments bonded together with a
finish or size for application by chopper gun.

chopped strand mat: a collection of randomly oriented
glass fiber strands, chopped or swirled together with a
binder in the form of a blanket.

continuous roving: a collection of continuous glass
strands wound into a cylindrical package without
mechanical twist.

curing agent: a reactive material that, when combined
with a resin material, reacts or polymerizes (cross-}inks)
with the resin; also referred to as a hardener.

diluent: a reactive modifying material, usually a liquid,
that reduces the concentration of a resin materjal to
facilitate handling characteristics and improve weftting.

electrofusion: a heat fusion joining process where th¢ heat

N-100:1-3—Nonmetaltic piping Systems sttt 1ot
be installed in a confined space where toxic gases could
be produced and accumulate, either from combustion
of the piping materials or from exposure to flame or
elevated temperatures from fire.

N-100.2 Definitions and Abbreviations

N-100.2.1 Terms and definitions relating to plastic
and other nonmetallic piping materials shall be in accor-
dance with ASTM D883. The following terms and defini-
tions are in addition to those provided in ASTM D883:

source is an integral part of the fitting, such that when
electric current is applied, heat is produced that melts
and joins the plastics.

fire retardant resin: a specially compounded material
combined with a resin material designed to reduce or
eliminate the tendency to burn.

flexibilizer: a modifying liquid material added to a resin-
ous mixture designed to allow the finished component
the ability to be flexed or less rigid and more prone to
bending.
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grout: a heavily filled paste material used to fill crevices
and transitions between piping components.

heat fusion joint: a joint made by heating the surfaces to
be joined and pressing them together so they fuse and
become essentially one piece.

hot-gas welded joint: a joint made by simultaneously heat-

ing a

filler material and the surfaces to be joined with

a stream of hot air or hot inert gas until the materials

softe
toge

hydr
for

trifu

for
valud
tic cd
hydr
Meth
tensi
olate
for a

hydrd
tensi
orien
be ap
that

apply
in wi
liner
appli
pipin
from
leaka

seal
weld|
tight

7

er and welded with the molten filler material.

ulic design basis (HDB)
reinforced thermosetting resins (filament wound or cen-
ally cast): one of a series of established stress values

ified in ASTM Test Method D2992 for an RTR com-

ht, obtained by categorizing the long-term hydro-

it strength determined in accordance with Test

od D2992.

thermoplastics: one of a series of established stress
s specified in ASTM Test Method D2837 for a plas-
mpound, obtained by categorizing the long-term
pstatic strength determined in accordance with Test
od D2837. This method subjects the material to
e stress for an extended period of time, and extrap-
5 the creep results to estimate the tensile strength
50-yr life.

static design stress (HDS): the estimated maximumy
e stress in the wall of the pipe in the circumferential
tation due to internal hydrostatic pressure thatcan
plied continuously with a high degree of certainty
failure of the pipe will not occur. Estimated by
ing a design factor, typically 0.5 for thefmoplastics
nter service, to the HDB.

a coating or layer of matefial, constructed as,
ed to, or inserted within the inside surface of a
lg component, intended to protect the structure
chemical attack, to_ inhibit erosion, or to prevent
ge under strain.

eld: the additién-of material external to a joint, by
ing or bonding, for the purpose of enhancing leak
hess.

solvent cement joint: a joint using a solvent cement to
soften the surfaces to be joined, after which the joining
surfaces are pressed together and become essentially
one piece as the solvent evaporates.

stiffness factor: the measurement of a pipe’s ability to
resist deflection, as determined in accordance with

ASTM D2412.

thixotropic agent: a material added to resin to impart high

static shear strength (viscosit

strength.

and low d

ultraviolet absorber: a material that, when~com}
resin mixture, will selectively absorb ultraviolet

radiation.

woven roving: a heavy glass fibef fabric reinford
rial made by the weaving of ‘glass fiber rovin|

N-100.2.2 Abbreviations:” Abbreviations u
Appendix denote materials and terms as foll

Abbreviation

ABS!
AP
CcP
CPVGE!
DS
FEP!
HDB
HDPE
HDS
PA!
PB
PE!
PFA
POP
PP!
PPS
PR
PTFE!
PVC!
PVDC
PVDF
RTR
SDR
SIDR
NOTE:

Term

mic shear

bined in a

ing mate-
o
bed in this
bws:

Acrylonitrile-butadiene-styreng
Polyacetal

Chlorinated polyether
Chlorinated poly (vinyl chlori
Design stress

Perfluoro (ethylene propylene)
Hydrostatic design basis

High density polyethylene
Hydrostatic design stress
Polyamide (nylon)
Polybutylene

Polyethylene

Poly (perfluoroalkoxy)

Poly (phenylene oxide)
Polypropylene

Polyphenylene

Pressure rated
Polytetrafluoroethylene

Poly (vinyl chloride)

Poly (vinylidene chloride)
Poly (vinlyidene fluoride)
Reinforced thermosetting resin
Standard dimension ratio
Standard inside diameter dimd

(1) Abbreviation in accordance with ASTM D1600.

nsion ratio
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Chapter N-II
Design

PART 1

sustained operating temperature, in accordance with

CONDITIONS AND CRITERIA
N-101 PESIGN CONDITIONS
N-101.1 |General

N-101{1.1  The design conditions of para. 101 shall
apply fof the design of nonmetallic piping systems,
except as| noted below.

N-101{1.2  The design of nonmetallic piping sys-
tems mugt ensure the adequacy and suitability of mate-
rial and|its manufacture, considering at least the
following:

(A) terfsile, compressive, flexural, shear strength, and
modulus |of elasticity at design temperature (long-term
and shorf-term)

(B) crepp characteristics for the service conditions

(C) degign stress and its basis

(D) cogfficient of thermal expansion

(E) dugtility and plasticity

(F) impact and thermal shock properties

(G) terhperature limits for the service

(H) transition temperatures: melting “and
vaporization

(I) toxicity of the material or of the gases produced
by its combustion or exposure to elevated temperatures

(J) porpsity and permeability

(K) tesf methods

(L) mefhods of making joints and ‘their efficiency

(M) ddterioration in the service environment

(N) the effects on unprotected piping from external
heat souikes, including selar radiation

N-101.2 |Pressure

N-101/2.1 BasiS/for Design Pressure. For metallic
piping, design pressure is based on the maximum sus-
tained operating pressure, in accordance with para.

para. 101.3.2, with an allowance for occasional opeffation
above design temperature, in accordance with' |para.

thermal conductivity,there can be a significant te
ture gradient throtigh the component walls. Note |(2) of
Table N-102.2(A)-1 describes how this is consideted in
determining allowable stresses for nonmetallic
materialss

N-102 DESIGN CRITERIA
N-102.1 General

These criteria cover pressure-temperature ratings for
standard and specially designed components, alloyable
stresses, stress limits, and various allowances to bel used
in the design of piping and piping components.

N-102.2 Pressure-Temperature Ratings for
Components

N-102.2.1 Components Having Specific Rating:

(A) Standard components have specific pressure—
temperature ratings established in accordance with the
standards listed in Table N-126.1. Other components
may be used in accordance with para. N-102.3. The rat-
ings of Tables N-102.2.1(A)-1, N-102.2.1(A)-2| and
N-102.2.1(A)-3 are the limiting values for allowable
stresses at temperature in this Appendix.

(B) The application of pressures exceedinf the
pressure-temperature ratings of valves and other|stan-

oY

101.2.2, Vl..k}.l dll a}}UVVClllLC fUL ULLQDiUlla} UPCIQtiUll
above design pressure, in accordance with para. 102.2.4.
For nonmetallic piping, allowances for variations of
pressure, temperature, or both above design conditions
are not permitted. It is the designer’s responsibility to
identify probable occasional loads and to consider them
in determining design pressure. See para. N-102.2.4(A).

N-101.3 Temperature

N-101.3.1 Basis for Design Temperature. For metal-
lic piping, design temperature is based on the maximum

dard components is not permitted. Valves shall be
selected for operation within the limits defined in para.
N-102.2.4.

N-102.2.2 Components Not Having Specific Ratings

(A) Pipe and other piping components for which
allowable stresses have been developed in accordance
with para. N-102.3, but which do not have specific
pressure-temperature ratings, shall be rated in accor-
dance with the rules for pressure design in para. N-104,
within the range of temperatures for which stresses are
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Table N-102.2.1(A)-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits for
Thermoplastic Piping Components

Recommended
Temperature Limits
[Notes (1), (2), 3)]

Hydrostatic Design Stress, S,, ksi [Note (6)], at

Minimum, Maximum, Hydrostatic
ASTM °F °F Design Basis, 73°F
Spec. No.  Material [Note (4)] [Note (5)] ksi, at 73°F [Note (7)] 100°F 140°F 180°F
D2846, CPVC 4120 0 200 4.0 2.0 1.6 1.05 0.5
F441,
Fa4p
D2513, PA32312 -20 180 2.5 1.25 1.1 0.8 0.63
F2145
D21Q4, PE2708 -30 140 1.60 0.80 0:64 0.4
D2339, PE3608 -30 140 1.60 0.80 064 0.4
D2447, PE3708 -30 140 1.60 0.80 0.64 0.4
D2413, PE3710 -30 140 1.60 1.00 0.80 0.5
D2737, PE4708 -30 140 1.60 0.80 0.64 0.4
D3(35 PE4710 -30 140 1.60 1.00 0.80 0.5
POP2125 30 210
[Note (8)]
PP [Note (8)] 30 210
D1745, PVC1120 0 100 4.0 2.0 1.2
D2341, PVC1220 0 100 40 2.0 1.2
D2413, PVC2110 0 100 2.0 1.0 0.6
D2472 PVC2112 0 100 2.5 1.25 0.8
PVC2116 0 100 3.2 1.6 1.0
PVC2120 0 100 4.0 2.0 1.2
F59p PVDC 40 160
[Note (8)]
F4op PVDF 0 275
[Note (8)]
NOTES:
(1) These recommended limits‘are for low-pressure applications with water and other fluids that do not significantly affect thd properties
bf the thermoplastic material. In conservative practice, the upper temperature limits may be reduced at higher pressures depending
n the required service“and expected life. Lower temperature limits are affected more by the environment, safeguarding, and installa-
ion conditions thah, by strength.
(2) Because of lowthermal conductivity, temperature gradients through the piping component wall may be substantial. Tabuldted limits
hpply where-more than half the wall thickness is at or below the stated temperature.
(3) These recommended limits apply only to listed materials. Manufacturers should be consulted for temperature limits on spgcific types
hnd kinds of materials not listed.
(4)  Minimum for installation.
(5) aximum for operation.
(6) The HDS listed is for water service only, reflecting a design factor of 0.5 applied to the HDB. For other services, refer to PPI TR-9 or
the manufacturer for recommended design factors.
(7)  Use these hydrostatic design stress values at all lower temperatures.
(8) Nonpressure-boundary materials used primarily as liners. No established HDS.
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Tabl

b N-102.2.1(A)-2 Design Stresses (DS) and Recommended Temperature _Limits for Laminated
Reinforced Thermosetting Resin Piping Components

Recommended Temperature
Limits

Design
[Note (1)] Stresj,g Sh,
ASTM Minimum, Maximum, k
Spec. No. Type Resin Reinforcing °F oF Thickness, in. [Note((2)]
€582 I Polyester Glass fiber -20 180 All 0.9
Furan Carbon -20 180
Furan Glass fiber 420 180
C582 I Epoxy Glass fiber -20 180 Ye=%/16 0.9
1
/i 1.2
%6 1.35
3% and over 1.5

NOTES:

(1) These recommended limits are for low-pressuye applications with water and other fluids that do not significantly affect the propefties
of the thermoplastic material. In conservatiye practice, the upper temperature limits may be reduced at higher pressures, depending on
the reqpired service and expected life: Lower temperature limits are affected more by the environment, safeguarding, and installdtion
conditipns than by strength.

(2) The degign stress (DS) values afé\bdased on a design factor of 0.1 applied to the tested tensile strength of the pipe wall material{ and
are apglicable only in the tempeérature range of —20°F through 180°F.
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Tablp N-102.2.1(A)-3 Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosettihg Resin
Pipe
HDB Stress, S, [Note (1)],
at_73°F [Note (2)]
ASTM Material Cyclic, Static,
Spec. No. and Designation ksi ksi
Type Grade Class ASTM D2310 [Note (3)] [Note (4)]
D2517 filament wound Glass fiber No liner RTRP-11AD 5.0 R
reinforced epoxy RTRP-1¢AW 16.0
resin
D2994 filament wound Glass fiber No liner RTRP-11AD 5.0 ...
reinforced epoxy RTRP-11AW 16.0
resin
Epoxy resin liner, RTRP-11FE 6.3
reinforced RTRP-11FD 5.0
Glass fiber Polyester resin liner, RTRP-12EC 4.0
reinforced polyester reinforced RTRP-12ED 5.0 R
resin RTRP-12EU 12.5
NoO liner RTRP-12AD 5.0 R
RTRP-12AU 12.5
D2997 centrifugally cast Glass fiber Polyester resin liner, RTRP-22BT 10.0
reinforced polyester nonreinforced RTRP-22BU 12.5
resin
Epoxy resin liner, RTRP-21CT 10.0
nonreinforced RTRP-21CU 12.5

NOTES

(1) Afservice (design) factornmust be applied to the HDB values to obtain the HDS.

(2) THese HDB values apply only at 73°F. The standards covered in this Table only require testing at 23°C (73°F), using ASTM DP992 test
prpcedures. ASTM 'D2992 makes provision for testing at higher temperatures, and manufacturers also usually test to higher fempera-
tufes. It is the’ designer’s responsibility to verify that the manufacturer has test data covering the design temperature for thg applica-
tign, andithat pressure—temperature ratings provided by the manufacturer reflect the service factor selected by the designer|for the
agplication.

(3) When/using the cyclic design basis, the service factor shall not exceed 1.0.

hen using the static design basis, the service factor shall not exceed 0.5.
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listed in Tables N-102.2.1(A)-1, N-102.2.1(A)-2, and
N-102.2.1(A)-3.

(B) Pipe and other piping components that do not
have allowable stresses or pressure-temperature ratings
shall be qualified for pressure design as required in para.
N-104.7.

N-102.2.3 Ratings: Normal Operating Condition. A
nonmetallic piping system shall be considered safe for

temperatures. Where sufficient data have been provided,
straight-line interpolation between temperatures is per-
missible. The materials listed are available from one or
more manufacturers, and some manufacturers may pub-
lish somewhat different HDS values for the materials
than the values listed in Tables N-102.2.1(A)-1,
N-102.2.1(A)-2, and N-102.2.1(A)-3. The manufacturer’s
published values for these materials are acceptable for
use where they have been established in accordance with

operation if the maximum anticipated coincident tem- 11 B L . . . .
erature ind pressure that may act on any part or com- (D) DCIOW dlld VEIIIIEU LT dCCOIUallCe Wil Pdld. IN= 04.7
gonent of the system does not exceed the maximum (B) Basis for Allowable Stresses for Internal Pyessifre
pressure aind temperature allowed by this Code for that (B.1) . Themzop lasi.fzcs. A method of deter.m ng
particular part or component. The design pressure and .hydrost.atlc <.ie51gn basis (HDE) a.nd Presgure r.atmg (PR,)
temperatfire shall not exceed the pressure-temperature 1 d.escrlbed 1n‘ASTM D2837, which also descr%bes qppli-
rating fofr the particular component and material as catlgn of a.de51gr1 factor to the HDR#H determlr.le hyydro-
defined i the applicable specification or standard listed static demgn stress (HDS) and pressure rating (PR,)'
Hydrostatic design stressés are providefl in

in Table N-126.1. For metallic piping with nonmetallic
lining, the rules of para. 102.2.3 apply, provided that
the suitabpility of the lining material for the maximum
anticipated coincident temperature and pressure condi-
tions hag been established through prior successful
extensive experience or tests.

N-102{2.4 Allowances for Pressure and Temperature
Variations

(A) Nopmetallic Piping. Allowances for variations of
pressure,|temperature, or both above design conditions
are not p¢rmitted. The most severe conditions of coinci-
dent pregsure and temperature shall be used to deter-
mine the|design conditions.

(B) Metallic Piping Lined With Nonmetals. Allowances
for pressure and temperature variations provided in
para. 102|2.4 are permitted only if the suitability of the
lining material for the increased conditions. is estab-
lished thiough prior successful extensivéexperience or
tests under comparable conditions.

N-102/2.5 Ratings at Transitions: Where two ser-
vices thatloperate at different pressure—temperature con-
ditions afe connected, thevalve segregating the two
services shall be rated for,the most severe service condi-
tions. Other requirements of para. 102.2.5 must be con-

sidered wWhere applicable.

N-102.3 |Allowable Stresses and Other Limits
to internal pressure are provided in para. N-104.1
N-102;3:-Allowable Stress Values (B) External Pressure Stresses. Thermoplastic pj
(A) Germeral—Tables N-10222- AT, IN-T02221(A)-2;

Table N-102.2.1(A)-1, based on* HDB values listed in PPI
TR-4 and design factors for:water from PPI TR-9. Design
factors for other services'are also given in PPI TR-9.

(B.2) Reinforced Thermosetting Resin (Laminfited).
For laminated piping components, the design stfesses
(DS) are listed¢in Table N-102.2.1(A)-2. These typjically
are based onrone-tenth of the minimum tensile strehgths
specified irt Table 1 of ASTM C582.

(B.3) Reinforced Thermosetting Resin (Filament Wound
and Centrifugally Cast). For filament wound and cgntrif-
ugally cast piping components, hydrostatic design|basis
(HDB) values are listed in Table N-102.2.1(A)-3. These
values may be obtained by procedures in ASTM [J2992.
HDS may be obtained by multiplying the HDB|by a
service (design) factor' selected for the applicati¢n, in
accordance with procedures described in ASTM [J2992,
within the following limits:

(B.3.1) When using the cyclic HDB
Table N-102.2.1(A)-3, the service (design) factor sha
exceed 1.0.
(B.3.2) When using the static HDB

Table N-102.2.1(A)-3, the service (design) factor sha
exceed 0.5.

from
11 not

from
11 not

N-102.3.2 Limits of Calculated Stresses D
Sustained Loads

(A) Internal Pressure Stresses. The limits for stress due
2.

ing,

e to

and N-102.2.1(A)-3 list reccommended maximum allow-
able stresses in the form of hydrostatic design stresses
(HDS), allowable design stresses (DS), and the hydro-
static design basis (HDB) that may be used in design
calculations except where modified by other provisions
of this Appendix. The use of hydrostatic design stresses
for calculations other than pressure design has not been
established. The basis for determining allowable stresses
and pressures is outlined in (B) below. The allowable
stresses are grouped by materials and listed for stated

254

reinforced thermosetting resin piping, and metallic pip-
ing lined with nonmetals, subject to external pressure,
shall be considered safe when the wall thickness and/
or means of stiffening meet the requirements of
para. N-104.7.2.

! 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. N-102.3.1(B.3.1) and (B.3.2), it is not the intent
of this Code to specify service (design) factors.
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(C) External Loading Stresses. Design of piping under

external loading shall be based on the following;:

(C.1) For thermoplastic piping, see ASTM D2774
and AWWA M23.

(C.2) For reinforced thermosetting resin (RTR) pip-
ing, see ASTM D3839 and AWWA M45.

(C.3) The allowable deflection for RTR and thermo-
plastic pipe shall be not more than 5% of the pipe inside
diameter.

for use under conditions of external loading due to
underground installation, it shall be subject to a crushing
or thfee-edge bearing test, in accordance with ASTM C14
or APTM (C301, and the allowable load shall be 25% of
the minimum value obtained. The limits of calculated
stresges due to external loading in aboveground installa-
tiong shall be qualified in accordance with para.
N-104.7.2.

N1102.3.3 Limits of Calculated Stresses Due to
Occasional Loads

(A) Operation. The sum of the stresses in any compo-
nent [in a piping system due to sustained loads, such as
presqure and weight, and of the stresses produced by
occadional loads, such as wind or earthquake, shall not
exceqd the limits in the applicable part of para. N-102.3.2.
Wind and earthquake forces need not be considered as
acting concurrently. (For nonmetallic piping, anticipated
transjent pressure and temperature variations are not
considered occasional loads.)

(B) Test. Stresses due to test conditions are not subject
to the limitations in (A) above. It is not necessary to
consider other occasional loads, e.g., wind\and earth-
quake, as occurring concurrently with testJoads.

N-10R.4 Allowances

(A) Erosion, Corrosion, Threading, and Grooving. In
detefmining the minimum required thickness of a pip-
ing cpmponent, allowancessshall be included for erosion
and for thread depth orgroove depth.

(B) Mechanical Strength” When necessary, pipe wall
thicnesses shall De“increased to prevent overstress,
damage, collapse, or buckling due to superimposed
loadg from supports, ice formation, backfill, or other
causg¢s. Whete'increasing thickness will cause excessive
localf stress*or is otherwise impractical, the required
strength’may be obtained through the use of additional

s L D
C.24)-Where other nonmetallic piping 1s intended N-104:1 Sha'S"t ripe

accordance with paras. N-102.2 and N-104.1 through
N-104.7, and provide for allowances in accordance with
para. N-102.4. In addition, the design shall be checked
for adequacy of mechanical strength under other appli-
cable loadings as required in paras. N-102.3.2 and
N-102.3.3.

N-104 PRESSURE DESIGN OF COMPONENTS

N-104.1.1  The required minimum. wall [thickness
of straight sections of pipe, t,, shall be determined as

by =t+c (@)

where
¢ = the sum of the mechanical allowancgs (thread
or groove depth);plus erosion and/or|corrosion
allowance, and-the manufacturer’s mihus toler-

ance for product wall thickness, in. Foy threaded
compenents, the nominal thread depth shall
apply\For mechanical surfaces or grooyes where
atglefrance is not specified, the tolerange shall be
assumed to be 0.02 in. in addition to thg specified

depth of the thread or groove.

tO= pressure design thickness, in., as calqulated in
para. N-104.1.2 for internal pressure, of in accor-

dance with para. N-104.1.3 for external pressure

t, = minimum required thickness, in.

N-104.1.2 Straight Pipe Under Internal Pr¢ssure
(A) The internal pressure design thickness, [f, shall be
not less than that calculated with the fpllowing
equations:
(A.1) For thermoplastic pipe

D
b=o5/p+1 @)
(A.2) For reinforced thermosetting resin
(laminated)
D
b=o5,p+1 ©)

(A.3) For reinforced thermosetting resin|(filament
wound and centrifugally cast)

supports, braces, or other means without an increased
wall thickness. Particular consideration should be given
to the mechanical strength of a small branch connected
to large piping or to equipment.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

N-103 CRITERIA FOR PRESSURE DESIGN

The design of piping components shall consider the
effects of pressure, temperature, and other factors in

D
b= 25F/p+1 @)
where
D = outside diameter of pipe, in.
F = service design factor in accordance with para.

N-102.3.1(B.3)

P = internal design gage pressure, psi

S, = hydrostatic design stress
Table N-102.2.1(A)-1

Sy = design stress from Table N-102.2.1(A)-2

from
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S, = hydrostatic design basis from

Table N-102.2.1(A)-3

(A.4) Metallic Pipe Lined With Nonmetals. Pressure
limitations shall be those established by the manufac-
turer, considering both pressure and temperature limita-
tions of the metal housings and sealing ability of the
liner at flanged joints. In addition, the metallic pipe
shall meet the requirements of the mandatory sections

(C) Additional Considerations. The requirements of (A)
and (B) above are designed to ensure satisfactory per-
formance of a branch connection subjected only to inter-
nal or external pressure. The designer shall also consider
the following:

(C.1) External forces and moments may be applied
to a branch connection by a thermal expansion and con-
traction, by dead and live loads, by vibration or pulsat-
ing pressure, or by movement of piping terminals,

of ASME B31.1, inr*]nﬂing the pressure r]oeign ro{]nivo_
ments of [Chapter IIL

(B) The internal pressure design thickness, f, in (A.1)
and (A.2) above shall not include any thickness of pipe
wall reinforced with less than 30% (by weight) of rein-
forcing fipers, or added liner thickness.

N-104{1.3 Straight Pipe Under External Pressure
(A) Thermoplastic Pipe. The external pressure design
thickness|shall be qualified as required by para. N-104.7.
(B) Reipforced Thermosetting Resin Pipe. For determin-
ing design pressure thickness for straight pipe under
external| pressure, the procedures outlined in
ASTM DP924 shall be followed. A safety factor of at
least 4 shiall be used.
(C) Metallic Pipe Lined With Nonmetals
(C.1)| The external pressure design thickness for the
base (outpr) material shall be determined in accordance
with parq. 104.1.3.
(C.2)| The external pressure design thickness, ¢, for
the lining| material shall be qualified as required by para.
N-104.7.

N-104.2 |Curved and Mitered Segments of Pipe

(A) Pige Bends. The minimum required thickness, t,,
of a pipe|bend after bending shall be detefmihed as for
straight gipe in accordance with para.(N-104.1.

(B) Elbpws. Manufactured elbows npt in accordance
with para. N-102.2.1 shall meet th€ requirements of para.
N-104.7.

(C) Mitered Bends. Mitered\bend sections shall meet
the requifements of para; N=104.7.

N-104.3 |Intersections.

N-104{3.1 Branch Connections
(A) Gefieral: A® pipe having a branch connection is
weakened by-the opening that must be made in it. Unless

SUPPOTTS, and anciors.

(C.2) Adequate flexibility shall be providpd in
branch piping to accommodate movements, of thp run
piping.

(C.3) Ribs, gussets, or clamps may, be used for|pres-
sure-strengthening a branch connéction in lieu ¢f the
reinforcement required by (A) above if the adequdcy of
the design is established{in accordance |with
para. N-104.7.

N-104.4 Closures

Closures in piping systems, e.g., those providdd for
temporary or fature lateral or end-point branches|shall
be made usinig fittings, flanges, or parts listed in
Table N-126:1 or designed in accordance with paras.
N-104.3, N-104.5, and N-104.7.

N-104.5 Pressure Design of Flanges

(A) General
(A.1) Nonmetallic flanges that are rated in gccor-
dance with published ASTM standards list¢d in
Table N-126.1 shall be considered suitable for use within
the limitations specified in this Appendix. Alternatively,
flanges shall be in accordance with para. 103 or miay be
designed in conformance with the requirements df this
paragraph or para. N-104.7.
(A.2) Flanges for use with ring-type gaskety may
be designed in accordance with Section VIII, Divisjon 1,
Mandatory Appendix 2 of the ASME Boiler and Pressure
Vessel Code, except that the allowable stresses for] non-
metallic components shall govern. All nomenclpture
shall be as defined in the ASME Code, excegt the
following;:
P = design gage pressure
S, = bolt design stress at atmospheric tempegature
(bolt design stresses shall not exceed thgse in

the wall thickmnessof the pipe s sufficiently irexcessof
that required to sustain the pressure, it is necessary to
provide added reinforcement. The amount of reinforce-
ment required shall be in accordance with the require-
ments of para. N-104.7 except as provided in (B) and
(C) below.

(B) Branch Connections Using Fittings. A branch con-
nection shall be considered to have adequate strength
to sustain the internal and external pressure that will
be applied to it if a fitting (at tee, lateral, or cross) is
utilized in accordance with para. N-102.2.1.

Mandatory Appendix A)

Sy = bolt design stress at design temperature (bolt
design stresses shall not exceed those in
Mandatory Appendix A)

S¢ = allowable stress for flange material from
Tables NA-102.2.1(A)-1, NA-102.2.1(A)-2, and
NA-102.2.1(A)-3

(A.3) The flange design rules in (A.2) above are not
applicable for designs employing full-face gaskets that
extend beyond the bolts. The forces and reactions in
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such a joint differ from those joints employing ring-
type gaskets, and the flanges should be designed in
accordance with Section VIII, Division 1, Nonmandatory
Appendix Y of the ASME Boiler and Pressure Vessel
Code. (Note that the plastic flange sealing surface may
be more irregular than the sealing surface of a steel
flange. For this reason, thicker and softer gaskets may
be required for plastic flanges.)

(B) Blind Flanges Blind ﬂanges shall be in accordance
withrpara:
accordance w1th para 104. 5 2, except that the allowable
stresges for nonmetallic components shall be taken from
the data in Tables N-102.2.1(A)-1, N-102.2.1(A)-2, and
N-10p.2.1(A)-3. Otherwise, the design of blind flanges
shall{meet the requirements of para. N-104.7.

N-104.6 Reducers

Re
meet

Hucers not in compliance with para. N-102.2.1 shall
the requirements of para. N-104.7.

N-10f.7 Design of Other Components

Nq104.7.1 Listed Components. Pressure-retaining
components manufactured in accordance with stan-
dards listed in Table N-126.1 may be utilized in accor-
dancg with para. N-102.2.1.

N{104.7.2 Unlisted Components and Products. For
nonmetallic pressure-retaining components and piping
prodicts not complying with the standards and specifi-
catiops listed in Table N-126.1, and for proprietary com>
ponents and joints for which the rules in paras. N=103
throygh N-104.6 do not apply, pressure design shall be
basedl on calculations consistent with the design criteria
of thfs Appendix and the Code. This must be ‘substanti-
ated py one or more of the following, with.consideration
given) to applicable dynamic effects,’e:g., vibration and
cycli¢ operation, the effects of thermal expansion or con-
tractjon, and the load effects of“impact and thermal
shock:

(A) extensive successfulservice experience under
comparable design cenditions with similarly propor-
tioned components 0rpiping elements made of the same
or lije material

(B) performance tests under design conditions,
including applicable dynamic and creep effects, contin-
ued for &tithe period sufficient to determine the accept-
abilitfy of the component or piping element for its

limitations of para. N-124 and within any limitations
imposed by the applicable standards themselves.

N-106 FITTINGS
N-106.1 Listed Fittings

Fittings made in accordance with the standards and
spec1f1cat10ns listed in Table N- 126 1 shall be used within

1mposed by thls Appendlx or the body of thid Code for
specific service or application, and within any limita-
tions imposed by the applicable standards themselves.

N-106.2 Unlisted Fittings

Fittings not covered by“the standards
Table N-126.1 may be used-if they confornj
N-104.7.

listed in
to para.

N-107 VALVES
N-107.1 Listed Valves

Valves,conforming to the standards and spe
listed int Table N-126.1 shall be used within the
pressure-temperature ratings. Metallic valves
ing to the standards and specifications
Table 126.1, and used in nonmetallic piping]
used within the specified pressure-temperatu

ifications
specified
conform-
listed in

shall be
e ratings.

N-107.2 Unlisted Valves

Valves not complying with para. N-107.1 shall be of
a design, or equal to the design, that the manufacturer
recommends for the service and that conforms with
para. N-104.7.2.

PART 4
SELECTION AND LIMITATIONS OF PIPING

N-110 GENERAL

JOINTS

Joints shall be suitable for the pressure-temhperature
design conditions and shall be selected giving|consider-
ation to joint tightness and mechanical strength under
those conditions (including external loadings),|the mate-
rials of construction, the nature of the fluid setvice, and

design life

For either (A) or (B) above, reasonable interpolations
between sizes and pressure classes, and reasonable anal-
ogies among related materials, are permitted.

PART 3
SELECTION OF PIPING COMPONENTS

N-105 PIPE

Pipe and tube conforming to the standards and speci-
fications listed in Table N-126.1 shall be used within the

257

the Iimitations of paras. N-111 through N-113.

N-111 BONDED JOINTS

N-111.1 General Limitations

Unless limited elsewhere in para. N-111, joints made
by bonding in accordance with para. N-127 and exam-
ined in accordance with para. N-136.4 may be used
within other limitations on materials and piping compo-
nents in this Appendix.
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N-111.2 Specific Limitations

N-111.2.1 Hot Gas Welded Joints. Hot gas welded
joints shall not be used for B31.1 nonmetallic pressure
piping.

N-111.2.2 Butt-and-Wrapped Joints. Butt-and-
wrapped joints in RTR piping shall be made with suffi-
cient strength to withstand the design pressure and
external loadings.

N-114.2 Specific Limitations

N-114.2.1 Thermoplastic Piping. Threaded joints in
thermoplastic piping shall conform to the following
requirements:

(A) The pipe wall shall be at least Schedule 80
thickness.

(B) Pipe threads shall conform to ASME B1.20.1 NPT.
Threaded fittings shall be compatible with that standard.

(C) A suitable thread lubricant and sealant shall be

N-112
(A) Ge

FLANGED JOINTS

neral Limitations. Unless limited elsewhere in
para. N-112, flanged joints may be used, considering
the requifements for materials in Chapter N-III, and for
piping cogmponents in Part 3 of Chapter N-II, within the
following limitations:

(A.1)| Joints With Flanges of Different Ratings. Where
flanges of different ratings are bolted together, the rating
of the join|t shall be that of the lower-rated flange. Bolting
torque shall be limited so that excessive loads will not
be impoged on the lower-rated flange in obtaining a
tight joint.

(A.2)
metallic
should b{
full-faced
limited s

Metallic to Nonmetallic Flanged Joints. Where
nd nonmetallic flanges are to be joined, both
flat-faced. Full-faced gaskets are preferred. If
gaskets are not used, bolting torque shall be
that the nonmetallic flange is not overloaded.

N-113 EXPANDED OR ROLLED JOINTS

Expanded or rolled joints are not permitted in nonme-
tallic piping systems.

N-114
N-114.1

N-114.1.1  Threaded joints/may be used within
the requifements for materialsAn Chapter N-III, and on
piping cqgmponents in Papt'3 of Chapter N-II within the
limitations below.

N-114J1.2 Threaded joints shall be avoided in any
service where severe erosion or cyclic loading may occur,
unless the joinbhas been specifically designed for these
conditions.

FHREADED JOINTS

General Limitations

specified.

(D) Threaded piping joints are not permittedhin
olefin materials,® because of creep characteristics
must be considered.

(E) For PVC piping, the allowablé pressur
threaded piping shall be no moré&than 50% of th
unthreaded piping of the samedyall thickness and
rial grade.

N-114.2.2 Thermosetting Resin Piping. Thrg
joints in thermosetting‘resin piping shall conform
following requirements:

(A) Threads ghall be factory cut or molded on
ends and in matching fittings, with allowance for t
depth in aceordance with para. N-104.1.1.

(B) Threading of plain ends of piping is not perm
except.where such male threads are limited to the
tion of forming a mechanical lock with matching f¢
threads during bonding.

(C) Factory cut or molded threaded nipples, cou-
plings, or adapters bonded to plain end compopents
may be used where necessary to provide connectigns to
threaded metallic piping.

poly-
that

e for
ht for
mate-

aded
o the

pipe
hread

itted,
func-
male

N-115 FLARED LINING JOINTS FOR METALLIC
PIPING LINED WITH NONMETALS

The following apply:

(A) Welding. Welding is not permitted on lined
ponents in the field. Welding performed by the mar
turer to produce pipe, fittings, and flanges to be|used
for joints in elastomeric-lined piping systems shall be
performed so as to maintain the continuity of the lining
and its serviceability.

(B) Flared Linings

(B.1) General. Flared ends of linings made in 3
dance with the rules in this paragraph may be

com-
ufac-

ccor-
used,

N-114.1.3 Where threaded joints are designed to be
seal welded, thread-sealing compound shall not be used.

N-114.1.4 Layout of piping should minimize reac-
tion loads on threaded joints, giving special consider-
ation to stresses due to thermal expansion or contraction
and the operation of valves.

N-114.1.5 Metallic-to-nonmetallic and dissimilar
nonmetallic threaded joints are not permitted in piping
NPS 2% and larger.

258

subject to material limitations.

(B.2) Specific Requirements. Flaring shall be limited
to applications that do not affect the serviceability of
the lining.

N-116 BELL END JOINTS
Paragraph 116 applies.

2 The polyolefin group of materials includes polyethylene, poly-
propylene, and polybutylene.
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N-118 PROPRIETARY JOINTS

Metal coupling, mechanical, gland, and other proprie-
tary joints may be used within the limitations on materi-
als in Part 3 of this Chapter.

PART 5
EXPANSION, FLEXIBILITY, AND PIPE-SUPPORTING
ELEMENTS

contraction, the movement of pipe supports or terminal
points, or pressure elongation from causing

(A) failure of piping or supports from overstrain or
fatigue

(B) leakage at joints

(C) unacceptable stresses or distortion in the piping
or in connected equipment

N-119.5.2 Where nonmetallic piping and compo-

nents are 11sed piping systems must be desi Jned and

N-119 EXPANSION AND FLEXIBILITY
N-11P.1 General Concepts

N{119.1.1 Elastic Behavior. The concept of piping
strain imposed by the restraint of thermal expansion
or contraction, and by external movements, applies in
prindiple to nonmetals. Nevertheless, the assumption
that ptresses can be predicted from these strains in a
nonmetallic piping system, based on the linear elastic
charqcteristics of the material, is generally not valid. The
variation in elastic characteristics between otherwise
similpr material types, between source manufacturers,
and etween batch lots of the same source material can
at times be significant. If a method of flexibility analysis
that assumes elastic behavior is used, the designer must
be able to demonstrate its validity for the system and
mus{ establish conservative limits for the computed
stresges.

Ni119.1.2 Overstrained Behavior. Stresses cannot
be cqnsidered proportional to displacement strains in
nonmetallic piping systems where an excessive level of
strai may be produced in a localized area ©f the system,
and |n which elastic behavior of the piping material
is urfcertain (see unbalanced systefns\in para. 119.3).
Overptrain must be minimized by-effective system rout-
ing in order to avoid the necessity of a requirement for
specihl joints or expansion devices for accommodating
excegsive displacements;,

N1119.1.3 Progressive Failure. In thermoplastics
and Jome thermosetting resins, displacement strains are
not lfkely to prediice immediate failure of piping, but
may [produeédinacceptable distortion. Thermoplastics,
partifularly;-are prone to progressive deformation that
may pceeurupon repeated thermal cycling or under pro-

routed so that flexural stresses resulting from| displace-
ments due to expansion, contraction, and ‘etHer causes
are minimized. This concept requires’ $peciallattention
for supports and restraints, the terminal compnections,
and for the techniques outlined-in‘para. 119.5.l. Further
information on the design of thermoplastic piiping can
be found in PPI TR-21.

N-119.5.3  For metallic piping lined with nonmet-
als, the designer muspeonsider the integrity of|the lining
in designing for piping flexibility. This is a splecial con-
sideration fordinings less flexible than the metallic pip-
ing, e.g., glass or ceramics.

N-119.6. Properties for Flexibility Analysis

N-119.6.1 Thermal Expansion Data. Table[N-119.6.1
of ‘this Appendix lists coefficients of thermal ¢xpansion
for several nonmetallic materials. More-precise values
in some instances may be obtained from the mgnufactur-
ers of these materials. If the values are to bp used in
stress analysis, the thermal displacements shal| be deter-
mined as indicated in para. 119.

N-119.6.2 Modulus of Elasticity. Table N-119.6.2
lists representative data on the tensile moduliis of elas-
ticity, E, for several nonmetals. More-precise|values in
some instances may be obtained from the matefials man-
ufacturer. (Note that the modulus may vary| with the
geometrical orientation of a test sample for
filler-reinforced, filament-wound, or impregnated non-
metallic materials.) For materials and temperatures not
listed, refer to an authoritative source, e.g., puplications
of the National Institute of Standards and Tefhnology.

N-119.6.3 Poisson’s Ratio. Fornonmetals|Poisson’s
ratio will vary widely, depending upon maté¢rials and
temperature. For that reason, formulas used| in linear

1 d-eyxaociirat laszatad oot oo
ongbu eXpostreo-trevateatemperatutre:

N-119.1.4 Brittle Failure. In brittle thermosetting
resins, the materials are essentially rigid in behavior and
may readily develop high-displacement stresses, to the
point of sudden breakage or fracture, under moderate
levels of strain.

N-119.5 Flexibility

N-119.5.1 Piping systems shall have sufficient flex-
ibility to prevent the effects of thermal expansion or

elastic-stress aual_yai:- carrbe—tsed-or l}_y H—the-manufac-
turer has test data to substantiate the use of a specific
Poisson’s ratio for that application.

N-119.6.4 Dimensions. The nominal thickness and
outside diameters of pipe and fittings shall be used in
flexibility calculations.

N-119.6.5 Metallic Pipe Lined With Nonmetals. Flex-
ibility and stress analysis for metallic pipe lined with
nonmetals shall be in accordance with para. 119, except
that any limitations on allowable stresses or moments
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Table N-119.6.1 Thermal Expansion Coefficients, Nonmetals
Mean Coefficients, Mean_Coefficients,
U.S. Customary Units Metric Units
Matgrial Description 107 in./in./°F Range, °F 107% mm/mi/°C Range, °C

Thermopladtics
PVC Type 1{120 30 23-37 54 -5Jto +3
PVC Type 2[116 40 37-45 72 3-7
CPVC 4120 34 . 61 ..
PE2708 100 32-120Q 180 049
PE3608 90 32-120 162 O-49
PE3708 90 327120 162 O-49
PE3710 90 32-120 162 O-49
PE4708 80 32-120 144 O-49
PE4710 80 32-120 144 Of-49
Polypropylene 43 ce 77
Poly(vinylidjne chloride) 85 R 153
Poly(vinylidjne fluoride) 100 . 180
Reinforced [Thermosetting Resins
Epoxy-glasd, centrifugally cast 9-13 ce 16-23.5
Epoxy-glasd, filament-wound 9-13 R 16-23.5
Polyester-glass, centrifugally cast 9-15 ce 16-27
Polyester-glass, filament-wound 9-11 - 16-20
Polyester-glass, hand lay-up 12-15 ce 21.5-27
Other
Hard rubbef (Buna N) 40 - 72
GENERAL NPTE: Valdestin this Table are representative. Values at actual design temperature shall be obtained from the manufacturers.

260


https://asmenormdoc.com/api2/?name=ASME B31.1 2016.pdf

ASME B31.1-2016

Table N-119.6.2 Modulus of Elasticity, Nonmetals

shown to be valid for the specific case. If essentially
elastic behavior can be demonstrated for a piping system
(see para. N-119.1.1), the methods outlined in para. 119
may be applicable.

N-119.7.3  Special attention shall be given to move-
ment (displacement or rotation) of the piping with
respect to supports and points of close clearance. Move-
ments of a run at the junction of a small branch shall
be considered in determining the need for flexibility in

E, ksi (73.4°F)  E, MPa (23°C)
Material Description [Note (1)] [Note (1)]

Thermoplastics
PVC Type 1120 420 2 895
PVC Type 2116 360 2 485
CPVC 4120 420 2 895
PE2708 100 690
PE360838 125 860
PE370Q8 125 860
PE3710 125 860
PE470Q8 130 897
PE4710 130 897
Polyprppylene 120 825
Poly(v|nylidene chloride) 100 690
Poly(v|nylidene fluoride) 194 1340
Thermlosetting Resins, Axially Reinforced
Epoxy{glass, centrifugally cast 1,200-1,900 8 275-13 100
Epoxyjglass, filament-wound 1,100-2,000 7 585-13 790
Polyedter-glass, centrifugally cast 1,200-1,900 8 275-13 100
Polyedter-glass, filament-wound 1,100-2,000 7 585-13790
Polyegter-glass, hand lay-up 800-1,000 5515-6 895
Other
Hard qubber (Buna N) 300 2 070
NOTE:

(1) THe modulus of elasticity values for thermosetting resin pipe
arp given in the longitudinal direction; different values may
agply in the circumferential or hoop direction. The modulus of
elgsticity values for thermoplastic resin pipe are-temiperature-
ddpendent and stress-time related. In all cases.for materials
ligted in this Table, manufacturers shall be, consulted for spe-

cific product information.

recothmended by the manufacturers of the lined pipe
shall|be observed.

N-11p.7 Analysis

N1119.7.1
for systems that
(A) are dtiplicates, or replacements without signifi-

cant thahge, of successfully operating installations
(B) cdn readily be judged adequate by comparison

Formal stress analysis is not required

the branch.

N-120 LOADS ON PIPE-SUPPORTING ELEMENTS
Paragraph 120 applies.

N-121 DESIGN OF PIPE-SUPPORTING ELEMENTS
N-121.1 General

In addition to,the’ other applicable requir¢gments of
paras. 120 and 121, supports, guides, and anchors shall
be selected and'applied to comply with the reqfiirements
of para, N¢119 and the following:

N<121.1.1 Support or restraint loads shall be trans-
mitted to piping attachment or bearing pointsfin a man-
net that will preclude pipe-wall deformation of damage.
Padding or other isolation material should b¢ installed
in support or restraint clearance spaces fpr added
protection.

N-121.1.2  Valves and in-line componerjts should
be independently supported to prevent the imposition
of high load effects on the piping or adjacent [supports.

N-121.1.3 Nonmetallic piping should b¢ guarded
where such systems are exposed to casual danmpage from
traffic or other work activities.

N-121.1.4 A manufacturer’s recommendfations for
support shall be considered.

N-121.11 Thermoplastic and RTR Piping

Supports shall be spaced to avoid excessive| displace-
ment at design temperature and within the degign life of
the piping system. Decreases in the modulus of elasticity
with increasing temperature, and creep of theq material,

with previously analyzed systems or

(C) are routed with a conservative margin of inherent
flexibility, or employ joining methods or expansion joint
devices, or a combination of these methods, in accor-
dance with the applicable manufacturer’s instruction

N-119.7.2 A substantiating stress analysis is
required for a system not meeting the above criteria.
The designer may demonstrate that adequate flexibility
exists by employing a simplified, approximate, or com-
prehensive stress analysis, using a method that can be

with time_ shall bhe considered where ap}'ﬂir ble. The
coefficient of thermal expansion of most plastic materials
is high and must be considered in the design and loca-
tion of supports and restraints.

N-121.12 Burial of Thermoplastic and RTR Pipe

N-121.12.1 Design. Buried pipe design requires
consideration of burial depth, soil type, and compaction
to determine the external loads on the pipe. For
AWWA C900 PVC pipe, AWWA Manual M23 outlines
applicable design procedures for water utility service.
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For AWWA C950 RTR pipe, AWWA Manual M45 out-
lines similar procedures. It is the designer’s responsibil-
ity to verify that the procedures are applicable for other
services and piping materials. Minimum pipe stiffness
for RTR pipe shall meet the requirements of AWWA C950
for 5% deflection. The minimum stiffness shall be deter-
mined at 5% deflection using the apparatus and proce-
dures of ASTM D2412.

N-121.12.2 Installation. The pipe manufacturer’s

piping at the connection to the main or other facility.
Precautions shall be taken to prevent crushing or shear-
ing of RTR piping due to external loading or settling
of backfill and to prevent damage or pullout from the
terminal connection resulting from thermal expansion
or contraction.

RTR piping may terminate above ground and outside
a building, provided that

(A) the aboveground portion of the RTR pipe is com-

recommepdations shall be equal to or more stringent
than thoge described in ASTM D3839 for RTR pipe or
ASTM DP774 for thermoplastic pipe. The manufactur-

er’s recotnmendations shall be followed.

PART 6
SYSTEMS
N-122 PDESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS
The use of nonmetallic piping materials and compo-
nents, ungler the scope of this Appendix, shall be limited
to those gervices and conditions stated in para. 100.1.2

or specifically permitted in this section. In addition,

(A) nohmetallic materials shall not be used under
severe cyclic conditions unless it can be demonstrated
that the mnaterials are suitable for the intended service
in accordance with para. N-104.7.

(B) these materials shall be appropriately protected
against tfansient or operating temperatures and pres-
sures beypnd design limits, and shall be adequately pre=
tected agpinst mechanical damage.

(C) linjitations on the use or application of materials
in this Appendix apply to pressure-containing parts.
They do pot apply to the use of materials for supports,
linings, gaskets, or packing.

N-122.7 [Piping for Flammable or-Combustible
Liquids

N-122{7.1  Polyethylene\(PE) and reinforced ther-
mosetting resin (RTR) pipeéanay be used for flammable
or combystible liquids inburied installations only. The
fluid tenjperatureseshall not exceed 140°F (60°C) and
pressureq shall bé\limited to 150 psi (1 000 kPa). Particu-
lar care must-beexercised to prevent damage to RTR

pletely enciosed in a conduit of casing of sulfjcient
strength to provide protection from external damage
and deterioration. Where a flexible conduitisyused, the
top of the riser must be attached to a solid support. The
conduit or casing shall extend a minimum of 6 in. helow
grade.

(B) the RTR pipe is not subjected to excessive st
due to external loading.

esses

N-122.8 Piping for Flammable Gases, Toxic GBSJS or
Liquids, or Nonflammable Nontoxic Gases

d for
fluid
elow

N-122.8.1 Polyethylene (PE) pipe may be usq
natural gas serviee in buried installations only. The
temperaturés shall not exceed 140°F (60°C) nor be |
—20°F (-80°C), and pressures shall be limited to 100 psi
(690 kRa). Pipe joints shall be heat fused in accordlance
with a 'Bonding Procedure Specification meetinjg the
requirements of N-127.

N-122.9 Piping for Corrosive Liquids and Gases

N-122.9.1 For nonmetallic piping used to cqnvey
corrosive or hazardous liquids or gases in accorilance
with para. 122.9, the design shall meet the requiremnents
of para. N-104.7.2, in addition to the materials limifation
requirements of para. N-124.9.

N-122.9.2  Aboveground nonmetallic piping
veying corrosive or hazardous fluids shall be ins
in a guarded manner that will prevent damage d|
construction, operation, or service.

con-
alled

uring

N-122.9.3 For metallic piping lined with nonnjetals
used to convey corrosive or hazardous liquids or [gases
in accordance with para. 122.9, the design shall |meet
the requirements of para. N-104.7.2.
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Chapter N-lil
Materials

N-123 GENERAL REQUIREMENTS

N-124.1.5 Upper Temperature Limitations

Paragraph N-123 provides limitations and qualifica-
tions| for materials based on their inherent properties.
The yise of these materials in piping may also be subject
to refjuirements and limitations in other parts of the
Cods.

N-12

N
in pr
stres|
N-10

N
used
allow

B.1 Materials and Specifications

123.1.1 Listed Materials. Listed materials used
pssure-containing piping shall have basic allowable
ses and other design limits as covered in para.
D 3.

123.1.2 Unlisted Materials. Unlisted materials
in pressure-containing piping shall have basic
able stresses and other design limits as covered in
para|N-102.3 or on a more conservative basis. Unlisted
matgrials shall be qualified in accordance with the
requtrements of N-104.7.2.

N-123.1.3 Unknown Materials. Materials of
unknown specification or standard shall not be used.

N-124 LIMITATIONS ON MATERIALS
N-12#.1 Temperature Limitations

The designer shall determine that materials that meet
other requirements of this Appendix are suitable for
the fluid service throughout the'‘eperating temperature

rang¢ of the systems in whieh'the materials will be used.

N{124.1.1 Thermoplastic Piping Components.
Table N-102.2.1(A)stprovides hydrostatic design
stresges (HDS) and-récommended temperature limits for

thermoplastic piping components.

N
Resirn

124.1:2°Laminated Reinforced Thermosetting
Piping’ Components. Table N-102.2.1(A)-2 pro-
videg design stresses (DS) and recommended tempera-

(A) The maximum design temperature fc:t a listed
material shall not exceed maximum temperatyres listed
in Tables N-102.2.1(A)-1, N-1022-1(A)-2, and
N-102.2.1(A)-3 as applicable, exceptlas providgd in para.
N-102.3.1.

(B) An unlisted materialacéeptable unfler para.
N-123.1.2 shall have upper témperature limlits estab-
lished in accordance with\para. N-102.2.

N-124.1.6 Lower;Temperature Limitations
(A) The minimum design temperature fof a listed
material shallLnot-be lower than the minimum|tempera-
tures listeddnyTables N-102.2.1(A)-1 and N-102.2.1(A)-2,
as applicable; except as provided in para. N-102.3.1(A).
(B) An unlisted material acceptable unfler para.
N-128.1.2 shall have lower temperature limfits estab-
listed in accordance with the manufacturers recom-
mendation but in no case less than —20°F.

N-124.9 Installation Limitations for Nonmetallic
Piping
N-124.9.1 General
(A) Nonmetallic materials shall be guarddd against
excessive temperature, shock, vibration, pulsgtion, and
mechanical abuse in all fluid services.
(B) Requirements in this paragraph apply to
containing parts. They do not apply to mate
for supports, gaskets, or packing.

N-124.9.2 Thermoplastics
(A) Thermoplastics shall not be used in f
fluid service aboveground, unless all of the
are met:
(A.1) The size of the piping does not excded DN 25
(NPS 1).
(A.2) Owner’s approval is obtained.
(B) When used in other than nontoxic, nonflammable,

pressure-
rials used

ammable
following

ture [imits for laminated reinforced thermosetting resin
piping components.

N-124.1.3 Machine-Made Reinforced Thermosetting
Resin Pipe. Table N-102.2.1(A)-3 provides hydrostatic
design basis (HDB) at a temperature level of 73°F for
machine-made reinforced thermosetting resin pipe.

N-124.1.4 Notes for Tables N-102.2.1(A)-1,
N-102.2.1(A)-2, and N-102.2.1(A)-3. The basis for set-
ting minimum and maximum temperatures varies with
the different tables, as noted in the Notes for each table.
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liquid service, thermoplastics shall be installed in a
guarded manner that will prevent damage during con-
struction, operation, or service.

(C) PVC and CPVC shall not be used in compressed
air or other compressed gas service.

N-124.9.3 Reinforced Thermosetting Resins (RTR)
Piping. When used for corrosive, hazardous, or flam-
mable fluid service, RTR piping shall be installed in a
guarded manner that will prevent damage during con-
struction, operation, or service.
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N-124.9.4 Reinforced Plastic Mortar (RPM) Piping.
When used in other than nontoxic, nonflammable, liquid
service, RPM piping shall be installed in a guarded man-
ner that will prevent damage during construction, opera-
tion, or service.

N-125 MISCELLANEOUS MATERIALS: JOINING AND
AUXILIARY MATERIALS

When detecting materials, €.g., CeIments, S01Vents, pack-
ing, and ()-rings, for making or sealingjoints, the designer
shall congider their suitability for the fluid service.
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Chapter N-IV
Specifications and Standard Data

N-126 MATERIAL SPECIFICATIONS AND N-126.3 Reference Documents
STANDARDS

N-126.1 Standard Piping Components (A) The documents listed in Table N-126:¥[may con-

Difnensions of standard piping components shall tain references to codes, standards, orspecifications not
comply with the standards and specifications listed in hste(.:l'm fche table. Such unlisted 'Codes, starfdards, or
Tablg N-126.1 in accordance with the requirements of spec1f1cat10ns are to be used onlyin the context of the
para| N-102.2.1. Abbreviations used in this Appendix listed documents in which they.appear.
are listed in para. N-100.2.2. (B) Where documents liSted in Table N-126{1 contain
N-12p.2 Nonstandard Piping Components design rules that are ineonflict with this Appendix, the

Where nonstandard pipi " desiened design rules of this Appendix shall govern.

piping components are designe

in acfordance with para. N-104.7, adherence to dimen- (C) The fabrication, assembly, examination, inspec-
siondl standards of ANSI and ASME is strongly recom-  tion, and testing requirements of Chapters N-Vland N-VI
menfled where practical. Dimensions of piping apply to the\construction of piping systems. These
connpction threads not covered by a governing compo- ~ requirements are not applicable to the manufacture of
nent| specification or standard shall conform to  materiallor components listed in Table N-126.1 unless
para{N-114. specifically stated.
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Table N-126.1 Nonmetallic Material and Product Standards

Standard or Specification

Designation [Notes (1), (2)]

Nonmetallic Fittings

Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80
Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40
Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings

Reinforced Epoxy Resin Gas Pressure Pipe and Fittings

Plastic Insert Fittings for Polyethylene (PE) Plastic Pipe

ASTM D2464-99%
ASTM D2466-05
ASTM D2467-05
ASTM D2513-04a
ASTM D2517-05
ASTM D2609-02

Socket-Typg Potyethytene FITUNgs for UUTSIde Diameter-Controlted Polyetnytene PIpe and Tubing

Chlorinated] Poly(Vinyl Chloride) (CPVC) Plastic Hot- and Cold-Water Distribution Systems

Butt Heat Flision Polyethylene (PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and Tubing

Polybutylenfe (PB) Plastic Hot- and Cold-Water Distribution Systems

Machine Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges

“Fiberglass] (Glass-Fiber-Reinforced Thermosetting-Resin) Pressure Pipe Fittings

Contact-Mo|ded “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Corrosion Resistant Pipe and
Fittings

Threaded Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80

Socket-Typd Chlorinated Poly(Vinyl Chloride) CPVC) Plastic Pipe Fittings, Schedule 40

Chlorinated| Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80

Electrofusign Type Polyethylene Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing

Special Engineered Fittings, Appurtenances or Valves for use in Poly(Vinyl Chloride) (PVC) or Chlorinated

Chloride) (CPVC) Systems

Reinforced Epoxy Resin Gas Pressure Pipe and Fittings

Joints for IHS PVC Pipe Using Solvent Cement

Polyethylene (PE) Plastic Tubing

Underground Installation of Thermoplastic_Pressure Piping

Chlorinated| Poly(Vinyl Chloride) (CPVQ). Plastic Hot- and Cold-Water Distribution Systems
Filament-Wound “Fiberglass” (Glass+Fiber-Reinforced Thermosetting-Resin) Pipe
Centrifugally Cast “Fiberglass”(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe
Polyethylenfe (PE) Plastic PipeDR-PR) Based on Controlled Outside Diameter
Polybutylenfe (PB) Plastic+Hot-’and Cold-Water Distribution Systems

Chlorinated| Poly(Vinyl/Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80
Chlorinated| Poly(Vinyl‘Chloride) (CPVC) Plastic Pipe (SDR-PR)

Polyethylene (PE)Plastic Pipe (SDR-PR) Based on Outside Diameter

Plastic-Lined Ferros Metal Pipe, Fittings, and Flanges
Pressure-rated Dnl\}lprnp\’llnnn (PP) Dirr_\ing Q\llcfnmc

ASTVI DZ2685-04

ASTM D2846-99¢!
ASTM D3261-03

ASTM D3309-96a(2002)
ASTM D4024-05

ASTM D5685-05
ASTM.D6041-97(2002)

ASTM F437-99
ASTM F438-04
ASTM F439-05
ASTM F1055-98¢*
ASTM F1970-05

APl 15LE-95

APl 15LP-87

APl 15LR-01

ASTM C14-03

ASTM D1527-99(2005)
ASTM D1785-05

ASTM D2104-03

ASTM D2239-03

ASTM D2241-04b
ASTM D2282-99(2005)
ASTM D2310-01

ASTM D2447-03

ASTM D2513-04a
ASTM D2517-05

ASTM D2672-96a(2003)
ASTM D2737-03

ASTM D2774-04

ASTM D2846-99<!
ASTM D2996-01

ASTM D2997-01

ASTM D3035-03a
ASTM D3309-96a
ASTM F441-02

ASTM F442-99

ASTM F714-05

ASTM F1545-97
ASTM E2389.07¢€!

Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. Through 12 in., for Water Distribution

Polyethylene (PE) Pressure Pipe and Fittings, 4 in. (100 mm) Through 63 in. (1,575 mm), for Water
Distribution and Transmission

Fiberglass Pressure Pipe
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*AWWA C900-97
AWWA (906-99

*AWWA C950-01
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Table N-126.1 Nonmetallic Material and Product Standards (Cont’d)

Standard or Specification Designation [Notes (1), (2)]
Miscellaneous
Manually Operated Thermoplastic Gas Shutoffs and Valves in Gas Distribution Systems *ASME B16.40-2008
Standard Test Methods for Vitrified Clay Pipe ASTM C301-04
Contact-Molded Reinforced Thermosetting Plastic (RTP) Laminates for Corrosion-Resistant Equipment ASTM C582-02
Standard Terminology Relating to Plastics ASTM D883-00
Standard Terminology for Abbreviated Terms Relating to Plastics ASTM D1600-99
Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe and Fittings ASTM D2235-04
Deterriimation of EXternat Loading Characteristics of Ptastic PIpe by Paraltet-Piate toading ASTM D24T12-02
Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems ASTM D2564-04
Heat Husion Joining of Polyolefin Pipe and Fittings ASTM D2657+03
Obtairjing Hydrostatic Design Basis for Thermoplastic Pipe Materials or Pressure Design Basis for ASTM D2837-04
Thefmoplastic Pipe Products
Making Solvent-Cemented Joints With Poly(Vinyl Chloride) (PVC) Pipe and Fittings ASTM D2855-96(2d05)
Externpl Pressure Resistance of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe ASTM D2924-01
Obtairjing Hydrostatic or Pressure Design Basis for “Fiberglass” (Glass-Fiber-Reinforced ASTM D2992-01
Thefmosetting-Resin) Pipe and Fittings
Joints [for Plastic Pressure Pipes Using Flexible Elastomeric Seals ASTM D3139-98(2d05)
Underground Installation of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe ASTM D3839-02¢!
Design and Construction of Nonmetallic Enveloped Gaskets for Corrosive Service ASTM F336-02
Standard Terminology Relating to Plastic Piping Systems ASTM F412-07
Solvent Cements for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe and Fittings ASTM F493-04
Electrgfusion Joining Polyolefin Pipe and Fittings ASTM F1290-98a
Taper Pipe Threads 60° for Thermoplastic Pipe and Fittings ASTM F1498-00¢!
PVC P|pe — Design and Installation AWWA M23-02
Fiberglass Pipe Design AWWA M45-05
Plastid Industrial Ball Valves MSS SP-122-2005
Plastids Pipe Institute (PPI) Listing of Hydrostatic Design Basis (HDB), Hydrostatic Design Stress (HDS), PPI TR-4/2006B

Strength Design Basis (SDB), Pressure Design Basis (PDB) and Minimum Required Strength (MRS)
Ratihgs for Thermoplastic Piping Materials or Pipe

Recommended Design Factors and Design Coefficients for Thermoplastic Pressure Pipe PPI TR-9/2002
Thermpl Expansion and Contraction in Plastics Piping Systems PPI TR-21/2001
NOTEY:

(1) An asterisk (*) preceding the designation indicates.that the standard has been approved as an American National Standard|by the
American National Standards Institute.
(2) Nymbers in parentheses are reapproval dates.
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Chapter N-V
Fabrication, Assembly, and Erection

N-127 BONDING PLASTIC JOINTS

requirements; tests and examinations other than those

N-127.1 |General

N-127.1.1 Bonded joints that conform to this
Chapter fnay be used in accordance with para. N-111.

N-127/1.2  Production joints shall be made only in
accordamce with a written Bonding Procedure
Specificafion (BPS) that has been qualified in accordance
with parg. N-127.5.

N-127/1.3  Production joints shall be made only
by qualified bonders or bonding operators who have
satisfactqrily passed a performance qualification test
that has been performed in accordance with a written
BPS, in afcordance with para. N-127.5.

N-127,
a bonder|
procedur

N-127,
orated by
will not s

N-127|
scope of

N-127.1.7 Joint Identification. Eath qualified
bonder ajd bonding operator shall be gssigned an iden-
tificationsymbol. Unless otherwise spegified in the engi-
neering Hesign, each pressurefcontaining bond or
adjacent prea shall be stenciled or otherwise suitably
marked with the identification,symbol of the bonder or
bonding pperator. Identification stamping shall not be
used and jany markingypaint or ink shall not be detrimen-
tal to the|piping material. In lieu of marking the bond,

1.4 Qualification in one BPS does not qualify
or bonding operator for any other bonding

b

1.5 Bonding materials that have been deteri-
exposure to air or prolonged storage, or that
pread smoothly, shall not be used.

1.6 Longitudinal joints are not within the
this paragraph.

required by para. N-127.5.3 (C.2); and acceptance cffiteria
for the completed test assembly.

N-127.5.2 Bonding Responsibility. An émployer of
bonding personnel is responsible for ithe bonding|done
by members of his/her organizatien’and, except a$ pro-
vided in para. N-127.5.3, shall conduct the required per-
formance qualification tests_te qualify the BPS(s) and
the bonders or bonding operators.

N-127.5.3 Qualification by Others

(A) BPS. Eachéemployer (e.g., piping fabricaf
erector) shall béresponsible for qualifying any BP$ that
personnel of His/her organization will use. Subjgct to
the specificyapproval of the owner, a BPS qualifi¢d by
others may be used if the following conditions apply:

(A>1) The owner, or his/her agent, accepts that the
proposed qualified BPS has been prepared and exefuted
by a responsible recognized organization with expfrtise
in the field of bonding.

(A.2) The employer accepts both the BPS§
Procedure Qualification Record (PQR) by signatu
his/her own.

(A.3) The employer has at least one bonder
rently employed, who has satisfactorily passed 4
formance qualification test using the prop
qualified BPS.

(B) Bonding Performance Qualification. An emplloyer
shall not accept a performance qualification test made
by a bonder or bonding operator for another employer
without the owner’s specific approval. If approyal is
given, acceptance is limited to performance qualifidation

or or

and
re as

cur-

per-
osed

approprigte recofd$ shall be filed. tests on piping using the same or an equivalent| BPS.
The employer accepting such performance qualifidation

N-127.5 |Quatification tests shall obtain a copy of the PQR from the preyious
N-127.571Gemrerat.—Quatification of the BPSto be el on o g e name el Ping e e oo

used, and of the performance of bonders and bonding
operators, is required. The BPS shall specify, for both
the bonding operation and qualification testing require-
ments, all required materials, including material storage
requirements; the fixtures and tools required, including
the care and handling of tools; the environmental (e.g.,
temperature and humidity) requirements for all opera-
tions, including the methods required for measurement;
joint preparation requirements; dimensional require-
ments and tolerances; cure time; protection of work
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whom bonders or bonding operators were qualified, the
dates of such qualification, and the date the bonder or
bonding operator last assembled pressure piping under
the previous performance qualification.

(C) Qualification tests for the bonding procedure and
operator performance shall comply with the require-
ments of the BPS and the following:

(C.1) A test assembly shall be fabricated in accor-
dance with the Bonding Procedure Specification. The
test assembly shall consist of at least one pipe-to-pipe
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joint and one pipe-to-fitting joint. The size of the pipe
used for the test assembly shall be as follows:

(C.1.1) When the largest size to be joined (within
the BPS) is NPS 4 or smaller, the test assembly shall be
the same NPS as the largest size to be joined.

(C.1.2) When the largest size to be joined within
the BPS is greater than NPS 4, the test assembly shall
be made of piping components either NPS 4 or a mini-
mum of 25% of the NPS of the largest piping component

Fig. N-127.7.1(B) Solvent-Cemented Joint

A_/
/ /
,

/ s
’

N

’
’

777
\
7]

R

to be[joined, whichever i5 targer.

e(IC.Z) The test assembly shall be subjected to one
of the following qualification test operations:
(C.2.1) When the test assembly has been cured,
it shgll be subjected to a hydrostatic pressure test of the
maximum of either 150 psig or 1.5 times an equivalent
allowable pressure, which shall be calculated using the
least|nominal wall thickness and outside diameter of
the pipe in the test assembly. This pressure shall be
detegmined using the equation in para. N-104.1.2(A) for
the t¢st material. The test shall be conducted so that the
joint |s loaded in both the circumferential and longitudi-
nal directions. Joints shall not leak or separate when
testegl.
(C.2.2) When a test assembly is joined by heat
fusiop, the fusion joints may be tested by cutting a mini-
mun] of three coupons containing the joint and bending
the sfrips using a procedure that shall be defined in the
BPS.[As a minimum requirement, the test strips shall
not Hreak when bent a minimum of 90 deg, at ambient
temperature, over an inside bend radius of 1.5 timeSjthe
nominal diameter of the tested pipe.

(D) Performance Requalification

D.1) Renewal of a bonding performande qualifica-
tion {s required when
(D.1.1) a bonder or bonding 0perator has not
used|the specific bonding process,for a period of time
greatfer than 6 months, or a specific maximum period
of tithe otherwise permitted in’the BPS for the work
(D.1.2) there is afspecific reason to question a
bondeer or bonding operator’s ability to make bonds that
meet|the BPS
D.2) Renewal-of a bonding performance qualifica-
tion for a specific bonding process may be made in only
a single test\assembly.

N-12)7.6Qualification Records

N
N
N
<
/—\>

for ABS shall conform te*ASTM D2235. Cutp shall be
free of burrs and circumferential cuts shall belas square
as those obtained by-thé use of a saw with a miter box
or a square-end Sawing vise. A slight interflerence fit
between the pipe-and a fitting socket is prefdrred, and
the diametral:clearance between a pipe and th¢ entrance
of a matifig socket shall not exceed 0.04 in. Thjs fit shall
be chec¢ked before solvent cementing.
(B)\Procedure. Joints shall be made in accordance with
a~qualified BPS. ASTM D2855 provides a suitpble basis
for such a procedure. Solvent cements for PVIC, CPVC,
and ABS shall conform to ASTM D2564, D2846, and
D2235, respectively. Cement shall be sufficiept to pro-
duce a small continuous fillet of cement at [the outer
limits of the joints. See Fig. N-127.7.1(B).
(C) Branch Connections. For branch connedtions not
using a tee, a manufactured full reinforcemgnt saddle
with an integral branch socket shall be solvent cemented
to the run pipe over its entire contract surfacg.
(D) Limitations on Imperfections. Impeffections
exceeding the following limitations are cqnsidered
defects and shall be repaired and reexamined in accor-
dance with para. N-127.7.3:
(D.1) protrusion of dried cement exceeding 50% of
pipe wall thickness into the bore of the pipe
(D.2) unfilled or unbonded areas in a joirft, as indi-
cated by the lack of interruption of the continpious fillet
noted in (B) above

N-127.7.2 Heat and Fusion Joints

An erector using bonders or bonding operators shall
maintain a record of the procedures used and of opera-
tors employed by him/her who are qualified in these
procedures.

N-127.7 Thermoplastic Pipe Joints

N-127.7.1 Solvent-Cemented Joints
(A) Preparation. PVC and CPVC surfaces to be
cemented shall be cleaned by wiping with a clean cloth
moistened with acetone or methylethyl ketone. Cleaning

lA/ PGCMfMiiU’l. SUI[dLUb |19 bU Ilﬁdl fube together
shall be cleaned of any foreign material. Cuts shall be
free of burrs, and circumferential cuts shall be as square
as those obtained by the use of a saw with a miter box
or a square-end sawing vise.

(B) Procedure. Joints shall be made in accordance with
a qualified BPS. The general procedures in ASTM D2657,
Technique I — Socket Fusion, Technique II — Butt
Fusion, and Technique III — Saddle Fusion, provide a
suitable basis for such a procedure. Both surfaces to be
joined shall be uniformly heated to produce a continuous
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Fig. N-127.7.2(B) Heat Fusion Joints pipe. Pipe may be preheated, if necessary, to comply

with the above requirements. Cuts shall be free of burrs,

A_/* %ﬁ and circumferential cuts shall be as square as required
7 ‘ Y ‘ by the purchaser’s specifications or the recommenda-
. . i g tions of the manufacturer, whichever requires the closer
_r gy v g squareness. For branch connections, holes in the run
N @ \\ # pipe may be made with a hole saw. Mold-release agent,
N 7 AN NN and any other material that may interfere with adhesion,
N ) ) N NN shall be removed from surfaces to be bonded.
\\: T s 3 J {B)—joimng Procednres
2 N D N (B.1) Socket and Spigot Joints. Joints shall\be’made
N N N \ in accordance with a qualified BPS based o the npanu-
A/—\> N . facturer’s recommended procedure. Applicatipn of
- — adhesive to the surfaces to be joined, and assembly of
d . . those surfaces shall produce a continipis bond between
(a) Gocket Joint (b} Butt Joint them. Cut ends of the pipe and edges of the lanjinate
fabric shall be sealed to preventfluid penetration ¢f the
homogeneous bond between them. This will produce a plpe wall or the laminate material. See Flg N-127.8 1(B)
small comtinuous fillet of fused material at the outer (B.2) Butt-and-Wrapijeints. Joints shall be made in
limits of the joints. See Fig. N-127.7.2(B). accordance with a qualified BPS. The general proceflures
(C) Brdqnch Connections. Branch connections shall be ~ in  ASTM (582, “Contact-Molded Reinfgrced
made only with the use of molded fittings in sizes that ~ Thermosetting £lastic (RTP) Laminated for Corrpsion
are comnpercially available. Resistant Equipment, provide a suitable basis fdr the
(D) Limitations on Imperfections. Imperfections development-of such a procedure. Application off plies
exceedinlg the following limitations are considered of reinforeement, saturated with catalyzed resin, fo the
defects and shall be repaired and reexamined in accor- surfages’to be joined shall produce a continuous $truc-
dance with para. N-127.7.3: ture'with the surfaces. Cut ends shall be seal¢d as
(D.1) protrusion of fused material exceeding 25% . dequired in (B.1) above. See Fig. N-127.8.1(B).
of the pipe wall thickness into the bore of the pipe (C) Branch Connections. Branch connections shall be
(D.2) unfilled or unbonded areas in a joint as indic made using a manufactured tee fitting or a full reinforce-
cated by fhe lack or interruption of the continuousfillet ~ Mment saddle having suitable provisions for joining as in
noted in [B) above (B) above. The cut edges of any hole in the run| pipe
shall be sealed with adhesive at the time the sadfle is
N-127{7.3 Electrofusion Joints bonded to the run pipe.
(A) Preparation. Surfaces to be heat fused together (D) Limitations on Imperfections. Imperfecfions
shall be dleaned of all foreign materjal. exceeding the following limitations are considered
(B) Prqcedure. Joints shall be madein‘accordance with  defects and shall be repaired and reexamined in gccor-
the qualified BPS. The general procedures in  {dance with para. N-127.7.3:
ASTM F1290, Technique 1 —~Cotpling Procedure and (D.1) protrusion of adhesive exceeding 25% of pipe
Techniqup 2 — Saddle Procedure, provide a suitable wall thickness into the bore at the bottom of a s{cket,
basis for| the developmént of such a procedure. See .t inside a branch connection
Fig. N-127.7.3(B). (D.2) unfilled or unbonded areas in the joint
N-1277.4 Repajr of Defects. Defective material, N-127.8.2 Repair of Defects. Defective matferial,
joints, andt othérworkmanship in piping that fail to meet joints, and other workmanship in piping that fail tojmeet
the requi FeRuents of Chapters N-1I and N-V, and Of the the requlrements of Chapters N- III and N-V, and ¢f the
engineering . —imi-

tations on 1mperfect10ns and the method and extent of
the required examination of repairs and replacements,
shall be the same as for the original work.

N-127.8 FRP Pipe Joints

N-127.8.1 Thermosetting Resin Joints

(A) Preparation. Cutting of pipe and preparation of
bonding surfaces shall be done as recommended by the
manufacturer, without chipping or cracking of the cut
ends; particularly, the inner surface of centrifugally cast
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tations on 1mperfect10ns and the method and extent of
the required examination of repairs and replacements,
shall be the same as for the original work.

N-127.9 Welding of Metallic Piping Lined With
Nonmetals

Welding is not permitted on lined components in the
field. Welding performed by the manufacturer to pro-
duce pipe, fittings, and flanges to be used in an elasto-
meric lined piping system shall conform to the
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Fig. N-127.7.3(B) Thermoplastic Electrofusion Joints
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(a) Coupling (b) Butt (c) Saddle
Fig. N-127.8.1(B) Thermosetting Resin Joints bent. Hot bending shall be done within a terhperature
range consistent(with material characteristicq, end-use
o~ T requiremenfs; and the pipe manufpcturer’s
() recommendations.
N-129.2."Component Forming
A k Piping components may be formed by any suitable
hot or cold method permissible by the characteristics of
the material being formed. Forming shall be dqne within
a temperature range consistent with the material charac-
V 7 teristics, end-use requirements, and the compohent man-
ufacturer’s recommendations. The thickness after
forming shall be not less than that required by the engi-
neering design.
5/-\\ » N— D
N-135 ASSEMBLY AND ERECTION
(a) Overwrapped (b) Butt and Wrap )
Bell and Spigot Joint Joint N-135.1 General
The assembly and erection of nonmetallic pjping sys-
) tems shall comply with the requirements of pgra. 135 of
reqlfnrem(;nts of ASME BI,)VCh Secthn I.X ar;dhshla.ll' be the Code and Chapter N-V of this Appendix. Inaddition,
pelc‘lcrme S_O asbt.?. maQain the continuity of the lining (A) when assembling nonmetallic flanges, flat wash-
and jts serviceablity ers shall be used under all bolt heads and puts. The
specified maximum bolt torque shall not be gxceeded.
N-129 BENDING AND FORMING (B) full circumference wrenches shall b¢ used to
N-12D.1(Bending tighten threaded pipe joints. Tools and othqr devices
. . . used to hold or apply forces to the pipe shall be such
N allening 0 RCNG at-pipe-surfaces—arenot-scored-or—deepty-sScratched

defined as the difference between the maximum and
minimum outside diameters, at any cross section,
expressed as a percentage of the nominal outside diame-
ter. Flattening shall not exceed 8% for pipe exposed
to internal pressure. For pipe under external pressure,
flattening shall not exceed 3%. The thickness after bend-
ing shall be not less than that required in para. N-104.2.

N-129.1.2 Bending Methods. Pipe may be bent by
any suitable hot or cold method permissible by radii
limitations and material characteristics of the pipe being
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For thermosetting resin piping, threads shall be coated
with sufficient adhesive to cover the threads and com-
pletely fill the clearance between the pipe and fittings.

N-135.3 Bolted Flanged Connections

N-135.3.5 Flaring of Nonmetallic Linings

(A) General. The provisions of this paragraph apply
to metallic pipe lined with plastic or other flexible
material. To prevent the fluid from contacting the metal-
lic piping where the lining must be interrupted at a
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