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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"temperature
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 in’design, fabrication
and erection. Someday such levels of quality may be definable, so that the\tieed for the many
different piping codes will be overcome.

There are many instances where the Code serves to warn a designer, fabricator, or erectoy
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'eontains information on a specifi
subject, and is maintained current with the Code. Although written in mandatory language, these
Appendices are offered for application at the user’s discretion.

The Code never intentionally puts a ceiling limit onxconservatism. A designer is free to specify
more rigid requirements as he feels they may be justified. Conversely, a designer who is capabld
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 Codg
updated to permit the use of acceptable new developments.
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists of
a number of individually published Sections, each an

It is the owner’s responsibility to select the Code
Section that most nearly applies to a proposed piping

ional

more
bf the
r the
other

n I1I:

pota-
tems

actor
tions

and

Americapn National Standard, under the direction of  installation. Factors to be considered by the owner
ASME C¢mmittee B31, Code for Pressure Piping. include limitations of the Code Section, jurisdic
Rules for each Section have been developed consider-  requirements, and the applicability of other-codes and
ing the need for application of specific requirements for ~ standards. All applicable requirements of the selected
various types of pressure piping. Applications consid-  Code Section shall be met. For some installations,
ered for ¢ach Code Section include than one Code Section may apply todifferent parts
B31.1 [Power Piping: piping typically found in elec- insta.llation. The owner is also resporsible for imppsing
fric power generating stations, in industrial requirements gupplementary {o those of .th.e selected
and institutional plants, geothermal heating Code Sectl.on, if necessary, fo.assure safe piping f
systems, and central and district heating and propose:‘d 1rllsFa11at1.0n.. . .
Looling systems Certain piping w1th1¥1 a fac1.hty may be spb]'ect to
B31.3  [Process Piping: piping typically found in codes and sta'ndards, including but not limited ’fc
petroleum refineries; chemical, pharmaceuti- - ASME Boﬂer. agd Pressure Vessel Code, Sectig
cal, textile, paper, semiconductor, and cryo- nuclear powef piping
enic plants; and related processing plants — ANSI Z223.1 National Fuel Gas Code: piping for
bnd terminals fuel gas from the point of delivery to the connectjon of
B31.4  Pipeline Transportation Systems for Liquid each, fue€l utilization device
Hydrocarbons and Other Liquids: piping - NFPA Fire Protection Standards: fire protection sys-
transporting products that are predominately tems using water, carbon dioxide, halon, foam|, dry
[iquid between plants and terminals and chemical, and wet chemicals
within terminals, pumping, regulating , and, — NFPA 99 Health Care Facilities: medical and lapora-
metering stations tory gas systems
B31.5  [Refrigeration Piping: piping for refrigeranits — NFPA 8503 Standard for Pulverized Fuel Systems:
and secondary coolants piping for pulverized coal from the coal mills tp the
B31.8  [Gas Transportation and Distribution Piping burners
Systems: piping transporting products that —building and plumbing codes, as applicable, for
pre predominately gas between’ sources and ble hot and cold water, and for sewer and drain sy
terminals, including compressor, regulating, The Code sets forth engineering requirements depmed
pnd metering stationg;"and gas gathering necessary for safe design and construction of pressure
pipelines piping. While safety is the basic consideration, this
B31.9  Building Services-Riping: piping typically alone will not necessarily govern the final specifica
found in industfial, institutional, commercial,  for any piping system. The designer is cautioned that
pnd public buildings, and in multi-unit resi- the Code is not a design handbook; it does not elinjinate
dences, #vhich does not require the range of the need for the designer or for competent engingering
sizespressures, and temperatures covered in i dgment.
311 To the greatest possible extent, Code requiremerits for
B31.11 PBlurry Transportation Piping Systems: piping design are stated in terms of basic design principl
transporting aqueous slurries between plants  f,ylas. These are supplemented as necessary with
and terminals and within terminals, pump- specific requirements to ensure uniform application of
ing, and regglgtmg stations L principles and to guide selection and application of pip-
B31.12 Hydrogen Piping and Pipelines: piping in

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.

Xii

ing elements. The Code prohibits designs and practices
known to be unsafe and contains warnings where cau-
tion, but not prohibition, is warranted.

The specific design requirements of the Code usually
revolve around a simplified engineering approach to a
subject. Itis intended that a designer capable of applying
more complete and rigorous analysis to special or
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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

(b) requirements for design of components and

When no Section of the ASME Code for Pressure
Piping, specifically covers a piping system, at the user’s
discretion, he/she may select any Section determined
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

asserpibties; fctuding pipesupports ——_factors to be considered by the user i deternjining the

(c)
tion
with

requirements and data for evaluation and limita-
of stresses, reactions, and movements associated
pressure, temperature changes, and other forces

(d)] guidance and limitations on the selection and
appljcation of materials, components, and joining
methjods

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

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

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

It if intended that this edition of Code Section B31.1
not bp 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 gperation.

Users of this Code are cautioned against' making use
of reyisions without assurance that they aré acceptable
to thp proper authorities in the jurisdietion where the
pipir|g is to be installed.

Cofle users will note that clauses in the Code are not
necegsarily numbered consetutively. Such discontinu-
ities fesult from following.a common outline, insofar as
practiicable, for all Code\Sections. In this way, corres-
ponding material is,coriespondingly numbered in most
Codgq Sections, thasfacilitating reference by those who
have|occasion, te-use more than one Section.

Th¢ Codedscunder the direction of ASME Committee

applicability of any Section of this Code.

The Committee has established an ordeérly procedure
to consider requests for interpretation'and r¢vision of
Code requirements. To receive consideration,|inquiries
must be in writing and must give full particplars (see
Mandatory Appendix H coveting preparation|of techni-
cal inquiries). The Committée will not respond|to inquir-
ies requesting assignment'of a Code Section t¢ a piping
installation.

The approved reply to an inquiry will be seft directly
to the inquirer, In-addition, the question and peply will
be publishéd)as part of an Interpretation Supplement
issued to“the applicable Code Section.

A Caseis the prescribed form of reply to an inquiry
when'study indicates that the Code wording n¢eds clari-
ficdtion or when the reply modifies existing require-
ments of the Code or grants permission to| use new
materials 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 Commiittee.

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 critenia can be
found in the guidelines for addition of new [materials
Section II

action to
effective

B31, [Codefor Pressure Piping, which is organized and ~ in the ASME Boiler and Pressure Vessel Code,
operates.under procedures of The American Society of ~ and Section VIII, Division 1, Appendix B. (T¢ develop
B

the American National Standards Institute. The
Committee is a continuing one, and keeps all Code
Sections current with new developments in materials,
construction, and industrial practice. New editions are
published at intervals of two to five years.

xiii

used in accordance with para. 123.1.)

Requests for interpretation and suggestions for revi-
sion should be addressed to the Secretary, ASME B31
Committee, Three Park Avenue, New York, NY
10016-5990.
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ASME B31.1-2012
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.1-2012

was approved by the American National Standards Institute on May 9, 2012.
Changes given below are identified on the pages by a margin note, (12), placed next to-the
pffected area.
Page Location Change
il 100.1.1 Second paragraph revised
b-10 100.1.3 Subparagraph (F) added
100.1.4 Added
100.2 (1) Definition of packaged equipment
added
(2) Footnate“Y revised
13 101.7.2 Revised
14, 15 102.3.2 Subiparagraph (B) revised
D229 104.3.1 Stibparagraphs (D.2), (G.4), (G.6.1),
(G.6.2), and (G.6.3) revised
Fig. 104.3.1(G) Callouts revised
B2 104.7.2 Subparagraphs (B) and (D) revised
104.8 Revised
B4 106.1 Subparagraph (C) revised
B6 107.8 Revised in its entirety
15 119.7:1 Subparagraph (A.3) revised
b1 122.1.1 Subparagraph (I) added
b3, 55 122.1.5 Subparagraph (A) revised
122.1.7 Subparagraph (D) revised
b0 122.5 Revised in its entirety
122.6 Revised in its entirety
263 2281 Stbparagraphs{A)—~B)and-{(B3)revised
64 122.10 First paragraph revised
65 122.12 Revised
122.13 Subparagraph (A) revised
122.14 Revised in its entirety
67 124.2 Subparagraphs (B) and (D) revised
124.4 Celsius temperature in first paragraph
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Page Location Change
68 124.5 Celsius temperature in first paragraph
revised
124.6 Celsius temperature in subparagraph
(A.3) revised
71-75 Table 126.1 Revised
78 127.2.1 Subparagraphs (C) and (G) revised
91-93 Table 129.3.1 Last row added
129.3.4 Revised in its entirety
Table 129.3.4.1 Added
94 131.6.2 Revised
132.2 In subparagraph (A), cross-reference
corrected by errata-fo read Table
129.3.1
132.3.1 In subparagraph (C), cross-reference
corrected, by errata to read Table
129.341
132.3.3 First\paragraph and subparagraph (C)
revised
103 136.1.1 Revised
136.1.2 Revised in its entirety
104 136.4.2 Subparagraph (A.2) revised
110 138 Last paragraph revised
111 144 Added
145 Added
114, 115 Table-A*1 (1) Under Seamless Pipe and Tube, for
A106 Grade A, stress value for 800°F
revised
(2) For A333 Grade 6, Notes revised
(3) Under Electric Resistance Welded
Pipe and Tube, for A333 Grade 6,
Notes revised
116, 117 Table A-1 Under Electric Fusion Welded Pipe —
Filler Metal Added, A211 deleted
124 Table A-1 Notes (21) through (23) redesignated as
(11) through (13), respectively, and
COITespoTding Cross-Telererces revised
126, 127 Table A-2 Under Seamless Pipe and Tube, A199
deleted
134 Table A-2 (1) Note (17) redesignated as (5)

XV
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(2) Notes (11) and (12) redesignated as
(8) and (9), respectively

(3) Notes (19) and (20) redesignated as
(10) and (11), respectively

(4) Corresponding cross-references for
the above five Notes revised
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Page
136, 137

138, 139

Location

Table A-3

Table A-3

Change

Under Seamless Pipe and Tube,
Austenitic, for both A213 TP316L lines,
Note (29) added and stress values
revised

For both A312 TP316L lines, Note (29)
and stress values for 900°F through
1.200°F added

140, 141

142, 143

144, 145

146, 147

148, 149

150, 151

152, 153

156, 157

158,459

Table A-3

Table A-3

Table A-3

Table A-3

Table A-3

Table A-3

Table A-3

Table A-3

Table A-3

(1) A430 deleted
(2) Under Seamless Pipe and Tube,
Ferritic/Martensitic, A731 deleted

Under Welded Pipe and Tube — Without
Filler Metal, Austenitic, forlboth A249
TP316L lines, Note (29) and stress
values for 900°F through*1,200°F added

For both A312 TP316E~lines, Note (29)
and stress values\for 900°F through
1,200°F addéd

(1) For AZ89and A790, E or F revised

(2) Under, Welded Pipe and Tube —
Without Filler Metal, Ferritic/
Martensitic, A731 deleted

Under Welded Pipe — Filler Metal
Added, Austenitic, for all four A358
316L lines, Note (29) and stress values
for 900°F through 1,200°F added

For fifth A409 TP316 line, stress values
for 1,100°F through 1,200°F italicized

(1) For all six A409 TP316L lines, Note
(29) and stress values for 900°F
through 1,200°F added

(2) Under Plate, Sheet, and Strip,
Austenitic, for both A240 316L lines,
Note (29) added and stress values
revised

Under Forgings, Austenitic, for both
A182 F316L lines, Note (29) added and
stress values revised

Under Fittings (Seamless and Welded),

1l A 402 IATP21 LT
\V/w A i v s a v )

162, 163

164, 165
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Table A-3

Table A-3

A L ik £ N

nuDlCllLLL\,, ITUL DULLT 7Y

lines, Note (29) added and stress
values revised

(1) Under Bar, Austenitic, for both A479
316L lines, Note (29) added and stress
values revised

(2) Under Bar, Ferritic/Austenitic, A479
532750 added

(1) Notes (25) through (27) redesignated
as (16) through (18), respectively
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Page

174, 175

Location

Table A-4

Change

(2) Notes (29) through (38) redesignated
as (19) through (28), respectively

(8) Corresponding cross-references for
the above Notes revised

(4) Note (29) added

(1) Under Seamless Fittings, for both
B366 N08020 lines, E or F added by

176, 177

178
184, 185

186, 187

194, 195

210, 211

214-217

218
249

Table A-4

Table A-4
Table A-6

Table A-7

Table A-8

Table B-1

Table B-1 (SI)

Table C-1
Table C-1 (SI)

errata

(2) For both B366 N08925 lines, stress
values for 650°F through 750°F
corrected and values for 800%F added
by errata

(3) Under Welded Fittings)-fer both B366
NO06625 lines, stresg’valtes corrected
by errata

For first and thitd.B366 R30556 lines,
Note (12) references deleted by errata

Note (13)%évised

(1) Under Rod, three B16 C36000 and
three B453 C35300 lines added
(2)."Under Bar, two B16 C36000 lines

added
(3) Notes (7) and (8) added

Under Seamless Pipe and Seamless
Extruded Tube, for B241 A96063 T6,
italics for value at 300°F deleted by
errata

Under Seamless Pipe and Tube, A430
deleted

(1) Values for A and B revised
(2) Nickel alloys N06022, N06625, and
N10276 added

(1) Values for A and B revised
(2) Nickel alloys N06022, N06625, and
N10276 added

Values revised

(1) Third column head revised
(2) Fourth column deleted
(3) Values revised

220, 221
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Table C-2

Xvii

(1) Values revised

(2) Under High Nickel Alloys, N06022,
N08020, and N08825 added

(3) Lines for high nickel alloys arranged
in alphanumeric order

(4) Under Copper and Copper Alloys,
values for C11000 revised and line
relocated

(5) For C70600, value at 500°F revised

(6) For C71500, value at —100°F revised
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Page
222,223

Location

Table C-2 (SI)

Change

(1) Third column head revised

(2) Fourth column deleted

(3) Values revised

(4) Under High Nickel Alloys, N06022,
NO08020, and N08825 added

(5) Lines for high nickel alloys arranged

in alphanumeric order

D26

P31-233

P35-241

P43

D44
D77

D80

P81

P94-298
300-302
315-321

SPECIAL NOTE:

Table D-1

Mandatory Appendix F

Mandatory Appendix G

Mandatory Appendix ]
Foreword

J-1.2.14
Table T11-4.2.1

Table 11I-4.3.1

Table I11-4:3.2

V7
V-12

Index

{6) Onder Copper and Copper Atioys;
values for C11000 revised and line
relocated

(1) In first row, Description revised
(2) Note (1) revised

(1) Editions updated
(2) ASTM B574 and B575vadded
(3) MSS SP-69 and SP-89.deleted

Revised

Revised

Title and, para. J-1.2.14.1 revised

(1) PE2406 and PE3408 deleted

(2PE2708, PE3608, PE3708, PE3710,
PE4708, and PE4710 added

(3) Note (6) revised

(1) PE, Type 2406 and PE, Type 3408
deleted

(2) PE2708, PE3608, PE3708, PE3710,
PE4708, and PE4710 added

(1) PE, Type 2406 and PE, Type 3408
deleted

(2) PE2708, PE3608, PE3708, PE3710,
PE4708, and PE4710 added

Revised in its entirety
Revised in its entirety

Revised

the last page of this Edition as a separate supplement Interpretatlons Volume 46 After the
Interpretations, a separate supplement, Cases No. 36, follows.
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ASME B31.1-2012

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
Add¢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 statigfs, in
indugtrial and institutional plants, geothermalfheating
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.

Pigling 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
accoffdance with $tandards listed in Table 126.1 or spe-
cially designeds;It also includes hangers and supports
and jother equipment items necessary to prevent
overgtressing the pressure containing components.

Rules§ governing piping for miscellaneous appurte-

Scope and Definitions

100.1.2  Power piping systems as cover¢d by this
Code apply to all piping andytheir 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 covershboiler external piping s defined
below for power¢bdilers and high temperature, high
pressure wateg béilers in which steam or vapof is gener-
ated at a presstre of more than 15 psig [100 klfa (gage)];
and high/temperature water is generated at [pressures
exceeding 160 psig [1 103 kPa (gage)] and/or|tempera-
turescexceeding 250°F (120°C).

Boiler external piping shall be considered ps 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 boltedl flanged
connections; or
(3) the first threaded joint in that type gf connec-
tion; and that extends up to and including th¢ valve or
valves required by para. 122.1.

The terminal points themselves are considered part of
the boiler external piping. The terminal point§ and pip-
ing external to power boilers are illustpated by
Figs. 100.1.2(A.1), 100.1.2(A.2), 100.1.2(B), 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
use the appropriate symbol shown in Figs.|PG-105.1

Nances; SUCT as Water COTUITS, 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.
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through PG-105:3of Sectiom T 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 a Code symbol stamp. How-
ever, the holder of a valid S, A, or PP Certificate of
Authorization shall be responsible for the documenta-
tion and hydrostatic test, regardless of the method of
assembly. The quality control system requirements of
Section I of the ASME Boiler and Pressure Vessel Code
shall apply. These requirements are shown in Mandatory
Appendix ] of this Code.
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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

paka—122 1. Z(A)
g T

Superheater /
( C)Z (><l<] Turbine

( —><Jo-- -~ To equipmeht

Reheater X

=L

Convection ( ~ A

and radiant ) '; __________ .
section [ Start-up system L
may vary (o suit RN
boiler'manufacturer / \
) ! | Condenser
(_ Economizer N Y

Para. 122.1.7(B) ~ S=—-~
D><G——t - ---
o 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 jurisdiction
echnical /responsibility. Refer to ASME BPVC Section | Preamble.

o&——— BoilersExternal Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mand
Certification by Code Symbol stamping, ASME Data Forms, and Authorized Inspection) of BEP. The ASME Se

and

tory
ttion
ixth,

Committee B31.1 has been assigned technical responsibility. Refer to ASME BPVC Section | Preamble, fifth, s

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
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 equiphient

i Steam
Convection separator
and radiant s ater
section
Water ——
collector
A Start-up system

~— may vary to suit

boilermanufacturer

Economizer

) _Recirculation pump
(if used)

Para. 122.1.7(B)

(if used) (if used)

P——=
——-ag \
_ Boiler feed pump

AN 7/
RN
R Y R
I
\ I\ ]
~- ~_/

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 juri
@®—— Boiler External Piping and Joint (BEP) - The ASME BPVC has total administrative jurisdiction
(mandatory certification by Code Symbol stamping, 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.

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

Vents and
instrumentation
1
Single installation ? 122.6.2
N ) -
Multiplg installation 122.1.2
T 1—‘—* _—
Common|headerr-- -
& P S d Level indicators 122.06
Drain = =-— team drum
- Surface blow
Control device " T 122.1.4 D<= == Continuous
o} alninn bl
122.1.6 D<o === ow
Vent Inlet header Chemical feed
_—— /(If used) AN drum sample|

Vent
122.1.7(D) %—J
Hot reheat +-----<-=-=--

122.1.7(D) %_I
Cold rdheat b === = === ===

ASME B31.1-2012

Fig. 100.1.2(B) Code Jurisdictional Limits for Piping — Drum-Type Boilers

—><p~~ -~ Soot blowers
f—>———<P- - == Single installation

Main stea'm %p____
122.1.2 <t

_r= Soot blowers

_ 7 Multiple installation
”; 2 _ 3+ Common header
X

Superheater

Reheater

Drain Drain
DF—<b-——== 122.1.5
D= = ===
_——— qe“& ~ —<f——— - —-—~-~ Single boiler
Economizer ——b<+— -~~~ Single boiler
S < l P Two or more
Feedwater systems and Boiler No. 1 \ :____ boilers fed from
valving 122.1.3 & 122.1.7 Boiler No. 2 I\ 1
o |>“¢, A a common sour
122.1.4 (| Wate( dyhm D Regulating valves
- - D—— s—m—am&-m—.

Blow-off Boiler No. 1T  L{<p-====- :_TV\;JO _cl)r m?rj
single and_multiple Boiler No. 2 |~ Dovlersie
installations &-N—: from a comn

I 0 S source
~ Drain

Administrative Jurisdiction and Technical Responsibility

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

Boiler)External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mand3
certification by Code Symbol stamping, ASME Data Forms, and Authorized Inspection) of BEP. The ASME Se

1

on

and

tory
ttion

Committee B31.1T has been assigned technical responsibility. Refer to ASME BPVC Section | Preamble and A

ME

B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Addenda are referenced in ASME BPVC Section

I, PG-58.3.

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

Ipcated in boiler Stop valve

f

1

1

Desuperheater 1
located in boiler :
1

1

1

1

roper
(D S & ------ Ppmmtnen )
|/
Stop valve / X
para,«122.4(A.1) Regulating valve

—+— Boiler Proper — The.ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdi

Regulating valve Block valy
roper N
para. 122'4(A'1)_\ / para. 122.4(A.1) [ para. 1
(} D<pm === === ;- ------------------- == ===
D<p-------------- 1

ASME B31.1-2012

Block valve
para. 122.4(A.1) para. 122.4

Administrative Jurisdiction and Technical Responsibility

technical responsibjlity. Refer to ASME BPVC Section 1 Preamble.

— Boiler ExternalkPiping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (m
certification“y~Code Symbol stamping, ASME Data Forms, and Authorized Inspection) of BEP. The ASM
Committee B31.1 has been assigned technical responsibility. Refer to ASME BPVC Section | Preamble a
B31.1,Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Addenda are referenced in ASME BPV
I, PG%68.3.

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

e
2.4(A.1)

|

(A.1)

ttion and

pndatory
t Section
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[ Section

has total
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The valve or valves required by para. 122.1 are part
of the boiler external piping, but do not require ASME
Boiler and Pressure Vessel Code, Section I inspection
and stamping except for safety, safety relief, and relief
valves; see para. 107.8.2. Refer to PG-11.

Pipe connections meeting all other requirements of
this Code but not exceeding NPS % may be welded to
pipe or boiler headers without inspection and stamping
required by Section I of the ASME Boiler and Pressure

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

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

Vessel Cqde:

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

100.1.B  This Code does not apply to the following:

(A) ecpnomizers, heaters, pressure vessels, and
componehts covered by Sections of the ASME Boiler
and Presgure Vessel Code.

(B) building heating and distribution steam and con-
densate giping designed for 15 psig [100 kPa (gage)] or
less, or hpt water heating systems designed for 30 psig
[200 kPa [(gage)] or less.

(C) pifing for hydraulic or pneumatic tools and their
componehts downstream of the first block or stop valve
off the syjstem distribution header.

(D) piping for marine or other installations under
Federal cpntrol.

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

(F) piping included as part of a shop-assembled packt
aged equfipment assembly within a B31.1 Code piging
installatign when such equipment piping is constrticted
to anothgr B31 Code Section (e.g., B31.3 or B31.9) with
the ownef’s approval. See para. 100.2 for avdefinition of
packaged equipment.

100.1{4 This Code does not.prescribe procedures
for flushing, cleaning, start~up, operating, or
maintenance.

100.2 Definitions

Some dommonly, _lised terms relating to piping are
defined below. Tefms related to welding generally agree
with AW A3.0:-Some welding terms are defined with
specified [refefence to piping. For welding terms used in
this Codd, buit not shown here, definitions of AWS A3 ()

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

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

branch connection: the attachment of a branch pipe fo the
run of a main pipe with otf_without the use of fitfings.

braze welding: a method of welding whereby a grpove,
fillet, plug, or slot weld is made using a nonferrouq filler
metal having a¢elting point below that of the| base
metals, but abeve 840°F (450°C). The filler metal s not
distributediinithe joint by capillary action. (Bronze weld-
ing, fornterly used, is a misnomer for this term.)

brazing:"a metal joining process wherein coalescence is
prodticed by use of a nonferrous filler metal havjing a
melting point above 840°F (450°C) but lower than that
of the base metals joined. The filler metal is distriputed
between the closely fitted surfaces of the joint by fapil-
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 fapid
discharge of stored electrical energy with pregsure
applied during or immediately following the eleqtrical
discharge. The process uses an electrostatic storagg sys-
tem as a power source in which the weld energy is stored
in capacitors.

component: component as used in this Code is ddfined
as consisting of but not limited to items such as|pipe,
piping subassemblies, parts, valves, strainers, felief
devices, fittings, etc.

qppm'allu dmigm’d component: a coampanent dpcigr‘ ed in

apply.

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

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.
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accordance with para. 104.7.2.
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, the CPS
systems are to include NPS 4 and larger of the main
steam, hot reheat steam, cold reheat steam, and boiler
feedwater piping systems. In addition to the above, CPS
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also includes NPS 4 and larger piping in other systems
that operate above 750°F (400°C) or above 1,025 psi
(7100 kPa). The Operating Company may, in its judg-
ment, include other piping systems determined to be
hazardous by an engineering evaluation of probability
and consequences of failure.

creep strength enhanced ferritic steel: steel in which the
microstructure, consisting of lower transformation prod-
ucts such as martensite and bainite, is stabilized by

flaw: an imperfection or unintentional discontinuity that
is detectable by a nondestructive examination.

full fillet weld: a fillet weld whose size is equal to the
thickness 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 welding: a group of welding processes wherein
coalescence is produced by heating with a gas flame or

contyolled precipitation of temper-resistant carbides,
carbqnitrides, and/or nitrides.

defectl: a flaw (imperfection or unintentional discontinu-
ity) qf such size, shape, orientation, location, or proper-
ties gs to be rejectable.

discopitinuity: a lack of continuity or cohesion; an inter-
ruptipn in the normal physical structure of material or
a prdduct.

emplqyer: the owner, manufacturer, fabricator, contractor,
assethbler, or installer responsible for the welding, braz-
ing, gnd NDE performed by his organization including
procg¢dure and performance qualifications.

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

equipment connection: an integral part of such equipment
as pressure vessels, heat exchangers, pumps, etay
designed for attachment of pipe or piping components.

erectipn: the complete installation of a piping\system,
including any field assembly, fabrication,.tésting, and
inspgction of the system.

examjnation: denotes the procedures«o.all nondestruc-
tive ¢gxamination. Refer to para. 136.3 and the definition
for vjsual examination.

expansion joint: a flexible piping/component that absorbs
therrhal and/or terminal miovement.

fabrication: primarily,.the joining of piping components
into integral pieces«éady for assembly. It includes bend-
ing, forming, threading, welding, or other operations
upor] these components, if not part of assembly. It may
be d¢ne irva\shop or in the field.

face df weld: the exposed surface of a weld on the side

flames, with or without the application of predsure, and
with or without the use of filler metal.

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

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

heat treatments
annealing, full: ieating a metal or alloy to a|tempera-
ture above the/critical temperature range angl holding
above the-tange for a proper period of time| followed
by cooling*to below that range. (A softening ftreatment
is oftenycarried out just below the critical range, which
is referred to as a subcritical anneal.)
normalizing: a process in which a ferrouq metal is
heated to a suitable temperature above the transforma-
tion range and is subsequently cooled in still ajr at room
temperature.
postweld heat treatment: any heat treatment syibsequent
to welding.
preheating: the application of heat to a bgse metal
immediately prior to a welding or cutting opleration.
stress-relieving: uniform heating of a structufe or por-
tion thereof to a sufficient temperature to r¢lieve the
major portion of the residual stresses, followgqd 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 examination.

inert gas metal arc welding: an arc welding process
wherein coalescence is produced by heating with an
electric arc between a metal electrode and the work.

-1 1 1.1 1
from - whictrthe WEIUITZWas TOTTE:

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

fillet weld: 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 hazard: situation in which a material of more than
average combustibility or explosibility exists in the pres-
ence of a potential ignition source.

Shielding is obtained from an inert gas, such as helium
or argon. Pressure may or may not be used and filler
metal may or may not be used.

inspection: denotes the activities performed by an
Authorized Inspector, or an owner’s Inspector, to verify
that all required examinations and testing have been
completed, and to ensure that all the documentation for
material, fabrication, and examination conforms to the
applicable requirements of this Code and the engi-
neering design.
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integrally reinforced branch outlet fitting: a branch outlet
fitting that is welded directly to a run pipe, where the
branch fitting and the deposited weld metal 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 branch pipe to
the fitting is by butt welding, socket welding, threading,
or by a flanged connection. Integrally reinforced branch

owner: the party or organization ultimately responsible
for operation of a facility. The owner is usually the one
who would be granted an operating license by the regu-
latory authority having jurisdiction or who has the
administrative 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.

PP . 1 1 1 PP £ .
outlet fi (TITZS TITCIUTUE (ITOSE ITITZS COTTTOTIITIITZ TO

MSS SP-97.

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

joint penetration: the minimum depth of a groove
weld exlelnds from its face into a joint, exclusive of
reinforcement.

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

manual Welding: welding wherein the entire welding
operatior] is performed and controlled by hand.

maximum|allowable stress: the maximum stress value that
may be uped in the design formulas for a given material
and design temperature.

maximum)| allowable working pressure (MAWP): the pres-
sure at tHe coincident temperature to which a boiler or
pressure fessel can be subjected without exceeding thé
maximur allowable stress of the material or pressiire-
temperatire rating of the equipment. For this Code; the
term “MAWP” is as defined in the ASME Beiler and
Pressure [Vessel Code, Sections I and VIII.

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

mechanicdl joint: a joint for thespurpose of mechanical
strength ¢r leak resistance, orboth, where the mechani-
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@ or,more straight sections of pipe matched and

oxygen cutting: a group of cutting processes whesein the
severing of metals is effected by means of the‘chémical
reaction of oxygen with the base metal at elevated| tem-
peratures. In the case of oxidation-resistant’metals, the
reaction is facilitated by use of a flux.

oxygen gouging: an application of ofygen cutting wherein
a chamfer or groove is formed:.

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

peening: the.méchanical working of metals by megns of
hammer blows.

pipe ang>tube: the fundamental difference between| pipe
andxtube is the dimensional standard to which egch is
manufactured.

A pipe is a tube with a round cross section conforqming
to the dimensional requirements for nominal pip¢ size
as tabulated in ASME B36.10M, Table 1,| and
ASME B36.19M, Table 1. For special pipe having a dliam-
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 tubg size
may be specified with respect to any two, but npt all
three, of the following: outside diameter, inside dlame-
ter, wall thickness; types K, L, and M copper tubg may
also be specified by nominal size and type only. Djmen-
sions and permissible variations (tolerances) are $peci-
fied in the appropriate ASTM or ASME stanjdard
specifications.

Types of pipe, according to the method of marfufac-
ture, are defined as follows:

joined o
produce a change in direction.

a2 line I\icaﬂ{-ing the ang]a of }'nnnh'nn so-as to

nominal thickness: the thickness given in the product
material specification or standard to which manufactur-
ing tolerances are applied.

normalizing: see heat treatments.

Operating 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.

\A) CICLtIl-.L ICD[DtMILLC W(Cldtd 'IJL.IJC. Pil.lc lJlUC‘lblL d ln
individual lengths or in continuous lengths from coiled
skelp and subsequently cut into individual lengths, hav-
ing a longitudinal butt joint wherein coalescence is pro-
duced by the heat obtained from resistance of the pipe
to the flow of electric current in a circuit of which the
pipe is a part, and by the application of pressure.

(B) furnace butt welded pipe

(B.1) furnace butt welded pipe, bell welded: pipe pro-
duced in individual lengths from cut length skelp, hav-
ing its longitudinal butt joint forge welded by the
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mechanical pressure developed in drawing the furnace
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, having its
longitudinal butt joint forge welded by the mechanical
pressure developed in rolling the hot formed skelp

is machined, to sound metal, on the internal and external
diameters to the surface roughness and dimensional
requirements of the applicable material specification.

One variation of this process utilizes autofrettage
(hydraulic expansion) and heat treatment, above the
recrystallization temperature of the material, to produce
a wrought structure.

(E5) statically cast pipe: pipe formed by the solidifi-

cation of molten metal in a sand mold.

throyghra setof Tound pass Welding 10115,

(C) electric fusion welded pipe: pipe having a longitudi-
nal Hutt joint wherein coalescence is produced in the
prefgrmed tube by manual or automatic electric arc
weldjng. The weld may be single (welded from one
side)| or double (welded from inside and outside) and
may [be made with or without the use of filler metal.
Spirdl welded pipe is also made by the electric fusion
weldpd process with either a butt joint, a lap joint, or a
lock peam joint.

(D) electric flash welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced, simulta-
neoukly over the entire area of abutting surfaces, by
the hieat obtained from resistance to the flow of electric
currgnt between the two surfaces, and by the application
of pyessure after heating is substantially completed.
Flasling and upsetting are accompanied by expulsion
of metal from the joint.

(E) double submerged arc welded pipe: pipe having.a
longitudinal butt joint produced by the submerged axc¢
procgss, with at least two passes, one of which is.fthe
insidp of the pipe.

(F)| seamless pipe: pipe produced by one ot-more of

the fpllowing processes:
F.1) rolled pipe: pipe produced from a forged billet
that i pierced by a conical mandrelbetween two diamet-
ricallly opposed rolls. The pierced shell is subsequently
rolled and expanded over mandrels of increasingly
largef diameter. Where closer dimensional tolerances
are dpsired, the rolled pipe/is cold or hot drawn through
dies,|and machined,

Ong variation ofthis process produces the hollow shell
by extrusion of the forged billet over a mandrel in a
vertigal, hydfaulic piercing press.

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

pipe supporting elements: pipe supporting elenjents con-
sist of hangers, supports, and structural attaghments.
hangers and supports: hangers and supports include
elements that transfer the load from the pipq or struc-
tural attachment to the supporting structure or equip-
ment. They include hanging type fixtured, such as
hanger rods, spring hangers; sway braces,|counter-
weights, turnbuckles, strtits, chains, guides, and
anchors, and bearing’type fixtures, such aq saddles,
bases, rollers, brackets; and sliding supports.
structural attachinents: structural attachments include
elements thatare welded, bolted, or clamped t¢ the pipe,
such as clips,)lugs, rings, clamps, clevises, stfraps, and
skirts.

porositly’ cavity-type discontinuities formgd by gas
entrgpment during metal solidification.

wostweld heat treatment: see heat treatments.
preheating: see heat treatments.

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

Procedure Qualification Record (PQR): arecord of{the weld-
ing data used to weld a test coupon. The PQR s a record
of variables recorded during the welding of the test
coupons. It also contains the test results of the tested
specimens. Recorded variables normally fall| within a
small range of the actual variables that will He used in
production welding.

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 for a visual examination; however, thq selection
of the device should be a matter of mutual dgreement

(F3extridedpipe—pipeproduced—fromhotow—ot
solid round forgings, usually in a hydraulic extrusion
press. In this process the forging is contained in a cylin-
drical die. Initially a punch at the end of the extrusion
plunger pierces the forging. The extrusion plunger then
forces the contained billet between the cylindrical die
and the punch to form the pipe, the latter acting as a
mandrel.

(F4) centrifugally cast pipe: pipe formed from the
solidification of molten metal in a rotating mold. Both
metal and sand molds are used. After casting, the pipe

between the owner and the fabricafor or erector.)

Reid vapor pressure: the vapor pressure of a flammable
or combustible liquid as determined by ASTM Standard
Test Method D323 Vapor Pressure of Petroleum Products
(Reid Method).

reinforcement of weld: weld metal on the face of a groove
weld in excess of the metal necessary for the specified
weld size.

restraint: any device that prevents, resists, or limits move-
ment of a piping system.
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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 centerline
of the root cross section.

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

semiautomatic arc weldzng arc weldmg w1th equlpment
that contyo
the welding is manually controlled

shall: “sh|
provision

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

shielded metal arc welding: an arc welding process wherein
coalescenjce is produced by heating with an electric arc

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
“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 51gn1flcant dlstortlon and is ob]ectlon-
[ ' R ation
or a brittle fracture. This Code does not utilize|peak
stress as a design basis, but rather uses efféctive ptress
values for sustained stress and for displacement dtress;
the peak stress effect is combined with the'displacqment
stress effect in the displacement streSsyrange calculftion.
sustained stress: a stress developed by an imposed|load-

be.twe.en a cove.red metal electrode fand the work. ing that is necessary to satisfythe laws of equilihrium
Shielding s obtained from decomposfaoo of the elee— between external and inteynal*forces and momentg. The
trt())de cc;lxi?r1ng. }I:resls ure 1; not used and filler metal is 1, qi¢ characteristic of a susthined stress is that it |s not
obtained from the electrode. self-limiting. If a sustained stress exceeds the yield

should: “should” or “it is recommended” is used to indi-
cate that 4 provision is not mandatory but recommended
as good practice.

size of weld

fillet wdld: for equal leg fillet welds, the leg lengths of
the largegt 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
can be inpcribed within the fillet weld cross section.

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

slag inclupion: nonmetallic solid material entgapped in
weld mefjal or between weld metal and base nietal.

soldering:|a metal joining process whereincoalescence is
produced by heating to suitable temperature and by
using a nonferrous alloy fusible at-temperatures below
840°F (45P°C) and having a me}tinig’point below that of
the base mnetals being joined¢The filler metal is distrib-
uted between closely fitted.stirfaces of the joint by capil-
lary actign. In general, solders are lead—tin alloys and
may confain antimony, bismuth, silver, and other
elements

carbon by weight. Other alloying elements may include

steel: an ?loy ofdron and carbon with no more than 2%
mangandse, sulfur, phosphorus, silicon_ aluminum

strength of the material through the entire thicknegs, the
prevention of failure is entirely dependent on the sfrain-
hardening préperties of the material. A thermal stiess is
not classifiedas a sustained stress. Further, the susthined
stresses calculated in this Code are “effective” stfesses
and arelgenerally lower than those predicted by theory
or measured in strain-gage tests.

stress-relieving: see heat treatments.

submerged arc welding: an arc welding process wherein
coalescence is produced by heating with an electrfic arc
or arcs between a bare metal electrode or electfodes
and the work. The welding is shielded 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 supplementary welding rod.

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

swivel joint: a component that permits single-plane|rota-

tional movement in a piping system.

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

throat of a fillet weld

actual: the shortest distance from the root of a fillet

chromium, copper, nickel, molybdenum, vanadium, and
others depending upon the type of steel. For acceptable
material specifications for steel, refer to Chapter III,
Materials.

stresses

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

10

weld to its face.

! 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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theoretical: the distance from the beginning of the root
of the joint perpendicular to the hypotenuse of the larg-
est right triangle that can be inscribed within the fillet
weld cross section.
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 in arc
welding, consisting of a tungsten wire.

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.

welder: one who is capable of performing a manual or
semiautomatic welding operation.

Welder/Welding Operator Performance Qualification (WPQ):
demonstration of a welder’s ability to produce welds in
amanner described in a Welding Procedure Specification

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

visual examination: the observation of whatever portions
of components, joints, and other piping elements that
are exposed to such observation either before, during,
or affer manufacture, fabrication, assembly, erection,
inspgction, or testing. This examination may include
verifcation of the applicable requirements for materials,
components, dimensions, joint preparation, alignment,
weldjng or joining, supports, assembly, and erection.

weld:|a localized coalescence of metal that is produced
by hdating to suitable temperatures, with or without the

that meets prescrlbecl standards.

welding operator: one who operates machine'or qgutomatic

welding equipment.

Welding Procedure Specification (WRS): a written| qualified
welding procedure prepared~to)provide dir¢ction for
making production welds,to"Code requiremlents. The
WPS or other documentstniay be used to provfide direc-
tion to the welder or welding operator to ensufe compli-
ance with the Code'fequirements.

weldment: an,assembly whose component
joined by welding.

parts are

11
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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 highgst 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 pfessure 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 number«of 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 pipingin|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 sistem.

(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 contirffuous operating dondi-
tion plus the equipment manyifacturers guaranteedfmax-
imum temperature, tolerance. For operatiqn at
temperatures in excegs,of this condition, the limitgtions
described in paraf102.2.4 shall apply.

(D) Acceletated creep damage, leading to excg
creep strains and potential pipe rupture, cause
extended, operation above the design temperaturej
be considered in selecting the design temperatu
pipihg o 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.
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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 analysis considerations and loads
may pe as described in ASCE/SEI 7. Authoritative local
seisnjological 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.
Earthquakes need not be considered as acting concur-
rently with wind.

1p1.5.4 Vibration. Piping shall be arranged and
supforted with consideration of vibration [see
parag. 120.1(c) and 121.7.5].

101.6 Weight Effects

Th¢ 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 dampeny
ers, gtc., shall be provided where necessary.

101.6.1 Live Load. The live load consists of the

loadq.

clea

101.

take

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.

102 DESIGN CRITERIA
102.1 General

These criteria cover pressure—temperature ratings for
standard and specially designed components, allowable
- TtS; T 0 be used

in the design of piping and piping componhe

102.2 Pressure-Temperature Ratings for Piging
Components

102.2.1 Components Having Specific Ratings.
Pressure-temperature ratings{or certain pipirjg compo-
nents have been establishéd ,and are containe¢l in some
of the standards listed-in~Table 126.1.

Where piping components have established pressure—
temperature ratirigs ‘that do not extend to the upper
material temperatdre limits permitted by this [Code, the
pressure—temperature ratings between those egtablished
and the uppér material temperature limit may| be deter-
mined inraccordance with the rules of this Codd, but such
exterisions are subject to restrictions, if any, injposed by
thé/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.

weight of the fluid transported. Snow and ice loads shall Eon}be of thtijtanigr'ds listed ir} fTab}lle 126.1, suchas th}? sﬁ
be cqnsidered in localities where such coriditions exist. or buttwelding fittings, specify that componfents sha
be furnished in nominal thicknesses. Unless linpited else-
101.6.2 Dead Load. The dead load consists of the ~ where in this Code, such components shall b rated for
weight of the piping components, insulation, protective ~ the same allowable pressures as seamless pipe of the
lining and coating, and other supefimposed permanent ~ same nominal thickness, as determined in paras. 103
and 104 for material having the same allowable stress.
101.6.3 Test or Cleaning Fluid Load. The test or Piping components, such as Pipe, for which llowa‘ple
. . ; . stresses have been developed in accordapnce with
clearfing fluid load consists of the weight of the test or .
:E . para. 102.3, but that do not have established pressure
ng fluid. . .
ratings, shall be rated by rules for pressure [design in
7 Thermat-Expansion and Contraction Loads p;lra. 1051, modified as applicable by other provisions of
this Code.
10Q1.7.1<General. The design of piping systems shall Should it be desired to use methods of manufacture
pccodnt of the forces and moments resulting from  or design of components not covered by thig Code or
therrpal{expansion and contraction, and from the effects  not listed in referenced standards, it is intended that

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.

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
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the manufacturer shall comply with the requirements
of paras. 103 and 104 and other applicable requirements
of this Code for design conditions involved. Where com-
ponents other than those discussed above, such as pipe
or fittings not assigned pressure-temperature ratings in
an American National Standard, are used, the manufac-
turer’s recommended pressure-temperature rating shall
not be exceeded.

102.2.3 Ratings: Normal Operating Condition. A
piping system shall be considered safe for operation if
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the maximum sustained operating pressure and temper-
ature that may act on any part or component of the
system does not exceed the maximum pressure and tem-
perature allowed by this Code for that particular part
or component. The design pressure and temperature
shall not exceed the pressure—temperature rating for the
particular component and material as defined in the
applicable specification or standard listed in Table 126.1.

ASME Boiler and Pressure Vessel Code, Section 1II,
Part D, Mandatory Appendix 1; except that allowable
stresses for cast iron and ductile iron are in accordance
with Section VIII, Division 1, Nonmandatory
Appendix P for Tables UCI-23 and UCD-23, respectively.

102.3.2 Limits for Sustained and Displacement
Stresses

(A) Sustained Stresses

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

Itis recpgnized that variations in pressure and temper-
ature ineyitably occur, and therefore the piping system,
except ag limited by component standards referred to
in para. 102.2.1 or by manufacturers of components
referred fo in para. 102.2.2, shall be considered safe for
occasiongl short operating periods at higher than design
pressure ¢r temperature. For such variations, either pres-
sure or temperature, or both, may exceed the design
values if [the computed circumferential pressure stress
does not|exceed the maximum allowable stress from
Mandatdry Appendix A for the coincident tempera-
ture by

(A) 15%o if the event duration occurs for no more than
8 hr at arly one time and not more than 800 hr/year, or

(B) 20% if the event duration occurs for not more than
1 hr at afjy one time and not more than 80 hr/year

(A.1) Internal Pressure Stress. The calculated ptress
due to internal pressure shall not exceed the alloyvable
stress values given in the Allowable Stress Tables in
Mandatory Appendix A. This criterion is.satisfied fvhen
the wall thickness of the piping component, inclfiding
any reinforcement, meets the Dequirements of
paras. 104.1 through 104.7, excluding para. 104.13 but
including the consideration of\allowances permitted by
paras. 102.2.4, 102.3.3(B), and 102.4.

(A.2) External Pressitre Stress. Piping subj¢ct to
external pressure shallbe considered safe when th¢ wall
thickness and medns of stiffening meet the requiremnents
of para. 104.1,3;

(A.3) Lengitudinal 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
stress\in the hot condition, S;.

The longitudinal pressure stress, Sj,, may be dleter-
mined by either of the following equations:

102.2}5 Ratings at Transitions. Where piping sys<
tems opefrating at different design conditions aregon- s, = PDo
nected, 4 division valve shall be provided hdving a b4,
pressured{temperature rating equal to or exceeding the
more sev¢re conditions. See para. 122 for design require- or
ments peftaining to specific piping systems.
102.3 Allowable Stress Values and Other Stress Pd.2
Limits for Piping Components Sp = o3 ”d 5
102.3J1 Allowable Stress Values
(A) Allowable stress yalues to be used for the design
of powey piping sysféms are given in the Tables in (B) Displacement Stress Range. The calculated fefer-

Mandatoly Appendix-A, also referred to in this Code
Section ap the Allgwable Stress Tables. These tables list
allowablg stressivalues for commonly used materials at
temperatfires.appropriate to power piping installations.

ence displacement stress range, Sg (see paras. 1P4.8.3
and 119.6.4), shall not exceed the allowable stress rpnge,
S, calculated by eq. (1A)

In every
metal temperature. Where applicable, weld joint effi-
ciency factors and casting quality factors are included
in the tabulated values. Thus, the tabulated values are
values of S, SE, or SF, as applicable.

(B) Allowable stress values in shear shall not exceed
80% of the values determined in accordance with the
rules of para. 102.3.1(A). Allowable stress values in bear-
ing shall not exceed 160% of the determined values.

(C) The basis for establishing the allowable stress val-
ues in this Code Section are the same as those in the

4l L L M | 4 R 1 4l
doST UIT LCIL[PCLQLULC 1S5 UITUTISTUUU U DT UIT
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Sy = f(1.255, + 0.255)) (1A)

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

Su = f(1.255, + 1255, - Sy) (1B)

(12)
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where

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

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

102.3.3 Limits of Calculated Stresses Due to
Occasional Loads
(A) During Operation. The sum of the longitudinal
stresses produced by internal pressure, live and dead
loads and those produced by occasional loads, such as
the temporary supporting of extra weight, may exceed
the allowable stress values given in the Allowable Stress

N = total number of equivalent reference displace- ’ ’ X :
ment stress range cycles expected during the Tables by the amounts and durations of time given in
service life of the piping. A minimum value for ~ para. 104.8.2. ) .
fis 0.15, which results in an allowable displace- (b) Duriig fest. “DUTIg pIessure tests per ormed in
ment stress range for a total number of equiva- accordance with para. 137, the circumfegentfal (hoop)
lent reference displacement stress range cycles ~ Stress shall not exceed 90% of the yield strenjgth (0.2%
greater than 10° cycles. offset) at test temperature. In additign, the sunp of longi-

S.|= basic material allowable stress from Mandatory tudinal stresses due to test pressure and live fand dead
Appendix A at the minimum metal tempera- loads at the time of test, excludifigjoccasional Igads, shall
ture expected during the reference stress range 1Ot exceed 90% of the yield stréength at test tempperature.
cycle, psi (kPa)?

Sy |= basic material allowable stress from Mandatory 102.4 Allowances
Appendix A at th? maximum metal tempera- 102.4.1 Corrosionor Erosion. When cofrosion or
ture expe.cted d211r1ng the reference stress range  erosion is expected; an increase in wall thickrfess of the
cycle, psi (kPa) piping shall be provided over that required| by other

In fletermining the basic material allowable stresses, design regyiréments. This allowance in the juglgment of

S. and Sy, for welded pipe, the joint efficiency factor, E,
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 given for that
matepial. In determining the basic material allowable
stresges for castings, the casting quality factor, F, shall

the desigtier shall be consistent with the expected life
of the piping.

102.4.2 Threading and Grooving. The cplculated
minimum thickness of piping (or tubing) thdt is to be
threaded shall be increased by an allowancq equal to
thread depth; dimension & of ASME B1.20.1 ¢r equiva-

be applied (see para. 102.4.6). lent shall apply. For machined surfaces or grooyes, where
WHen considering more than a single displacement  the tolerance is not specified, the tolerancg shall be
stres$ range, whether from thermal expansiof or other assumed to be %, in. (0.40 mm) in addition to the speci-
cycli¢ conditions, each significant stress fange shall be  fied depth of cut. The requirements of para. [04.1.2(C)
computed. The reference displacement stress range, Sg,  shall also apply.
is defined as the greatest computed displacement stress . .
rangg¢. The total number of equivalentreference displace- o 102'4’.3 Weld Joint Efficiency Fa(ftorsf qu.use of
ment stress range cycles, N, may~then be calculated by joint efficiency factors f(?r welded pipe is required by
eq. (@) this Code. The factors in Table 102.4.3' are base.d on
full penetration welds. These factors are inclugled in the

N = Np + S@EN) fori = 1,2,...,n (2)

allowable stress values given in Mandatory Appendix A.
The factors in Table 102.4.3 apply to both strajght seam

where and spiral seam welded pipe.
Ng| = numbeiof cycles of the reference displacement .
streSe range, Sy 102.4.4 Mechanical Strength. Where necpssary for
N| = sfumber of cycles associated with displacement mechanical strength to prevent damage, collagse, exces-
stress range, S: sive sag, or buckling of pipe due to superimpgsed loads
gl s./s o from supports or other causes, the wall thickrfess of the
S; = anycomputed stress range other than the refer- pipe should be increased; or, if this is impractical or

ence displacement stress range, psi (kPa)

! 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 S,
values no greater than 20 ksi (140 MPa), unless otherwise justified.

15

would cause excessive local stresses, the superimposed
loads 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) or (B) below.

(A) The minimum wall thickness at any point in a
completed bend shall not be less than required by eq. (7)
or (8) of para. 104.1.2(A).
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Table 102.4.3 Longitudinal Weld Joint Efficiency Factors

NO. Typa of ’Ininf T\’:pn of Saam Examination. Eact E
1 urnace butt weld, con- Straight As required by listed 0.60
tinuous weld Q specification [Note (1)]
2 lectric resistance weld Straight or spiral As required by listed 0.85
Q specification [Note (1)]
3 lectric fusion weld
a) Single butt weld Straight or spiral As required_by. listed 0.85
(without filler metal) % specification
Additionally 100% 1.00
RTyor UT [Note (P)]
b) Single butt weld Straight or spiral As required by listed 0.80
(with filler metal) % specification
Additionally 100% 1.00
RT or UT [Note ()]
c) Double butt weld Straight or spiral As required by listed 0.90
(without filler metal) specification
Additionally 100% 1.00
RT or UT [Note (P)]
d) Double butt weld Straight or spiral As required by listed 0.90
(with filler metal) specification
Additionally 100% 1.00
RT or UT [Note (P)]
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 RT or UT [Note (2)]
Combined GMAW, SAW
NOTES:
(1) It is nof p&rmitted 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.
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Table 102.4.5 Bend Thinning Allowance

Minimum Thickness
Recommended Prior to
Bending

Radius of Bends

Fig. 102.4.5 Nomenclature for Pipe Bends

I
I
1
| End of bend
6 pipe diameters or greater 1.06t, i (typ.)
5 pipe diameters 1.08t, :r
4 pipe diameters 1.14t, !
3 pipe diameters 1.25t, /
R /
GENERAT NOTES:
(@) Inferpolation is permissible for bending to intermediate radii.
(b) ty|is determined by eq. (7) or (8) of para. 104.1.2(A).
(c) Pipe diameter is the nominal diameter as tabulated in ASME
B36.10M, Tables 1, and ASME B36.19M, Table 1. For piping Extrados
with a diameter not listed in these Tables, and also for tubing,
the nominal diameter corresponds with the outside diameter.

A.1) Table 102.4.5 is a guide to the designer who
mustjspecify wall thickness for ordering pipe. In general,
ithagbeen the experience that when good shop practices
are employed, the minimum thicknesses of straight pipe
shown in Table 102.4.5 should be sufficient for bending
and $till meet the minimum thickness requirements of
para]104.1.2(A).
A.2) The bend thinning allowance in Table 102.4.5
may |be provided in all parts of the cross section of
the pipe circumference without any detrimental effects
being produced.

(B) The minimum required thickness, t,, of a bend,
after|bending, in its finished form, shall be determiined
in acfordance with eq. (3) or (4)

para. 104.1.2 for straight pipe. For bends to cpnform to
this paragraph, al¥'thickness requirements mugt be met.

102.4.6,Casting Quality Factors
(A) Gerteral. The use of a casting quality] factor is
required for all cast components that use the pllowable
stress values of Mandatory Appendix A as the design
basis. A factor of 0.80 is included in the allowgble stress
values for all castings given in Mandatory Appendix A.
This required factor does not apply to compopent stan-
dards listed in Table 126.1, if such standargls define
allowable pressure-temperature ratings or provide the
allowable stresses to be used as the design basis for the
component.

t = Z(S%D:py) +A ®G) (B) For steel materials, a casting quality factor not

exceeding 1.0 may be applied when the fpllowing
or requirements are met:

(B.1) All steel castings having a nominal body

4 Pbd + 2SEA/[+ 2yPA @4)  thickness of 4% in. (114 mm) or less (other than pipe

! SB[y Py - P) flanges, flanged valves and fittings, and but} welding

. N\ end valves, all complying with ASME B16.5 ¢r B16.34)

where at the infradosygiside of bend) shall be inspected visually (MSS SP-55 may b¢ used for
I 4R/D,) - 1 5 guidance) as follows:

T 4R/D,) -2 ) (B.1.1) All critical areas, including the|junctions

of all gates, risers, and abrupt changes in dection or

and gt the'extrados (outside of bend) direction and area of weld end preparatior] shall be

1 radiographed in accordance with Article 2 of Section V

(R/Dy) +1 PRS- . e 4 .
T = W (0) of thoe ASME Boiterarnd Pressure Vessel Code. The radio-

and at the sidewall on the bend centerline, I = 1.0 where
R = bend radius of pipe bend

Thickness variations from the intrados to the 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 centerline (see
Fig. 102.4.5). The minimum thickness at the ends of
the bends shall not be less than the requirements of

17

graphs shall conform to the requirements of ASTM E446,
Reference Radiographs for Steel Castings up to 2 in.
(50 mm) in Thickness or ASTM E186 Reference
Radiographs for Heavy Walled (2 to 4% in. [50 to
114 mm]) Steel Castings, depending upon the section
thickness. MSS SP-54 may be used for guidance. The
maximum acceptable severity level for a 1.0 quality fac-
tor shall be as listed in Table 102.4.6(B.1.1). Where appro-
priate, radiographic examination (RT) of castings may be
supplemented or replaced with ultrasonic examination
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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
(UT), prpvided it is performed in accordance with ~ Table 102.4.6(B.2.2) ‘Maximum Severity Levgl for
MSS SP-94. Casting Thickness Greater Than 4% in. (114 mm)
(BJ1.2) All surfaces of each casting, including Discontinusi

machined gasket seating surfaces, shall be examined by Category Designation Severity Level
the magnetic particle or dye penetrant method after
heat treafment. The examination techniques shall be in A B, and Types:d, 2, and 3 of C 2
accordarnce with Article 6 or 7, as applicable, and D.E any Node
Article 9 jof Section V of the ASME Boiler and Pressure T accepfable
Vessel Cpde. 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 (B.2.1) All surfaces of each casting inclding
and V of ASTM E125, Standard Reference Photographs 5 chined gasket seating surfaces, shall be examinpd by

for Magnjetic Particle Indications on Ferrous Castings,
are not a¢ceptable and shall be removed.

(BJ1.3) Where more than one castingof a particu-
lar desigr) is produced, each of the first five'castings shall
be inspecfed as above. Where more tHan five castings are
being prdduced, the examination §hall be performed on
the first five plus one additional casting to represent
each five|additional castings: If this additional casting
proves tq be unacceptable;each of the remaining cast-
ings in the group shall*be inspected.

(BJ1.4) Any, discontinuities in excess of the maxi-
mum pefmittediin/(B.1.1) and (B.1.2) above shall be
removed, and- the casting may be repaired by welding
after the pase-rnetal has been inspected to ensure com-

the magnetic particle or dye penetrant method|after
heat treatment. The examination techniques shall [be in
accordance with Article 6 or 7, as applicable, and| with
Article 9 of Section V of the ASME Boiler and Prgssure
Vessel Code. Magnetic particle or dye penetrant irjdica-
tions exceeding degree 1 of Type I, degree 2 of Tyjpe II,
degree 3 of Type III, and degree 1 of Types IV and V of
ASTM E125, Standard Reference PhotograpHfs for
Magnetic Particle Indications on Ferrous Castings{shall
be removed.

(B.2.2) All parts of castings shall be subjecfed to
complete radiographic inspection in accordance| with
Article 2 of Section V of the ASME Boiler and Pressure
Vessel Code. The radiographs shall conform tp the

plete removat-of-discontintities— Refer—to—para:
127.4.11(A).] The complete 4d repair shall be subject to
reinspection by the same method as was used in the
original inspection and shall be reinspected after any
required postweld heat treatment.

(B.2) All steel castings having a nominal body
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 B16.34)
shall be inspected visually (MSS SP-55 may be used for
guidance) as follows:
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Tequirerments of ASTivEE286-
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-
priate, 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-
mum permitted in (B.2.1) and (B.2.2) above shall be
removed and may be repaired by welding after the base


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

metal has been magnetic particle or dye penetrant
inspected to ensure complete removal of discontinuities.
[Refer to para. 127.4.11(A).]

(B.2.4) All weld repairs of depth exceeding 1 in.
(25 mm) or 20% of the section thickness, whichever is
the lesser, shall be inspected by radiography in accor-
dance with (B.2.2) above and by magnetic particle or
dye penetrant inspection of the finished weld surface.
All weld repairs of depth less than 20% of the section

pipe is of seamless construction or is designed for sus-
tained operation below the creep range. Straight 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 construction
designed for sustained operation within the creep range.
(See para. 123.4 for definition of the creep range.)

104.1.2 Straight Pipe Under Internal Pressure —
Seamless, Longitudinal Welded, or Spiral Welded and

thickpess; or- (25 mm), whithever 1sthe tesser, and
all weld repairs of section that cannot be effectively
radiqgraphed shall be examined by magnetic particle
or dye penetrant inspection of the first layer, of each
Y4 in{ (6 mm) thickness of deposited weld metal, and
of the finished weld surface. Magnetic particle or dye
penefrant testing of the finished weld surface shall be
done| after postweld heat treatment.

(C) For castiron and 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| permitted by the material specification, a factor
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
detemining the minimum wall thickness for longitudi+
nal-welded or spiral-welded pipe (i.e., not seamless),
whether fabricated in accordance with a material spe¢ifi-
catioh or fabricated in accordance with the rules-of this
Codg. The weld strength reduction factor,\W,-is given
in Teble 102.4.7. The designer is responsible to assess
application of weld strength reduction factor require-
mentp for welds other than longitudinal and spiral, as
applicable (e.g., circumferential welds).

PART) 2
PRESSURE DESIGNOF PIPING COMPONENTS

103 | CRITERIA FOR PRESSURE DESIGN OF PIPING
COMPONENTS

Th¢ design/of\piping components shall consider the
effects of presstre and temperature, in accordance with
parag. 104-1*through 104.7, including the consideration
of allowances permitted by paras. 102.2.4 and 102.4. In

Operating Below the Creep Range

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

e N A 7)°
MAGE + Py) T @)
_ Pd +2SEA + 2yPA -
" = T2(SE + Py — D)
Design.pressure shall not exceed
_ 2SE(t, - A) ,
" D=2y - A ©
2SE(t,, — A
( ) (10)°

T A= 2y(t, - A) + 21,

where the nomenclature used above is:
(A1) t,, = minimum required wall thickness, in.
(mm)

(A.1.1) If pipe is ordered by| its nomi-

nal wall thickness, the manufactfuring tol-

erance on wall thickness mustl be taken

into account. After the minimjum pipe

wall thickness t,, is determined|by eq. (7)

or (8), this minimum thicknesp shall be

increased by an amount sufficignt to pro-

vide the manufacturing folerance

allowed in the applicable pipe|specifica-

tion or required by the process| The next

heavier commercial wall thickhess shall

then be selected from thickness pchedules

such as contained in ASME B$6.10M or

addition, the mechanical strength of the piping system
shall be determined adequate in accordance with
para. 104.8 under other applicable loadings, including
but not limited to those 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 have a mini-
mum wall thickness calculated per para. 104.1.2 if the

from manufacturers’ schedules for other
than standard thickness.

(A.1.2) To compensate for thinning in
bends, refer to para. 102.4.5.

(A.1.3) For cast piping components,
refer to para. 102.4.6.

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.

19

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

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)-(6)]

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)

Carbon (Norm.) [Notes (7), (8)] 1.00 0.95 0.91 NP NP NP NP NP NP NP NP

Carbon (Sup€ritfihotes {8y, 97 700 0.95 0.9T NP NP NP NP NP NP NP NP

CrMo [Notep (8), (10), (11)] 1.00 0.95 0.91 0.86 0.82 0.77 0.73 0.68 0.64

CSEF (N+T) [[Notes (8), (12), (13)] 1.00 0.95 0.91 0.86 0:82 0.77

CSEF (Sub (rit) [Notes (8), (9)] 1.00 0.73 0.68 0.64 0.59 0.55 0.50

Austenitic dtainless (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) Longifudinal welds in pipe for materials not covered in this Table operating in the creep regime*are not permitted. For the purppses
of thif 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 beused without consideration of the WSRF or thie
rules [of this Table. All other Code rules apply.

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

(6) At terhperatures below those where WSRFs are tabulated, a value of 4.0 shall be used for the factor W where required by the rijles of
this Jection. However, the additional rules of this Table and Notesldo not apply.

(7)  Norm| = normalizing postweld heat treatment (PWHT) is required.

(8) Basicfty index of SAW flux > 1.0.

(9)  Sub (rit = subcritical PWHT is required. No exemptions\from PWHT are permitted. The PWHT time and temperature shall meet the
requitements of Table 132; the alternate PWHT requifeménts of Table 132.1 are not permitted.

(10) The CkMo steels include Y4Cr-Y4Mo, 1Cr—=%;Mo, 1¥,Gr~Y,Mo-Si, 2Y,Cr-1Mo, 3Cr-1Mo, and 5Cr-4Mo. Longitudinal welds shal| either
be ndrmalized, normalized and tempered, or subjected to proper subcritical PWHT for the alloy.

(11) Longifudinal seam fusion welded construction\is not permitted for C=%;Mo steel for operation in the creep range [see Notes (2)[ and
@1

(12) The CSEF (creep strength enhanced fertiti¢) steels include Grades 91, 92, 911, 122, and 23.

(13) N+T # normalizing + tempering PWHT.

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

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

(16)

temper-resistant carbides and carbo-nitrides, can suffer from an embrittlement condition in the weld heat affected zone that can lead
to premature failure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area
mitigates this susceptibility.
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.
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(A.1.4) Where ends are subject to
forming or machining for jointing, the
wall thickness of the pipe, tube, or com-
ponent after such forming or machining
shall not be less than t,, minus the amount
provided for removal by para. 104.1.2
(A.6.1).
internal design pressure, psig [kPa

(gage)]

(A.7) y = coefficient having values as
Table 104.1.2(A)

given in

(B) Thickness of gray and ductile iron fittings con-
veying liquids may be determined from ANSI/AWWA
C110/A21.10 or ANSI/AWWA C153/A21.53. The thick-
ness of ductile iron pipe may be determined by ANSI/
AWWA C115/A21.15 or ANSI/AWWA C150/A21.50.
These thicknesses include allowances for foundry toler-

NOTH:

defini|
obtair
unit o

(A

(4

(A

When computing the design pressure for a pipe of a

e minimum wall thickness by eq. (9) or (10), the value of P
ed by these formulas may be rounded out to the next higher
f 10. For cast iron pipe, see para. 104.1.2(B).

3)D, =

A.4)d =

5) SE
or SF =

G4

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
pipe on hand or in stock, the actual mea-
sured outside diameter and actual mea-
sured minimum wall thickness at the
thinner end of the pipe may be used to
calculate this pressure.

inside diameter of pipe, in. (mm). For
design calculations, the inside diameter
of pipe is the maximum possible value
allowable under the purchase specificas
tion. When calculating the allowable
working pressure of pipe on handvor in
stock, the actual measured insidediame-
ter and actual measured minimum wall
thickness at the thinner end’of the pipe
may be used to calculate this pressure.

maximum allowable stress in material
due to internal pressure and joint effi-
ciency (or-casting quality factor) at the
design temperature, psi (MPa). The value
of SE-or SF shall not exceed that given
in(Mandatory Appendix A, for the
respective material and design tempera-
ture. These values include the weld joint
efficiency, E, or the casting factor, F.
additional thickness, in. (mm)

ATceS and water TarmeT:

(C) While the thickness determined from
(8) is theoretically ample for both bursting pre
material removed in threading, the follotving
requirements are mandatory to furnish added
cal strength:

(C.1) Where steel pipe is/threaded and
steam service at pressurezabove 250 psi (175
for water service abqve 100 psi (700 kPa) wj
temperature above 220°F (105°C), the pipe shal

eq. (7) or
ssure and
minimum
mechani-

used for
0 kPa) or
ith water
| be seam-

less having the miinimum ultimate tensile sfrength of

48,000 psi (330 MPa) and a weight at least
Schedule 8@ of*ASME B36.10M.

(C.2)"Where threaded brass or copper pij
for the'services described in (C.1) above, it shg
with pressure and temperature classifications
forthese materials by other paragraphs of
and shall have a wall thickness at least equ
specified above for steel pipe of correspondir

(C.3) Plain end nonferrous pipe or tube {
minimum wall thicknesses as follows:

(C.3.1) For nominal sizes smaller thaj
the thickness shall not be less than that spd
Type K of ASTM B88.

(C.3.2) For nominal sizes NPS % and 1]
wall thickness shall not be less than 0.049 in. (
The wall thickness shall be further increased, ag
in accordance with para. 102.4.

104.1.3 Straight Pipe Under External Press
determining wall thickness and stiffening req
for straight pipe under external pressure, the p
outlined in UG-28, UG-29, and UG-30 of Sed
Division 1 of the ASME Boiler and Pressure Ve
shall be followed.

equal to

be is used
1l comply
bermitted
his Code
Al to that
12 size.

hall have

h NPS ¥,
cified for

arger, the
.25 mm).
required,

ure. For
llirements
rocedures
tion VIII,
ssel Code

104.1.4 Longitudinal-Welded or Spiral-Wellded Pipe
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(A 6-1)—Tocompensate for materiat
removed in threading, grooving, etc.,
required to make a mechanical joint, refer
to para. 102.4.2.

(A.6.2) To provide for mechanical
strength of the pipe, refer to para. 102.4.4
(not intended to provide for extreme con-
ditions of misapplied external loads or
for mechanical abuse).

(A.6.3) To provide for corrosion and/
or erosion, refer to para. 102.4.1.
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Operating in the Creep Range. The minimum

thickness

of pipe wall required for design pressures and for tem-

perature not exceeding that for the various

materials

listed in the Allowable Stress Tables shall not be less

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

, ___D, B
m = 2(SEW + Py)

_ Pd + 2SEWA + 2yPA
m = T2(SEW + Py - P)

llows:

(11)

(12)
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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 alloys UNS Nos. N06617, 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7

N08800, N08810, N08825

GENERAL NOTES:

iron and nonferrous materials, y equals 0.

Design pfessure shall not exceed

T A2yt - A) + 21,

where the nomenclature used above is given in

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

(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+Du

104.2.2 Elbows. Elbows manufactured in dccor-

dance with thé)standards listed in Table 126.1 ard suit-
_ 2SEW(t, - A) able for use at the pressure-temperature rafings
D, = 2y(t, — A) specifiedtbyrsuch standards, subject to the requirements
of paraz>106.
2SEW(t, — A)

104.3 Intersections

104.3.1 Branch Connections

para. 104/1.2 and (A) This paragraph gives rules governing the design
E = [weld joint efficiency factor (as given-in  of branch connections to sustain internal and ex{ernal
Table 102.4.3 and referenced in Mandatory  pressure in cases where the axes of the branch an(d the
Appendix A tables) run intersect, and the angle between the axes qgf the
SE = maximum allowable stress in material due to  branch and of the run is between 45 deg and 9( deg,
internal pressure and joint gfficiency at the  inclusive.

design temperature, psi (MPa). The value of Branch connections in which the smaller gngle
SE shall not exceed that"given in Mandatory = between the axes of the branch and the run is lesq than
Appendix A, for the (téspective material and 45 deg or branch connections where the axes qf the
design temperatuté, These values include the  branch and the run do not intersect impose special
weld joint efficieney factor, E. design and fabrication problems. The rules given Herein
W = weld strength™ reduction factor (see may be used as a guide, but sufficient additional strength
para. 102.4.%) must be provided to ensure safe service. Such bfanch
connections shall be designed to meet the requirdment

Also see fequirements in para. 123.4 and Table 102.4.3. of para. 104.7.

104.2 Cygrved Segments of Pipe

(B) Branch connections in piping may be made|from

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.

22

materials listed-in-Mandator AvbendixAby thl use
J rr J

of the following;:

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

(B.2) weld outlet fittings, such as cast or forged
nozzles, couplings and adaptors, or similar items where
the attachment of the branch pipe to the fitting is by
butt welding, socket welding, threading, or by a flanged
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connection. Such weld outlet fittings are attached to the
run by welding similar to that shown in Fig. 127.4.8(E)
or Fig. 127.4.8(F), as applicable. MSS SP-97 may be used
for design and manufacturing standards for integrally
reinforced forged branch outlet fittings. Couplings are
restricted to a maximum of NPS 3.

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

(C.2) branch connections made by welding a cou-
pling or half coupling directly to the run pipe in accor-
dance with Fig. 127.4.8(E), provided the nominal
diameter of the branch does not exceed NPS 2 or one-
fourth the nominal diameter of the run, whichever is
less. The minimum wall thickness of the coupling any-
where in the reinforcement zone (if threads are in the
zone, wall thickness is measured from the root of the
thread to the minimum O.D.) shall not be less than

5.4) piping directly attached to the run pipe by
weldjng in accordance with para. 127.4.8 or by socket
weldfng 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 gxceed NPS 2 or one-fourth of the nominal size of
the riin, 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
not have sufficient thickness to provide the proper depth
of sogket, an alternate type of construction shall be used.
(B.4.1.3) the clearance between the bottom of
the spcket and the end of the inserted branch pipe is in
accotdance 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
bran¢h pipe.
(B.4.2) threaded right angle branch connections
may e made by attaching the branch pipe directly to
the rpin provided
(B.4.2.1) the nominal size ofythe branch does
not exceed NPS 2 or one-fourth of-the nominal size of
the riin, whichever is smaller.
(B.4.2.2) the minimum thread engagement is 6
full threads for NPS 1/2 and NFS 3/4 branches; 7 for NPS 1,
NPS [, and NPS 1% brafiches; and 8 for NPS 2 branches.
If th¢ run pipe wall does not have sufficient thickness
to prpvide the propet depth for thread engagement, an
alterpative type ‘ef-construction shall be used.

(C) Branch‘@onnections Not Requiring Reinforcement. A
pipe [havirigia branch connection is weakened by the
openfng that must be made in it. Unless the wall thick-

ness ofithe branch anr]/r\r run pipo 1S anFir*ionl—]y m

that of the unthreaded branch pipe. In no casg shall the
thickness of the coupling be less than extraf{heavy or
Class 3000 rating.
Small branch connections NPS 2 gr smaller fas shown
in Fig. 127.4.8(F) may be used, proyided t,, is nof less than
the thickness of schedule 160, pipe of the branch size.
(C.3) integrally reinforced/fittings weldefl directly
to the run pipe when the %einforcements prgvided by
the fitting and the deposited weld metal feets the
requirements of (D)\below.
(C.4) integrally reinforced extruded outlets in the
run pipe. Thé reinforcement requirements shall be in
accordance‘with (G) below.
(D) Brawuch Connections Subject to Interna{ 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 pgessure in
cases where the angle between the axes of the branch
and of the run is between 45 deg and 90 deg.|Subpara-
graph (E) below gives rules governing the design of
connections to sustain external pressure.
(D.2) Figure 104.3.1(D) illustrates the hotations
used in the pressure-temperature design conditions of
branch connections. These notations are as fgllows:
b = subscript referring to branch

D,, = outside diameter of branch, in. {[mm)
Dy, = outside diameter of header, in. (mm)
d; = inside centerline longitudinal dimension

of the finished branch opening in the run
of the pipe, in. (mm)
= [Dob - 2(Tb - A)]/sm 23
d, = “half width” of reinforcing zone} in. (mm)
= the greater of d; or (T, - A) + ([, - A) +

excess of that required to sustain the pressure, it is neces-
sary to provide additional material to meet the reinforce-
ment requirements of (D) and (E) below. However, there
are certain branch connections for which supporting
calculations are not required. These are as follows:
(C.1) branch connections made by the use of a fit-
ting (tee, lateral, cross, or branch weld-on fitting), manu-
factured in accordance with a standard listed in
Table 126.1, and used within the limits of pressure-
temperature ratings specified in that standard.

d,/2but in no case more than Dy, in. (mm)
h = subscript referring to run or header
L, = altitude of reinforcement zone outside of

run, in. (mm)
= 25(T, — A) + t, or 2.5(T}, — A), whichever
is smaller
t, = thickness of attached reinforcing pad, in
Example A, in. (mm); or height of the larg-
est 60 deg right triangle supported by the
run and branch outside diameter projected
surfaces and lying completely within

23
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the area of integral reinforcement, in As = area provided by a saddle on right angle
Example B, in. (mm) connections
Ty, Ty = actual wall thickness (by measurement) or = (O.D. of saddle — D)t,
the minimum wall thickness permissible Ag = pressure design area expected at the end of
under the purchase specification of the service life
branch or header pipe, in. (mm) = (tyn — A)dy
bups tmn = required minimum wall thickness, in.
(mm), of the branch or header pipe as Portions of the reinforcement area may be composed
determined by use of eq. (7) or (8) in  of materials other than those of the run pipe, but if the
para. T04.T.Z(A) allowable stress of these materials is less than thht for
a| = angle between axes of branch and run, deg ~ the run pipe, the corresponding calculated reinforce-
ment area provided by this material shall pe.reduged in
(Df2.1) If the run pipe contains a longitudinal  the ratio of the allowable stress beingpapplied tp the

seam thalt 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 longituglinal weld in the run, or if the branch contains
a weld, the weld joint efficiency for either or both shall
enter the falculations. If the branch and run both contain
longitudipal welds, care shall be taken to ensure that
the two Welds do not intersect each other.

(D}2.2) The required reinforcement area in square
inches (square millimeters) for branch connections shall
be the quantity

Ap

A2 = sin @) = (t, — A)dy (2 — sin @)
For right angle connections, the required reinforce-
ment becpmes

Ay = Ag = (b — A)dy

The required reinforcement must be within .the limits
of the reihforcement zone as defined in{P:.2.4) below.
(D}2.3) The reinforcement requited by (D.2) shall
be that provided by any combination’ of areas A;, A,,
Az, Ay, apd As, as defined below’and illustrated in
Fig. 104.3.1(D) where

taken
than

reinforcement area. No additional credit shall be
for materials having higher allowablé)stress valueg
the run pipe.
(D.2.4) Reinforcement %ore. The reinforcement
zone is a parallelogram whose width shall extgnd a
distance d, on each side\of the centerline of the branch
pipe, and whose altitude shall start at the inside syrface
of the run pipe afid éxtend to a distance L, from the
outside surface‘of)the run pipe.
(D.2.5) Reinforcement of Multiple Openings| It is
preferred that multiple branch openings be spacgd so
that their reinforcement zones do not overlap. If ¢gloser
spacifig-is necessary, the following requirement shall be
met. The two or more openings shall be reinforded in
accordance with (D.2), with a combined reinforcgment
that has a strength equal to the combined strength pf the
reinforcement that would be required for the separate
openings. No portion of the cross section shall be cqnsid-
ered as applying to more than one opening, or be gvalu-
ated more than once in a combined area.
When more than two adjacent openings are to b¢ pro-
vided with a combined reinforcement, the minimum
distance between centers of any two of these opehings
should preferably be at least 1% times their avprage
diameter, and the area of reinforcement between |them
shall be at least equal to 50% of the total requirgd for

Ay = prea provided bysexcess pipe wall in the run these two openings.
= [2d, — di)(Ty ~Fun) (D.2.6) Rings, Pads, and Saddles. Reinforcgment
A, = hrea, in? (nith?), provided by excess pipe wall provided in the form of rings, pads, or saddles sh4ll not
n the bfanch for a distance L, above the run be appreciably narrower at the side than at the cfotch.
= PLy (Tys"t,p)/sin @ A venthole shall be provided at the ring, pad, or shddle
Az = preaptrovided by deposited weld metal beyond  to provide venting during welding and heat treatment.
he-otitside—diameter—of—the rur—andbraneh; Referto-para—1274-8(E)-
and for fillet weld attachments of rings, pads, Rings, pads, or saddles may be made in more than
and saddles one piece, provided the joints between pieces have full
Ay = area provided by a reinforcing ring, pad, or thickness welds, and each piece is provided with a

integral reinforcement. The value of Ay may
be taken in the same manner in which excess
header metal is considered, provided the weld
completely fuses the branch pipe, run pipe,
and ring or pad, or integral reinforcement.
For welding branch connections refer to
para. 127.4.8.

26

vent hole.

(D.2.7) Other Designs. The adequacy of designs
to which the reinforcement requirements of para. 104.3
cannot be applied shall be proven by burst or proof
tests on scale models or on full size structures, or by
calculations previously substantiated by successful ser-
vice of similar design.
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(E) Branch Connections Subject to External Pressure
Requiring Reinforcement. The reinforcement area in
square inches (square millimeters) required for branch
connections subject to external pressure shall be

0.5t,,d1 (2 — sin @)

where t,, is the required header wall thickness deter-
mined for straight pipe under external pressure, using

2Q T 1 NQ 11 DN 21

Lg

corroded internal diameter of extruded
outlet measured at the level of the outside
surface of the run

= corroded internal diameter of run
= height of the extruded lip. This must be

equal to or greater than r,, except as shown
in (G.4.2) below.

altitude of reinforcement zone

— 7\/ nuz'/Tu

proc drresouthmedir 56 20, UGz, OGoU; ardHF5G=3t
of Sqction VIII, Division 1, of the ASME Boiler and
Presqure Vessel Code.

Prdcedures established heretofore for connections sub-
ject tp internal pressure shall apply for connections sub-
ject tp external pressure provided that D,,, D, and ¢,
are rpduced to compensate for external corrosion, if
required by design conditions.

(F)| Branch Connections Subject to External Forces and
Momfents. The requirements of the preceding para-
graphs are intended to ensure safe performance of a
bran¢h connection subjected only to pressure. However,
when external forces and moments are applied to a
bran¢h connection by thermal expansion and contrac-
tion, py dead weight of piping, valves, and fittings, cov-
ering and contents, or by earth settlement, the branch
connjection shall be analyzed considering the stress
intensification factors as specified in Mandatory
Appé¢ndix D. Use of ribs, gussets, and clamps designed
in acgordance with para. 104.3.4 is permissible to stiffen
the branch connection, but their areas cannot be counted
as coptributing to the required reinforcement area of the
bran¢h connection.

(G) Extruded Outlets Integrally Reinforced

G.1) The following definitions, modifications,
notafiions, and requirements are spegifically applicable
to exfruded outlets. The designershall make proper wall
thickhess allowances in order thdt the required mini-
mun] reinforcement is ensured over the design life of
the system.
G.2) Definitions;:An extruded outlet header is
defined as a headex(in which the extruded lip at the
outlet has an altitude above the surface of the run that
is eqiial to or¢greater than the radius of curvature of the
exterpal centotired portion of the outlet; i.e., i, > 1,. See
noménclature and Fig. 104.3.1(G).

of the outlet intersects and is perpendicular to 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 in inches
(millimeters).

Dy, = outside diameter of branch pipe
Dy, outside diameter of run
d, = corroded internal diameter of branch pipe

27
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T, - A

T, - A

b A

Fn — A

1

Ty

actual wall thickness (by measurlement) or
the minimum wall thickrniess' p¢rmissible
under the purchase specificatipn of the
branch pipe minus_the corrosipn allow-
ance, in. (mm)
actual wall thickiess (by measurement) or
the minimum wall thickness p¢rmissible
under the\purchase specificatipn of the
headet>pipe minus the corrosipn allow-
ancejin. (mm)
corroded finished thickness of|extruded
outlet measured at a height equal to 7,
above the outside surface of th¢ run
required thickness of brarch pipe
according to wall thickness eq.|(7) or (8)
in para. 104.1.2(A), but not inclgiding any
thickness for corrosion
required thickness of the run acqording to
eq. (7) or (8) in para. 104.1.2(A), but not
including any allowance for cofrosion
half width of reinforcement zone (equal
to d.)
radius of curvature of external ¢ontoured
portion of outlet measured in fhe plane
containing the axes of the run arjd branch.
This is subject to the following lipnitations:

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

(G.4.2) Maximum Radius. For outlet pipe
sizes 6 in. (150 mm) nominal ahd larger,
this dimension shall not exceed|0.10D,;, +
0.50 in. (0.10D,, + 12.7 mm). For outlet
i i is 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) above.
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Fig. 104.3.1(G) Reinforced Extruded Outlets

Limits of
reinforcement zone of branch
Dob
30 deg —» d, —
max. - (tmb - A)
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<—— See No

See Note (2)
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_ ! Required area °
(tmh A) * A7= K(fmh—A) dc \
To
1
r £ i
D, d. — Allowance
(d) See Note (3)
NOTES:

(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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(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. The required area is defined as
Ay = K (tyy — A) d.

where K shall be taken as follows:

(G.8) In addition to the above, the manufacturer
shall be responsible for establishing and marking 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

For ID,,/D,;, greater than 0.60,

K = 1.00

For ID,/D,;, greater than 0.15 and not exceeding 0.60,
K = 0.6 + % Doy/Do

For ID,,/D,;, equal to or less than 0.15,

K =0.70

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

G.6) Reinforcement Area. The reinforcement area

shall|be the sum of areas

A1+A2+A4

as dgfined below.
(G.6.1) Area A, is the area lying within the rein-

b
0<9 \/7 deg

shall be considered to be equivalent to a girth butt-
welded joint, and the rules of this. paragragh do not
apply. Miter joints, and fabricated pipe bends ¢onsisting
of segments of straight pipe‘welded togeth¢r, with 6
equal to or greater than'thi$ calculated value may be
used within the limitations described below.
(A) Pressure shall\pe limited to 10 psi (70 kPa) under
the following conditions:
(A.1) Therassembly includes a miter weld with

6> 22.5 deg.or contains a segment that has a dimension

B < 6t,

(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 nonflammdble, non-

forcdment zone resulting from any excess thidkress X1 aﬁd incompressible, except for gaseous vents to
availpble in the run wall. atmosphere. .
(A.4) The number of full pressure cycles ig less than

A = dc(Tlt - tmh)

(G.6.2) Area A, is the area lying within the rein-
forcgment zone resulting fron( aity excess thickness
availgble in the branch pipe wall.

Ay =QDg(Ty — tyw)

7,000 during the expected lifetime of the piping system.
(A.5) Full penetration welds are used in joining
miter segments.
(B) Pressure shall be limited to 100 psi (700 k[Pa) under
the conditions defined in (A.2), (A.3), (A.4), pnd (A.5)
above, in addition to the following:

(B.1) the angle # does not exceed 22.5 dgg

(G.6.3) Area‘dris the area lying within the rein- h ;B‘Z) t(};e assgmbly does not contain any segment
forcement zone resulting from excess thickness available that has a dimension
in the extruded outlet lip.
p B < 6t,
A4 = 27, [Tu - (Tb - A)] . . . .
(C) Miters to be used in other services or [at design
= o . PPN P . T Braccizmac alhorza 100 e (70N TP ch o1l 1
(G Retnforcement of Wiuttiple Opemings— Tt is pre-——Presstres-apoveoo-pst{/obcia)-snar-meettne require-

ferred that multiple branch openings be spaced so that
their reinforcement zones do not overlap. If closer spac-
ing is necessary, the following requirements shall be
met. The two or more openings shall be reinforced in
accordance with (G) with a combined reinforcement that
has a strength equal to the combined strength of the
reinforcement that would be required for separate open-
ings. No portion of the cross section shall be considered
as applying to more than one opening, or be evaluated
more than once in a combined area.

29

ments of para. 104.7.

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

(C.2) When justification under para. 104.7 is based
on an analysis, that analysis and substantiating tests
shall consider the discontinuity stresses that exist at the
juncture between segments; both for static (including
brittle fracture) and cyclic internal pressure.
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(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 miter bends (see
Mandatory Appendix D for definition)

2 -1/R

b = 3T = R

(C.3.2) For widely spaced miters (see Mandatory

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 opening
is greater than one-half of the inside diameter of the
closure, the opening shall be designed as a reducer in
accordance with para. 104.6.

Other openings in closures shall be reinforced in accor-
dance with the requirements of reinforcement for a
branch connection. The total cross-sectional area

Appendik D for definition)
ts = tu(1 + 0.64/r/ts tan 6)

(The aboYe equation requires an iterative or quadratic
solution for f,.)

104.3)4 Attachments. External and internal attach-
ments to|piping shall be designed so as not to cause
flatteninjg of the pipe, excessive localized bending
stresses, ¢r harmful thermal gradients in the pipe wall.
It is impprtant that such attachments be designed to
minimize stress concentrations in applications where the
number df stress cycles, due either to pressure or thermal
effect, is|relatively large for the expected life of the

equipmennt.
104.4 CI}

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 glugs, caps, or blind flanges, manufactuted in
accordanfe with standards listed in Table 126!1, and
used within the specified pressure-temperature rat-
ings, or

(B) injaccordance with the ruleg"contained in the
ASME Bdiler and Pressure Vessel €odg, Section I, Power
Boilers, [PG-31, or Section VIII,’Pressure Vessels,
Division [I, UG-34 and UW-13)ycalculated from

sures

tp =t + A

where
t = pressure.design thickness, calculated for the

q

TequiTed foT TETfOTCENTent i ary piarne passing thmough
the center of the opening and normal to the surfgce of
the closure shall not be less than the quaftity qf dst,
where
ds = diameter of the finished opening, in. (min)

t = as defined in (B) above

104.5 Pressure Design of Flanigés and Blanks

104.5.1 Flanges — General
(A) Flanges of sizes NPS 24 and smaller, that arejman-
ufactured in accordance with ASME B16.1 and B16.5,
shall be considered: suitable for use at the primary ser-
vice ratings (allowable pressure at service tempergture)
except the slip-on flanges to ASME B16.5 shall be lijnited
in application to no higher than Class 300 primary(pres-
sure.gefvice rating. Refer to para. 127.4.4.
For-flanges larger than NPS 24, and manufactuged in
aceordance with the Specifications and Standards |isted
in Table 126.1, the designer is cautioned aboyt the
dimensionally different designs that are available, as
well as the limitations of their application.
Flanges not made in accordance with| the
Specifications and Standards listed in Table 126.1|shall
be designed in accordance with Section VIII, Divigion 1
of the ASME Boiler and Pressure Vessel Code, except
that the requirements for fabrication, assembly, inspec-
tion, and testing, and the pressure and temperature lim-
its for materials of this Code for Pressure Piping|shall
govern. Certain notations used in the ASME (ode,
namely, P, S,, S;, and Ss, shall have the meanings
described below instead of those given in the ASME
Code. All other notations shall be as defined in the
ASME Code.

given~closure shape and direction of loading P = design pressure, psi (kPa) (see paras. 101.2.2
uging.appropriate equations and procedures in and 101.2.4)
o I oot AWA R & Sk m I 1 L1l ACNATL S — bolt desion stress at atmospheric tember. ture
OCLLIVIT 1 UL JCCLIVUIT V111, IJVIVISIUITL 1 Ul UIT AAJIVIL w O T T 7
Boiler and Pressure Vessel Code psi (kPa)
o ) o Sy = bolt design stress at design temperature, psi
The definition of A and the symbols used in determining (kPa)

t shall have the definitions shown herein, instead of
those given in the ASME Boiler and Pressure Vessel
Code.

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

104.4.2 Openingsin Closures. Openings in closures
may be made by welding, extruding, or threading.

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 limitations of
paras. 122.1.1(F), (G), and (H).
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Fig. 104.5.3 Types of Permanent Blanks

2

7
_

g

6

(B) These flange design rules are not applicable to footnote 3], shall be considered to have fhe mean-
flat face designs employing full face gaskets that extend ings described in para. 104.1.2(A) ipstead of
beyohd the bolts. those given in the ASME Code. All other nota-

(C) The bolt design stress in (A) above shall be as tions shall be as defined in the ASMH Code.
establlished in Section VIII, Division 1 of. the ASME Boiler

dp Vessel Code, Nonmandatory Appendix P 104.5.3 Blanks
and  tesstire vesse: L-ode, onman Y APP (A) The required thickness of permanent blanks (see
for f¢rrous materials. . .

. . . .. Fig. 104.5.3) shall be calculated from the equation

(D) Application of bolting materials for flanged joints

is coyered in para. 108.5. b, = t+A
104.5.2 Blind Flanges where

(A) Blind ﬂa.nges manufactured mn accordancg with t = pressure design thickness as calculdted from
the sfandards listed) in Table 126.1 shall be considered eq. (14)
suitaple for use at the pressure-temperature rating speci-
fied by suchistdndards. b= dg %

(B) Thexequired thickness of blind flanges not manu- (14)
factuped™mn accordance with standards in Table 126.1 See para. 104.1.2(A), footnote 3.
shall be calculated from eq. (13). d¢ = inside diameter of gasket for raised or flat

(plain) face flanges, or the gasket pitch diameter

tn = t+ A (13) for retained gasketed flanges, in. (mm)
where (B) Blanks to be used for test purposes only shall have
t = pressure design thickness as calculated for the = a minimum thickness not less than the pressure design

Copyright ASME International

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),

Provided by IHS under license with ASME
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thickness t specified above except that P shall be not

less than the test pressure and SE [see para. 1

04.1.2(A),

footnote 3] may be taken as the specified minimum
yield strength of the blank material if the test fluid is

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

104.6 Reducers

Flanged reducer fittings manufactured in accordance
with the Standards listed in Table 126.1 shall be consid-
ered suitable for use at the specified pressure-
temperature ratings. Where butt welding reducers are
made to a nominal pipe thickness, the reducers shall be
considergd ewith pi i

anchors for the effects of thermal expansion, weight,
other sustained loads, and other occasional loads. Each
component in the system must meet the limits in this
paragraph. For pipe and fittings, the pressure term in
egs. (15) and (16) may be replaced with the alternative
term for S;, as defined in para. 102.3.2(A.3). The pressure
term in egs. (15) and (16) may not apply for bellows
and expansion joints. When evaluating stresses in the
vicinity of expansion joints, consideration must be given

- e = i = = = U d Ld O Olld dI'cd d CX d 'pan_
nal thickmess. sion joint.
104.7 Other Pressure-Containing Components 104.8.1 Stress Due to Sustained Loads:) The dffects
104.7}1  Pressure-containing components manu-  Of pressure, weight, and other sustairted mechgnical
factured|in accordance with the standards listed in ~ loads shall meet the requirements of’eq: (15).
Table 124.1 shall be considered suitable for use under (U.S. Customary Units)
normal operating conditions at or below the specified -
pressured{temperature ratings. However, the user is cau- PD, 0.75iM,
tioned that where certain standards or manufacturers S = w, (& =10 S (15)
may impjose more restrictive allowances for variation
from normal operation than those established by this  (SI Units)
Code, th¢ more restrictive allowances shall apply. PD, 0.75iM,
(12) 104.7.2 Specially Designed Components. The pres- 292 (1000)dt, © ~ Z <105
sure design of components not covered by the standards
listed in [fable 126.1 or for which design formulas and where . o
procedurgs are not given in this Code shall be based on 1 @ stress 1n.tens1f1cat10n factor (see Mandptory
calculatigns consistent with the design criteria of this Appendix D). The product 0.75i shall hever
Code. These calculations shall be substantiated by one be taken as less than 1.0. )
or more pf the means stated in (A), (B), (C), and (D) M, = resultant momentloading on cross sectiop due
below. to weight and other sustained loads,|in-1b

(A) extensive, successful service experience under (mm—N) (seg para. 104.8.4) ]
comparaple conditions with similarly proportiorned Sp = basic material allowable stress at maxjmum
componehts of the same or similar material (hot) temperatull‘e [s?e para. 102.3.2(D)]

(B) experimental stress analysis, such as . described in Sp = sum of the longitudinal stresses due to|pres-
the ASME Boiler and Pressure Vessel Code;Section VIII, sure, weight, and other sustained loads
Division P, Annex 5-F Z = section modulus, in.3 (mm3) (see para. 104.8.4)

(C) prgof test in accordance with either ASME B16.9; 104.8.2 Stress Due to Occasional Loads. The dffects
MSS SP-97; or the ASME Boiler~and Pressure Vessel  of pressure, weight, other sustained loads, and |occa-
Code, Se¢tion I, A-22 sional loads including earthquake shall meet the require-

(D) defailed stress analysis, such as finite element ments of eq. (16).
method,|in accordance’with the ASME Boiler and
Pressure [Vessel Codeb.Section VIII, Division 2, Part 5,  (U.S. Customary Units)
except thpt the basic.material allowable stress from the . .

Allowablp Stress\Iables of Mandatory Appendix A shall th)” + @ + 0'7SZZMB < kS, (16)
be used ip place of S, "

For anyf of (A) through (D) above, it is permissible to (ST Units)
interpolate between sizes, wall thicknesses, and pressure
classes and to determine analogies among related PD,  075iMs  0.75Ms _ kS
materials. (10004t~ Z z =

Calculations and documentation showing compliance
with this paragraph shall be available for the owner’s ~ 1erms same as para. 104.8.1, except
approval, and, for boiler external piping, they shall be k = 1.15 for occasional loa.ds acting for no more
available for the Authorized Inspector’s review. than 8 hr at any one time and no more than

. . 800 hr/yr [see para. 102.3.3(A)]
(12) 104.8 Analysis of Piping Components = 1.2 for occasional loads acting for no more than

To validate a design under the rules in this paragraph,
the complete piping system must be analyzed between

1 hr at any one time and no more than 80 hr/yr
[see para. 102.3.3(A)]
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Mjp = resultant moment loading on the cross section

due to occasional loads, such as thrusts from
relief/safety valve loads, from pressure and
flow transients, and earthquake, in.-Ib (mm-N)
[see paras. 102.3.3(A) and 104.8.4]

104.8.3 Stress Due to Displacement Load Ranges.
The effects of thermal expansion and other cyclic loads

shall

meet the requirements of eq. (17).

Fig. 104.8.4 Cross Section Resultant
Moment Loading

(LLS.

(S1U

Term|
M

Customary Units)
17)

nits)

_ 10006Mo) _

E — 7 A

s same as para. 104.8.1, except

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.-Ib (mm-N) [see paras. 102.3.2(B),
104.8.4, and 119.7].

104.8.4 Moments and Section Modulus

(A

For egs. (15), (16), and (17), the resultant momenits

for sfraight through components, curved pipe, or, weld-

ing ¢

wher
j
Z

(B
resul
with
(16),
Mon
Fig.

(C

[bows may be calculated as follows:
M; = (M, + M, + M2

3
= A, B, or C as defined in-paras. 104.8.1, 104.8.2,
and 104.8.3

section modulus of-piping, in.* (mm?)

For full outlet branc¢h connections, calculate the
fant moment of Jeach leg separately in accordance
(A) above. Use'Z, section modulus, in egs. (15),
and (17)sas~applicable to branch or run pipe.
ents are faken at the junction point of the legs. See
04.8:4:

Fof reduced outlets, calculate the resultant

1, = branch mean cross-sectional r
(mm)
t, = effective branch wall thickness

lesser of t,;, or it,, in eq. (17), o

t,n or 0.75it,;,, where 0.75: > 1.0, i
and (16)
For the reduced outlet branch connections ¢
Fig. D-1,
MA/ MB/
MC = Mx32 + My32 + MZSZ
and
Z = Iy r’szb

If L, in Fig. D-1, sketches (a), (b), and (c)

exceeds 0.5 \/m then 7/, can be taken as the
the center of T, when calculating the section
and the stress intensification factor. For sud

hdius, in.

in. (mm)
- lesser of
h egs. (15)

bvered by

equals or
radius to
modulus
h a case,

moment of each leg separately in accordarnce with (A)
above. Moments are to be taken at the junction point of
the legs, unless the designer can demonstrate the validity
of a less conservative method. See Fig. 104.8.4. For the
reduced outlet branch, except for branch connections
covered by Fig. D-1,

My, Mp,

and

Copyright ASME International
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MX32 + My32 + MZ?,Z

Z = mr,’t, (effective section modulus)
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thetransition betweert brarcit pipe ard ozzt

e must be

evaluated separately from the branch connection.

For the main run outlets,

MA/ MB/
MC = \/Mle + Mylz + lez
= \/Mx22 + My22 + M222
and
Z = section modulus of pipe, in.> (mm?)
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PART 3 For nonmandatory rules for nonmetallic piping, see
SELECTION AND LIMITATIONS OF PIPING Nonmandatory Appendix IIT of this Code.
COMPONENTS (B) Reinforced thermosetting resin pipe may be used,

105 PIPE
105.1 General

Pipe conforming to the standards and specifications
listed in Mandatory Appendix A shall be used within
the range of temperatures for which allowable stresses

in addition to the services listed in para. 105.3(A), in
buried flammable and combustible liquid service subject
to the limitations described in para. 122.7.3(F).

(C) Reinforced concrete pipe may be used in accor-
dance with the specifications listed in Table 126.1 for
water service up to 150°F (65°C).

are given| within the limitations specified herein.

105.2 Mgtallic Pipe

105.2{1 Ferrous Pipe

(A) Fufnace butt welded steel pipe shall not be used
for flamnpable, combustible, or toxic fluids.

(B) Dultile iron pipe may be used for design pressures
within the ratings established by the standards and spec-
ificationg 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, jor toxic fluids. Temperature limits for the use
of ductilg iron pipe are often determined by the type of
elastometic gasket used in the pipe joints, or the lining
material pised on the internal surface of the pipe. It is
the reporsibility of the Designer to determine whether
these components are suitable for use in the particular
applicatign 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
(1750 kP4) and for design temperatures to 406°E{(208°C).

(B) Copper and brass pipe for air may be-used in
accordarjce with the allowable stresses ‘given in the
Allowablp Stress Tables.

(C) Cqpper tubing may be used for dead-end
instrument service with the limjtations stated in
para. 122|3.2(D).

(D) Cdppert, copper alloyor/aluminum alloy pipe or
tube majl be used underthe conditions stated in
para. 124|7. Copper, copper alloy, or aluminum pipe or
tube shalll not be used for flammable, combustible, or
toxic fluidls exceptds permitted in paras. 122.7 and 122.8.

d eI dalnd Nor aIn-
mable liquids where experience or tests have demon-
strated that the plastic pipe is suitable for the service
conditions, and the pressure and temperature conditions
are within the manufacturer’s recommendations. Until
such time as mandatory rules are established for these
materials, pressure shall be limited to 150 psi (1 000 kPa)
and temperature to 140°F (60°C) for water service. Pres-
sure and temperature limits for other services shall be
based on the hazards involved, but in no application
shall they exceed 150 psi (1 000 kPa) and 140°F (60°C).

34

(D) A tlexible nonmetallic pipe or tube assembly may
be used in applications where
(D.1) satisfactory service experience eXists
(D.2) the pressure and temperaturé.conditions are
within the manufacturer’s recommendations
(D.3) the conditions describedhinparas. 104.7,
and 124.9 are met
(E) Polyethylene pipe may be'tised, in addition o the
services listed in para. 105:8(A), in buried flaminable
and combustible liquid ‘and gas service subject to the
limitations described in paras. 122.7.2(D)| and
122.8.1(B.4).
(F) Metalligpiping lined with nonmetals may beused
for fluids that*would corrode or be contaminat¢d by
unprotected-metal. See para. 122.9 and Nonmandatory
Appendix TII.

124.7,

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 mafe 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
in this Code. Material for fittings in flammable, corthbus-
tible, or toxic fluid systems shall in addition corfform
to the requirements of paras. 122.7 and 122.8.

(B) Fittings not covered by the Standards listpd in
Table 126.1 may be used if they conform to para. [04.7.

(C) Cast buttwelding steel fittings not covered Hy the
dimensional standards listed in Table 126.1 may be used

those permitted by MSS SP-54 shall be rejected. The
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.

(12)
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(E) Elastomeric gasket bell end fittings complying
with applicable standards listed in Table 126.1 may be
used for water service. Temperature limits for gray and
ductile iron fittings using ANSI/AWWA C111/A21.11
joints are 65°C (150°F) for push-on joints and 49°C
(120°F) for mechanical joints, based on standard water
service gasket and lining materials. Fittings of this type
using alternative materials, as allowed by AWWA C111,
may be used for nonflammable, nontoxic service to

published by the relevant fluid industry for any addi-
tional safety and materials requirements that may be
necessary.

(C) A flexible metal hose assembly consisting of
wound interlocking metal strips may be applied to atmo-
spheric vent systems only and shall not be used in sys-
tems that convey high temperature, flammable, toxic,
or searching-type fluids. Where applicable, as deter-
mined by the designer and within the limitations

100°
oper
expe
tings

C(212°F), wheresuttabitity for theftuid—amnd
iting conditions has been established by test or
ience. Temperature limits for bell and spigot fit-
in nonmetallic pipe shall be per para. 105.3.

106.

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.

P Bends and Intersections

106.

(A) Cast iron and malleable iron pipe couplings shall
be lipited in application as referenced in paras. 124.4
and ]24.5, respectively.

(B) Straight thread couplings shall not be used.

(C) Class 3000 steel pipe unions constructed in accor-
dance with the MSS standard SP-83 may 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 in a piping system, ta:isolate or control
vibration, or to compensate for(misalignment. The
design conditions shall be in acéordance with para. 101
and pithin the limitations of the assembly as recom-
mendled by the manufacturer./The basis for their applica-
tion [shall include thewfollowing service conditions:
thermal cycling, bend,radius, cycle life, and the possibil-
ity of| corrosion and erosion. Installation shall be limited
to a |single-plané.bend, free from any torsion effects
during servicé conditions and nonoperating periods.
Type|of end-connector components shall be consistent
with |the requirements of this Code.

described in para. 122.6 and those imposed by the manu-
facturer, this type of hose assembly may b used at
pressure relieving devices.

107 VALVES

107.1 General

(A) Valves complying)with the standards and specifi-
cations listed in Table 126.1 shall be used Within the
specified pressurértemperature ratings. Unl¢ss other-
wise requiredif the individual standards and|specifica-
tions listedNin Table 126.1, such steel valves 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 marjufacturer
tecommends for the service as stipulated in parfa. 102.2.2.
Such valves shall be pressure tested in accordpnce with
MSS SP-61.

(C) Some valves are capable of sealing simulfaneously
against a pressure differential between an internal 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
such entrapped fluid and conforming to (A) or|(B) above
need not comply with the requirements of pgra. 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 valye stem is
retained from blowout by an assembly that [functions
independently of the stem seal retainer shall [be used.

(B
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
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 system:s, it is rec-
ommended that the designer also review the standards

A (1 11 11 1.1 LR L
A TITXIUIT lllCi.Cll ITTUST dbbUlllUl_y, L_,Ullblbi.ll 15 Ul UL
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(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.

(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.
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(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, shall be installed with adequate overpressure pro-
tection devices to prevent excessive downstream pres-
sure resulting from any system failure. Refer to
paras. 122.5 and 122.14.

107.2 Marking

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).

(B) Safety, safety—relief, relief, and pilot-operated
pressure relief valves shall be in accordance with UG-126
of ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1.

(C) Nonreclosing pressure relief devices, such as rup-

Each vilve shall bear the manufacturer’s name or
trademark and reference symbol to indicate the service
condition}s 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 fnay 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).

107.4 Stem Threads

Where [threaded stem valves are used, stem threads
may be ifternal or external with reference to the valve
bonnet. Qutside screw and yoke design shall be used
for valveg NPS 3 and larger for pressures above 600 psi
(4 135 klpa). This requirement is not applicable to
quarter-tyirn valves that comply with all other provisions
of this C¢de.

107.5 Bonnet Joints

Bonnetjjoints may be of flanged, welded, pressure seal,
union type, or other design, except that screwed bonnet
connectigns in which the seal dependsona steam tight
threaded |joint shall not be permitted as”source valves
in steam pervice at pressures aboye 250 psi (1 750 kPa).

107.6 Bypasses

Sizes ¢f bypasses shall' be in accordance with
MSS SP-45 as a minigitym standard. Pipe for bypasses
shall be 4t least schedule 80 seamless, and of a material
of the same nomihalchemical composition and physical
propertiep asthat used for the main line. Bypasses may
be integraler-dttached.

Ture disKs, pin devices/ valves, and spring-ioaded nonre-
closing devices shall be in accordance with UG:27 of
Section VIII, Division 1.

(D) Valves and devices in (B) and (C) abeve shill be
constructed, manufactured, rated, and marked in gccor-
dance with the requirements of UG{128 through U(5-132
and UG-136 through UG-138 of,Settion VIII, Divisjon 1.

(E) An ASME Code Stamprafid capacity certifidation
are not required for valves with set pressures 1§ psig
[100 kPa (gage)] and lower:

107.8.4 Nonmandatory Appendix. For nonmgnda-
tory rules for thé\design of safety valve installafions,
see Nonmandatory Appendix II of this Code.

108 PIRE'FLANGES, BLANKS, FLANGE FACINGS,
GASKETS, AND BOLTING

108.1 Flanges

Flanges shall conform to the design requirements 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-
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 @ flat
face. Steel flanges of Class 300 raised face standard may
be bolted to Class 250 raised face cast iron.

108.4 Gaskets

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.

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.

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

36

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.

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.
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(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.

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

(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

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
of flange.

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

ly torque

have[ASME heavy hexagonal nuts. Headed alloy bolts (C) In those instances where the selected npetric bolt

shall[not be used with other than steel or stainless steel  size is smaller in root thread area than the ¢ortgsponding

flanges. U.S. Customary size, the designer shall\ensure that the
(E) All alloy steel bolt studs and carbon steel bolts or  selected size is capable of the required @ssem

bolt gtuds and accompanying nuts shall be threaded in ~ and of producing the required gasket loading to ade-

accofdance with ASME B1.1 Class 2A for external  quately seal at design pressure.)Further, the

threalds and Class 2B for internal threads. Threads shall
be the 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 hdavy 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 and
heavy hex nuts are recommended. For bolt sizes larger
than [1% in., bolt studs with a hex or heavy hex nut on
each|end are recommended. For cast iron or bronze
flanges using % in. and larger carbon steel headed bolts,
squafe nuts may be used.

108.5.2  For the various combinations of flange
matefials, the selection of bolting materials and, related
rules| concerning flange faces and gaskets.shall be in
acco:ldance 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

108.6.1 General._The use of metric bolts, bolt studs,
nuts,|and washers-shall conform to the general require-
ments of para. 1085, but the following are allowed:

(A) Threads* shall be in accordance with
ASME B1.43M, M profile, with tolerance Class 6g for
exterhal thteads and Class 6H for internal threads.

(B

Threads shall be the coarse-thread series for size

designer
shall ensure sufficient contact/area exists befween the
flange metal and both themtirand 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

1104 PIPING JOINTS

JOINTS

le for the
consider-
and the

The type of piping joint used shall be suital
design conditions and shall be selected with
ation of joint tightness, mechanical strength
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 qualjfy WPSs,
welders, and welding operators in conformgnce with
the rules established in Chapter V.

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

the appli-

111.2 Butt Welds

111.2.1 Design of Butt Welds. The design of butt
welds shall include the evaluation of any expgcted joint
misalignment [para. 127.3(C)] that may result ffom speci-

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

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.

114.2.1

(A) Threaded joints are prohibited where any of the
following conditions is expected to occur:

11132
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).

111.3/4 Drains and bypasses may be attached to
a fitting gr valve by socket welding, provided the socket
depth, bqre diameter, and shoulder thickness conform
to the requirements of ASME B16.11.

e - el 1 o 1 1.1
IS IOTS TOT SOCKELS U SUCREL WEIUITS

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 threaded 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 of para. 114.

112 FLANGED JOINTS

Flanged joints shall conform te-paras. 108 and 110 and
Table 112

113 EXPANDED OR.ROLLED JOINTS

Expanded or rolléd-joints may be used where experi-
ence or test hastdemonstrated that the joint is suitable
for the depignconditions and where adequate provisions
are made t§yprevent separation of the joint.

(A1) temperatures above 496°C (925°E)_except as
permitted by paras. 114.2.2 and 114.2.3

(A.2) severe erosion

(A.3) crevice corrosion

(A.4) shock

(A.5) vibration

(B) The maximum size limitations in Table 1
apply to threaded joints in the‘following services

14.2.1
(B.1) steam and water.at temperatures above 105°C
(220°F)

(B.2) flammable gases, toxic gases or liquidg, and

nonflammable fiontoxic 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, Wwhich
servelas openings for radiographic inspection of Welds,
are\not subject to the limitations of para. 114.2.] and
dable 114.2.1, provided their design and installption
meets the requirement of para. 114.1. A represenfative
type of access hole and plug is shown in PFI ES-]6.

114.2.3 Threaded connections for insertion| type
instrument, control, and sampling devices are not siibject
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, control, and
sampling devices shall be adequate to withstanfl the
effects of the fluid characteristics, fluid flow} and
vibration.

114 THREADED JOINTS

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

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
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114.3

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 Pressure

Maximum
Nominal Size, in. psi kPa
3 400 2 750
2 600 4150
1 1,200 8 300
%, and 1,500 10 350
smaller

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-
torting the inside tube diameter. The gripping member
shall also form a pressure seal against the fitting body.

When using bite type fittings, a spot check shall be
made for adequate depth of bite and condition of tubing

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
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-
dards 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 the 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 successfiil perform-
ance [tests to determine the safety of the-joint under
simufated service conditions. When_vibration, fatigue,
cycli¢ conditions, low temperature; thermal expansion,
or hydraulic shock are expected, the applicable condi-
tions|shall be incorporated inf the test.

115.

Fitfings and their joiixts shall be compatible with the
tubirlg or pipe withhwhich they are to be used and shall
confgrm to the.range of wall thicknesses and method
of aspembly,fecommended by the manufacturer.

I Compatibility

P Pressure-Temperature Ratings

not exceedmg the recommendatlons 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.

115.3 Threads

See para. 114.1 for requirements of threads on piping
components.
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by disassembling and reassembling selected joints.
Grip-type fittings that are tightened in adcordance

with manufacturer’s instructions need-iot 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 nonflaimmable, nontoxic servjice where
experience or tests*have demonstrated that the joint is
safe for the Operating conditions and the flpiid being
transportedsProvisions 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 njaterial 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 connectionq or other
causes.

117 BRAZED AND SOLDERED JOINTS
117.1 Brazed Joints

Brazed socket-type joints shall be made with suitable
brazing alloys. The minimum socket depth shall be suffi-
cient for the intended service. Brazing alloy shall either
be end-fed into the socket or shall be provided in the
form of a preinserted ring in a groove in the s¢pcket. The
brazmg alloy shall be sufficient to fill completely the

g e pipe or
tube The 11m1tat10ns 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
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.
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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.

(B) Soldered socket-type joints shall be limited to sys-
tems containing nonflammable and nontoxic fluids.

(C) Soldered socket-type joints shall not be used in
piping subject to shock or vibration.

(D) Brazed or soldered joints depending solely upon

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
shall be as determined in accordance with
para. 102.3.2(B).

119.3 Local Overstrain
Most of the commonly used methods of piping flexibil-

a fillet, rdther than primarily upon brazing or soldering
materiall between the pipe and sockets, are not
acceptable.

118 SLEEVE COUPLED AND OTHER PROPRIETARY
JOINTS

Coupling type, mechanical gland type, and other pro-
prietary joints may be used where experience or tests
have demnfonstrated that the joint is safe for the operating
condition}s, and where adequate provision is made to

prevent separation of the joint.
PART 5
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. 104.1 through 104.7, 104.8.1, and 104.8.2), power
piping systems subject to thermal expansion; contrac-
tion, or ofher displacement stress producing-loads shall
be desigrled in accordance with the flexibility and dis-
placemerit stress requirements specified herein.

119.2 Displacement Stress Range

Piping pystem stresses caused-by thermal expansion
and piping displacements, teferred to as displacement
stresses, When of sufficientinitial magnitude during sys-
tem startyip or extremé displacements, relax in the maxi-
mum str¢ss conditiontas the result of local yielding or
creep. A gtress reddetion takes place and usually appears
as a stregs of reversed sign when the piping system
the"cold condition for thermal loads or the

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
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
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ity and cyclic stress analysis assume elastic of_partly
elastic behavior of the entire piping system| This
assumption is sufficiently accurate for systems where
plastic straining occurs at many points or, over relafively
wide regions, but fails to reflect the actual strain disfribu-
tion in unbalanced systems where ofily a small portjon of
the piping undergoes plastic strain,/or where, in piiping
operating in the creep rangej the strain distribut{on is
very uneven. In these cases, the weaker or higher
stressed portions will bessubjected to strain conc¢ntra-
tions due to elastic follow-up of the stiffer or Jower
stressed portions./Unbalance can be produced
(A) by use ofsmall 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 wieaker material
(Q)rifva system of uniform size, by use of a line c
uration for which the neutral axis or thrust line i 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 havesuffi-
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
direction in the piping through the use of fittings, bends,
loops, and offsets. When piping bends, loops, and dffsets
are not able to provide adequate flexibility, provisions
may be made to absorb piping displacements by
ing expansion, swivel, or ball joints, or flexible
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
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
permitted for the specificjoint or hose assembly selected.
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119.6 Piping Properties SI Units
The coefficient of thermal expansion and moduli of DY S,
elasticity shall be determined from Appendices B and LUy < 208000 -
C, which cover more commonly used piping materials.
For materials not included in those Appendices, refer- where
ence shall be to authoritative source data such as publi- D = nominal pipe size (NPS), in. (mm)

cations of the National Institute of Standards and
Technology.

119-6- B 6 3 Dansion-
ficierjt of thermal expansion shall be determined from
valugs given in Mandatory Appendix B. The coefficient

- - = - E3p

modulus of elasticity at room temperature,
psi (kPa)

th of pipe

O1a
taken along the piping longitudinal axes),

ft (m)

used|shall be based on the highest average operating Sa = all.owal?le displacement' stféss'range deter-
metal temperature and the lowest ambient metal tem- mined in alccordance with, para. 1p2.3.2(B),
perafure, unless other temperatures are justified. €q. (1A)/_P51 (kPa) _ .
Manglatory Appendix B values are based on the assump- U = anchor distance (lengthof straight ling between
tion fhat the lowest ambient metal temperature is 70°F the anchors), ft ()

(20°q). If the lowest metal temperature of a thermal Y = resultant displacement between the gnchors to

rang¢ to be evaluated is not 70°F (20°C), adjustment of
the vplues in Mandatory Appendix B may be required.

119.6.2 Moduli of Elasticity. The cold and hot mod-
uli of|elasticity, E. and E;, 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. DPoisson’s ratio, when
required for flexibility calculations, shall be taken as 0.3
at alll temperatures for all materials.

119.6.4 Stresses. Calculations for the stresses'shall
be bajsed on the least cross section area of the component,
using nominal dimensions at the location under consid-
eratipn. Calculation for the reference displacement stress
rang¢, Sg, shall be based on the modulus of elasticity,
E., af room temperature, unless otherwise justified.

119.7 Flexibility Analysis

119.7.1 Method of Analysis. All piping shall meet
the fpllowing requirements with respect to flexibility:
(A) Itshall be thedesigner’s responsibility to perform
an arfalysis unless the system meets one of the following
critetfia:
A.1) Th& piping system duplicates a successfully
operating installation or replaces a system with a satis-
factoyy\service record.

be absorbed by ‘the piping system, ih. (mm)

WARNING: No genetal'proof can be offered that thjs equation
will yield accurate‘or consistently conservative restlts. It was
developed for-fefrous materials and is not applicable to systems
used undeysevere cyclic conditions. It should be usefl with cau-
tion in configurations such as unequal leg U-ben{ls, 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,
orwhere piping operates in the creep range. There is np assurance
that anchor reactions will be acceptably low, even whpn a piping
system meets the above requirements.

(B) All systems not meeting the above ctfiteria, or
where reasonable doubt exists as to adequate [flexibility
between the anchors, shall be analyzed by simplified,
approximate, or comprehensive methods of anglysis 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 jhas been
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 thg simulta-
neous consideration of terminal and inteymediate
restraints to thermal expansion of the entire pjping sys-
tem under consideration, and including all external

A7) 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
7,000 total cycles), and satisfies the following approxi-
mate criterion:
U.S. Customary Units

DY

_DY 534
(L - uy

E.
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movements transmitted to the piping by its terminal
and intermediate attachments. Correction factors shall
be applied for the stress intensification of curved pipe
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
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significance of all parts of the line and of all restraints,
such as supports or guides, including intermediate
restraints introduced for reducing moments and forces
on equipment or small branch lines, shall be considered.

Flexibility calculations shall take into account stress

conditions, respectively, shall be obtained from the reac-
tion, R, derived from the flexibility calculations based
on the modulus of elasticity at room temperature, E,
using egs. (18) and (19).

intensifying conditions found in components and joints. R, = (1 _2 /3C) (ﬂ R) (18)
Credit may be taken when extra flexibility exists in such Ec
components. In the absence of more directly applicable
data, the flexibility factors and stress-intensification fac- R. = -CR, or
tors showrrimMandatory Apperndix Dmmay be sed

Dimengional properties of pipe and fittings used in - _ [1 _ 6w, (Ec)} (19)
flexibili{y calculations shall be based on nominal (Se) (En)
dimensiops. . . . .

The tothl reference displacement range resulting from whichever is greater, and with the furtherconditiof that
using the coefficient of thermal expansion determined Sy (E)
in accordpnce with para. 119.6.1 shall be used, whether ) . En <

or not thq piping is cold sprung. Not only the expansion

of the lin¢ itself, but also linear and angular movements  where
of the equipment to which it is attached, shall be C = cold spring factor varying from zero for no
considerqd. cold spring to 1.00 for 100% cold sprjng
Where simplifying assumptions are used in calcula- E. = modulus™of elasticity in the cold condition,
tions or njodel tests, the likelihood of attendant underes- psi((MPa)
timates of forces, moments, and stresses, including the E, = rhddulus of elasticity in the hot condjition,
effects offstress intensification, shall be evaluated. psi (MPa)
R "= maximum reaction for full expansion range
119.8 Mpvements based on E., which assumes t}llje most sevegre
Movemients caused by thermal expansion and load- condition (100% cold spring, whether] such
ings shal] be determined for consideration of obstruc- is used or not), Ib and in.-Ib (N and mim-N)
tions and design of proper supports. R, R, = maximum reactions estimated to ocdur in
A the cold and hot conditions, respectiv¢ly, 1b
119.9 Cqld Spring and in.-Ib (N and mm:-N) P Y
The beheficial effect of judicious cold springing in Sg = computed thermal expansion stress range,
assisting Ja system to attain its most favorablé _position psi (MPa)
sooner is|recognized. Inasmuch as the life of.a system S, = basic material allowable stress at maximum

under cy|clic conditions depends on the stress range
rather thin the stress level at any one-time, no credit
for cold ppring is allowed with regard to stresses. In
calculatirlg end thrusts and mements acting on equip-
ment, thq actual reactions at/any one time, rather than
their range, are significant. Crédit 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

119.1
piping system with no cold spring or an equal percent-
age of cold springing in all directions, the reactions
(forces and moments) of R;, and R, in the hot and cold

* 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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(hot) temperature, without the 20 ksi limita-
tion as noted in para. 102.3.2(C)

If a piping system is designed with different pefcent-
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. Thie cal-
culated hot reactions shall be based on theoretica cold
springs in all directions not greater than two-thiids of
the cold springs as specified or measured.

119.10.2 Reaction Limits. The reactions comjputed

D.1¢ Computing Hot and Cold Reactions. In a It can

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

Construction specifications, or similar recognized struc-
tural design standards. Increases of allowable stress val-
ues shall be in accordance with the structural design
standard being used. Additional increases of allowable
stress values, such as allowed in para. 121.2(I), are not
permitted.

121 DESIGN OF PIPE SUPPORTING ELEMENTS

(B Tmradditiorn to the weighteffectsof 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 sup-
portihg elements.

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

120.2 Supports, Anchors, and Guides

120.2.1 Rigid-Type Supports

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

(B) Exceptions may be made in the case‘of supporting
elements for large size gas or air piping, exhaust steam,
relief] or safety valve relief piping,but only under the
condjtions where the possibility of the line becoming
full gf water or other liquid isvery remote.

120.2.2 Variable and.€onstant Supports. Load cal-
culatjons for variable and constant supports, such as
sprinigs or countefweights, shall be based on the design
operpting cortditions of the piping. They shall not
include the wight of the hydrostatic test fluid. However,
the sppportshall be capable of carrying the total load
undefr fest'conditions, unless additional support is pro-

121.1 General

Design of standard pipe supporting eléments shall be
in accordance with the rules of MSS SP-58. Allowable
stress values and other design criteria shall bg in accor-
dance with this paragraph. Supporting elempnts shall
be capable of carrying the suin/of all concurrerjtly acting
loads as listed in para. 12Q./They shall be dgsigned to
provide the required supporting effort and alJow pipe-
line movement with-theérmal changes withot causing
overstress. The design shall also prevent fomplete
release of the piping load in the event of spripng failure
or misalignument. All parts of the supporting efjuipment
shall be fabricated and assembled so that thef will not
be diséngaged by movement of the supportgd piping.
The rhaximum safe loads for bolts, threaded hapger rods,
andvall other threaded members shall be baspd on the
root area of the threads. MSS SP-69 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 parts of pip¢ support-
ing elements.

(B) Where allowable stress values for a matefrial speci-
fication listed in Table 126.1 are not tabfyilated in
Mandatory Appendix A or in MSS SP-58, gllowable
stress values from Section II, Part D, Tables 1JA and 1B
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 pection II,
Part D, Tables 1A and 1B, an allowable stres$ value of
25% of the minimum tensile strength given in the mate-
rial specification may be used, for temperdtures not

vided during the test period:

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
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exeeecing—650F{(34520)-

(C) For a steel material of unknown specification, or
of a specification not listed in Table 126.1 or MSS SP-58,
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).
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(D) The allowable shear stress shall not exceed 80%
of the values determined in accordance with the rules
of (A), (B), and (C) above.

Table 121.5 Suggested Pipe Support Spacing

Suggested Maximum Span

(E) The allowable compressive stress shall not exceed Nominal SVZ:]\:?CL osrt/i?rmée?\i‘iie
the value as determined in accordance with the rules of Pipe Size,
(A), (B), or (C) above. In addition, consideration shall NPS ft m ft m
be given to structural stability. 1 7 2.1 9 2.7
(F) The allowable bearing stress shall not exceed 160% 2 10 3.0 13 4.0
of the value as determined in accordance with the rules 13; 1; Z; 1; :g
of (A), (By, or (CJyabove. 7 17 ) oY 64
(G) Thg allowable stress in tension determined from
(A), (B), gr (C) above shall be reduced 25% for threaded 8 19 5.8 24 7.3
AT L
(H) Th allowable stress in partial penetration or fillet 20 30 o1 39 11.9
welds in pupport assemblies shall be reduced 25% from 24 32 9.8 42 12.8
those defermined in accordance with (A), (B), (C), or
(D) abov¢ for the weaker of the two metals joined. GENERAL NOTES:
(I) If materials for attachments have different allow- (@) Suggested maximum spacing Between pipe supports for hori-
zontal straight runs of standard and heavier pipe at max{mum

able stresp values than the pipe, then the allowable stress
for the w¢ld shall be based on the lower allowable stress
of the mgterials 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.

(J.2)| an increase to 80% of the minimum yield
strength gt room temperature during hydrostatic testing.
Where th¢ material allowable stress has been established
in accordhnce 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 Limitations

Parts off supporting elements that are subjected princi-
pally to bending or tension loads and thatare subjected
to working temperatures for which (carbon steel is not
recommepded shall be made of gtitable alloy steel, or
shall be pfotected so that the tethperature of the support-
ing member will be maintaified within the appropriate
temperatpire limits of the material.

121.4 H;

Hangers used fof the support of piping, NPS 2% and
larger, shall be designed to permit adjustment after erec-
tion while supportmg the load. Screwed adjustments

nger Adjustments

Class 2 fit turnbuckles and ad]ustmg nuts shall have
the full length of thread in engagement. Means shall be
provided for determining that full thread length is in
engagement. All screw and equivalent adjustments 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 spaced to
prevent excessive sag, bending and shear stresses in the

48

operating temperature of Z50°F (400°C).

Does not apply where span calculations are made or wh
there are concentfated loads between supports, such as
flanges, valvessspecialties, etc.

The spacing'is based on a fixed beam support with a bepding
stress nof'exceeding 2,300 psi (15.86 MPa) and insulated pipe
filled with-water or the equivalent weight of steel pipe fqr
steafy 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.

(b)

pre

©

piping, with special consideration given where compo-
nents, such as flanges and valves, impose concenfrated
loads. Where calculations are not made, suggested fnaxi-
mum spacing of supports for standard and heavief 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
supports shall be designed and manufactured in 4
dance with MSS SP-58.

type

ccor-

121.7 Fixtures

121.7.1 Anchors and Guides

(A) Anchors, guides, pivots and restraints sh 1l be
rela-
tlvely f1xed positions. They shall permlt the p1p1ng 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
imposed.

(B) Rolling or sliding supports shall permit free move-
ment of the piping, or the piping shall be designed to
include the imposed load and frictional resistance of
these types of supports, and dimensions shall provide
for the expected movement of the supported piping.
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Materials and lubricants used in sliding supports shall
be suitable for the metal temperature at the point of
sliding contact.

(C) Where corrugated or slip-type expansion joints,
or flexible 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 manufacturer for the design conditions at which the

121.7.3 Variable Supports

(A) Variable spring supports shall be designed to
exert a supporting force equal to the load, as determined
by weight balance calculations, plus the weight of all
hanger parts (such as clamp, rod, etc.) that will be sup-
ported by the spring at the point of attachment to the
pipe.

(B) Variable spring supports shall be provided with
means to limit misalignment, buckling, eccentric load-

joint [or hose assembly 1s to be used. If this force 15
othenjwise unknown, it shall be taken as the sum of the
prodpict of the maximum internal area times the design
presgure plus the force required to deflect the joint or
hose fassembly. Where expansion joints or flexible metal
hose assemblies are subjected to a combination of longi-
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 supported in such a manner
as to[be free from any effects due to torsion and undue
strainn as recommended by the manufacturer.

121.7.2 Other Rigid Types

(A) Hanger Rods. Safe loads 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
para 121.2(G). In no case shall hanger rods less than
% in) (9.5 mm) diameter be used for support of pipe
NPS P and smaller, or less than % in. (12.5 mm) diamteter
rod for supporting pipe NPS 2% and larger. See
Tablg 121.7.2(A) for carbon steel rods.

Pipe, straps, or bars of strength and effective area equal
to the equivalent hanger rod may be, used instead of
hangpr rods.

Hapger rods, straps, etc., shall’be-designed to permit
the ffee movement of piping eauséd by thermal expan-
sion pnd contraction.

(B) Welded link chajf of %, in. (5.0 mm) or larger
diamjeter stock, or equiivalent area, may be used for pipe
hangers with a design stress of 9,000 psi (62 MPa)
maximum.

(C) Cast iron,in accordance with ASTM A48 may be
used|for bases, rollers, anchors, and parts of supports
where thelloading will be mainly compression. Cast iron

partslshall not be nised in tension

ifig, OT tO prevent Overstressing of the spring
(C) It is recommended that all hangexs lemploying
springs be provided with means to indjcate af 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.¢ushion against shock or
where the operating temperature of the piping system
does not exceed 250°F (120°€).
(D) 1t is recommended that the support be|designed
for a maximum variation in supporting effopt of 25%
for the total travel\resulting from thermal mqvement.

121.7.4 Constant Supports. On high terpperature
and critica) service piping at locations subject|to appre-
ciable movement with thermal changes, the use of con-
stant support hangers, designed to pfovide a
substantially uniform supporting force throughout the
tange of travel, is recommended.

(A) Constant support hangers shall have
variation of no more than 6% throughout the t
range.

(B) Counterweight type supports shall be|provided
with stops, and the weights shall be positively secured.
Chains, cables, hanger and rocker arm detailg, or other
devices used to attach the counterweight load to the
piping, shall be subject to requirements of parp. 121.7.2.

(C) Hydraulic type supports utilizing a hydraulic
head may be installed to give a constant sgipporting
effort. Safety devices and stops shall be prpvided to
support the load in case of hydraulic failure.

(D) Boosters may be used to supplement the opera-
tion of constant support hangers.

b support
btal travel

vibration
ement of

121.7.5 Sway Braces. Sway braces or
dampeners shall be used to control the mov
piping due to vibration.

121.7.6 Shock Suppressors. For the contyol of pip-

(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
not recommended for services where impact loads are
anticipated.

(E) Brackets shall be designed to withstand forces and
moments induced by sliding friction in addition to other
loads.

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

49

ing due to dynamic loads, hydraulic or mechanical types
of shock suppressors are permitted. These devices do
not support pipe weight.

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
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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.? b kN
A 0.0678 730 3.23
A 0.126 1,350 5.98
A 0.202 2,160 9.61
3 0302 3,230 144
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:

to preverjt slippage. The provisiens of para. 121.8.2(B)
shall applly.

(C) In hddition to the provision of (B) above, clamps
to suppoft vertical lines\should be designed to support
the total Joad on eitherarm in the event the load shifts
due to pipe and /0r hanger movement.

121.8{2 Integral Type
(A) Infegral’attachments include ears, shoes, lugs,

(@) 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 (UNQ); diameters above 4 in. — 4 thread (4-UN).

() The corresponding table fofsmetric size rods is available in MSS SP-58.

be welded directly to the pipe provided the materials
are compatible for welding and the design is adefjuate
for the temperature and load. The design of hanget lugs
for attachment to piping for high temperature s¢rvice
shall be such as to provide for differential expapsion
between the pipe and the attached lug.

121.9 Loads and Supporting Structures

cylindricatattactmments; Tings, and skirtsthatarefabri=
cated so that the attachment is an integral part of the
piping component. Integral attachments shall be used
in conjunction with restraints or braces where multiaxial
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

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.

121.10 Requirements for Fabricating Pipe Supports

Pipe supports shall be fabricated in accordance with
the requirements of para. 130.
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PART 6
SYSTEMS

122 DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS

Except as specifically stated otherwise in this Part 6,
all provisions of the Code apply fully to the piping
systems described herein.

(D.1) welding to a nozzle or socket welding fitting

(D.2) threading into a tapped opening with a
threaded fitting or valve at the other end

(D.3) screwing each end into tapered flanges, fit-
tings, or valves with or without rolling or peening

(D.4) bolted joints including those of the Van
Stone type

(D.5) blowoff piping of firetube boilers shall be
attached in accordance with (D.2) above if exposed to

. r— it
Para. 100.1.2(A) — Steam, Feedwater, Blowoff,
and Drain Piping

122.

122.1.1 General. The minimum pressure and tem-
perafure and other special requirements to be used in
the design for steam, feedwater, blowoff, and drain pip-
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
propler and in main steam piping are provided in
para|122.4.

(A) Itisintended that the design pressure and temper-
aturg be selected sufficiently in excess of any expected
operating conditions, not necessarily continuous, to per-
mit sptisfactory operation without operation of the over-
presgure protection devices. Also, since the operating
temperatures of fired equipment can vary, the expected
templerature at the connection to the fired equipment
shallfinclude the manufacturer’s maximum temperattire
tolergnce.

(B) In a forced flow steam generator with-ino fixed
stearh and water line, it is permissible fo design the
exterpal piping, valves, and fittings attached to the pres-
sure [parts for different pressure levels.along the path
throygh the steam generator of wiater-steam flow. The
valugs 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 opérating pressure and tempera-
ture [to which the abutted pressure part is subjected
except when one ¢r'more of the overpressure protection
devides covered-by PG-67.4 of Section I of the ASME
Boilef and Préssure Vessel Code is in operation. The
steam piping shall comply with the requirements for
the rhaxdmum sustained operating conditions as used
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
shall be no undue strain transmitted to the boiler. Steam
reservoirs shall be used on steam mains when heavy
pulsations of the steam currents cause vibration.

(D) Piping connected to the outlet of a boiler for any
purpose shall be attached by
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products of combustion or in accordance~with (D.2),
(D.3), or (D.4) above if not so exposed

(E) Nonferrous pipe or tubes shall notlexcded NPS 3
in diameter.

(F) American National Standatd slip-on flahges shall
not exceed NPS 4. Attachment, of slip-on flapges shall
be by double fillet welds. The ‘throats of the fillet welds
shall not be less than 0.7 titres the thickness df the part
to which the flange isattached.

(G) Hub-type flanges shall not be cut frjom plate
material.

(H) American National Standard sockeft welded
flanges maybe used in piping or boiler nozzles|provided
the dimensions do not exceed NPS 3 for Class 600 and
lower<and NPS 2% in Class 1500.

@, 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 fofmulas in
para. 104 shall be as follows:
(A.1) For steam piping connected to the steam
drum or to the superheater inlet header up tp the first
stop valve in each connection, the value of P shall be
not less than the lowest pressure at which gny 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 valye in each
connection, the design pressure, except as othefwise pro-
vided in (A.4) below shall be not less than the lowest
pressure at which any safety valve on the superheater
is set to blow, or not less than 85% of the lowesf pressure
at which any drum safety valve is set to blow, whichever
is—greater—and—the—S—value—fo meatertal-tsed shall
that permitted for the expected steam

not exceed
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
expected maximum sustained operating pressure or 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.
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(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
responsive to steam header pressure, the design pressure
for the steam piping shall be not less than the design
pressure at the throttle inlet plus 5%, or not less than
85% of the lowest pressure at which any drum safety
valve is set to blow, or not less than the expected maxi-
mum sustained operating pressure at any point in the

boiler and provided with valves or cocks through which
the water in the boiler may be blown out under pressure.
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 regulators, etc., for the purpose of
determining the operating condition of the equipment.
Requirements for (i) and (ii) are described in
paras. 122.1.5 and 122.1.6, respectively. Blowoff systems
are operated intermittently to remove accumulated sedi-

piping systenm, whichever s greater, ard the-S-vattuefor
the matefial used shall not exceed that permitted for
the expedted steam temperature at the superheater out-
let. For florced-flow steam generators with no fixed
steam anfl 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 condition of ser-
vice or material.

122.1/3 Feedwater Piping
(A) The value of P to be used in the formulas in
para. 104shall be as follows:

(A.1)| For piping from the boiler to and including
the requifed stop valve and the check valve, the mini-
mum valiie of P except as permitted in para. 122.1.3(A .4)
shall excged the maximum allowable working pressure
of the boiler by either 25% 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 Jeconomizer inlet header to and including!the
required ptop valve and the check valve.

(A.2)| For piping between the required cheek valve
and the globe or regulating valve, when\required by
para. 12211.7(B), and including any bypass piping up to
the shutoff valves in the bypass, the(valtie 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
conditior] of service or mdterial, and shall never be less
than the pressure requitéd to feed the boiler.

(A.4) In a forced flow steam generator with no fixed
steam andl water lirte, the value of P for feedwater piping
from the boilerito and including the required stop
valve maly bé.in accordance with the requirements of
para. 12211.1(B)

TIeTTt {TonT equipHTerTtarct /o piping, or to fowerpoiler
water level in a rapid manner. Blowdown systens 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 bloweff valves, shall 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 wopking
pressure of the boiler by either 25% or 225 psi (1 55( kPa)
whichever is<léss, but shall be not less than 10( psig
[690 kPa (gage)]. The exception to this requirement per-
tains to miniature boilers as described in Sect]on I,
Parts PEB and PMB of the ASME Boiler and Pregssure
Vessel' Code, where the value of P to be used ih the
formulas in para. 104 shall be 100 psi [690 kPa (ghge)].
(A.2) The allowable stress value for the pjping
materials shall not exceed that permitted for the tethper-
ature of saturated steam at the maximum allowable
working pressure of the boiler.
(A.3) All pipe shall be steel except as pernpitted
below. Galvanized steel pipe and fittings shall njot be
used for blowoff piping. When the value of P dogs not
exceed 100 psig [690 kPa (gage)], nonferrous pipd may
be used and the fittings may be bronze, cast iron, mpllea-
ble iron, ductile iron, or steel.
CAUTION: Nonferrous alloys and austenitic stainless|steels

may be sensitive to stress corrosion cracking in certain aqueous
environments.

When the value of P exceeds 100 psig [690 kPa (ghge)],
the fittings shall be steel, and the thickness of pipg and
fittings shall not be less than that of Schedule 80 |pipe.

(A.4) The size of blowoff piping shall be not less

(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.

(C) The size of the feed piping between the boiler and
the first required valve [para. 122.1.7(B)] or the branch
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 piping connected to a
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thrarmthesizeof thecormrectiorr o the botter,art shall
be in accordance with the rules contained in the ASME
Boiler and Pressure Vessel Code, Section I, PG-59.3,
PMB-12, and PEB-12.

(B) The blowdown piping system from the boiler, to
and including the shutoff valve, shall be designed in
accordance with (B.1) through (B.4) below. Only one
shutoff valve is required in the blowdown system.

(B.1) The value of P to be used in the formulas in
para. 104 shall be not less than the lowest set pressure
of any safety valve on the boiler drum.


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

(12)

ASME B31.1-2012

(B.2) The allowable stress value for the piping
materials shall not exceed that permitted for the temper-
ature of saturated steam at the maximum allowable
working pressure of the boiler.

(B.3) All pipe shall be steel except as permitted
below. Galvanized steel pipe and fittings shall not be
used for blowdown 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,

Code, Section I, Parts PMB and PEB do not require
locking capability.

(E) Drain piping from the drain connection, including
the required valve(s) or the blanked flange connection,
shall be designed for the temperature and pressure of
the drain connection. The remaining piping shall be
designed for the expected maximum temperature and
pressure. Static head and possible choked flow condi-
tions shall be considered. In no case shall the design

mall¢gabteirom, ductite iron, or steet.

CAUTION: Nonferrous alloys and austenitic stainless steels
may Re sensitive to stress corrosion cracking in certain aqueous
envirgnments.

When the value of P exceeds 100 psig [690 kPa (gage)],
the fittings shall be steel and the thickness of pipe and
fittings shall not be less than that of Schedule 80 pipe.
B.4) The size of blowdown piping shall be not less
than |the size of the connection on the boiler, and shall
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 described in (A) and (B) above are classi-
fied as nonboiler external piping. The requirements are
giver) in para. 122.2.

122.1.5 Boiler Drains

(A) Complete drainage of the boiler and attached pip¥
ing shall be provided to the extent necessary to enstire
propgr operation of the steam supply system. Thé.pipe,
fittings, and valves of any drain line shall not bé‘'smaller
than|the drain connection. Double valyihg shall be
required for each boiler drain connection except as per-
mittdd in (C) and (D) below.

(B) If the drain lines are intendédto be used both as
drairfs and as blowoffs, then two valves are required
and gll conditions of paras. 122.1:4, 122.1.7(C), and 122.2
shall|be met.

(C) Miniature boilers\constructed in accordance with
the rules contained/in\the ASME Boiler and Pressure
Vess¢l Code, Section*], Parts PMB and PEB may use a
singlp valve where drain lines are intended to be used for
both plowoff.ahd periodic automatic or manual flushing
prior| to stattup. The single valve shall be designed for
blowpffssetvice but need not have locking capability.

PIessUle and temperature pe 1ess than 100 psig [690 kPa

(gage)] and 220°F (105°C), respectively.

122.1.6 Boiler External Piping 5 Miscellaneous
Systems

(A) Materials, design, fabrication, examingtion, and
erection of piping for miscelldnieous accessorigs, such as
water level indicators, water,columns, gage docks, and
pressure gages, shall besin accordance with the applica-
ble sections of this Code.

(B) The value¢of(P to be used in the fojmulas in
para. 104 shall bénot less than the maximum pllowable
working pressure of the boiler except as prqvided by
para. 122D1(B).

(C) Valve requirements for water level indjicators or
watéreolumns, special gage glass and gage codk require-
mérits, minimum line sizes, and special piping configu-
tations required specifically for cleaning, gccess, or
reliability shall be in accordance with PG-60 of Section I
of the ASME Boiler and Pressure Vessel Codg.

122.1.7 Valves and Fittings. The minimun pressure
and temperature rating for all valves and fittings in
steam, feedwater, blowoff, and miscellaneofis piping
shall be equal to the pressure and temperaturg specified
for the connected piping on the side that has the higher
pressure, except that in no case shall the pressure be
less than 100 psig [690 kPa (gage)], and for [pressures
not exceeding 100 psig [690 kPa (gage)] in feedwater
and blowoff service, the valves and fittings shall be equal
at least to the requirements of the ASME starjdards for
Class 125 cast iron or bronze, or Class 150 steel pr bronze.

(A) Steam Stop Valves. Each boiler discharge outlet,
except safety valve or safety relief valve conngctions, or
reheater inlet and outlet connections, shall be fijtted with
a stop valve located at an accessible point in the steam-
delivery line and as near to the boiler nozzle ag is conve-

(D
boiler is not under pressure (pressurizing the boiler for
rapid drainage is an exception), a single shutoff valve
is acceptable under the following conditions: either the
valve shall be a type that can be locked in the closed
position, or a suitable flanged and bolted connection that
accepts a blank insert shall be located on the downstream
side of the valve. When a single valve is used, it need
not be designed for blowoff service. Single valves on
miniature boilers constructed in accordance with the
rules contained in the ASME Boiler and Pressure Vessel

IAL I L 1 1 1
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: L pu | i 1.1

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
(1035 kPa) or where the system design 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 meet the following additional requirements.

(12)
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(A.1.A) Each valve shall be equipped with a posi-
tion indicator to visually indicate from a distance
whether the valve is open or closed.

(A.1.B) Quarter turn valves shall be equipped
with a slow operating mechanism to minimize dynamic
loadings on the boiler and attached piping. Either a
quick-opening manual quarter-turn valve or an auto-
matic solenoid valve may be used on miniature boilers
constructed in accordance with the rules contained in

(B.3) If a boiler is equipped with a duplicate feed
arrangement, each such arrangement shall be equipped
as required by these rules.

(B.4) When the supply line to a boiler is divided
into branch feed connections and all such connections
are equipped with stop and check valves, the stop and
check valves in the common source may be omitted.

(B.5) When two or more boilers are fed from a com-
mon source, there shall also be a globe or regulating

the ASI\‘\//IE 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 required boiler
hydrostatic test.

(A.3)] When two or more boilers are connected to
a commop header, or when a single boiler is connected
to a head¢r having another steam source, 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 preferred 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 described in (A.1) above.

When { second stop valve is required, it shall,have a
pressure [rating at least equal to that required for the
expected [steam pressure and temperatute-at the valve,
or a presgure rating at least equal to-85% of the lowest
set presstire of any safety valve on the boiler drum at
the expefted temperature of the-steam at the valve,
whichevdr is greater.

(A.4) All valves and*fittings on steam lines shall
have a pr¢ssure rating efdt least 100 psig [690 kPa (gage)]
in accordance with, the-applicable ASME standard.

(B) Feeflwater Valves

(B.1)] The feedwater piping for all boilers, except
for high femaperature water boilers complying with the

valve in the branch to each boiler Iocated betwedn the
check valve and the source of supply. A typicaharrhnge-
ment is shown in Fig. 100.1.2(B).

(B.6) A combination stop and checkwalve in which
there is only one seat and disk, andhn-which a valve
stem is provided to close the valye, shall be consi¢lered
only as a stop valve, and a chegk 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 economizer
or feedwater heafing device.

(B.8) The tecirculating 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
istoptional. A check valve shall not be a substitufe for
&'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 th¢ stop
valve(s) and omitting the check valve(s) provided that
a check valve having a pressure rating no less thgn the
boiler inlet design pressure is installed at the discharge
of each boiler feed pump or elsewhere in the feddline
between the feed pump and the stop valve(s).

(B.10) Wherever globe valves are used withiny 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 showp in
Fig. 122.1.7(C), sketch (a), and other types of valvep that
have dams or pockets where sediment can collect,shall
not be used on blowoff connections.

(C2) Yotype showd

wvalizog as

alabe
[<)

in

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
reversed on a single boiler-turbine unit installation.
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Fig. 122.1.7(C), sketch (b) or angle valves may be used
in vertical pipes, or they may be used in horizontal runs
of piping provided they are so constructed or installed
that the lowest edge of the opening through the seat is
at least 25% of the inside diameter below the centerline
of the valve.

(C.3) The blowoff valve or valves, the pipe between
them, and the boiler connection shall be of the same
size except that a larger pipe for the return of condensate
may be used.
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Fig. 122.1.7(C) Typical Globe Valves

C.4) For all boilers [except electric steam boilers
having a normal water content not exceeding 100 gal
(380 [L), traction-purpose, and portable steam boilers;
see ([C.11) and (C.12) below] with allowable working
presgqure in excess of 100 psig [690 kPa (gage)], each
bottgm 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 walves
shall|comply with the requirements of (C.5) and (C.6)
below.
C.5) When the value of P  required by
1122.1.4(A.1) does not exceed 250\psig [1 725 kPa
)], the valves or cocks shall pe, bronze, cast iron,
ile iron, or steel. The valves(orycocks, if of cast iron,

of th¢ applicable ASME standard for Class 250, as given
in Tgble 126.1, and if ef.bronze, steel, or ductile iron

the vlalves‘on cocks shall be of steel construction equal
at leastito the requirements of Class 300 of the applicable
ASME adardlistedinTable 125 heminimumpre

sure rating shall be equal to the value of P required by
para. 122.1.4(A.1).

(C.7) If 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 common
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(b)

blowoff, pipe from the boiler, in which case
valve .on' each individual blowoff is required.
case, either the master valve or the individual
cocks shall be of the slow-opening type.
(C.10) Two independent slow-opening v4lves, 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 firther that
the failure of one to operate cannot affect the opleration of
the other.
(C.11) Only one blowoff valve, which shalll be either
a slow-opening or quick-opening blowoff vplve 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 blow¢ff piping
for forced circulation and electric steam boildrs having
a normal water content not exceeding 100 g4l (380 L).
Electric boilers not exceeding a normal water fontent of
100 gal (380 L) and a maximum MAWP of| 100 psig
[690 kPa (gage)] may use a quick-opening manual or
slow-opening automatic quarter-turn valve upg to NPS 1.
Electric boilers not exceeding a normal water content of
100 gal (380 L) but with a MAWP greater than 100 psig
[690 kPa (gage)] shall only use either a slow-opening
type manual or automatic valve, regardless of size.

(D) Pressure-Relieving Valves

only one
In such a
valves or

(D.1) Safety, safety-relief, and power-actuated
pressure-relieving 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 Code.

55


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

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)].

122.2 Blowoff and Blowdown Piping in Nonboiler

ternal Piping

Blowoff and blowdown piping systems shall be, where
possible, elf-draining and without pockets. 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
preferende to tee connections.

(A) Frdqm Boilers

(A.1)| Blowoff piping, located between the valves
described in para. 122.1.4(A) and the blowoff tank or
other point where the pressure is reduced approximately
to atmospheric pressure and cannot be increased 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 ¢pf non-BEP blowoff header ‘toJthe safe point of
dischargg 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 intreased by closing a downstream valve, shall
be desigrled for the appropriate pressure and tempera-
ture in a¢cordance with Table 122.2. The provisions of
para. 122]1.4(B.3).shall apply. The size of non-BEP blow-
down piping-between the shutoff valve described in
para. 122.1%(B) and the flow control valve shall not

(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

(A.4) Non-BEP blowdeywn piping downstreqgm of
the flow control valve shallnot be smaller — and pr¢fera-
bly will be larger —han the connection on the poiler
[see para. 122.1.4B: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
MAWZPRand 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 instrupnent,
control, and sampling piping for safe and proper opera-
tion of the piping itself.

(B) The term “Instrument Piping” shall apply [to all
valves, fittings, tubing, and piping used to cofnect
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 intercohnect
pneumatically or hydraulically operated control apjpara-
tus, also classified in accordance with para. 100.1, a3 well
as to signal transmission systems used to intercopnect
instrument transmitters and receivers.

(D) The term “Sampling Piping” shall apply fo all
valves, fittings, tubing, and piping used for the colldction
of samples, such as steam, water. oil, gas, and chenficals.

be smallertharmthe BEP-boiter shutoff vatve fsee pare:
122.1.4(B.4)] unless engineering calculations confirm
that the design flow rate can be achieved with a smaller
piping size without flashing the blowdown prior to the
flow control valve.

(A.3) When the design pressure of Table 122.2 can
be exceeded due to closing of a downstream valve, calcu-
lated pressure drop, or other means, the entire blowoff
or blowdown piping system shall be designed in accor-
dance with paras. 122.1.4(A) and 122.1.7 for blowoff and
para. 122.1.4(B) for blowdown piping.

(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.

(F) Paragraph 122.3 does not apply to the devices,
apparatus, 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
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the particular conditions of service and the requirements
of the applicable specifications listed under general
paras. 105, 106, 107, and 108 with allowable stresses in
accordance with the Allowable Stress Tables in
Mandatory Appendix A.

The 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

(B.2.3) When blowdown valves are not used,
instrument valves shall conform to the requirements of
(B.2.1) above.

(C) Reservoirs or Condensers. In dead end steam ser-
vice, the condensing reservoirs and connecting nipples,
which immediately follow the shutoff valves, shall be
made of material suitable for the saturated steam tem-
perature corresponding to the main line design pressure.

(D) Materials for Lines Between Shutoff Valves and

and }22:6:

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
madg¢ of material at least equivalent to that of the pipe
or vgssel to which they are attached. The connections
shall[be designed to withstand the source design pres-
sure fand temperature and be capable of withstanding
loadings induced by relative displacement and vibra-
tion. |The nominal size of the takeoff connections shall
not Be less than NPS % for service conditions not in
excegs of either 900 psi (6200 kPa) or 800°F (425°C),
and INPS % (for adequate physical strength) for design
condjtions that exceed either of these limits. Where the
size ¢f the main is smaller than the limits given above,
the takeoff connection shall not be less than the size of
the npain line.
A.2) To prevent thermal shock to the main steand
line by contact with the colder condensate return from
the ipstrument, steam meter or instrument takeoff eon-
nectipns shall be lagged in with the steam piain. For
temperature in excess of 800°F (425°C), they may also
be afranged to make metallic contact lengthwise with
the sfeam main.

(B) Valves
B.1) Shutoff Valves. Shutoff valves shall be pro-
vided at takeoff connections{ They shall be capable of
withgtanding the design-pressure and temperature of
the plipe or vessel to whieh the takeoff adapters or nip-
ples pre attached.
B.2) BlowdowiyValves

(B.2.1) Blewdown valves at or near the instru-
mentjshall begfthe gradual opening type. For subcritical
presquressteam service, the design pressure for blow-

the corresponding temperature
all other services, blowdown valves shall meet the
requirements of (B.1) above.

(B.2.2) When blowdown valves are used, the
valves at the instrument as well as any intervening fit-
tings and tubing between such blowdown valves and
the meter shall be suitable at 100°F (40°C) for at least
1% times the design pressure of the piping system, but
the rating of the valve at the instrument need not exceed
the rating of the blowdown valve.
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ITiSTriTients
(D.1) Copper, copper alloys, and other inpnferrous
materials may be used in dead end steam or yvater ser-
vices up to the design pressure and,temperatiire condi-
tions used for calculating the wall thidkness in
accordance with para. 104 proyided that the tethperature
within the connecting lines fof.continuous seryices does
not exceed 406°F (208°C);
Where water temperatute 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 immediatgly 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 r¢quired 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 mg¢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
of not less than 0.049 in. (1.25 mm). When these require-
ments do not apply, smaller sizes with wall |thickness
in due proportions may be used. In either ¢ase, wall
thickness of the pipe or tube shall meet the reqpiirements
of (D.3) below.

(D.3) The piping or tubing shall be depigned in
accordance with para. 104 with consideration|for water
hammer.

(E) Fittings and Joints

(E.1) For dead end steam service and
above 150°F (65°C), fittings of the flared, fldreless, or
socket welding type, or other suitable type pf similar
design shall be used. The fittings shall be siitable for
the header pressure and corresponding saturafed steam
temperature or water temperature, whichever applies.
For supercritical pressure conditions the fittings shall
be suitable £o 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
pressure-temperature limitations of each:

(E.2.1) For main line hydraulic pressures above
500 psi (3 450 kPa) and temperatures up to 150°F (65°C),
steel fittings either of the flared, flareless, socket welded,
fusion welded, or silver brazed socket type shall be used.
(E.2.2) For main line pressures up to 500 psi
(3450 kPa) and temperatures up to 150°F (65°C), the

for water
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fittings may be flared or silver brazed socket type,
inverted flared or flareless compression type, all of brass
or bronze.

(E.2.3) For pressures up to 175 psi (1 200 kPa) or
temperatures up to 250°F (120°C), soldered type fittings
may be used with water-filled or air-filled tubing under
adjusted pressure-temperature ratings. These fittings
are not recommended where mechanical vibration,
hydraulic shock, or thermal shock are encountered.

122.3.6 Fittings and Joints
(A) All fittings shall be in accordance with standards
and specifications listed in Table 126.1.

(A.1) Socket welded joints shall comply with the
requirements of para. 111.3.

(A.2) Flared, flareless, and compression type fit-
tings and their joints shall comply with the requirements
of para. 115.

(A.3) Silver brazed socket type joints shall comply

122.3,3 Control Piping
(A) Takeoff Connections
(A.1) Takeoff connections shall be in accordance
with pargq. 122.3.2(A.1).
(B) Valpes
(B.1), Shutoff valves shall be in accordance with
para. 122|3.2(B.1).
(C) Materials
(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 not less than that required by
para. 122|3.2(D.3). If a control device has a connection
smaller than Y% in. (6.0 mm), the size reduction from the
control tfibing to the control device shall be made as
close to the control device as possible.
(D) Fitfings and Joints
(D.1) Fittings and joints shall be in accordance with
para. 122|3.2(E.2).

122.3/4 Sampling Piping
(A) TaReoff Connections

(A.1) Takeoff connections shall besintaccordance

with pargq. 122.3.2(A.1).
(B) Valpes

(B.1)| Shutoff valves shallbe_in accordance with
para. 122|3.2(B.1).

(B.2) Blowdown valyes*shall be of the gradual
opening fype and shall bé-suitable for main line design
pressure pnd temperature.

(C) Mdterials

(C.1)| The amaterials to be used for sampling lines
shall conform’fo minimum requirements for the main
line to which they connect

With the requirements of paras. 117.1 and 117.3.

(A.4) Solder type joints shall comply)with the
requirements of paras. 117.2 and 117.3.

(A.5) The use of taper threaded joints”up t¢ and
including NPS ’ is permitted at pressures up to 5,000 psi
(34 500 kPa) in dead end service from outlet end and
downstream of shutoff valve locatéd at instrument, at
control apparatus, or at dischatge of sample coolé¢r.

122.3.7 Special Safety-Provisions

(A) Connecting pipinggsubject to clogging from g
or deposits shall be pfovided with suitable conne
for cleaning.

(B) Connecting/piping handling air and gases con-
taining moisture or other extraneous materials shhll be
provided, with suitable drains or settling chambgrs or
traps.

(G)\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
specified in para. 121 not only for safety but also to
protect the piping against detrimental sagging, exfernal
mechanical injury abuse, and exposure to unusugl ser-
vice conditions.

122.3.9 Installations

(A) Instrument, control, and sampling piping
be inspected and tested in accordance with para
and 137.

(B) The inside of all piping, tubing, valves, and fit-
tings shall be smooth, clean, and free from blisters, |loose
mill scale, sand, and dirt when erected. All lines shiall be
cleaned after installation and before placing in sefvice.

olids
tions

shall
. 136

122.4 Spray-Type Desuperheater Piping for Use [on
Steam Generators, Main Steam, and Rehg¢at
Steam Piping T

(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
suitable for main line design pressure and temperature.

(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 accordance with
para. 122.3.2(E.2).
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(A) Valves and Piping Arrangement

(A.1) Eachspraywater pipe connected to a desuper-
heater shall be provided with a stop valve and a regulat-
ing (spray control) valve. The regulating valve shall be
installed upstream of the stop valve. In addition, if the
steam generator supplies steam to a steam turbine, a
power-operated block valve® shall be installed upstream
of the regulating valve.

® For information on the prevention of water damage to steam
turbines used for electric power generation, see ASME TDP-1.
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Fig. 122.4 Desuperheater Schematic Arrangement

Desuperheater

e

GENERAL NOTE:

A.2) A bypass valve around the regulating valve
is pefmitted.

A.3) A bypass valve around the power-operated
blocl valve is prohibited.

[A.4) On a superheater or reheater desuperheater,
a drgin valve shall be installed betweepn-the power-
opergted block valve and the regulating valve.

A.5) If the spraywater supply.is\from the boiler
feedwater system and its source i§ 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 desuperheatet and the spraywater source.
A.6) It is recommenided that the valves and piping
be afranged to proyide'a head of water on the down-
streajn side of the stop valve.

A.7) A typical arrangement is shown in Fig. 122.4.
A.8) Protisions shall be made to both steam and
watel systemis to accommodate the operating conditions
assodiated”with this service including: water hammer,

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

Blockvalve

omitted. All other requirements described in fara. 122.4
shall apply.
(A.10) For Desuperheaters Located Within Main Steam

or Reheat Steam Piping. The steam system to bd desuper-
heated shall be provided with proper drainage during
all water flow conditions. The drainage sysftem shall
function both manually and automatically.

(B) Design Requirements

(B.1) The value of P to be used in the foymulas of
para. 104 shall be as follows:
(B.1.1) For piping from the desuperhdater back

to the stop valve required by (A.1) above, the yalue of P
shall be equal to or greater than the maximum pllowable
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
maximum sustained pressure exerted by the sjraywater.
(B.2) The stop valve required by (A.1) above shall

thernrat strockarctdirect water impingenrernt—The o
nection for the spraywater pipe should be located per
the requirements established by the manufacturer so that
complete flow mixing is achieved prior to any bends,
elbows, or other flow directional changes being
encountered.

(A.9) Insertable-type desuperheaters, which
include an integral stop and spraywater regulating
valve, may be used within the limitations established
by the manufacturer. If this type is used, the individual
stop and regulating valves shown in Fig. 122.4 may be

be designed for the pressure requirement of (B.Il.1) above
or the maximum sustained pressure exerted by the
spraywater, whichever is greater.

(B.3) The S value used for the spraywater piping
shall not exceed that permitted for the expected
temperature.

NOTE: The temperature varies from that of the desuperheater
to that of the spraywater source and is highly dependent on the
piping arrangement. It is the responsibility of the designer to deter-
mine the design temperature to be used for the various sections
of the piping system.
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122.5 Pressure-Reducing Valves

122.5.1 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 valves or devices shall be located adjoining
or as close as practicable to the reducing valve. The

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.

122.6.2 Discharge Piping From Pressure-Relieving
Valves and Devices

(A) There shall be no intervening stop valve between
the protective valve(s) or device(s) and the point of

combine relieving capacity provided shall be such that
the desigh pressure of the low pressure system will not
be exceeded if the reducing valve fails open.

122.5|2 Bypass Valves. Hand controlled bypass
valves hgving 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 para. 122.5.1
or if the design pressure of the downstream piping sys-
tem and pquipment is at least as high as the upstream
design pyessure.

122.5(3 Design of Valves and Pressure-Relieving
Valves a]I:d Devices. Pressure reducing and bypass
valves, afid pressure-relieving valves and devices, shall
be designied for inlet pressure and temperature condi-
tions. Prgssure-relieving valves and devices shall be in
accordange with the requirements of para. 107.8 of this
Code.

122.6 Pressure Relief Piping

Pressure relief piping within the scope of this €ode
shall be qupported to sustain reaction forces, and'shall
conform|to the requirements of paras. 122.6.1 and
122.6.2.

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 protective
valve(s) qr device(s).

(B) Diyerter or changepver valves designed to allow
servicing|of redundantprotective valves or devices with-
out system depressurization may be installed between
the piping to be pfotected and the required protective

discharge.
(B) When discharging directly to the atmospher¢, dis-
charge shall not impinge on other piping 01 equifiment
and shall be directed away from platféxms and [other
areas used by personnel.
(C) Itis recommended that individtal dischargg lines
be used, but if two or more réliefs are combinedl, the
discharge piping shall be desigtied with sufficienf flow
area to prevent blowout 6fsteam or other fluids{ Sec-
tional areas of a discharge pipe shall not be less| than
the full area of the valve or device outlets dischajrging
thereinto, and thé\discharge pipe shall be as short and
straight as possible and so arranged as to avoid yndue
stresses on.thewvalve(s) or device(s).
(D) Discharge lines from pressure-relieving vialves
and deyices within the scope of this Code shgll be
designed to facilitate drainage.
(E) When the umbrella or drip pan type of conngction

is used, the discharge piping shall be so designed|as to
prevent binding due to expansion movements.
(F) Drainage shall be provided to remove wateyr col-
lected above the seat of the pressure-relieving valve or
device.
(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 vhlve’s
operation is self-limiting
(G.2) the piping discharges directly to atmosphere
(G.3) the allowable stresses for carbon steel mpteri-

als at temperatures above 800°F (427°C) shall be faken
from Section II, Part D, Table 1A for materials applicable

valves or|deyices under the following conditions: to Section I and Section VIII, Division 1 of the ASME
(B.1)| Rivefter or changeover valves are prohibited  Boiler and Pressure Vessel Code
on boiler‘exterrat Pit}il S arrctreheat Pi}}ius.

(B.2) One hundred percent (100%) of the required
relieving capacity shall be continuously available any
time the system is in service.

(B.3) Positive position indicators shall be provided
on diverter or changeover valves.

(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,
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122.7 Piping for Flammable or Combustible Liquids

122.7.1 General. Piping for flammable or combusti-
ble liquids including fuel and lubricating oils is within
the scope of this Code. Piping for synthetic lubricants
having no flash or fire point need not meet the require-
ments of para. 122.7.

The designer is cautioned that, among other criteria,
static 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
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loss of 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 occur
as a cold 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

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

(7.6 my-efequipmentorotherlineshavins anopenflame
or eXposed parts with an operating temperature above
400°K (204°C). Seamless steel or nickel alloy pipe shall
also e used for fuel oil systems located downstream of
burngr shutoff valve(s). The burner shutoff valve(s) shall
be lofated as close to the burner as is practical.

(B) In all other areas, piping systems may include
pipe [or tube of steel, nickel alloy, copper, or brass con-
strucfion. Copper 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).

WHerever materials other than steel or nickel alloy are
used) they shall be so located that any spill resulting
from|the failure of these materials will not unduly expose
persgns, buildings, or structures, or can be readily con-
trolldd 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 lifjuids in buried installations only. The fluid temiper-
atures shall not exceed 140°F (60°C) and pressufes shall
be lithited to 150 psi (1 000 kPa). Where such:P’E or RTR
pipe [s used in flammable or combustible ligtiid service,
the riiles of Nonmandatory Appendix I shall be consid-
ered|mandatory. Where jurisdictional requirements
mandlate that double containmentpipe be used, the rules
of N¢gnmandatory Appendix HI shall be applied to both
the inner and outer pipe.

Paiticular care must be éxercised to prevent damage
to RTR piping at theSconnection to the main or other
facilify. Precautions $hall be taken to prevent crushing
or sHearing of RIR piping due to external loading or
settlihg of backfill and to prevent damage or pull out
from| the_tetminal connection resulting from thermal
expansiorn.or contraction.

RTR Piping mav terminate abave grmmr‘] and outside

Type ol material.

(A.2) The requirements of para. 114 shat
all threaded joints.

(A.3) Threaded joints and compfessioh fittings
shall be assembled carefully to ensure leak ftightness.
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 finless 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) RIR pipe shall be adhesive bonded in a¢cordance
with the pipe manufacturer’s recommended pijocedures.

(E) Pipe joints dependent on the friction cHaracteris-
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

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 and 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 Flyids
Gases 7\'

a building, provided that:

(D.1) the above ground portion of the RTR pipe is
completely enclosed in a conduit or casing of sufficient
strength to provide protection from external damage
and deterioration. Where a flexible conduit is used, the
top of the riser must be attached to a solid support.
The conduit or casing shall extend a minimum of 6 in.
(150 mm) below grade.

(D.2) the RTR pipe is not subjected to excessive
stresses due to external loading.
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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 concentratlons (upper and lower exploswe
limits) an
The use pf exploswe concentrations shall be avmded
or the piping shall be designed to withstand explosive
forces.
Vent liges shall be routed in such a way as to avoid
explosive concentrations while venting. Each flammable
gas vent [point shall be subjected to a hazard analysis
that requjres owner approval. The hazard analysis shall

address
(A.1)
(A.2)
(A.3)
ping hot
(A4)
(A.5)

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 temperaturé
relative tp the possibility of brittle fracture of matexials.
(B) Mdterials. Steel piping, subject to the limitations
in para. 15, shall be used for all flammable gases; except
as otherwise permitted in (B.2), (B.3), andy(B.4) below.
(B.1)) Welded joints shall be used-between steel
componehts where practicable. Where bolted flanged
joints are|necessary, the gasket material shall be suitable
for the service. Where threaded joints and compression
fittings qre unavoidable, the following requirements
shall be 1pet:

(BJ1.1) For threaded joints, the pipe thickness
shall be njot less than Extra Strong regardless of pressure
or type of material.

(BJ1.2) -Threaded joints and compression fittings
may be uped,subject to the limitations of para. 122.8(B).

(B3

(B.2.1) seamless steel tubing with welded joints;
(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 materlals Safety relief
[ 2 necteq vent
piping shall be de51gned to convey the ﬂuld without
pockets, to the outside atmosphere; and thien directed
away from equipment ventilation systemsy 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-ptessure shall not ejceed
100 psi (690 kPa).

(B.3.2) Tubing shall not exceed % in. (15.9

nominal outside diameter.
(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 hydtogen
sulfideper 100 ft*/min (47 liters/sec) of gas at stajpdard
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 shgll be
provided.
(B.3.6) Tubing shall be installed in a gudrded
manner that will prevent damage during construftion,
operation, and service.
(B.4) Polyethylene (PE) pipe may be used for patu-
ral gas service in buried installations only. The|fluid
temperatures shall not exceed 140°F (60°C) nor be helow
—20°F (-30°C), and pressures shall be limited to 100 psi
(690 kPa). Pipe joints shall be heat fused in accordlance
with manufacturer’s recommended procedures. Where
PE pipe is used in flammable gas service, the rules of
Nonmandatory Appendix III shall be considered
mandatory.
(C) Valves and Specialties. Valves, strainers, mpters,

mm)

S)—Threadedjoints-and-compression-fittings
shall be assembled carefully to ensure leak tightness.
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:
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alloy
construction. As an alternative, ductile iron or copper
alloy valves and specialties may be used, subject to the
restrictions in paras. 124.6 and 124.7, where metal 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 safety-relief
valve(s) as described in para. 107.8.3(B) could create an
undue venting hazard, an alternative pressure limiting
design may be substituted. The alternative design shall
include all provisions below:

pu| 4l b loall 1. £ ot 1 ialeal
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(D.1) Tandem Gas Pressure Reducing Valves. To pro- Table 122.8.2(B) Minimum Wall Thickness
tect the low pressure system, two gas pressure reducing Requirements for Toxic Fluid Piping
yalves c.'.apabloe of independent operatic?r.l shall be Carbon and Low Stainless and
installed in series. Each shall have the capability of clos- Alloy Steel Nickel Alloy Steel
ing off against the maximum upstream pressure, and of (Mandatory (Mandatory
controlling the pressure on the low pressure side at or Appendix A, Appendix A,
below the design pressure of the low pressure system, Tables Tables
in the event that the other valve fails open. Control lines A-1 and A-2) A-3 and A-4)
must be suitably protected, designed, and installed so  \ps 5 N 50) and Extra strong Schedule 10S
that iaumgc to—amy—ore Tomtrot e witt ot Tesutt i Smaller
over [pressurizing the downstream piping.

D.2) Trip Stop Valve. A fail-safe trip stop valveshall ~ Larger than NPS 2 Standard weight Sthedule 55
be ingtalled to automatically close, in less than 1 sec, at (DN 50)

or below the design pressure of the downstream piping.
It shgll be a manually reset design. The pressure switch
for irfitiating closure of the trip stop valve shall be hard-
wiredl directly to the valve 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 pressute
dowpstream of the trip stop valve.

D.3) Safety Pressure Relief. The low pressure”sys-
tem phall be protected from any leakage thfough the
presgure reducing valves, when closed, byla safety-relief
valv¢ constructed and designed in accordance with
para|107.8.3(B), and sized for the pdssible leakage rate.

welds are prohibited. Fabticated branch comnections
(shaped branch pipe welded directly to run pipe) may
be used only if other types of branch connectiofs permit-
ted by para. 104.3.1¢are not available. Sock¢t welded
joints shall be useeh only with steel materials|and shall
notbe larger than NPS 2’ (DN 65). Where boltdd flanged
joints are necessary, socket weld or welding nefk flanges
shall be.used. Gasket materials shall be suitalple for the
serviceyCompression fittings are prohibited. \Vhere the
use.of threaded joints is unavoidable, all of the ffollowing
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) Inaddition to the provisions of paral 122.8(B),
threaded joints and compression fittings may be used
at connections to refillable storage containers apd associ-
ated pressure regulators, shutoff valves, pumps, and
meters to a maximum pressure of 50 psig|[345 kPa
(gage)], provided the size does not exce¢gd NPS 2
(DN 50).
122.8.2 Toxic Fluids (Gas or Liquid) (C.3) Threaded joints shall be assembled| carefully
(A) For the purpose of thi§ Gdde, a toxic fluid is one  to ensure leak tightness. The requirements of gara. 135.5
that fnay be lethal, or capable of producing injury and/ shall be met. A thread sealant, suitable for the service,
or sefious illness throughicontact, inhalation, ingestion, ~ shall be used unless the joint is to be seal wglded or a
or absorption through‘any body surface. It shall be the gasket or O-ring is used to provide sealing at|a surface
igners’ respongibility to adopt the safety precautions ~ other than the threads.
published by therelevant fluid industry which may be (D) Steel valves shall be used. Bonnet jofints with
stringenf than those described in this Code for  tapered threads are not permitted. Special congideration
toxic| flujdsIn addition, the piping shall be installed  shall be given to valve design to prevent steln leakage

in suchasmanner that will minimize the possibility of  to the environment. Bonnet or cover plate clopures and
dam omextermal-sottrees: other-body—ein h be-eorre—ofthefo 'types:
(B) Preferably, pipe and pipe fittings should be seam- (D.1) union
less steel. Wall thickness shall not be less than that in (D.2) flanged with suitable gasketing and secured
Table 122.8.2(B). by at least four bolts
If the fluid is known to be corrosive to the steels in (D.3) proprietary, attached by bolts, lugs, or other

Table 122.8.2(B), the materials and wall thickness  substantial means, and having a design that increases

selected shall be suitable for the service. (Refer to  gasket compression as fluid pressure increases

para. 104.1.2.) (D.4) threaded with straight threads sufficient for
(C) Welded joints shall be used between steel compo-  mechanical strength, metal-to-metal seats, and a seal

nents where practicable. Backing rings used for making  weld made in accordance with para. 127.4.5, all acting

girth butt welds shall be removed after welding. Miter ~ in series
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(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.

(F) The provisions of para. 102.2.4 are not permitted.
The 51mphf1ed rules for analys1s in para 119.7.1 (A 3)

ze 1mpact and shock loads. Su1tab1e dynamlc
analysis ghall 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 byrittle fracture of the steel material selected over
the entir¢ range of temperatures to which it may be
subjected,|

(G) Fof dry chlorine service between —29°C (-20°F)
and 149°C (300°F), the pipe material shall not be less in
thickness| than seamless Extra Strong steel.

(H) Tokic fluid piping shall be pneumatic leak tested
in accordfince with para. 137.5. Alternatively, mass spec-
trometer or halide leak testing in accordance with
para. 13716, and a hydrostatic test in accordance with
para. 137|3 may be performed.

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 catiz
tioned of|the extreme chilling effect during rapid expan-
sion. Thigis a factor for determining the lowestexpected
service tegmperature relative to the brittle fracture of the
material pelected.

(B) Thteaded joints and compressiof fittings may be
used subject to the conditions of pata.)122.8(B).

122.9 Piping for Corrosive Liquids and Gases

Where |t is necessary to_use.special material, such as
glass, plastics, or metallio piping lined with nonmetals,
not listed|in Table 126(T,for conveying corrosive or haz-
ardous ljquids and-gases, the design shall meet the
requirements of para. 104.7.

122.10 Temporary Plpmg Systems

its included piplng systems, most power and auxiliary
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
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operations, shall be designed and constructed to with-
stand the operating conditions during flushing and
cleaning. The following minimum requirements shall
apply to temporary piping systems:

(A) Each such system shall be analyzed for compli-
ance with para. 103.

(B) Connections for temporary piping to the perma-
nent piping systems that are intended to remain, shall
meet the de51gn and construction requlrements of the
(C) The temporary systems shall be supported such
that forces and moments due to static, dymami¢ and
expansion loadings will not be transferged!in an inac-
ceptable manner to the connected permianent pjiping
system. Paragraphs 120 and 121 shall be used as guid-
ance for the design of the temp@rary piping systems
supporting elements.

(D) The temporary systems'shall be capable of
standing the cyclic loadifigsthat occur during the flush-
ing and cleaning operations. Particular attention|shall
be given to the eftécts-of large thrust forces that may be
generated during\high velocity blowing cycles. Where
steam piping s to be subjected to high velocity blqwing
operations,eontinuous or automatic draining of trapped
or potentially trapped water within the system|shall
be ineotporated. Supports at the exhaust termingls of
blowdown piping shall provide for restraint of potgntial
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 pipinhg to
which it is attached prior to testing of the permfnent
piping system and prior to plant startup.

with-

122.11 Steam Trap Piping

122.11.1 Drip Lines. Drip lines from piping or
equipment operating at different pressures shall 1jot be
connected to discharge through the same trap.

122.11.2 Discharge Piping. Trap discharge pliping
shall be de51gned to the same pressure as the 1n1et p1ping
oper-
ated under low pressure and has no stop valves. In no
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



https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

prevent reverse flow and is capable of withstanding a
reverse differential pressure equal to the design pressure
of the discharge piping.

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-

(12) 122.12 Exhaust and Pump Suction Piping relieving valve(s) or device(s) shall be located adjoining
Exhaust and pump suction lines for any service and  or as close as practicable to the reducing valve. The
pressure shall have pressure-relieving valves or devices ~ combined relieving capacity provided shall be such that
of suitable size unless the lines and attached equipment  the design pressure of the low pressure system will not
are designed for the maximum pressure to which they be exceeded if the reducing valve fails open.
may au_idcu'mﬂy orotherwise be bu‘UjﬁLlLEL,‘l, orurtess
suitaple alarm indicator, such as a whistle or free blow- 122.14.2 Alternative Systems. In distiigt heating
ing pressure-relieving valve, is installed where it will ~ and steam distribution systems where the'st¢am pres-
warr| the operator. sure does not exceed 400 psi (2 750 kPa) and ywhere the
use of pressure-relieving valves or devices as described
(12) 122.13 Pump Discharge Piping in para. 122.14.1 is not feasible (e.g., becausp there is
Pu]np discharge plplng from the pump up to and no acceptable discharge locdtiofrt for the venlt plpmg),
including the valve normally used for isolation or flow  alternative designs may e, substituted for [the relief
contrpl shall be designed for the maximum sustained  Valve(s) or device(s). Irveither case, it is recommended
presqure exerted by the pump and for the hlghest coinci- that alarms be provided that will reliably warn| the oper-
dent|fluid temperature, as a minimum. Variations in  ator of failure of any: pressure reducing valve.
presgqure and temperature due to occasional inadvertent (A) Tandem,Steam Pressure Reducing Valve. Two or
opergtion are permitted as limited in para. 102.2.4under =~ more steamrpressure reducing valves capablg¢ of inde-
any ¢f the following conditions: pendent ¢peration may be installed in seried, each set
(A] during operation of overpressure relieving valves  at or belew the safe working pressure of the efjuipment
designed to protect the piping system and the attached = and piping system served. In this case, no rglief valve
equipment or.device is required.
(B) during a short period of abnormal operation, such Each pressure reducing valve shall have the fapability
as pump overspeed of closing off against full line pressure, and of cpntrolling
(C] during uncontrolled transients of pressure or~ the reduced pressure at or below the design pfessure of
temperature the low pressure system, in the event that the ofher valve
.. . T fails open.
(12) 122.14 District Heating and Steam Distribution (B) Trip Stop Valves. A trip stop steam vajve set to
Systems close at or below the design pressure of the low pressure
122.14.1 General. Where pressure reducing valves  system may be used in place of a second redu¢ing valve
are ysed, one or more pressure-rélieving valves or  or a relief valve.
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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 requirgments and limitations in other parts of this
Code.

123.1 Mpterials 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 prolibited by this Code Section and it satisfies one
of the folJowing 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)| 1t 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 matetidls that are not
currentlylacceptable 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 mafeffal until it has been approved
by the Committee and‘allowable stress values have been
assigned.|Details ¢f 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 by’ the 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 Boilérand Pressure Yessel
Code, Section II, Part D, or to @ published specifiqation
covering chemistry, physicakand mechanical propgrties,
method and process of mandifacture, heat treatment, and
quality control.

(B) The allowable‘stresses of the unlisted materials
shall be determined in accordance with the rules of
para. 102.3.1(Q).

(C) Unlisted materials shall be qualified for sg
within a $tated range of minimum and maximum{ tem-
peraturés based upon data associated with successful
experience, tests, or analysis; or a combination thereof.

{D) The designer shall document the owner’s adcept-
ance for use of unlisted material.

(E) All other requirements of this Code are satipfied.

rvice

123.1.3 Unknown Materials. Materials of unkhown
specification shall not be used for pressure containing
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 mpy 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. Matgrials
or products marked as meeting the requirements for
more than one grade, type, or alloy of a material sgecifi-
cation or multiple specifications, are accepfable

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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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 F, 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 riiles 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
identiical 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
specifications 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- Ilisted in Mandatory
Appéndix 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,
PMBLa fand PEB-A shall be met

136.4.5 or 136.4.6 and Table 136.4, or the joint [efficiency
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 yalues are
given except @s permitted by para. 122.6.2(G).

124.1¢2 tower Temperature Limits. The|designer
shall give consideration to the possibility of btittle frac-
ture ‘atlow service temperature.

124.2 Steel

(A) Upon prolonged exposure to temperatires above
800°F (427°C), the carbide phase of plain carpon steel,
plain nickel alloy steel, carbon-manganese a]loy steel,
manganese-vanadium alloy steel, and carbqn-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-molyhjdenum-
vanadium, manganese—chromium-vanadjum, and
chromium-vanadium, may be converted to graphite.

(C) Carbon or alloy steel having carbon dontent of
more than 0.35% shall not be used in welded|construc-
tion or be shaped by oxygen cutting proces§ or other
thermal cutting processes.

(D) Where low alloy 2%4% chromium steelq are used
at temperatures above 850°F (454°C), the carbgn content
of the base material and weld filler metal shall be 0.05%
or higher.

124 .4 fast_ﬁ;a\,l lron

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.
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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
consequences of failure must be considered before speci-
fying the use of such material. Cast iron components
may be used within the nonshock pressure-temperature
ratings established by the standards and specifications
herein and in para. 105.2.1(B). Castings to ASME SA-278
and ASTM A278 shall have maximum limits of 250 psig
[1725 kPa (gage)] and 450°F (232°C).

(12)

(12)
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The following referenced paragraphs prohibit or
restrict the use of gray cast iron for certain applications
or to certain pressure-temperature ratings:

(C) The following referenced paragraphs prohibit or
restrict the use of ductile iron for certain applications
or to certain pressure-temperature ratings:

BEP blowoff 122.1.4(A.3)
Pipe supports 121.7.2(C) BEP blowdown 122.1.4(B.3)
BEP blowoff 122.1.4(A.3) BEP blowoff valves 122.1.7(C.5) and (C.6)
BEP blowdown 122.1.4(B.3) Non-BEP blowoff 122.2(A.1)
BEP valves and fittings 122.1.7 Non-BEP blowdown 122.2(A.2)
Blowoff valves 122.1.7(C.5) and (C.6) Flammable or combustible liquids 122.7.2(A) and (B),
Non-BEP blowoff 122.2(A.1) 122.7.4
Non-BEP Hlowdown 122.2(A.2) Flammable gases 122.8.1(B) and {C)
Flammable] or combustible liquids 122.7.2(A) and (B), Toxic gases or liquids 122.8.2(B) land’{D)
122.7.4 Pipe supports 123.3
Flammable gases 122.8.1(B) and (C)
Toxic gaseq or liquids 122.8.2(B) and (D) 124.7 Nonferrous Metals
Nonferrous metals may be used ‘in piping sygtems
(12) 124.5 Malleable Iron under the following conditions:

Certain|types of malleable iron have low ductility char- _(A) The meltmg points of &pper, copper alloys, al.u-
acteristicy and may be subject to brittle fracture. Mallea- "™ and alumm'um a%loys mustbe considered partic-
ble iron may be used for design conditions not to exceed ularly where there is 2 fige ha.zard. s
350 psig [2 415 kPa (gage)] or 450°F (232°C). ( B) The D.emgner shall ansm.ler the p.os§1b}hty df gal-

The following referenced paragraphs prohibit or vanic corrosion whenlcombmatlonslof dissimilar metal's,
restrict the use of malleable iron for certain applications such as c'oppe?, Qninum, and t‘helr alloys, are uged in

. . conjunctionwith each other or with steel or other metals
or to certpin pressure—temperature ratings: .
in the presence of an electrolyte.
Pipe suppdits 1217.2(D) (C) Threaded Connections. A suitable thread jcom-
BEP blowdkf 122.1.4(A.3) 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|leak-
Non-BEP Hlowoff 122.2(A.1) age and perhaps prevent disassembly. Pipe ip the
Non-BEP Hlowdown 122.2(A.2) annealed temper should not be threaded.
Flammable] or combustible liquids 122.7.2(A) and (B),
122.7.4 124.8 Cladding and Lining Materials
%irin;ies %isleiZui ds E;Z;Eg; :23 Eg)) .Materials with cladding or lining may be used pro-
vided that
. (A) the base material is an approved Code maferial.
(12) 124.6 Dyctile (Nodular) Iron The allowable stress used shall lr))g that of the base metal
Ductil¢ iron components complyihg with ANSI/  at the design temperature.
AWWA (110/A21.10, C115/A2{.15, C151/A21.51, or (B) the cladding or lining is a material that in the
C153/ A2]1.53 may be used for-water and other nontoxic, ~ judgment of the user is suitable for the intended sefvice,
nonflamrhable service, withipréssure limits as specified ~ and the cladding/lining and itS' meth.oq of applidation
in those jtandards and ¢@mperature limits as specified =~ d0 not detract from the serviceability of the|base

in para. 106(E). These(components may not be used for
boiler exfernal pipifg:

Ductil¢ (nodular) iron components conforming to
ASME B16.422nay be used for services including boiler
external piping under the following conditions:

material.
(C) bending procedures are such that damaging or
detrimental thinning of the cladding materjal is
prevented.
(D) welding and the inspection of welds is in gccor-

AWA S

(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
(232°C).
(B) Welding shall not be used, either in fabrication of
the components or in their assembly as a part of a piping
system.

68
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Code.
(E) the thickness of the cladding is not credited for

structural strength in the piping design.

124.9 Nonmetallic Pipe

This Code recognizes the existence of a wide variety
of nonmetallic piping materials that may be used on
corrosive (either internal or external) or other specialized
applications. Extreme care must be taken in their selec-
tion as their design properties vary greatly and depend
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upon the material, type and grade. Particular consider-
ation shall be given to the possibility of

(A) destruction where fire hazard is involved.

(B) decrease in tensile strength at slight increase in
temperature.

(C) effects of toxicity. Another consideration is that
of providing adequate support for the flexible pipe.

For nonmandatory rules for nonmetallic piping, see
Nonmandatory Appendix III of this Code.

for selection of protective coatings for metallic piping
are provided in Nonmandatory Appendix IV.

125 MATERIALS APPLIED TO MISCELLANEOUS
PARTS

125.1 Gaskets

Limitations on gasket materials are covered in
para. 108.4.

124,

It i
als sy

10 Deterioration of Materials in Service

the responsibility of the engineer to select materi-
itable for the intended application. Some guideline

125.2 Bolting

Limitations on bolting materials)are cqvered in
para. 108.5.
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Chapter IV
Dimensional Requirements

126 MATERIAL SPECIFICATIONS AND STANDARDS
FOR STANDARD AND NONSTANDARD PIPING
CAMPONENTS

126.3 Referenced Documents

126.1 Stfandard Piping Components

Dimengions of standard piping components shall com-

ply with|

the standards and specifications listed in

Table 1261 in accordance with para. 100.

126.2 NInstandard Piping Components

When
in accord
standard
when pr3

onstandard piping components are designed
hnce with para. 104, adherence to dimensional
of ANSI and ASME is strongly recommended
cticable.

The documents listed in Table 126.1 may contain
ences to codes, standards, or specifications not\is

refer-
ed in

this Table. Such unlisted codes, standards{ br’spedifica-

tions are to be used only in the context of the
documents in which they appear.

listed

Where documents listed in Tabl€)126.1 contain dlesign

rules that are in conflict with this Code, the design|
of this Code shall govern.

The fabrication, assembly,’examination, inspe
and testing requirements of Chapters V and VI

rules

rtion,

pply

to the construction ofypiping systems. These require-
ments are not applicable to piping components marjufac-

tured in accordance with the documents list
Table 126.1 unless specifically so stated.

bd 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/[BEI 7

Bolts,|Nuts, and Studs

A193 JA193M
A194 |A194M
A307
A320/A320M
A354
A437 JA437M
A449
A453 | A453M

Castinjgs

A47 [A47M
A48/A48M
A126
A197 JA197M
A216/jA216M
A217 jA217M
A278 |A278M
A351/A351M
A389A389M
A395 JA395M
A536

Forgings

A105/A105M
A181/A181M
A182/A182M

A336/|A336M
A350/A350M
Cast Hipe

A377
A426 |AL26M

Minimum Design Loads for Buildings and Other Structures

ASTM Ferrous Material Specifications

Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service

Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature Serviee

Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength

Alloy-Steel Bolting Materials for Low-Temperature Service

Quenched and Tempered Alloy Steel Bolts, Studs and Other Externally-Threaded Fasteners

Stainless and Alloy-Steel Turbine-Type Bolting Material Specially Heat Treated for High Temperature Service
Hex Cap Screws, Bolts, and Studs, Steel, Heat Treated

High-Temperature Bolting Materials, With Expansion Coefficients/€omparable to Austenitic Steels

Ferritic Malleable Iron Castings

Gray Iron Castings

Gray Iron Castings for Valves, Flanges, and Pipe Eittings

Cupola Malleable Iron

Steel Castings, Carbon Suitable for Fusion Welding for High Temperature Service

Steel Castings, Martensitic Stainless and-Alloy, for Pressure-Containing Parts Suitable for High-Temperature
Gray Iron Castings for Pressure-Contajning Parts for Temperatures Up to 650°F (350°C)

Steel Castings, Austenitic, for Highffemperature Service

Steel Castings, Alloy, Specially-Heat-Treated for Pressure-Containing Parts Suitable for High-Temperature Ser
Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures

Ductile Iron Castings

Carbon Steel Forgings for Piping Applications

Carbon Steel Forgings for General Purpose Piping

Forged @nRolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temp
Service

Alloy’Steel Forgings for Pressure and High-Temperature Parts

Carbon and Low-Alloy Steel Forgings Requiring Notch Toughness Testing for Piping

Standard Index of Specifications for Ductile Iron Pressure Pipe
Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature Service

Bervice

ce

erature

A451 /AR5

Centritugally Cast Austenitic Steel Pipe 1or High-Temperature Service

Seamless Pipe and Tube

A106/A106M
A179/A179M
A192/A192M
A210/A210M
A213/A213M
A335/A335M
A369/A369M
A376/A376M

Copyright ASME International
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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
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Table 126.1 Specifications and Standards (Cont’d)

Designator

Title

ASTM Ferrous Material Specifications (Cont’d)

Seamless and Welded Pipe and Tube

A53/A53M
A268/A268M

Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless
Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for General Service

A312/A312M
A333/A333M
A450/A450M
A530/A53(QM
A714
A789/A789M
A790/A790M

Seamless-and Welded and Hﬂ:\l”\]l Cold Worked Austenitic Stainless Steel Dirr_\n

Seamless and Welded Steel Pipe for Low-Temperature Service

General Requirements for Carbon and Low Alloy Steel Tubes

General Requirements for Specialized Carbon and Alloy Steel Pipe

High-Strength Low-Alloy Welded and Seamless Steel Pipe

Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for General Service
Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe

Welded Pipe and Tube

Al134

A135/A135M
A139/A139M
A178/A178W
A214/A214M
A249/A249M
A254
A358/A358M
A409/A409M
A587
A671
A672
A691
A928/A928M

Fittings

A234/A234
A403/A40
A420/A42
A815/A815M

=

Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)

Electric-Resistance-Welded Steel Pipe

Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)

Electric-Resistance-Welded Carbon and Carbon-Manganese Steel Boiler and Superheater Tubes
Electric-Resistance-Welded Carbon Steel Heat-Exchanger and Condenser ubes

Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes

Copper Brazed Steel Tubing

Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless SteelRipe for High-Temperature Service
Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature Service
Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical Industry

Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures

Electric-Fusion-Welded Steel Pipe for High-Pressure Setvice at Moderate Temperatures

Carbon and Alloy Steel Pipe, Electric-Fusion-Weldéd\for High-Pressure Service at High Temperatures
Ferritic/Austenitic (Duplex) Stainless Steel Pipe Etectric Fusion Welded with Addition of Filler Metal

Piping Fittings of Wrought Carbon Steel\and Alloy Steel for Moderate and High Temperature Service
Wrought Austenitic Stainless Steel Riping Fittings

Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service

Wrought Ferritic, Ferritic/Ausfenitic, and Martensitic Stainless Steel Piping Fittings

Plate, Shegt, and Strip

A240/A24QM
A283/A283M
A285/A289M
A299/A299M
A387/A387M
A515/A519M
A516/A514M

Chromium and Chremium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and General Applica
Low and Intermediate Tensile Strength Carbon Steel Plates

Pressure VesselPlates, Carbon Steel, Low- and Intermediate-Tensile Strength

Pressure Messel Plates, Carbon Steel, Manganese-Silicon

Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum

Pressure’Vessel Plates, Carbon Steel for Intermediate- and Higher-Temperature Service

Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service

Rods, Bars|and-Shapes

A276/A274M

Stainless Steel Bars and Shapes

A322
A479/A479M
A564/A564M
A575
A576

Steel Bars, Alloy, Standard Grades

Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels
Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and Shapes
Steel Bars, Carbon, Merchant Quality, M-Grades

Steel Bars, Carbon, Hot-Wrought, Special Quality

Structural Components

A36/A36M
A125
A229/A229M
A242/A242M
A992/A992M
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Structural Steel

Steel Springs, Helical, Heat Treated

Steel Wire, Oil-Tempered for Mechanical Springs
High-Strength Low Alloy Structural Steel
Structural Steel Shapes
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Table 126.1 Specifications and Standards (Cont’d)

(12)

Designator

Title

Castin

8s

B26/B26M

B61
B62
B108
B148
B367
B584

ASTM Nonferrous Material Specifications

Aluminum-Alloy Sand Castings
Steam or Valve Bronze Castings

Forgings

B247
B283
B381
B462

B564

Seam

B42
B43
B68 &
B75
B88 &
B111
B161
B163
B165
B167

B210
B234
B241
B251
B280
B302
B315
B407
B423

R B247M

B68M

B88M
R B111M

R B210M
R B234M
B241M

R B251M

B466

B466M

CUIIIPUD;t;UII BIUIILC Ul GUIILC :‘V’:Ctd: \.ﬂ)t;lls)
Aluminum-Alloy Permanent Mold Castings
Aluminum-Bronze Sand Castings

Titanium and Titanium Alloy Castings

Copper Alloy Sand Castings for General Applications

Aluminum and Aluminum-Alloy Die, Hand, and Rolled Ring Forgings

Copper and Copper-Alloy Die Forgings (Hot Pressed)

Titanium and Titanium Alloy Forgings

Forged or Rolled UNS N06030, N06022, N06035, N06200, N0O6059, N10362, N06686, N0O8020, N0O8024, N
N08367, N10276, N10665, N10675, N10629, N08031, and N06045 Pipe Flanges, Forged Fittings, and Vi
Parts for Corrosive High-Temperature Service

Nickel Alloy Forgings

ess Pipe and Tube

Seamless Copper Pipe, Standard Sizes

Seamless Red Brass Pipe, Standard Sizes

Seamless Copper Tube, Bright Annealed

Seamless Copper Tube

Seamless Copper Water Tube

Copper and Copper-Alloy Seamless(Condenser Tubes and Ferrule Stock

Nickel Seamless Pipe and Tubge

Seamless Nickel and Nickel-Alloy (UNS N06845) Condenser and Heat-Exchanger Tubes

Nickel-Copper Alloy (UNS_NQ4400) Seamless Pipe and Tube

Nickel-Chromium-Iron/Altloys (UNS N06600, N06601, N06603, N0O6690, N06693, N06025, NO6045, and NO
Nickel-Chromiuni-Cebalt-Molybdenum Alloy (UNS N06617) and Nickel-Iron-Chromium-Tungsten Alloy (UNS
Seamless Pipe and Tube

Aluminum andyAluminum Alloy Drawn Seamless Tubes

Aluminuntand Aluminum-Alloy Drawn Seamless Tubes for Condensers and Heat Exchangers

Aluminum,'and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube

Gerfetal*Requirements for Wrought Seamless Copper and Copper-Alloy Tube

Seanless Copper Tube for Air Conditioning and Refrigeration Field Service

Threadless Copper Pipe, Standard Sizes

Seamless Copper Alloy Pipe and Tube

Nickel-Iron-Chromium Alloy Seamless Pipe and Tube

Nickel-Iron-Chromium-Molybdenum-Copper Alloy (UNS N08825, N08221, and N06845) Seamless Pipe and T

08026,
lves and

696),
N06674)

ube

Seamless Copper-Nickel Pipe and Tube

B622
B677
B690
B729
B861

Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube

UNS N08925, UNS N08354, and UNS N08926 Seamless Pipe and Tube
Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Seamless Pipe and Tube
Seamless UNS N08020, UNS N08026, and UNS N08024 Nickel-Alloy Pipe and Tube

Titanium and Titanium Alloy Seamless Pipe

Seamless and Welded Pipe and Tube

B338
B444
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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
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Table 126.1 Specifications and Standards (Cont’d)

Designator

Title

ASTM Nonferrous Material Specifications (Cont’d)

Welded Pipe and Tube

B464
B467

Welded (UNS N08020, N08024, and N08026) Alloy Pipe
Welded Copper-Nickel Pipe

B468
B546

B547/B544M
B608
B619
B626
B673
B674
B675
B676
B704
B705
B804
B862

Fittings

B361
B366

Plate, Shegt, and Strip

B168

B171/B171M
B209
B265
B409
B424
B435
B443

B463
B575

B625
B688

Rods, Bars|and-Shapes

B150/B150M

Mol o (INC MAOASN NMAONS /L d Naons A\ ALl Tk
T e ToOTN o TNUOUZ U TNOUUZ 4, aita oo Uz 0Oy —TuoeS

Electric Fusion-Welded Ni-Cr-Co-Mo Alloy (UNS N06617), Ni-Fe-Cr-Si Alloys (UNS N08330 and UNS N08332), Ni-CitFe-Al
Alloy (UNS N06603), Ni-Cr-Fe Alloy (UNS N06025), and Ni-Cr-Fe-Si Alloy (UNS N06045) Pipe

Aluminum and Aluminum-Alloy Formed and Arc-Welded Round Tube

Welded Copper-Alloy Pipe

Welded Nickel and Nickel-Cobalt Alloy Pipe

Welded Nickel and Nickel-Cobalt Alloy Tube

UNS N08925, UNS N08354, and UNS N08926 Welded Pipe

UNS N08925, UNS N08354, and UNS N08926 Welded Tube

UNS N08367 Welded Pipe

UNS N08367 Welded Tube

Welded UNS N06625, N06219, and N08825 Alloy Tubes

Nickel-Alloy (UNS N06625, N06219, and N08825) Welded Pipe

UNS N08367 and UNS N08926 Welded Pipe

Titanium and Titanium Alloy Welded Pipe

Factory-Made Wrought Aluminum and Aluminum-Alloy Welding, Fittings
Factory-Made Wrought Nickel and Nickel Alloy Fittings

Nickel-Chromium-Iron Alloys (UNS N06600, N06601; N06603, N06690, N06693, N06025, NO6045, and N06696)
Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS NO6/674)
Plate, Sheet, and Strip

Copper-Alloy Plate and Sheet for Pressufe; Vessels, Condensers, and Heat Exchangers

Aluminum and Aluminum-Alloy Sheét 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, UNS N06230;-UNS N12160, and UNS R30556 Plate, Sheet, and Strip

Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625) and Nickel-Chromium-Molybdenum-Silicon Alloy
(UNS N06219) Plate/ Sheet, and Strip

UNS N08020 Algy-Plate, Sheet, and Strip

Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium-Molybdenum-Copper, Low-Carbon Nicke-
Chromigm:Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Plate, Sheet, land
Strip

UNS'N08925, UNS N08031, UNS N08932, UNS N08926, UNS N08354, and UNS R20033 Plate, Sheet, and Strip

€hromium-Nickel-Molybdenum-Iron (UNS N08366 and UNS N08367) Plate, Sheet, and Strip

Aluminum Bronze Rod, Bar, and Shapes

B151/B151M
B166

B221
B348
B408
B425
B446

B473
B572
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Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel Rod and Bar

Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N0O6045, and N06696),
Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674)
Rod, Bar, and Wire

Aluminum and Aluminum Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes

Titanium and Titanium Alloy Bars and Billets

Nickel-Iron-Chromium Alloy Rod and Bar

Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Rod and Bar

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

UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and Wire

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

Solde

B32
B828

D323
E94

E125
E186
E280
E446

Carbon Alloy (UNS RKZ0053) Bar and Wire, and NI-Cr-Fe-Mio-N Alloy (UNS NOs956) 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 Tub@-and Fittings

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 onr_Ferrous Castings

Standard Reference Radiographs for Heavy-Walled (2 to 4%4-in. [54 to 114-mm] Steel Castings
Standard Reference Radiographs for Heavy-Walled (4 to 12-if {114 to 305-mm] Steel Castings
Standard Reference Radiographs for Steel Castings Up to 2 in,\[51 mm] in Thickness

API Specification

Seamless and Welded Pipe

5L

7223.

SP-6

SP-9

SP-25
SP-42|[Note (1)]
SP-43
SP-45
SP-51
SP-53

SP-54

SP-55

Line Pipe

American National Standard

National Fuel Gas Code (ANSI/NFPA 54)

MSS Standard Practices

Standard Finishes for' Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings

Spot-Facing fof,Bronze, Iron and Steel Flanges

Standard Marking System for Valves, Fittings, Flanges and Unions

Corrosiaf\Reésistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends (Classes 150, 3

Wrought\and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications

Bypass & Drain Connection

Class 150 LW Corrosion Resistant Cast Flanges and Flanged Fittings

Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Compon
Magnetic Particle Examination Method

Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Radio
Examination Method

Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Visua

DO & 600)

Pnts —

traphic

Method for

SP-58
SP-61
SP-67 [Note (1)]
SP-68
SP-75
SP-79
SP-80
SP-83
SP-88
SP-93
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Evaluation of Surface Irregularities
Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, and Installation
Pressure Testing of Steel Valves
Butterfly Valves
High Pressure Butterfly Valves with Offset Design
Specification for High Test Wrought Butt-Welding Fittings
Socket Welding Reducer Inserts
Bronze Gate, Globe, Angle and Check Valves
Class 3000 Steel Pipe Unions, Socket Welding and Threaded
Diaphragm Valves

Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components —

Liquid Penetrant Examination Method
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Table 126.1 Specifications and Standards (Cont’d)

Designator Title

MSS Standard Practices (Cont’d)

SP-94 Quality Standard for Ferritic and Martensitic Steel Castings for Valves, Flanges, and Fittings and Other Piping
Components — Ultrasonic Examination Method

SP-95 Swaged Nipples and Bull Plugs

SP-97 Integrally Reinforced Farged Branch Qutlet Fittings — Sacket Welding Threaded and Ruttwelding Fnds

SP-105 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

B16.10 Face-to-Face and End-to-End Dimensions of Valves

B16.11 Forged Fittings, Socket-Welding and Threaded

B16.14 Ferrous Pipe Plugs, Bushings, and Locknuts With Pipe Threads

B16.15 Cast Bronze Threaded Fittings, Classes 125 and 250

B16.18 Cast Copper Alloy Solder-Joint Pressure Fittings

B16.20 Metallic Gaskets for Pipe Flanges — Ring Joint, SpiralWound, and Jacketed

B16.21 Nonmetallic Flat Gaskets for Pipe Flanges

B16.22 Wrought Copper and Copper Alloy Solder Joint.Pressure Fittings

B16.24 Cast Copper Alloy Pipe Flanges and Flanged.Fittings — Class 150, 300, 400, 600, 900, 1500, and 2500

B16.25 Butt Welding Ends

B16.34 Valves — Flanged, Threaded, and Weldihg End

B16.42 Ductile Iron Pipe Flanges and Elariged Fittings — Classes 150 and 300

B16.47 Large Diameter Steel Flanges

B16.48 Steel Line Blanks

B16.50 Wrought Copper and Copper Alloy Braze-Joint Pressure Fittings

B18.2.1 Square and Hex Bolts and Screws — Inch Series

B18.2.2 Square and Hex Nuts (Inch Series)

B18.2.3.5 Metric Hex Bolts

B18.2.3.6 Metric Heawy.flex Bolts

B18.2.4.6M Hex NutS,/Heavy, Metric

B18.21.1 Lock Washers (Inch Series)

B18.22M \Washers, Metric Plain

B18.22.1 [Note (2)]«Plain Washers

B31.3 Process Piping

B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids

B31.8 Gas Transmission and Distribution Piping Systems

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

AWS Specifications

A3.0 Standard Welding Terms and Definitions
D10.10 Recommended Practices for Local Heating of Welds in Piping and Tubing
QC1 Qualification and Certification of Welding Inspectors
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Table 126.1 Specifications and Standards (Cont’d)

Designator

Title

C110/A21.10
C111/A21.11
C115/A21.15
C150/A21.50
C151/A21.51

AWWA and ANSI/AWWA Standards

Ductile-Iron and Gray-Iron Fittings, 3 in. Through 48 in. (76 mm Through 1200 mm), for Water and Other Liquids

Rubber-Gasket Joints for Ductile-lIron Pressure Pipe and Fittings
Flanged Ductile-Iron Pipe With Threaded Flanges

Thickness Design of Ductile-lIron Pipe

Ductile-Iron Pipe, Centrifugally Cast, for Water

C153/A21.53

C200
C207
C208
C300
€301
€302
C304
C500
C504 [Note (1)]
C509
€600
C606

NFPA b4 /ANSI
722B.1
NFPA 85
NFPA 1963

ES-16
ES-24

79-1

Ductile-Iron Compact Fittings, 3 in. Through 24 in. (76 mm Through 610 mm) and 54 in. Through 64 in. (1,
Through 1,600 mm), for Water Service

Steel Water Pipe—6 in. (150 mm) and Larger

Steel Pipe Flanges for Waterworks Service—Sizes 4 in. Through 144 in. (100 mm Through 3,600 mm)

Dimensions for Fabricated Steel Water Pipe Fittings

Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids (IncludessAddendum C3

Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids

Reinforced Concrete Pressure Pipe, Noncylinder Type, for Water and Other Liquids

Design of Prestressed Concrete Cylinder Pipe

Metal-Seated Gate Valves for Water Supply Service

Rubber Seated Butterfly Valves

Resilient-Seated Gate Valves for Water Supply Service

Installation of Ductile-Iron Water Mains and Their Appurtenances

Grooved and Shouldered Joints

National Fire Codes
National Fuel Gas Code

Boiler and Combustion Systems Hazards Code
Standard for Fire Hose Connections

PFI Standards

Access Holes and Plugs for Radiographic Inspection of Pipe Welds
Pipe Bending Methods, Tolerapeesy Process and Material Requirements

FClI Standard

Proof of Pressure Ratings for Pressure Regulators

00 mm

00a-93.)

GENERAL NOTES:

(@) Fdr 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 spd

A4TM A or B specifieation of the same number listed in Table 126.1.
(c) THe approved yeafrofissue of the specifications and standards is not given in this Table. This information is given in Mand4d

Apgpendix F of this-Code.
(d) THe addresses and phone numbers of organizations whose specifications and standards are listed in this Table are given af
Mandatory Appendix F.

NOTES:

(1) Sde para. 107.1(D) for valve stem retention requirements.

cified to an

tory

the end of

(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,
127.1 Glnera ( the weld metal shall have an austenitic structure.

: (F) For nonferrous metals, the weld metal\shall be
Piping $ystems shall be constructed in accordance with that recommended by the manufacturer ofjthe n

the requifements of this Chapter and of materials that
have beenp manufactured in accordance with the require-
ments of|Chapter IV. These requirements apply to all
fabricatign, assembly, and erection operations, whether
performed in a shop or at a construction site. The follow-
ing appligs essentially to the welding of ferrous materi-
als. The welding of aluminum, copper, etc., requires
different preparations and procedures.

127.1f1 The welding processes that are to be used
under thip part of this Code shall meet all the test require-
ments of|Section IX of the ASME Boiler and Pressure
Vessel Cqde.

127.2 Mpterial

127.2]1 Electrodes and Filler Metal. Welding elec-
trodes arld filler metal, including consumable inserts,
shall conform to the requirements of the ASME Boiler
and Presdqure Vessel Code, Section IT, Part C. An electrode
or filler npetal not conforming to the above may-be tused
provided|the WPS and the welders and welding opera-
tors who| will follow the WPS have beeriyqualified as
required py ASME Section IX. Unless ©therwise speci-
fied by thle designer, welding electrodesjand filler metals
used shall produce weld metal that complies with the
following:

(A) Thp nominal tensile strength of the weld metal
shall equal or exceed theiminimum specified tensile
strength pf the base metals being joined.

(B) If Base metals-of different tensile strengths are to
be joined| the norhihal tensile strength of the weld metal
shall equal orSexceed the minimum specified tensile
strength pfithe’weaker of the two.

nfer-
rous metal or by industry associations fer that metal.
(G) Filler metals not meeting the réquirements ¢f (A)
through (F) above may be acceptéd by agreement
between the fabricator/erector/and’the designer. Bxam-
ples of conditions where thissmay apply includq (but
may not be limited to) whére unusual materials orfcom-
binations of materials are"tised; where highly corrosive
environments may require a more electrochemjcally
noble weld metal; where dissimilar materialls are
welded; or wheérelit is desired to achieve a weld|with
different mechanical properties than the base maferial.

127.2:2-Backing Rings. Backing rings, when [used,
shall cofiform to the following requirements:
(A)-Ferrous Rings. Ferrous metal backing ringg that
become a permanent part of the weld shall be made
ffom material of weldable quality, compatible with the
base material and the sulfur content shall not ekceed
0.05%.
(A.1) Backing rings may be of the continuous
machined or split band type.
(A.2) If two abutting surfaces are to be welded to

a third member used as a backing ring and one of two
of the three members are ferritic and the other mgmber
or members are austenitic, the satisfactory use off such
materials shall be determined by the WPS qualified as
required in para. 127.5.
(A.3) Backing strips used at longitudinal wglded
joints shall be removed.
(B) Nonferrous and Nonmetallic Rings. Backing |rings
of nonferrous or nonmetallic materials may be us¢d for
backing provided they are included in a WPS as required
in para. 127.5. Nonmetallic or nonfusing rings shpll be
removed.

(C) Theneminatchemical-anatysisof-the-weld-metal
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 Q\

T— 146in. (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 %4 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.

L-Greaterthan 161N (2.0 mm)

cleaned from the flame cut surfaces. Discoloration that
may fremain on the flame cut surface is not considered
to bq detrimental oxidation.

A.2) Butt-welding end preparation dimensions
contgined in ASME B16.25 or any other end preparation
that meets the WPS are acceptable.

A.3) If piping component ends are bored, such bor-
ing shall not result in the finished wall thickness after
weldng less than the minimum design thickness. Where
necegsary, weld metal of the appropriate analysis may
be dposited on the inside or outside of the piping com-
ponent to provide sufficient material for machinihg to
insure satisfactory fitting of rings.

A.4) If the piping component ends are\upset, they
be bored to allow for a completely recessed backing
ring,[provided the remaining net thic¢knéss of the fin-
ishedl ends is not less than theminimum design
thickhess.

(B) Cleaning. Surfaces for welding shall be clean and
shall|be free from paint, oilf rust, scale, or other material
that {s detrimental to welding.

(C) Alignment. Theinside diameters of piping com-
ponents to be buttwelded shall be aligned as accurately
as is [practicable-within existing commercial tolerances
on djameterswall thicknesses, and out-of-roundness.
Alignmentshall be preserved during welding. The inter-
nal rhisalignment of the ends to be joined shall not

may

Thefit betweernr thesocketand-the pipeshad] conform
to applicable standards for socket weld fittings and in
no case shall the inside diameter of the Gockef or sleeve
exceed the outside diameter of the pipeler tubp by more
than 0.080 in. (2.0 mm).

127.4 Procedure

127.4.1 General

(A) Qualification ofthe WPS to be used, and of the
performance of welders and operators, is reqyired, and
shall comply with)the requirements of para. 127.5.

(B) No welding shall be done if there is implingement
of rain, smowy sleet, or high wind on the weldl area.

(C) Tack welds permitted to remain in th¢ finished
weld¢shall be made by a qualified welder. Tack welds
made by an unqualified welder shall be remgved. Tack
welds that remain shall be made with an elecfrode and
WPS that is the same as or equivalent to the|electrode
and 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 incprporated
into the final weld. Tack welds that have cragked shall
be removed.

(D) CAUTION: Arc strikes outside the area of the
intended weld should be avoided on any base metal.

127.4.2 Girth Butt Welds
(A) Girth butt welds shall be complete p¢netration
welds and shall be made with a single vee, dguble vee,
or other suitable type of groove, with or withoyt backing
rings or consumable inserts. The depth of the weld mea-
sured between the inside surface of the weld preparation
and the outside surface of the pipe shall not b¢ less than
the minimum thickness required by Chapter|II for the
particular size and wall of pipe used.

(B) To avoid abrupt transitions in the contpur of the

exceedHrin—{2-6-mm)-tntess-the piping-design-speeifi
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.
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finished—weld—thereqttirements—of(B-Hthrdugh (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

atm (min.) 11/,t (min.)

Outside
Radius of at least 0.05¢,,

45 deg max.

/ Radius not mandatory
30 deg max. i

See Note (2)

Maximum — See Note (3)

N I S
Corhponent or fitting //\\ r
See Note (1) \
\
\ ¢ Minimum — 1.0 t,,,

Maximum slope 1:3

Radius of at least 0.05¢,,

Inside | 2t,, (min.)

Transition region

GENERAL NPTES:

(@ The valie of t,, is whichever of the following is applicable:
(1) gs defineddn para. 104.1.2(A)

(2) the minimun ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when the
joint is|between two components

(b) The makimum envelope is defined by solid lines.
NOTES:
(1) Weld is shown for illustration only.
(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,, + 0.15 in.) or 1.15t,, when ordered on a minimum wall basis

(b) the greater of (t,, + 0.15 in.) or 1.10t,,, when ordered on a nominal wall basis

80
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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

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
of a fillet weld is determined as shown in Fig. 127.4.4(A).
Typical minimum fillet weld details for slip-on flanges
and socket-welding components are shown in
Figs. 127.4.4(B) and (C).

of thgpipe, exceptas permitted i para: 127 4:2(B4):
B.4) For welds made without the addition of filler
metal, concavity shall be limited to Y in. (1 mm) below
the dutside surface of the pipe, but shall not encroach
upon| minimum required thickness.

(C) As-welded surfaces are permitted; however, the
surface of welds shall be sufficiently free from coarse
ripplps, grooves, overlaps, abrupt ridges, and valleys to
meet| the following;:

C.1) The surface condition of the finished welds
shall|be suitable for the proper interpretation of radio-
graphic and other nondestructive examinations when
nondestructive examinations are required by
Tabld 136.4. In those cases where there is a question
reganding the surface condition on the interpretation of
a radiographic film, the film shall be compared to the
actuql weld surface for interpretation and determination
of acfeptability.

C.2) Reinforcements are permitted in accordance
Table 127.4.2.

C.3) Undercuts shall not exceed %, in. (1.0 @m)
and ghall not encroach on the minimum required section
thickhess.

C.4) If the surface of the weld requirés grinding
to meet the above criteria, care shall be taken to avoid
redu¢ing the weld or base materialbelow the minimum
required thickness.

C.5) Concavity on the reot side of a single welded
circymferential butt weldyisS permitted when the
resulfing thickness of the ‘weld is at least equal to the
thickhess of the thinher*member of the two sections
being joined and thedontour of the concavity is smooth
without sharp edges. The internal condition of the root
surface of a girth weld, which has been examined by
radidgraphy,is acceptable only when there is a gradual
change in"the density, as indicated in the radiograph.
If a girth weld is not designated to be examined by

with

127.4.5 Seal Welds. Where seal ayglding of
threaded joints is performed, threads shall be entirely
covered by the seal weld. Seal welding shall bp done by
qualified welders.

127.4.8 Welded Branch Cornnections
(A) Welded branch connections shall be nmjade with
full penetration weldshéxcept as allowed in para.
127.4.8(F). Figures 1274.8(A), (B), and (C) shqw typical
details of branch connections with and withqut added
reinforcement. Ne attempt has been made tq show all
acceptable types of construction and the fact that a cer-
tain type of.construction is illustrated does nqt indicate
that it is recommended over other types not illustrated.
(B) Eigure 127.4.8(D) shows basic type§ of weld
attachments used in the fabrication of branch connec-
tions. The location and minimum size of thepe attach-
ment welds shall conform to the requirements of para.
127.4.8. Welds shall be calculated in accordance 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 ppragraph,
Fig. 127.4.8(D), and Fig. 127.4.8(E) are as follgws:

t. = the smaller of % in. (6.0 mm) or 0.7,

tmin = the smaller of t,, or t,,
t,p = nominal thickness of branch wall, ih. (mm)
t,n = nominal thickness of header wall, in. (mm)
t,r = nominal thickness of reinforcing elerpent (ring

or saddle), in. (mm)

(C) Figure 127.4.8(F) shows branch connections made
by welding half couplings or adapters directly to the
run pipe.

Figure 127.4.8(E) shows branch connections fising spe-
cifically reinforced branch outlet fittings weldgd directly
to the run pipe. These branch connection fitfings, half

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. For longitudinal
welds and spiral welds in pipe intended for sustained
operation in the creep range (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.
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ToupHngs, or adapters, whichrabut the outsidle 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
para. 104. The cover fillet welds shall have a minimum
throat dimension not less than that shown in
Fig. 127.4.8(E) or Fig. 127.4.8(F), as applicable.
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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 < 350°F
Thickiess of Base Metal, (400°0) (175°C-400°C) (175°0
in. (mm) in. mm im mm in. mm
Up to %% (3]0), incl. Yie 2.0 Vo 2.5 e 5.0
Over Y to /416 (3.0 to 5.0), incl. Yie 2.0 A 3.0 e 5.0
Over % to| %, (5.0 to 13.0), incl. Yie 2.0 a2 4.0 e 5.0
Over % to [ (13.0 to 25.0), incl. s 2.5 36 5.0 e 5.0
Over 1 to 2 (25.0 to 50.0), incl. A 3.0 A 6.0 A 6.0
Over 2 (50.0) sa 7.0 The greater of %, in. (6 mm) or Y times
the width of the weld in inches (millimeters)
GENERAL NPTES:
(@) For doyble welded butt joints, this limitation on, reinforcement given above shall apply separately to both inside and outside surflaces
of the jpint.
(b) For single welded butt joints, the reinforcement limits given above shall apply to the outside surface of the joint only.
(c) The thigkness 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) Weld rdg

inforcement may be removed)if so desired.
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Fig. 127.4.4(A) Fillet Weld Size

Size of
weld
\ B
g\> \{\ Theoretical throat ——JO< - {
Size of
weld
(a) Convex Equal Leg (b) Concave Equal Leg
Fillet Weld Fillet Weld

Leg Leg
I(-ingth Ioi:ngth
Leg a.\P TFheoretical throat —J< Leg ‘_‘
;\’4_ length o> length
(c) Convex Unequal Leg (d) Concave Unequal Leg
Fillet Weld Fillet Weld

GENERAL NOTES:

(a) The “size™ of an equal leg fillet weld shall be described by the leg length of the largest
inscribed isoceles 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.

(e}=Angle 6, as noted in the above figures, may vary from the 90 deg angle as shown based on
the angle between the surfaces to be welded.

(d) For an equal leg fillet weld where the angle 6 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 6 between the members to be joined.
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(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.

JEs—

tn
Xmin.
NOTES:
(1) Refer tq
(2) Refer tq
(3) Refer tq

Fig. 1
Required

\

Xmin.
Xmin.

A 5

/

—

Xmin.
rxmin.
A =

]
| — !

(a) Front and Back Weld
[See Notes (1) and (2)]

hominal pipe wall thickness

t,or 1/, in. (6.0 mm),
whichever is smaller

para. 122.1.1(F) for limitations of use.

para. 104.5.1 for limitations of use.

para. 122.1.1(H) for limitations of use.

Flanges

|<—>— t,=nominal pipe wall thickness

(b) Face and Back Welds

[See Notes (1) and (2)]

P7.4.4(C) Minimum Welding Dimensions
for Socket Welding Components Other Than

[1.4t, or thickness of the hub, whichever is smaller

Approximately 1/, in.
(2.0 mm) before welding

(c) Socket Welding Flange
[See Notes (2) and (3)]

Vent hole

Fig. 127.4.8(B) Typical Welded Branch Connedtion
With Additional Reinforcement

Fig. 127.4.8(C) Typical Welded Angular Brar:]ch
Connection Without Additional Reinforcement

Cy /

C, (min.) = 1.09t,, or the thickness P <
of the socket wall, L
whichever is smaller \\\

C, =~
l—Approximater T4ein. (2.0 mm)
_Y  before welding
| %
Fig. 127.4.8(A)\\ Typical Welded Branch Connection

Without Additional Reinforcement

ESSSTZ4

7
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Fig. 127.4.8(D) Some Acceptable Types of Welded
Branch Attachment Details Showing Minimum
Acceptable Welds

o [

7

N
(b)
top —| |
0.5¢,, b
tnr \
ton | } X O
+ N
(c)
tp —’|7J‘:,
0.5t,,
oot YA
thh L AN ! t,
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N
0'5tnf 0.7t .
tnr , min
thp AN
—
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A N
Nt :

(9

(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

¢ branch

Manufacturer's
weld line
[Note (1)]

tho

Manufacturer's

weld line
[Note (1)]

[Note (4)]

¢ tlranch

Cover weld
[Note (3)]

4, Run pipe
7,

Bore may be straight

//ﬁ’

(1) Tr

Manufacturer's
| weld line

%/ [Note (1)]

Cover weld
[Note (3)]

€ branch

\\

\I.

tc
[Note (2)]

(1) Transverse View

¢ branch

or tapered as shown -]
|

Cover weld
[Note (3)]

(2) Longitudinal View
(a) 90 deg Branch Fitting

Crotch area

Cover weld
[Note (2)]

G-Brénch

tnb
[Note (4)]

Y

(2) Longitudinal View

(b) Elbow Branch Fitting

i

t
>‘ [Note. (2)

tnb
[Note (4)]

Manufacturer's
weld line
[Note (1)]

Cover weld
[Notes (2), (

Angle
[Note (2)]

Heel area

\ Elbow

Manufacturer's 7 . Manufacturer's
' weld line 7 nb weld line
ijréllgalfrt]térer s [Note (1)] e 7 2 [Note (4)] [Note (1)]
S
(Note (1)] Crotch area b ‘9/)% 7 Heel area
Cover weld\ \ Cover weld
f X [Notes (2), (3)
Angle [NOte (2)] [Note (3)] \/:::::: N NS
il \ Coverweald / — X 7 %)
¥ INote (3 te $/ J(
| t, [Note (2)] > <t N
[Note (2)] [Note (4)]

(1) Transverse View
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(2) Longitudinal 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

bdvel on the branch fitting adjacent to the run pipe.

(2) THe minimum cover weld throat thickness, t,, applies when the angle between the branch fitting groove weld face and/the/tlin pipe

sUrface is less than 135 deg. For areas where the angle between the groove weld face and the run pipe surface is, 435)deg pr greater,
the cover weld may transition to nothing.

(3) Cqver weld shall provide a smooth transition to the run pipe.

(4) t,) shall be measured at the longitudinal centerline of the branch fitting. When t,;, in the crotch area doesmot‘equal t,;, in the heel

arpa, the thicker of the two shall govern in determining the heat treatment in accordance with para. 13Z.4:

Fig. 127.4.8(F) Typical Full Penetration Weld Branch Connections for NPS 3 and Smaller Half Couplings or

Adapters
Socket-welding or Socket-welding ¢r
/ threaded half coupling / threaded adapfer
i % Full penetration % = Full pengtration
Cover fillet weld p Cover fillet = groove weld

3/16 In. (5.0 mm) min.

<<\
N

Id
/ groove we weld
Header or run pipe _\

Header of run
| /_
4 pipe
3/16 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 and Smaller Fittings

Socket-welding or
/ threaded fitting

_

Cover fillet weld —\

Partial penetration
/ groove weld

Ll
T

3/16 in. (5.0 mm) min.

g .
/ reateT ot o pipe
I

(D) Inpranch connections having reinforcement pads
or saddlef, the reinforcement shall be attached by welds
at the outer edge and at the branch periphery as follows:

(D.1) If the weld joining the added reinforcement
to the brgnch is a full penetration groove weld, it shall
be finish¢d with a cover fillet weld having a minimum
throat difnension not less than £, the weld at the outer
edge, joinfing the added reinforcement to the run, shall be
a fillet w¢ld with a minimum throat dimension of 0.5,

(D.2) If the weld joining the added reinforcement
to the brgnch is a fillet weld, the throat dimensioxishall
not be lgss than 0.7t;,. The weld at the otter edge
joining tHe outer reinforcement to the runyshall also be
a fillet w¢ld with a minimum throat diménsion of 0.5¢,,.

(E) WHen rings or saddles are used, a-vent hole shall
be provided (at the side and not-at the crotch) in the
ring or shddle to reveal leakageyin the weld between
branch ahd main run and to“provide venting during
welding gnd heat treatingzoperations. Rings or saddles
may be mjade in more tharrone piece if the joints between
the pieces have strength equivalent to ring or saddle
parent metal and/ifeach piece is provided with a vent
hole. A good fit'shall be provided between reinforcing
rings or spddlesand the parts to which they are attached.

(F) Brgnch connections NPS 2 and smaller that do not

N\

~—1,, [see para. 104.3.1(C.2)]

—l

(A) Capacitordischarge welding may be used f¢r the
welding of temiporary attachments or permanent| non-
structural attachments, such as strain gages or th¢rmo-
couples, ‘directly to pressure parts, provided thgt the
welding’is performed in accordance with the require-
ments'of para. 132.3.3. Performance and procedure guali-
fications are not required.

(B) Temporary attachments shall, after their removal,
have the weld affected areas examined in acco:Bance
with para. 136.4.

127.4.10 Heat Treatment. Preheat and posfweld
heat treatment for welds shall be in accordance| with
para. 131 or 132 as applicable.

127.4.11 Repair Welding

(A) Defect Removal. All defects in welds or base mate-
rials requiring repair shall be removed by flame ¢r arc
gouging, grinding, chipping, or machining. Prehdating
may be required for flame or arc gouging on cértain
alloy materials of the air hardening type in order to
prevent surface checking or cracking adjacent tp the
flame or arc gouged surface. When a defect is remjoved
but welding repair is unnecessary, the surface shpll be
contoured to eliminate any sharp notches or cofners.

require reinforcements (see para. 104.3) may be con-
structed 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).

127.4.9 Attachment Welds. Structural attachments
may be made by complete penetration, partial penetra-
tion, or fillet welds.

The-contoured-surfaceshall-bereinspected-by—thelsame
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
of examination shall be in accordance with Table 136.4.
For repairs to welds the minimum examination shall be
the same method that revealed the defect in the original
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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
operators, is required, and shall comply with the require-
ments of the ASME Boiler and Pressure Vessel Code
(Section IX) except as modified herein.

the dates of such qualification, and evidence that the
welder or welding operator has maintained qualification
in accordance with QW-322 of Section IX, ASME Boiler
and Pressure Vessel Code. The evidence of process usage
to maintain continuity may be obtained from employers
other than the original qualifying employer. The
employer shall then prepare and sign the record required
in para. 127.6 accepting responsibility for the ability of
the welder or welding operator.

Ceftain materials listed in Mandatory Appendix A do
not gppear in ASME Section IX P-Number groups.
Whete these materials have been assigned P-Numbers
in Mandatory Appendix A, they may be welded under
this Code for nonboiler external piping only without
sepatate qualification as if they were listed in ASME
Sectipn IX.

127.5.2 Welding Responsibility. Each employer (see
para| 100.2) shall be responsible for the welding per-
formpd by his/her organization and the performance of
welders or welding operators employed by that
orgaiization.

127.5.3 Qualification Responsibility

(A) Procedures. Each employer shall be responsible
for qhalifying any WPS that he/she intends to have used
by pgrsonnel of his/her organization. However, to avoid
duplfcation of effort, and subject to approval of the
owner, a WPS qualified by a technically competent
group or agency may be used:
A.1) if the group or agency qualifying th& WPS
meetp all of the procedure qualification requirenrents of
this Code
A.2) if the fabricator accepts the”WPS thus
qualiffied
A.3) if the user of the WPS has"qualified at least
one yvelder using the WPS
A.4) if the user of the WPS assumes specific
bnsibility for the procedure qualification work
for him/her by signming the records required by
127.6
four of the @bgve conditions shall be met before a
thus qualified may be used.

(B) Weldeys.and Welding Operators. Each employer
shall|be responsible for qualifying all the welders and
weldjngyoperators employed by him/her.

resp
done]
para,

All
WPS

127.5.4 Standard Welding Procedure
Specifications. Standard Welding\ Pfocedure
Specifications published by the American|Welding
Society and listed in Mandatoty Apperndix 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 Sectipn IX.

127.6 Welding Records

The employer shall'maintain a record (WHS 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 ¢mployed
by him/hér, 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 ¢mployed
by him/her, and the employer shall use this $ymbol to
identify the welding performed by the weldet or weld-
ing operator. This may be accomplished by thp applica-
tion of the symbol on the weld joint in a manney specified
by the employer. Alternatively, the employer shall main-
tain records that identify the weld(s) made by the welder
or welding operator.

128 BRAZING AND SOLDERING
128.1 General

128.1.1 The brazing processes that are tp be used
under this part of the Code shall meet all the te§t require-
ments of Section IX of the ASME Boiler and Pressure
Vessel Code.

128.1.2 Soldering. Solderers shall follow the proce-
dure in ASTM B828, Standard Practice fof Making
Capillary Joints by Soldering of Copper anfl Copper
Alloy Tube and Fittings.

However, toavoid duptication of effort;, e/ 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
established in Section IX, ASME Boiler and Pressure
Vessel Code. An employer accepting such qualification
tests by a previous employer shall obtain a copy of the
original WPQ, showing the name of the employer by
whom the welders or welding operators were qualified,
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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
flux or controlled atmosphere, shall wet and adhere to
the surfaces to be joined.

128.2.2 Flux. A flux that is fluid and chemically
active at brazing or soldering temperature shall be used
when necessary to eliminate oxidation of the filler metal
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and the surfaces to be joined, and to promote free flow
of the brazing alloy or solder.

128.3 Preparation

128.3.1 Surface Preparation. The surfaces to be
brazed or soldered shall be clean and free from grease,
oxides, 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.2) if the fabricator accepts the procedure thus
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 assumes specific
responsibility for the procedure qualification work done
by him/her by signing the records required by
para. 128.6

All four of the above conditions shall be met before a

a clean wettable surface.

128.3.2 Joint Clearance. The clearance between sur-
faces to he joined by brazing or soldering shall be no
larger thgn is necessary to allow complete capillary dis-
tribution |of the brazing alloy or solder.

128.4 Procedure

128.4]1 General

(A) Qdalification of the brazing procedures to be used
and of th¢ performance of the brazer and brazing opera-
tors is required and shall comply with the requirements
of para. 128.5.

(B) Nd| brazing shall be done if there is impingement
of rain, gnow, sleet, or high wind on the area to be
brazed.

128.412 Heating. To minimize oxidation, the joint
shall be Hrought to brazing or soldering temperature in
as short g time as possible without localized underheat-
ing or overheating.

128.4.3 Flux Removal.
removed [if detrimental.

Residual flux shallbe

128.5 Brazing Qualification

128.5{1 General. The qualificatiofl of the brazing-
procedurg and of the performance of brazers and brazing
operatorg shall be in accordance fvith the requirements
of Part QB, Section IX, ASME Boiler and Pressure Vessel
Code, ex¢ept 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
brazers |or brazinhg operators employed by that

organizatl:' on'
128.5. it t;UII RCDPUII:;b;:;ty

procedure thus qualified may be used.
(B) Brazers and Brazing Operators. Each employer
shall be responsible for qualifying all the-prazer$ and
brazing operators employed by him/her.
However, to avoid duplication of effort, he/shd
accept a Brazer/Brazing Operator Performjance
Qualification (BPQ) made by a previous employer|(sub-
ject to the approval of the owxter or his/her agent) on
piping using the same or an equivalent procgdure
wherein the essential viariables are within the limits
established in SectiontIX, ASME Boiler and Prdssure
Vessel Code. An employer accepting such qualifidation
tests by a previgus'employer shall obtain a copy {from
the previous émployer) of the BPQ, showing the name of
the employet:by whom the brazers or brazing opetators
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. 128.6 accepting
responsibility for the ability of the brazer or brpzing
operator.

may

128.6 Brazing Records

The employer shall maintain a record signed by him/
her and available to the purchaser or his/her agerft 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 employpd by
him/her, and the employer shall use this symhol to
identify the brazing performed by the brazer or brpzing
operator. This may be accomplished by the applidation
of the symbol on the braze joint in a manner specifipd by
the employer. Alternatively, the employer shall majntain
records that identify the braze joints(s) made by the
brazer or brazing operator.

(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
be used:

(A.1) if the group or agency qualifying the proce-
dures meets all of the procedure qualification require-
ments of this Code
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129 BENDING AND FORMING

129.1 Bending

Pipe may be bent by any hot or cold method and to
any radius that will result in a bend surface free of
cracks. Such bends shall meet the design requirements
of para. 102.4.5 with regard to minimum wall thickness.
Where limits on flattening and buckling are not specified
by design, as delineated in para. 104.2.1, manufacturing
limits of PFI ES-24 shall be met. When defaulting to
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Table 129.3.1 Approximate Lower Critical
Temperatures

Approximate
Lower Critical

(A) If hot bending or forming is performed, the mate-
rial shall receive a full anneal, normalize and temper,
or tempering heat treatment as specified by the designer.

(B) If cold bending or forming is performed, a heat

Temperature, treatment is required at the time and temperature cycle
°F (°0) listed for the material in Table 132.
Material [Note (1)] . .
129.3.4  Postbending or postforming heat treat- (12)

Carbon steel (P-No. 1) 1,340 (725) ment of austenitic materials shall be performed as
Carbon-molybdenum steel (P-No. 3) 1,350 (730) follows:
1Cr-"Mo (P-No. 4, Gr. No. 1) 1,375 (745)
1Y,Crt%Mo (P-No. 4, Gr. No. 1) 1,430 (775) 129.3.4.1 Cold-formed areas ofpcorhponents
21/4Clr--1N\0, 3Cr—1Mo (P-No. 5A) 1,480 (805) manufactured of austenitic alloys shall\be hept treated
Sgr— Mo (P-No. 5B, Gr. No. 1) 1'505 (Sgg) after forming if they exceed both the design|tempera-
ocr /475 (800) tures and forming strains shown in Table [[29.3.4.1.
9Cr-1Mo-V, 9Cr-2W (P-No. 15E) 1,470 (800)

NOTE:

(1) THese values are intended for guidance only. The user may
afgply values obtained for the specific material in lieu of these
vdlues.

PFI ¥S-24, mutual agreement between purchaser and
fabrigator beyond the stated manufacturing limits shall
not He allowed without the approval of the designer.

Th¢ use of bends designed as creased or corrugated
is nof prohibited.

Forming strains shall be calculated as follows:
(A) For cylinders formed ffom plate

% strain-&50f,/R(1 - Ry/R,)
(B) For spherical or dished heads formed from plate

% strain = 75t,/R{1 — R/R,)
(C) Fordube and pipe bends

% strain = 100r,4/R

Where
129.2 Forming R = centerline. radius of ben.d
- ) Rf = mean radius after forming
Piging components may be formed (swedging, lap- R, = original mean radius (equal to infinity for a flat
ping| or upsetting of pipe ends, extrusion of necks,€tc.) ‘ plate)
by any suitable hot or cold working method, previded r,s = nominal outside radius of pipe or tifbe
such processes result in formed surfaces that'are uniform t, = nominal thickness of the plate, pipg, or tube

and free of cracks or other defects, as determined by

before forming

methjod of inspection specified in the‘design.
129.3.4.2 When forming strains canno{ be calcu-
129.8 Heat Treatment of Bends—and Formed lated as shown in para. 129.3.4.1, the manufacfurer shall
Components have the responsibility to determine the maximum form-
129.3.1 Hot bending.or forming is performed at Ing strain.

a tenpperature above Ty~ 100°F (56°C), where T is
the Ipwer critical témperature of the material. Cold
bendjfng or forming is'performed at a temperature below
T.it 1+ 100°F (562€). (See Table 129.3.1 for lower critical
templeratures.)

129.3:2)" A postbending or postforming heat treat-
mentf] atdthe time and temperature cycles listed for post-

129.3.4.3 For flares, swages, or upsets, heat treat-
ment in accordance with Table 129.3.4.1 shpll apply,
regardless of the amount of strain, unless the| finishing
forming temperature is equal to or greater thar} the mini-
mum heat treatment temperature for a giver| grade or
UNS number material, provided the requir¢gments of
para. 129.3.4.5 are met.

weld heat treatment in Table 132 is required on all carbon
steel (P-No. 1) materials with a nominal wall thickness in
excess of % in. (19.0 mm) unless the bending or forming
operations are performed and completed at tempera-
tures of 1,650°F (900°C) or greater.

129.3.3 A postforming or postbending heat treat-
ment as defined below is required for all ferritic alloy
steel (excluding P-No. 1) materials with a nominal pipe
size 4 in. and larger or with a nominal thickness of % in.
(13.0 mm) or greater.

91

129.3.4.4 Heat treatment, in accordance with
Table 129.3.4.1, shall not be required if 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.

129.3.4.5 The piping components being heat
treated shall be held at the temperatures given in
Table 129.3.4.1 for 20 min/in. of thickness, or for 10 min,
whichever is greater.
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(12) Table 129.3.4.1
Post Cold-Forming Strain Limits and Heat-Treatment Requirements
Minimum Heat-
Limitati in Hieh Treatment
Limitations in Lower Temperature Range 'II'?r:'l;;:’arllsjrt Ra:ﬁg:r Temperature When
A Design Tempdrature
For Design Temperature For Design And and Formingltrain
) But Less Than And Forming Tempera.ture Foftie 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%. [Nete (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 1400 760 15% 1,400 760 10% 2,100 1150
800 08800 1,100 595 15250 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
e 30815 1,075 580 1,250 675 15% 1,250 675 10% 1,920 1050
C22 06022 1,075 580 1,250 675 15% 2,050 1120
GENERAL NPTE:  The limits~shown are for pipe and tube formed from plate, and pipe and tube bends. When the forming strains canpot be
calculated s shown in para.”129.3.4.1, the forming strain limits shall be half those tabulated in this Table (see para. 129.3.4.2).
NOTES:
(1) Rate of|cooling.from heat-treatment temperature not subject to specific control limits.
(2) While minirmum heat-treatment temperatures are specified, it is recommended that the heat-treatment temperature range be limited to
150°F (85%€) above that minimum [250°F (140°C) temperature range for 347, 347H, 348, and 348H].

(3) For simple bends of tubes or pipes whose outside diameter 1s (ess than 3.5 in. (89 mm), this imit is 20%.
p pip ,
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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 postbending or post-
forming heat treatment is to be performed, the designer
shall fully describe the procedure to be used.

130 REQUIREMENTS FOR FABRICATING AND
ATTACHING PIPE SUPPORTS

131.4 Preheat Temperature

The minimum preheat for all materials shall be 50°F
(10°C) unless stated otherwise in the following
paragraphs.

131.4.1  Thickness referred to is the greater of the
nominal thicknesses at the weld of the parts to be joined.

131.4.2 P-No. 1. 175°F (80°C) for material that has
both a specified maximum carbon content in excess of

130.¢1 P;pc SUPPUI ts

Stahdard 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 ac¢ordance with the requirements of the ASME Boiler
and Pressure Vessel Code, Section IX.

130.
Sps

P Alternate Pipe Supports

cial hangers, supports, anchors, and guides, not
defirled as standard types of hanger components in
MSS|SP-58, shall be welded in accordance with the
requijrements 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.

130.

Wellds attaching hangers, supports, guides, and
anchjors to the piping system shall conform to thg
requijrements of Chapters V and VI of this Code.

B Pipe Support Welds

131
131.

Th¢ preheat requirements listed hetein are mandatory
minijnum values.

Th¢ base metal temperature prior to welding shall be
at or[above the specified mifiimum temperature in all
directions from the point.ef welding for a distance of
3 in.|or 1.5 times the base’metal thickness (as defined
in para. 131.4.1), whichever is greater.

Th¢ base metal(temperature for tack welds shall be
at or|above the-specified minimum temperature for a
distahce notJess than 1 in. in all directions from the
poing of welding.

131.2 Different P-Number Materials

WELDING PREHEAT
Il Minimum Preheat Requirements

0.30% and a thickness at the joint in exges$ of 1 in.
(25.0 mm). Preheat may be based on the'act{{al carbon
content as determined from a ladle orprodudt analysis
in accordance with the material specification|in lieu of

the maximum carbon content specified in th¢ material
specification.

131.4.3 P-No. 3. 1752EA80°C) for material or prod-
uct form that has eithér-a specified minimum tensile

strength in excess of 60,000 psi (413.7 MPa) or a|thickness
at the joint in excess'of % in. (13.0 mm).

131.4.4 P<No. 4. 250°F (120°C) for all m{

131.4:5’ P-Nos. 5A and 5B

(A) 200°F (200°C) for material that has eith¢r a speci-
fied Minimum tensile strength in excess of $0,000 psi
(41817 MPa), or has both a specified minimum ¢hromium
content above 6.0% and a thickness at the join{ in excess
of % in. (13.0 mm)

(B) 300°F (150°C) for all other materials h
P-Number

131.4.6 P-No. 6. 400°F (200°C) for all materials.

131.4.7 P-Nos. 9A and 9B
(A) 250°F (120°C) for P-No. 9A materials
(B) 300°F (150°C) for P-No. 9B materials

131.4.8 P-No. 10l. 300°F (150°C) with an
temperature of 450°F (230°C) maximum.

131.4.9 P-No. 15E. 400°F (200°C) for all

terials.

wing this

interpass

materials.

131.6 Interruption of Welding

131.6.1  After welding commences, the
preheat temperature shall be maintained fintil any
required PWHT is performed on P-Nos. 3, 4, bA, 5B, 6,
and 15E, except when all of the following dqonditions

minimum

fialiadd
are—SatisTica:

When welding two different P-Number materials, the
minimum preheat temperature required shall be the
higher temperature for the material to be welded.

131.3 Preheat Temperature Verification

The preheat temperature shall be checked by use of
temperature-indicating crayons, thermocouple pyrome-
ters, or other suitable methods to ensure that the
required preheat temperature is obtained prior to and
uniformly maintained during the welding operation.
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(A) A minimum of at least % in. (9.5 mm) thickness
of weld is deposited or 25% of 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 moved or otherwise loaded).

(B) For P-Nos. 3,4, and 5A (with a chromium content
of 3.0% maximum) materials, the weld is allowed to cool
slowly to room temperature.

(C) For P-No. 5B (with a chromium content greater
than 3.0%), P-No. 6, and P-No. 15E materials, the weld
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is subjected to an adequate intermediate heat treatment
with a controlled rate of cooling. The preheat tempera-
ture may be reduced to 200°F (93°C) (minimum) for
the purpose of root examination without performing an
intermediate heat treatment.

(D) After cooling and before welding is resumed,
visual examination of the weld shall be performed to
assure that no cracks have formed.

(E) Required preheat shall be applied before welding

exceeded provided the actual temperature does not
exceed the lower critical temperature of either material
(see Table 129.3.1).

(B) When parts of two different P-Numbers are joined
by welding, the postweld heat treatment shall be that
specified for the material requiring the higher PWHT
temperature. When a nonpressure part is welded to a
pressure part and PWHT is required for either part,
the maximum PWHT temperature shall not exceed the

is resumdd-

131.6{2 Intermediate heat treatment for P-No. 5B
or 15E mjaterials may be omitted entirely when using
low-hydrpgen electrodes and filler metals classified by
the filler |metal specification with an optional supple-
mental djffusible-hydrogen designator of H4 or lower
and suitdbly controlled by maintenance procedures to
avoid coptamination by hydrogen-producing sources.
The surfajce of the base metal prepared for welding shall
be free of contaminants.

132 PQSTWELD HEAT TREATMENT
132.1 Mjnimum 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
accordanfe with the essential variables of the ASME
Boiler and Pressure Vessel Code, Section IX including
the condjtions of postweld heat treatment or lack .of
postweld|heat treatment and including other restrictions
listed bplow. Except as otherwise provided in
paras. 13P.2 and 132.3, all welds in materials\included
in the P-Numbers listed in Table 132 shall be given a
postweld| heat treatment within the temperature range
specified [in Table 132. (The range spgcified in Table 132
may be npodified by Table 132.1 for theé lower limit and
para. 13P.2 for the upper linrits) The materials in
Table 132 are listed in accafdance with the material
P-Numbgr grouping of Manddtory Appendix A. Welds
of materjals not included'in Table 132 shall be heat
treated ir} accordance‘with the WPS.

132.1.2 Pressure part welds and attachment welds
using ferfitic-filler metals that have a specified chro-
mium coTtent of more than 3% shall receive a postweld

TaXIMUIN teMperatule acceptapie for the prepsure
retaining part.

(C) Caution is necessary to preclude metalluggical
damage to some materials or welds not ifitended or
qualified to withstand the PWHT temperafures
required.

132.3 Exemptions to Mandatery PWHT Requirements

132.3.1  Postweld heat ‘treatment is not required
for the following conditions:
(A) welds in nonférrous materials
(B) welds exempted in Table 132
(C) welds subjéct to temperatures above the lower
critical temperature (see Table 129.3.1) during fabrica-
tion provided the WPS has been qualified with PWHT
(see pafa. 132.1) at the temperature range to be reached
during fabrication

132.3.2  The postweld heat treatment exemjption
of Table 132 may be based on the actual chemical compo-
sition as determined by a ladle or product analypis in
accordance with the material specification in lieu pf the
specified or maximum specified chemical compogition
limits.

132.3.3 Capacitor discharge welding may belused
for welding temporary attachments and permanen{non-
structural attachments without subsequent postweld
heat treatment on P-No. 1 through P-No. 5§ and
P-No. 15E materials, provided

(A) a Welding Procedure Specification is prepared,
describing the capacitor discharge equipment, the|com-
bination of materials to be joined, and the technique of
application; qualification of the welding procedfire is
not required

(B) the energy output of the welding process i
ited to 125 W-sec

lim-

heat treatment: Thc yuotvv C}d hcat treatment tilllc aud
temperature range used shall be that shown in Table 132
for a base metal of similar composition.

132.2 Mandatory PWHT Requirements

Heat treatment may be accomplished by a suitable
heating method that will provide the desired heating
and cooling rates, the required metal temperature, tem-
perature uniformity, and temperature control.

(A) The upper limit of the PWHT temperature range
in Table 132 is a recommended value that may be
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(C) for P-No. 5A, P-No. 5B, and P-No. 15E materials,
the maximum carbon content of the material is 0.15%

132.4 Definition of Thickness Governing PWHT

132.4.1 The term nominal thickness as used in
Table 132 and Notes is the lesser thickness of (A) or (B)
as follows:

(A) the thickness of the weld
(B) the thicker of the materials being joined at the
weld

(12)

(12)
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Table 132 Postweld Heat Treatment

Holding Time Based on Nominal Thickness

P-Number Holding
From Mandatory Temperature Up to 2 in. Over 2 in.
Appendix A Range, °F (°C) (50 mm) (50 mm)
P-No. 1 1,100 (600) 1 hr/in. (25 mm), 2 hr plus 15 min for each
Gr. Nos. 1, 2, 3 to 15 min minimum additional inch (25 mm) over
1,200 (650) 2 in. (50 mm)

GENERAL NOTES:

(@) PWHT of P-No. 1 materials is not mandatory, provided that all of the following conditions are met:

ng

(1) the nominal thickness, as defined in para. 132.4.1, is %, in. (19.0 mm) or less

t more than 1% in. (38 mm) is not mandatory, provided all of the following conditions are met:
(1) the carbon equivalent, CE, is < 0.50, using the formula

CE =C+ (Mn+Si/6+ (Cr+ Mo +V)/5 + (Ni + Cu)/15

(2) a minimum preheat of 200°F (95°C) is applied when the nominal material thickness of either of the base metals) excefeds 1 in.
(2.0 mm)
(b) PWHT of low hardenability P-No. 1 materials with a nominal material thickness, as defined in para. 132.4.3, over 3/, in. (19,

D mm) but

THe maximum chemical composition limit from the material specification or actual values from,a-Chemical analysis or mater|al test
report shall be used in computing CE. If analysis for the last two terms is not available, 0.4%"'may be substituted for those fwo terms
aq follows:
CE =C+ (Mn+Si)/6+0.1
(2) a minimum preheat of 250°F (121°C) is applied
(3) the maximum weld deposit thickness of each weld pass shall not exceéd ¥ in. (6 mm)
() When it is impractical to PWHT at the temperature range specified in Table 132, it is permissible to perform the PWHT of this material
at|lower temperatures for longer periods of time in accordance withsTable 132.1.
p-Number Holding Holding Time Based on Nominal Thickness
From Mandatory Temperature Up to 2 in. Over 2 in.
Appendix A Range, °F (°C) (50 mm) (50 mm)
P-No.[3 1,100 (600) 1 hr/in. (25 mm), 2 hr plus 15 min for eafh
Gr.[Nos. 1, 2 to 15 min minimum additional inch (25 mm) over
1,200 (650) 2 in. (50 mm)
GENERAL NOTES:
(@) PWHT of P-No. 3 materials is not mandatory, provided all of the following conditions are met:

(1) the nominal thickness, as.defined in para. 132.4.1, is % in. (16.0 mm) or less
(2) a minimum preheat of ,20Q°F (95°C) is applied when the nominal material thickness of either of the base metals exce
K.0 mm)

(3) the specified carbomeontent of the P-No. 3 base material is 0.25% or less
hen it is impracticatyte;PWHT at the temperature range specified in Table 132, it is permissible to perform the PWHT of thi
lower temperatures, for longer periods of time in accordance with Table 132.1.
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Table 132 Postweld Heat Treatment (Cont’d)

P-Number Holding Holding Time Based on Nominal Thickness
From Mandatory Temperature Up to 2 in. Over 2 in.
Appendix A Range, °F (°C) (50 mm) (50 mm)
P-No. 4 1,200 (650) 1 hr/in. (25 mm), 2 hr plus 15 min for each
Gr. Nos. 1, 2 to 15 min minimum additional inch (25 mm) over
1,300 (700) 2 in. (50 mm)

GENERAL NOTE: _PWHT is not mandatory for P-No. 4 material under the following conditions:

(a) weld$ in pipe or attachment welds to pipe complying with all of the following conditions:

(1) a
2) a

(b) for sgal welding of threaded or other mechanical joints, provided the seal weld has a throat thickness of > in. (9.0 mn) or les
(c) attachment welds for nonload-carrying attachments provided in addition to (a)(2) above:

(1) st

(2) th¢ hardened portion of the heat affected zone (HAZ) shall not encroach on the minimum wall thickness‘ef the pipe, as dete
by welding |procedure qualification using the maximum welding heat input. The depth of the HAZ shall be takém as the point where th
hardness dpes not exceed the average unaffected base metal hardness by more than 10%.

3 if
(4) th

material to|be welded.

(5) th

(d) for spcket welded components and slip-on flange welds provided

(1) th
(2) th
(3) th

fominal material thickness of % in. (13.0 mm) or less
4pecified carbon content of the material to be welded of 0.15% or less

yd welds or fillet welds made by the SMAW or GTAW process shall be used.

MAW is used, the electrode shall be the low hydrogen type.
¢ thickness of the test plate used in making the welding procedure qualification of SectiondX shall not be less than that

¢ attachment weld has a throat thickness of > in. or less.
¢ throat thickness is % in. (13 mm) or less

¢ wall thickness of the pipe is % in. (13 mm) or less
¢ specified carbon content of the pipe is 0.15% or less

wn

mined
e HAZ

of the

P-Numbkr Holding Holding Time Based on Nominal Thickness
From Mandptory Temperature Up to, 2 in. Over 2 in.

Appendi

A Range, °F (°C) (50° mm) (50 mm)

P-No. 5A

Gr. No.|1 to 15 min minimum additional inch (25 mm) o

1,300 (700) A hr/in. (25 mm), 2 hr plus 15 min for each

1,400 (760) 2 in. (50 mm)

GENERAL NPTE:  PWHT is not mandatory for P-No. 5A material under the following conditions:
(a) weld$ in pipe or attachment welds to pipe camplying with all of the following conditions:

(1) a

(2) a gpecified carbon content of the material to be welded of 0.15% or less

(b) fors

(¢) attachment welds for non-load-castying attachments provided in addition to (a)(2) above:
(1) stdd welds or fillet welds made/by the SMAW or GTAW process shall be used.
(2) th¢ hardened portion of thewheat affected zone (HAZ) shall not encroach on the minimum wall thickness of the pipe, as dete

by welding

hardness dpes not exceedthe\average unaffected base metal hardness by more than 10%.

3 if

(4) th¢ thickness of'the test plate used in making the welding procedure qualification of Section IX shall not be less than that

material to

(5) thé attdehment weld has a throat thickness of % in. or less.

(d) fors

(1) thethroat thickness is /4 in. (13 mm) or less

fominal material thickness of % in. 3:0*mm) or less

bal welding of threaded or other mechanical joints, provided the seal weld has a throat thickness of %4 in. (9.0 mm) or les

procedure qualification®using the maximum welding heat input. The depth of the HAZ shall be taken as the point where t}
MAW is used,\th€ electrode shall be the low hydrogen type.

be welded.

cket'welded components and slip-on flange welds provided

wn

mined
e HAZ

of the

(2) the wall thickness of the pipe is %4 in. (13 mm) or less
(3) the specified carbon content of the pipe is 0.15% or less
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Table 132 Postweld Heat Treatment (Cont’d)
P-Number Holding Holding Time Based on Nominal Thickness
From Mandatory Temperature Up to 2 in. Over 2 in.
Appendix A Range, °F (°C) (50 mm) (50 mm)
P-No. 5B 1,300 (700) 1 hr/in. (25 mm), 2 hr plus 15 min
Gr. No. 1 to 15 min minimum for each additional inch
1,400 (760) (25 mm) over 2 in.
(50 mm)
p-.Number Holding Holding Time Based on Nominat THICKNESS |
From |Mandatory Temperature Up to 2 in. Qver in.
Appendix A Range, °F (°C) (50 mm) (50 mm)
P-No. p 1,400 (760) 1 hr/in. (25 mm), 2 hr.plus 15 min
Gr. Nos. 1, 2, 3 to 15 min minimum for each additional inch
1,475 (800) (25 mm) ovgr 2 in.

(50 mm)

GENERAL NOTE: PWHT is not mandatory for P-No. 6 Type 410 material, provided all of the followipg ‘€onditions are met:
(@) the specified carbon content is not more than 0.08%

(&) the nominal material thickness is %4 in. (10 mm) or less

(@ the weld is made with A-No. 8, A-No. 9, or F-No. 43 filler metal
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Table 132 Postweld Heat Treatment (Cont’d)

Holding Time Based on Nominal Thickness

P-Number Holding
From Mandatory Temperature Up to 2 in. Over 2 in.
Appendix A Range, °F (°C) (50 mm) (50 mm)
P-No. 7 1,350 (730) 1 hr/in. (25 mm), 2 hr plus 15 min
Gr. Nos. 1, 2 to 15 min minimum for each additional inch
1,425 (775) (25 mm) over 2 in.

(50 mm)

GENERAL NPTES:
@ In lieu pf the cooling rate described in para. 132.5, P-No. 7 material cooling rate shall be not greater than 100°F (55°C) perphr in|the
range gdbove 1,200°F (650°C), after which the cooling rate shall be sufficiently rapid to prevent embrittlement.
(b) PWHT i§ not mandatory for P-No. 7 Type 405 material, provided all of the following conditions are met:
(1)} the specified carbon content is not more than 0.08%
(2] the nominal material thickness is > in. (10 mm) or less
(3] the weld is made with A-No. 8, A-No. 9, or F-No. 43 filler metal

Holding Time Based on Nominal Thickness

P-Nunjber Holding
From Mandatory Temperature Up to 2 in. Over 2 in.
Appenglix A Range, °F (°C) (50 mm) (50 mm)
P-No. 8 None None None

Gr. Nos. L, 2, 3, 4

GENERAL NPTE: PWHT is neither required nor prohibited for joints between P-No. 8 austénitic stainless steels.

Holding Time Based on Nominal Thickness

P-Numbgr Holding
From Mandptory Temperature Up.t0/2 in. Over 2 in.
Appendi} A Range, °F (°C) (50 mm) (50 mm)
P-No. 9A 1,100 (600) 1, hr/in. (25 mm), 2 hr plus 15 min
Gr. No.|1 to 15 min minimum for each additionfl inch
1,200 (650) (25 mm) over 2 ip.

(50 mm)

GENERAL NPTES:
(@ PWHT i$ not mandatory for P-No. 9A material when welds on pipe or attachment welds to pipe comply with all of the following
conditipns:
(1) a nominal material thickness of Yin,\(13.0 mm) or less
(2)] a specified carbon content of the material to be welded of 0.15% or less
(3] a minimum preheat of 250°F~(120°C) is maintained during welding
(b) When if is impractical to PWHT at/the~temperature range specified in Table 132, it is permissible to perform the PWHT of this material
at lowef temperatures for longer-periods of time in accordance with Table 132.1, but the minimum PWHT shall not be less than
1,000°F (550°C).

Holding Time Based on Nominal Thickness

P-Numbgr Holding
From Mandptory Temperature Up to 2 in. Over 2 in.
Appendiy A Range, °F (°C) (50 mm) (50 mm)
P-No. 9B 1,100 (600) 1 hr/in. (25 mm), 2 hr plus 15 min
Gr. No.|1 to 15 min minimum for each additionfl inch
1,175 (630) (25 mm) over 2 in.

(50 mm)

GENERAL NOTES:

(@) PWHT of P-No. 9B material is not mandatory for a nominal material thickness of >4 in. (16.0 mm) or less provided the Welding
Procedure Qualification has been made using material of thickness equal to or greater than the production weld.

(b) When it is impractical to PWHT at the temperature range specified in Table 132, it is permissible to perform the PWHT of this material
at lower temperatures for longer periods of time in accordance with Table 132.1, but the minimum PWHT temperature shall not be less
than 1,000°F (550°C).
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Table 132 Postweld Heat Treatment (Cont’d)
Holding Time Based on Nominal Thickness
P-Number Holding
From Mandatory Temperature Up to 2 in. Over 2 in.
Appendix A Range, °F (°C) (50 mm) (50 mm)
P-No. 10H
Gr. No. 1

GENERAL NOTE:

Postweld heat treatment is neither required nor prohibited. If any heat treatment is performed after forming or welding, it

shall pe-perfermed-withinthe-temperatarerangetistedbetowforthe-partiettarattoyfottowed-by-a—rapid-—coot:
Alloy S31803 1,870°F-2,010°F
Alloy S32550 1,900°F-2,050°F
Alloy S32750 1,880°F-2,060°F
All others 1,800°F-1,900°F
Holding Time Based on’Nominal Thickness
P-Number Holding
From Mandatory Temperature Up to 2 in. Over 7 in.
Appgendix A Range, °F (°C) (50 mm) (50 nm)
P-Ng. 10l 1,350 (730) 1 hr/in. (25 mm), 1 hr/in. (5 mm)
Gf. No. 1 to 15 min minimum
1,500 (815)

GENERAL NOTES:
(@) In|lieu of the cooling rate described in para. 132.5, the P-No. 10l material cqeling rate shall be not greater than 100°F (55°() per hr in

the range above 1,200°F (650°C), after which the cooling rate shall be sufficiéntly rapid to prevent embrittlement.
(b) Pdstweld heat treatment is neither required nor prohibited for a nominal’thickness of % in. (13 mm) or less.
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Table 132 Postweld Heat Treatment (Cont’d)

Holding Time Based on Nominal Thickness

P-Number Holding
From Mandatory Temperature Up to 5 in. Over 5 in.
Appendix A Range, °F (°C) (125 mm) (125 mm)
P-No. 15E 1,350 (730) 1 hr/in. (25 mm), 5 hr plus 15 min for each
Gr. No. 1 to 30 min minimum additional inch
1,425 (775) (25 mm) over 5 in.

(125 mm)

GENERAL NPTES:
(@) If the npminal weld thickness is < % in. (13 mm), the minimum holding temperature is 1,325°F (720°C).

(b) For dis{

steel), |f filler metal chromium content is less than 3.0% or if the filler metal is nickel-based or austenitic, the minimum holding
peraturg shall be 1,300°F (700°C).
(©) The makimum holding temperature above is to be used if the actual chemical composition of the matching fillerymetal used whe

making]

be incrgased as follows:

(1) If Ni + Mn < 1.50% but > 1.0%, the maximum PWHT temperature is 1,450°F (790°C).
(2] If Ni + Mn < 1.0%, the maximum PWHT temperature is 1,470°F (800°C).
Explandtory Note to (c) Above: The lower transformation temperature for matching filler materialis ‘@ffected by alloy content, prim
the totdl of Ni + Mn. The maximum holding temperature has been set to avoid heat treatmentn the intercritical zone.
(d) If a porfion of the component is heated above the heat treatment temperature allowed abote, one of the following actions shall
performed:
(1) The component in its entirety must be renormalized and tempered.

2

weld metal shall be removed and replaced.

3

must b removed and be renormalized and tempered or replaced.

(4

design femperature, provided that the portion of the component heated to a temperature greater than that allowed above is rehe]

treated

imilar metal welds (i.e., welds made between a P-No. 15E and another lower chromium ferritic, austenitic, or nickel-based

the weld is unknown. If the chemical composition of the matching filler metal is known, the maximuni)holding temperatu

If the maximum holding temperature in the Table or Note (c)(1) above is exceeded but does not exceed 1,470°F (800°C)
The portion of the component heated above 1,470°F (800°C) and,atdeast 3 in. (75 mm) on either side of the overheate
The allowable stress shall be that for Grade 9 material (i.e., SA*213-T9, SA-335-P9, or equivalent product specification) g

within the temperature range specified above.

Table'132.1 Alternate Postweld Heat Treatment
Requirements for Carbon and Low Alloy Steels

Decrease in Temperatures

e can

hrily

pe

the
zone

t the
at

Copyright ASME International

Below Minimum Specified Minimum Holding Time at
Temperature, Decreased Temperature,
°F (°C) hr [Note (1)]
50 (28) 2
100 (56) 4
150 (84) [Note (2)] 10
200 (112) [Note (2)] 20

GENERAL NOTE: Postweld heat treatment at lower temperatures for
longer periods of time, in accordance with this Table, shall be used
only where permitted in Table 132.

NOTES:

(1) Times shown apply to thicknesses up to 1 in. (25 mm). Add
15 min/in. (15 min/25 mm) of thickness for thicknesses
greater than 1 in. (25 mm).

(2) A decrease of more than 100°F (56°C) below the minimum
specified temperature is allowable only for P-No. 1, Gr. Nos. 1
and 2 materials.
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132.4.2 Thickness of the weld, which is a factor
in determining the nominal 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

(B) fillet welds — the throat thickness of the weld

(C) partial penetration welds — the depth of the weld
groove

132.6 Furnace Heating

(A) Heating an assembly in a furnace should be used
when practical; however, the size or shape of the unit
or the adverse effect of a desired heat treatment on one
or more components where dissimilar materials are
involved, may dictate alternative procedures such as
heating a section before assembly, or by applying local
heating in accordance with para. 132.7.

(B) An assembly may be postweld heat treated in

(DJ material repair welds — the depth of the cavity
to be| repaired

(E) branch welds — the weld thickness is the dimen-
sion pxisting in the plane intersecting the longitudinal
axes pnd is calculated as indicated for each detail using

t. = the smaller of ¥ in. or 0.7,

1) for welds described in Fig. 127.4.8(D):

Detall (a)

weld thickness = t,;, + f.
Detail (b)

weld thickness = t,;, + f.
Detall (c)

weld thickness = greater of t,, + t, or t,;, + f.
Detall (d)
weld thickness = t,, + t,, + L,
Detall (e)
weld thickness =t + .
2) for welds described. in Fig. 127.4.8(E):
weld thickness = t,;, + .

3) for welds.described in Fig. 127.4.8(F) and
Fig. 127.4.8(G):

weld thickness = depth of groove weld
+ throat thickness of cover fillet

more than one heat in a furnace provided, there is at
least a 1 ft (300 mm) overlap of the héateq sections
and the portion of the assembly outside-the furnace is
shielded so that the temperature gradient is notf harmful.

(C) Direct impingement of flame-on the assembly is
prohibited.

132.7 Local Heating

Welds may be locallzBWHT by heating a cirqumferen-
tial band around the"entire component with|the weld
located in the center of the band. The width of the band
heated to theCPWHT temperature for girth welds shall
be at least-three times the wall thickness at the weld of
the thickest part being joined. For nozzle and aftachment
welds, the width of the band heated to the PWHT tem-
perature shall extend beyond the nozzle weld or attach-
ment weld on each side at least two times the header
thickness and shall extend completely arpund the
header. Guidance for the placement of thermodouples on
circumferential butt welds is provided in AWS D10.10,
Sections 5, 6, and 8. Special consideration shal| be given
to the placement of thermocouples when heatjng welds
adjacent to large heat sinks such as valves gr flanges,
or when joining parts of differing thicknesses,|to ensure
that no part of the materials subjected to the he¢at source
exceeds the lower critical temperature of the| material.
Particular care must be exercised when the gpplicable
PWHT temperature is close to the material’s Iqwer criti-
cal temperature, such as for creep strength fenhanced
ferritic steels.

133 STAMPING

Stamping, if used, shall be performed by p method
that will not result in sharp discontinuities. In no case
shall stamping infringe on the minimum wall|thickness
or result in dimp]ing ar r‘]pnh'ng of the matekial being

1 2L 11 I . 1 L ] folee o1 1
[T I TITC tCLIIT 7FLUMTELTEA L TTIHLCT UL LTLICATIESS dS USTU

in Table 132 is the thicker of the materials being joined
at the weld.

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
(815°C/h). (See Table 132 for cooling rate requirements
for P-Nos. 7 and 10I materials.)

stamped.

CAUTIONARY NOTE: Detrimental effects can result from
stamping of material that will be in operation under long-term
creep or creep fatigue conditions.

135 ASSEMBLY
135.1 General

The assembly of the various piping components,
whether done in a shop or as field erection, shall be
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Fig. 135.5.3 Typical Threaded Joints Using Straight Threads

Q\’_\§ o—T1Y Q\/\/Q
! Gasket or ! |
% O-ring
% 1 < 1
Gasket org
O-ring
/\:f;,
(a) (b) ()

done so
with the

135.2 Alignment

135.2
connectig
other pip
induced
prohibite
exceed th

135.2
piping to
of guided
might in
undesired
to asseml
cations a

that the completely erected piping conforms
requirements of the engineering design.

1 Equipment Connections. When making
ns to equipment, such as pumps or turbines or
ng components that are sensitive to externally
oading, forcing the piping into alignment is
H if this action introduces end reactions that
ose permitted by design.

2 Cold Springs. Before assembling joints in
be cold sprung, an examination shall be made
, supports, and anchors for obstructions that
erfere with the desired movement or Tesult in
| movement. The gap or overlap«fpiping prior
ly shall be checked against the design specifi-
d corrected if necessary.

135.3 Bolted Flanged Connections

135.3J1 Fit Up. All flanged joints shall be fitted up
so that tlhe gasket contaetisurfaces bear uniformly on
the gaskgt and then shall be made up with relatively
uniform bolt stress.

135.3
keted fla
pressed
applicabl

135.3.3 Cast Iron to Steel Joints. Cast iron to steel
flanged 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,

2 Gasket/Compression. When bolting gas-
hgecjoints, the gasket shall be properly com-
i accordance with the design principles
0 the type of gasket being used.

a)
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trical
here

consideration should(be given to maintaining eleq
continuity betwgen flanged pipe sections w
required.
135.4 Packed Joints and Caulked Joints

Care shall be used to ensure adequate engagem
jointumembers. Where packed joints are used to a
thermal expansion, proper clearance shall be pro
atthe bottom of the sockets to permit movement

135.5 Threaded Piping

135.5.1 Thread Compound. Any compound or
lubricant used in threaded joints shall be suitable for
the service conditions, and shall be compatible with the
piping material and the service fluid.

135.5.2 Joints for Seal Welding. Threaded
that are intended to be seal welded in accordance
para. 127.4.5 should be made up without any t
compound.

135.5.3 Joints Using Straight Threads. Some
using straight threads, with sealing at a surface jother
than threads, are shown in Fig. 135.5.3. Care shall be
used to avoid distorting the seal when incorposating
such joints into piping assemblies by welding or brgzing.

135.5.4 Backing Off. Backing off threaded joi
allow for alignment is prohibited.

bnt of
bsorb
yided

oints
with
hread

oints

hts to

ints
135.6.1 Flared. The sealing surface shall be free of
injurious defects before installation.

135.6.2 Flareless and Compression. Flareless and
compression joints shall be assembled in accordance
with manufacturer’s recommendations.

135.7 Ductile Iron Bell End Piping

Assembly of ductile iron pipe, using ANSI/AWWA
C111/A21.11 mechanical or push-on joints, shall comply
with AWWA C600.
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Chapter VI
Inspection, Examination, and Testing

136 INSPECTION AND EXAMINATION

year of satisfactorily completed work toward an engi-

136.

136.1.1 General. Inspection is the responsibility of
the gwner and may be performed by employees of the
owngr or a party authorized by the owner, except for
the ipspections required by para. 136.2.

Inspection

136.1.2 Verification of Compliance. Prior to initial
operqtion, a piping installation shall be inspected to
ensufe that the piping has been constructed in accor-
dancg with the design, material, fabrication, assembly,
exanjination, and testing requirements of this Code.

(A) For boiler external piping (BEP), the Authorized
Inspector shall verify, in accordance with PG-90 of
Sectipn I of the Boiler and Pressure Vessel Code, compli-
ance [with the requirements of this Code when a Code
stamp for BEP is to be applied. The quality control sys-
tem gequirements of Nonmandatory Appendix A, A-301
and A-302, of Section I of the ASME Boiler and Pressure
Vessgl Code and Mandatory Appendix | of this Code
shall|apply.

(B) For nonboiler external piping (NBEP), the owner
shallfensure that the design and construction.documents
and the requirements of this Code have béen‘complied
with [in accordance with the owner’s requirements.

136.1.3 Rights of Inspectors. Inspectors shall have
accegs to any place where work jeoncerned with the
pipir|g is being performed. This includes manufacture,
fabrigation, heat treatment,@ssembly, erection, examina-
tion, and testing of the piping. They shall have the right
to aydit any examination, to inspect the piping using
any @ppropriate exaffiination method required by the
engineering design-er this Code, and to review all certifi-
cations and fecerds necessary to satisfy the owner’s
respqnsibility~as stated in para. 136.1.1.

13611.4" Qualifications of the Owner’s Inspector

neering degree recognized by the Accreditat{on Board
for Engineering and Technology shall be ¢gnsidered
equivalent to 1 year of experience, upto-5 ydars total.

(C) In delegating the performance,of inspedtions, the
owner is responsible for determining that a person to
whom an inspection functiomyis. delegated is|qualified
to perform that function.

136.2 Inspection and-Qualification of Authorized
Inspector for-Boiler External Piping

136.2.1 Piping for which inspection and stamping
is required as’determined in accordance with para.
100.1.2(A)~shdll be inspected during construftion and
after completion and at the option of the Authorized
Inspecter at such stages of the work as hefshe may
designate. For specific requirements see the gpplicable
parts of Section I of the ASME Boiler and Pressjire Vessel
Code, PG-104 through PG-113. Each manufactyrer, fabri-
cator, or assembler is required to arrange for the services
of Authorized Inspectors.

136.2.1.1 The inspections requiredl by this
Section shall be performed by an Inspector ¢mployed
by an ASME accredited Authorized Inspectiop Agency.

136.2.2 Certification by stamping gnd Data
Reports, where required, shall be as per PG-104, PG-105,
PG-109, PG-110, PG-111, and PG-112 of Sectign 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, fabricatgr, erector,
or a party authorized by the owner that inclugle nonde-
structive examinations (NDE), such as visual, fradiogra-
phy, ultrasonic, eddy current, liquid penetrant, and
magnetic particle methods. The degree of exgmination
and the acceptance standards beyond the reghirements

(ATheowner s inspector shatt bedesigmated by the
owner and shall be an employee of the owner, an
employee of an engineering or scientific organization,
or of 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 manufac-
turer, fabricator, or erector unless the owner is also the
manufacturer, fabricator, or erector.

(B) The owner’s Inspector shall have not less than
10 years of experience in the design, manufacture, erec-
tion, fabrication, or inspection of power piping. Each
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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 qualified and certified for each examination method
in accordance with a program established by the
employer of the personnel being certified, which shall
be based on the following minimum requirements:

(A) instruction in the fundamentals of the nonde-
structive examination method.
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(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 personnel
to perform the required examinations.

(D) upon completion of (A) and (B) above, the NDE

performed to verify that all completed welds in pipe
and piping components comply with the acceptance
standards specified in (A) below or with the limitations
on imperfections specified in the material specification
under which the pipe or component was furnished.
(A) Acceptance Standards. The following indications

are unacceptable:

(A.1) cracks — external surface.

(A.2) undercut on the surface that is greater than

personnefshatt be givemn an oral or written examination
and perfqrmance examination by the employer to deter-
mine if the NDE personnel are qualified to perform the
required pxaminations and interpretation of results.

(E) cegtified NDE personnel whose work has not
included [performance of a specific examination method
for a peri¢d of 1 yr or more shall be recertified by success-
fully completing the examination of (D) above and also
passing the visual examination of (C) above. Substantial
changes ih procedures or equipment shall require recer-
tification|of the NDE personnel.

As an flternative to the preceding program, the
requirempnts of the ASME Boiler and Pressure Vessel
Code, Seqtion V, Article 1 may be used for the qualifica-
tion of NDE personnel. Personnel qualified to AWS QC1
may be used for the visual examination of welds.

136.4 Examination Methods of Welds

136.4]1 Nondestructive Examination. Nondestruc-
tive examjinations shall be performed in accordance with
the requitements of this Chapter. The types and extent
of mandptory examinations for pressure welds\and
welds to|pressure retaining components are specitied
in Table [36.4. For welds other than those covered by
Table 1364, only visual examination is required. Welds
requiringlnondestructive examination shallcomply with
the applifable acceptance standards for’indications as
specified |in paras. 136.4.2 throughr 136.4.6. As a guide,
the detedtion capabilities for théyexamination method
are showin Table 136.4.1. Welds not requiring examina-
tion (i.e.,|RT, UT, MT, or RI) by this Code or the engi-
neering design shall bejjtidged acceptable if they meet
the examjination requirements of para. 136.4.2 and the
pressure fest requiréments specified in para. 137. NDE
for P-Nog. 3, 4x54,'5B, and 15E material welds shall be
performed aftep postweld heat treatment unless directed

welds in all other materials may be performed before
or after postweld heat treatment.

136.4.2 Visual Examination. Visual examination as
defined in para. 100.2 shall be performed in accordance
with the methods described in Section V, Article 9, of
the ASME Boiler and Pressure Vessel Code. Visual exam-
inations may be conducted, as necessary, during the
fabrication and erection of piping components to pro-
vide verification that the design and WPS requirements
are being met. In addition, visual examination shall be

104

Y I (10 Tm) deep, of encroaches on the mimjmum
required section thickness.

(A.3) weld reinforcement greater than,specifi
Table 127.4.2.

(A.4) lack of fusion on surface.

(A.5) incomplete penetration. (applies only
inside surface is readily accessiblé).

(A.6) any other linear indications greater than
(5.0 mm) long.

(A.7) surface porosity with rounded indicaftions
having dimensions greater than %6 in. (5.0 mm) of four
or more rounded.indications separated by Y4, in.
(2.0 mm) or lessledge to edge in any direction. Roynded
indications are/indications that are circular or elliptical
with their length less than three times their width.

ed in

iwhen

3/16 in.

136:4.3 Magnetic Particle Examination. Whehever
required by this Chapter (see Table 136.4), magnetic
patticle examination shall be performed in accordlance
with the methods of Article 7, Section V, of the ASME
Boiler and Pressure Vessel Code.

(A) Evaluation of Indications

(A.1) Mechanical discontinuities at the surfacp will
be indicated by the retention of the examingation
medium. All indications are not necessarily defects;
however, certain metallurgical discontinuities and [mag-
netic permeability variations may produce similarfindi-
cations that are not relevant to the detecti¢n of
unacceptable discontinuities.

(A.2) Any indication that is believed to be noprele-
vant shall be reexamined to verify whether or not gctual
defects are present. Surface conditioning may precede
the reexamination. Nonrelevant indications that would
mask indications of defects are unacceptable.

(A.3) Relevant indications are those that resulf|from
unacceptable mechanical discontinuities. Linear irfdica-
tions are those indications in which the length is [more
s are
indications that are c1rcu1ar or elliptical with the length
less than three times 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 %, in. (2.0 mm) shall be
considered relevant. The following relevant indications
are unacceptable:
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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 inclusian X [Nate (2)] X [Note (2)] X [Nate (2] X X
Lack of fusfon X [Notes (1), (2)] X [Notes (1), (2)] X [Notes (1), (2)] X X
(on surfafce)
Incomplete|penetration X [Note (3)] X [Note (3)] X [Note (3)] X X

NOTES:

(1) Applied when the outside surface is accessible for examination and/or when the inside surface is readily accessible:

(2) Disconffinuities are detectable when they are open to the surface.
(3) Applieq only when the inside surface is readily accessible.

(B.1)] any cracks or linear indications

(B.2)| rounded indications with dimensions greater
than %, ih. (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 mrh?) of surface with the major dimension of this
area not fo exceed 6 in. (150 mm) with the area taken in
the most pinfavorable location relative to the indications
being evdluated

2

136.4{4 Liquid Penetrant Examination. Whenever
required py this Chapter (see Table 136.4), liquid pene-
trant exarpination shall be performed in accordanee with
the methds of Article 6, Section V, of the ASME Boiler
and Presgure Vessel Code.

(A) Evgluation of Indications

(A.1)] Mechanical discontinuities at the surface will
be indicafed by bleeding out of the penetrant; however,
localized [surface imperfectionsjsuch as may occur from
machininjg marks or surfaee\conditions, may produce
similar injdications that are\nonrelevant to the detection
of unaccgptable discoritinuities.

(A.2)] Any indication that is believed to be nonrele-
vant shal| be regarded as a defect and shall be reexam-
ined to verify-whether or not actual defects are present.
Surface donditioning may precede the reexamination.

of the indication and ‘ot the size of the discontinhuity
is the basis of acceptarnce or rejection.
(B) Acceptange~Standards. Indications whose major
dimensions afg¢ greater than 4 in. (2.0 mm) shall be
considered relevant. The following relevant indicqtions
are unacceptable:
(B:1) any cracks or linear indications
(B.2) rounded indications with dimensions gfeater
than %, in. (5.0 mm)
(B.3) four or more rounded indications in 4 line
separated by %4 in. (2.0 mm) or less edge to edgg
(B.4) ten or more rounded indications in any|6 in.?
(3 870 mm?) of surface with the major dimension qf this
area not to exceed 6 in. (150 mm) with the area taken in
the most unfavorable location relative to the indicqtions
being evaluated

136.4.5 Radiography. When required by this
Chapter (see Table 136.4), radiographic examinption
shall be performed in accordance with Articl¢ 2 of
Section V of the ASME Boiler and Pressure Vessel Code,
except that the requirements of T-274 are to be used as
a guide but not for the rejection of radiographs ynless
the geometrical unsharpness exceeds 0.07 in. (2.0 fmm).

(A) Acceptance Standards. Welds that are shown by
radiography to have any of the following types of dis-
continuities are unacceptable:

Nonrelevant-indications—and-broad--areas—of pigmenta
tion that would mask indications of defects are
unacceptable.

(A.3) Relevant indications are those that result 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
circular or elliptical with the length less than three times
the width.

(A.4) Anindication of a discontinuity may be larger
than the discontinuity that causes it; however, the size

(A.1) any type of crack or zone of incomplete fusion
or penetration
(A.2) any other elongated indication that has a
length greater than
(A.2.1) % in. (6.0 mm) for t up to % in. (19.0 mm),
inclusive
(A.2.2) %t for t from % in. (19.0 mm) to 2% in.
(57.0 mm), incl.
(A.2.3) % in. (19.0 mm) for t over 2% in. (57.0 mm)
where ¢ is the thickness of the thinner portion of the weld
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NOTE: treferred 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 two thickness.

(A.3) any group of indications in line that have an
aggregate length greater than f in a length of 12, except
where the distance between the successive indications
exceeds 6L where L is the longest indication in the group

(A.4) porosity in excess of that shown as acceptable
in N X%, A= i
the ASME Boiler and Pressure Vessel Code
A.5) root concavity when there is an abrupt change
in density, as indicated on the radiograph

13
this
(UT)
Secti
and {

(A
form

6.4.6 Ultrasonic Examination. When required by
Chapter (see Table 136.4), ultrasonic examination
shall be performed in accordance with Article 4 of
bn V of the ASME Boiler and Pressure Vessel Code
he following additional requirements.

The following criteria shall also be met when per-
ng ultrasonic examinations:
[A.1) The equipment used to perform the examina-
tion ghall be capable of recording the UT data to facilitate
the analysis by a third party and for the repeatability
of sybsequent examinations, should they be required.
Whefte 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 ¢gxaminations shall be qualified and certified in
accofdance with their employer’s written practi¢e-and
the r¢quirements of para. 136.3.2 of this Code, Pétsonnel,
procgdures, and equipment used to collect-and analyze
UT dpta shall have demonstrated their ability to perform
an adceptable examination using test'blocks approved
by the owner.

(B) Acceptance Standards. Weélds that are shown by
ultragonic examination to have discontinuities that pro-
duce|an indication greatet_than 20% of the reference
level[shall be investigated/to the extent that ultrasonic
exanfination personnelcan determine their shape, iden-
tity, gnd location so'that they may evaluate each disconti-
nuity| for acceptance in accordance with (B.1) and (B.2)
below.
B.1)~Discontinuities evaluated as being cracks, lack
of fukion,~Or incomplete penetration are unacceptable

137 PRESSURE TESTS
137.1 General Requirements

137.1.1 Subassemblies. When conducted in accor-
dance with the requirements of this Code, the pressure
testing of piping systems to ensure leak tightness shall
be acceptable for the determination of any leaks in pip-
ing subassemblies.

o : tempera-
ture of the test medium shall be that of, the| available
source unless otherwise specified by the ownef. The test
pressure shall not be applied until the|systerh and the
pressurizing medium are approximately at the same
temperature. When conducting-pressure tegts 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 b¢ taken to
eliminate hazardsto personnel in the proximify of lines
being tested.

137.1%4 Maximum Stress During Test. Al no time
during.the pressure test shall any part of the piping
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 postyveld heat
treatment, required by para. 132, nondestructie exami-
nations required by Table 136.4, and all other fabrication,
assembly and erection activities required to pfovide the
system or portions thereof subjected to the prgssure test
with pressure retaining capability.

137.2 Preparation for Testing

137.2.1 Exposure of Joints. All joints including
welds not previously pressure tested shall be left uninsu-
lated and exposed for examination during the test. By
prior agreement the complete system or portiohs thereof
subject to test may be insulated prior to the t¢st period
provided an extended holding time pressurjzation of

the system is performed to check for possible leakage
through the insulation barrier.
137.2.2 Addition of Temporary Supports| Piping

regareiessofdength:

(B.2) Other discontinuities are unacceptable if the
indication exceeds the reference level and their length
exceeds the following:

(B.2.1) Y in. (6.0 mm) for t up to % in. (19.0 mm).

(B.2.2) Yt for t from ¥ in. (19.0 mm) to 2Y% in.
(57.0 mm).

(B.2.3) %in. (19.0 mm) for t over 2% in. (57.0 mm)
where t is the thickness of the weld being examined. If
the weld joins two members having different thicknesses
at the weld, t is the thinner of these two thicknesses.
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systems designed for vapor or gas shall be provided
with additional temporary supports if necessary to sup-
port the weight of the test liquid. Such supports shall
meet the requirements for testing and system cleanup
procedures described in para. 122.10.

137.2.3 Restraint or Isolation of Expansion Joints.
Expansion joints shall be provided with temporary
restraint if required for the additional pressure load
under test, or they shall be isolated during the system
test.
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137.2.4 lIsolation of Equipment and Piping Not
Subjected to Pressure Test. Equipment that is not to be
subjected to the pressure test shall be either disconnected
from the system or isolated by a blank or similar means.
Valves may be used for this purpose provided that valve
closure is suitable for the proposed test pressure. Owner
shall be aware of the limitations of pressure and temper-
ature for each valve subject to test conditions and as
further described in para. 107.1(C). Isolated equipment

owner. Test water shall be clean and shall be of such
quality as to minimize corrosion of the materials in the
piping system. Further recommended precautions on
the quality of test water used for hydrotesting of austen-
itic (300 series) and ferritic (400 series) stainless steels are
contained in Nonmandatory Appendix IV, para. IV-3.4.

137.4.4 Check of Test Equipment Before Applying
Pressure. The test equipment shall be examined before
pressure is applied to ensure that it is tightly connected.

and pipir
137.2

1 1
8 IITUSU DT VIIILCd.

.5 Treatment of Flanged Joints Containing
Blanks. [Flanged joints at which blanks are inserted to
blank off|other equipment during the test need not be
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 sef at 1% times the test pressure is recommended
during tHe pressure test, provided the requirements of
paras. 13f.1.4, 137.4.5, and 137.5.5 are not exceeded.

137.3 Requirements for Specific Piping Systems

137.3]
ing [see {

1 Boiler External Piping. Boiler external pip-
ara. 100.1.2(A)] shall be hydrostatically tested
in accordgince with PG-99 of Section I of the ASME Boiler
and Presgure Vessel Code. The test shall be conducted
in the pr¢sence of the Authorized Inspector.

137.3|2 Nonboiler External Piping. All monboiler
external piping shall be hydrostatically tested in accor-
dance with para. 137.4. As an alternative, when specified
by the oyner, the piping may be leak( tested in accor-
dance with para. 137.5, 137.6, or 137.7. Lines open to
the atmogphere, such as vents or drains downstream of
the last shutoff valve, need not. be tested.

137.4 Hydrostatic Testing:

137.4J1 Material, (When permitted by the Material
Specificaftion, a systém hydrostatic test may be per-
formed ip lieu of‘the hydrostatic test required by the
material ppecifications for material used in the piping
subassenblyof system provided the minimum test pres-

All low-pressure filling lines and all other itemks not
subject to the test pressure shall be disconnected"qr iso-
lated by valves or other suitable means.

The
r Sys-
sure,
pres-
ssels,
osed
pusly
then
such

137.4.5 Required Hydrostatic Test Pressure.
hydrostatic test pressure at any poifityin the pipin
tem shall not be less than 1.5 times the design pre
but shall not exceed the maxifnim allowable test
sure of any nonisolated cemponents, such as vd
pumps, or valves, nor shall-it exceed the limits imj
by para. 102.3.3(B). The pressure shall be continu
maintained for a mintmum time of 10 min and may
be reduced to the“design pressure and held for
time as may kg recessary to conduct the examindtions
for leakagexExaminations for leakage shall be mgde of
all joints ‘and connections. The piping system, exclusive
of passible localized instances at pump or valve padking,
shallhshow 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 tgsting
or permits its use as an alternative. It is recommgnded
that pneumatic testing be used only when one ¢f the
following conditions exists:

(A) when piping systems are so designed that
cannot be filled with water
(B) when piping systems are to be used in sefvices
where traces of the testing medium cannot be tolerated

137.5.2 Test Medium. The gas used as th¢ test
medium shall be nonflammable and nontoxic. pince
compressed gas may be hazardous when used as g test-
ing medium, it is recommended that special precaytions
for protection of personnel be observed when h gas
under pressure is used as the test medium.

they

sure required for the piping system 15 met.

137.4.2 Provision of Air Vents at High Points. Vents
shall be 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 system is
filling. Venting during the filling of the system may be
provided by the loosening of flanges having a minimum
of four bolts or by the use of equipment vents.

137.4.3 Test Medium. Water shall normally be used
as the test medium unless otherwise specified by the
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137.5.3 Check of Test Equipment Before Applying
Pressure. The test equipment shall be examined before
pressure is applied to ensure that it is tightly connected.
All items not subjected to the test pressure shall be
disconnected or isolated by valves or other suitable
means.

137.5.4 Preliminary Test. A preliminary pneumatic
test not to exceed 25 psig [175 kPa (gage)] may be
applied, prior to other methods of leak testing, as a
means of locating major leaks. If used, the preliminary
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pneumatic test shall be performed in accordance with
the requirements of paras. 137.5.2 and 137.5.3.

137.5.5 Required Pneumatic Test Pressure. The
pneumatic test pressure shall be not less than 1.2 nor
more than 1.5 times the design pressure of the piping
system. The test pressure shall not exceed the maximum
allowable test pressure of any nonisolated component,
such as vessels, pumps, or valves, in the system. The
pressure in the system shall gradually be increased to

example is piping where shut-off valves are not available
for isolating a line and where temporary closures are
impractical. Others may be systems where during the
course of checking out of pumps, compressors, or other
equipment, ample opportunity is afforded for examina-
tion for leakage prior to full scale operation. An initial
service test is not applicable to boiler external piping.

137.7.2  When performing an initial service test, the
piping system shall be gradually brought up to normal

not more than one-half of the test pressure, after which
the pfessure shall be increased in steps of approximately
one-enth of the test pressure until the required test
presgure 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 gsig [700 kPa (gage)] and held for such time as may
be n¢cessary to conduct the examination for leakage.
Exanpination for leakage detected by soap bubble or
equiyalent method shall be made of all joints and connec-
tionsf The piping system, exclusive of possible localized
instapces at pump or valve packing, shall show no evi-
dence of leaking.

137.6 Mass-Spectrometer and Halide Testing

1B7.6.1  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 dhall be tested by a method, such as helium mass-

operating pressure and continuously held~fqr a mini-
mum time of 10 min. Examination for leakage shall be
made of all joints and connections. The piping system
exclusive of possible localized instances at{pump or
valve packing shall show no visualevidence of weeping
or leaking.

137.8 Retesting After Repair or Additions

137.8.1 Repairs mdy be made to the prespure parts
of boiler externdl piping after the hydrosftatic test
required by parat.137.3.1, provided the requirpments of
PW-54.2 of Section I of the ASME Boiler and Pressure
Vessel Code‘dre met.

137.8.2
pressure parts of boiler external piping after t
static test required by para. 137.3.1, provided th
ments of PW-54.3 of Section I of the ASME ]
Pressure Vessel Code are met.

137.8.3

Nonpressure parts may be welded to the
he hydro-
e require-
oiler and

If repairs or additions to nonboildr external

spectrometer test or halide test, which has the required  piping are made following a test, the affect¢d piping
sensitivity. shall be retested in accordance with the proyisions of

137.6.2 When a mass-spectrometer‘or’ halide test pzra. 13{'3'21' dIrowevefrt, 4 st);stf;m nete d Plo tb 3bretelftid
is performed, it shall be conducted imaccordance with atter seal welding or atter attachiments ol ugs brackets,

the ipstructions of the manufactuger of the test equip-
mentl In all cases a calibrated referérce leak, with a leak
rate ot greater than the maximum permissible leakage
from|the system, shall be ysed” The equipment shall be
calibrated against the reference leak in such a way that
the system leakage measured by the equipment can be
detefmined to be net greater than the leak rate of the
refer¢nce leak.

137.
137.7.Y When specified by the owner, an initial

servike—test and-examinationisaccentable when other

Initial.Service Testing

insulation supports, nameplates, or other no
retaining attachments provided

(A) the attachment fillet weld does not exg
(10.0 mm) thickness or, if a full penetration weld is used,
the material attached does not exceed the nomjnal 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 reqtired by
Table 136.4

(D) seal welds shall be examined for leal
system startup

hpressure

eed % in.

age after

types of tests are not practical or when leak tightness
is demonstrable due to the nature of the service. One

109

137.8.4 All weld defect repairs shall be made in
accordance with para. 127.4.11.
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Chapter VII
Operation and Maintenance

138 GENERAL

(I) quality of flow medium (e.g., dissolved oxygen,

Safety |s the overriding concern in design, operation,
and mainfenance of power piping. Managing safe piping
service bggins with the initial project concept and contin-
ues throujghout the service life of the piping system. The
Operating Company is responsible for the safe operation
and mairjtenance of its power piping.

The Code does not prescribe a detailed set of operating
and maiftenance 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 fare operated. The additional requirements
described in subsequent paragraphs apply to covered
piping syjstems (CPS).

139 ORERATION AND MAINTENANCE
PROCEDURES

For CBfS, this shall be accomplished by the isstiance
of writte operation and maintenance procedures. The
operatior] and maintenance procedures established by
the Operating Company for ensuring safe operation of
its CPS 1nay vary, but the following aspects shall be
covered:

(A) oppration of piping systém Within design limits

(B) dofumentation of syStem operating hours and
modes of operation

(C) dogumentationofactual operating temperatures
and presgures

(D) dofumentation of significant system transients or
excursiofis inéluding thermal hydraulic events (e.g.,
steam hammers, liquid slugging)

pH)
(J) documentation of the condition assessment (see
para. 140)
(K) other required maintenance

140 CONDITION ASSESSMENT OF CPS

A program shall be estdblished to provide fdr the
assessment and documentation of the condition pf all
CPS. The documentatign'shall include a statemen{ as to
any actions necessary/for continued safe operatipn. A
condition assegsmient shall be performed at perfiodic
intervals as défermined by an engineering evaluaftion.

Conditioniassessments shall be made of CPS baspd on
establisheéd-industry practices. The condition assesgment
may zrafige from a review of previous inspection finflings
and“eperating history since the previous inspecti¢n, to
athorough nondestructive examination (NDE) andlengi-
feering evaluation. The extent of the assessmenf per-
formed shall be established by the Operating Confpany
or its designee with consideration of the age of thgq CPS,
the previous documented assessment, and anticipated
operating conditions.

The condition assessment documentation, in a|form
established by the Operating Company, should cqntain
(but not be limited to) as many of the following elements
as available:

(A) system name

(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 pressur¢

(F) operating hours, both cumulative (from ipitial
operation) and since last condition assessment

(E) dokumentation-of-modifications—repairs

D oY
HeR oo oo e et ooy PersTe

replacements

(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

(H) assessment of degradation mechanisms, includ-
ing, but not limited to, creep, fatigue, graphitization,
corrosion, erosion, and flow accelerated corrosion (FAC)

(C) actual modes of operation-since-lastcondition

assessment (such as the number of hot, warm, and cold
starts)

(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

(]) description and list of any dynamic events, includ-
ing thermal hydraulic events, since the last condition
assessment
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(K) actual pipe wall thickness and outside diameter
measurements taken since the last condition assessment
as appropriate based on service

(L) summary of pipe system inspection findings,
including list of areas of concern

(M) recommendations for reinspection interval and
scope

Guidance on condition assessment may be found in
Nonmandatory Appendix V of this Code.

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

141 | CPS RECORDS

CHS records shall be maintained and easily accessible
for the life of the piping systems and should consist of,
but rfot be limited to

(A) procedures required by para. 139

(B) condition assessment documentation required by
para, 140

(C) original, as-built, and as modified or repaired pip-
ing drawings

(D) design and modified or repaired pipe support
drawfings for piping operating within the creep regime

144 | CPS WALKDOWNS

The Operating Company shall develop and imple-
mentfa program requiring documentation of piping sup-
port| readings and recorded piping system
displpcements. Guidelines for this program are provided
in Ngnmandatory Appendix V, para. V-7. Piping system

vartatiorns fronr theexpected desigmdisptacements shall
be considered to assess the piping systern[s{integrity.
Subsequent evaluations and correcti{e actjons may
necessitate activities such as detailed examinations of
critical weldments and support,adjustmentg, repairs,
and replacement of individualSupports and festraints.

145 MATERIAL DEGRADATION MECHANISMS

Creep is stress-, tinie-, temperature-, and |material-
dependent plasticdeformation under load. Stress allow-
ables for materials having time-dependent projperties are
noted with jitalics in Mandatory Appendix Al Material
stress rupture or creep properties govern the stress
allowables*within this temperature regime arnjd may be
impértant in the piping system evaluation.

The Operating Company shall develop and imple-
ment a program requiring data collection and gvaluation
of high-priority areas for CPS materials operafing in the
creep range. Guidelines provided in para. V-12 may be
used for this program, which may also includ¢ non-CPS
piping operating in the creep regime.
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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
(12) 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 W@BG) 47 26 1.00
A192 C-Si 1 @05) (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
(12) 6 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 1) (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 M©)@1s) 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 C 1 2 () (47) 26 0.85
C C 1 ®)] 60 37 0.85
A214 C 1 ME)®G) (47) 26 0.85
A333 1 C—Mn 1 1) 55 30 0.85
(12) 6 C-Mn-Si 1 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

-20
to 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 71 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 17.1 17.1 17.1 17.1 15.6 13,0 10.8 A-1 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 APl 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 APl 5L
Electric Resistance Welded Pige 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 . 1 A333
14.6 4.6 14.6 14.6 14.6 14.6 14.6 13.3 6
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(12) 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 &1l C 1 Qs 45 25 0.85
7AY - C T (O3 T8 30 0.85
B C C-Mn 1 D@4 60 35 0.85
A587 A A C 1 (6)][@))] 48 30 0.85
Electric Fudion Welded Pipe — Filler Metal Added
Al134 A283A C 1 (€3]%2) 45 24 0.80
A283B C 1 (©]%)] 50 27 0.80
A283C C 1 0@ 55 30 0.80
A283D C 1 W@ 60 33 0.80
Al134 A285A A C 1 [ODIRIE)] 45 24 0.80
A285B - C 1 [@BIN]C)] 50 27 0.80
A285C A C 1 [DIRIE)] 55 30 0.80
A139 A c. C 1 1@s) 48 30 0.80
B C—Mn 1 (1))14) 60 35 0.80
APl 5L A . C 1 (D(2)(14) 48 30 0.90
B . C-Mn 1 1@(4) 60 35 0.90
A671 CA55 10,13 C 2 1@(@5) 55 30 0.90
CA55 11,12 C 1 1@@5) 55 30 1.00
CA55 20,23,30,33 C 1 (@3]¢) 55 30 0.90
CA55 21,22,31,32 C 1 (6)][@))] 55 30 1.00
A671 CB60 10,13 C-Si 1 1@@a5) 60 32 0.90
CB60 11,12 C-Si 1 (1)(2)(15) 60 32 1.00
CB60 20,23,30,33 €-Si 1 (6)][@))] 60 32 0.90
CB60 21,22,31,32 C-Si 1 (@3]¢) 60 32 1.00
A671 CB65 10,13 C-Si 1 (1)(2)(15) 65 35 0.90
CB65 11,12 C-Si 1 1@@5) 65 35 1.00
CB65 20,23;30,33 C-Si 1 [@3]¢) 65 35 0.90
CB65 21,22,31,32 C-Si 1 (6)][@)] 65 35 1.00
A671 CB70 10,13 C-Si 1 1@@5) 70 38 0.90
CB70 11,12 C-Si 1 (1)(2)(15) 70 38 1.00
CB70 20,23,30,33 C-Si 1 (6)][@)] 70 38 0.90
CB76: 21,22,31,32 C-Si 1 (6)][@))] 70 38 1.00
A671 €C60 10,13 C-Mn-Si 1 1@@5) 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 (6)[@))] 60 32 0.90
CC60 21,22,31,32 C-Mn-Si 1 (@3]¢) 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

-20
to 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 11.7 11.7 11.7 11.7 11.7 11.7 10.0 .1 /. 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 A587
Electric Fusion Welded\Pipe — Filler Metal Added
10.3 10.3 10.3 10.3 10.3 9.8 9.5 A283A Al134
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 A283C
13.7 13.7 13.7 13.7 13.7 13.5 13.0 A283D
10.3 10.3 10.3 10.3 10.3 9.8 9.5 9.2 8.6 6.6 A285A A134
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 11.0 100 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 APl 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 17.1 171 17.1 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
171 17.1 17.1 17.1 171 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
171 17.1 17.1 17.1 171 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
CCo65 TT, 12 C=M—S1 T (T 2(T5) 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 D@@5) 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) 75 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
Ccb70 20,23,30,33 C-Mn-Si 1 0B) 70 50 0.90
CcDb70 21,22,31,32 C-Mn-Si 1 (©15)) 70 50 1.00
A671 CD80 10,13 C-Mn-Si 1 (1)(15) 80 60 0.90
CD80 11,12 C-Mn-Si 1 (1)(@5) 80 60 1.00
CD80 20,23 C-Mn-Si 1 (63][€)] 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 DB@@5) 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 1WR)@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 DB@@5) 55 30 0.90
A55 11582 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 DB@@5) 55 30 1.00
B55 20,23,30,33 C 1 (6)]@)] 55 30 0.90
B5S 21,2231.32 C 1 @A) 55 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 (6)][@)] 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

-20
to 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 CCé65 A671
18.6 136 36 136 T30 7.9 73 16.7 13.9 1174 CCo5
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CCé65
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CCe5
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 CC70
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 19.6 157 12.6 CK75
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 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 R Ce Ce CcD70 A671
20.0 20.0 19.7 19.5 19.5 19.5 19.5 N\ . . CD70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 N .. C CD70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 .. - S CD70
20.6 20.6 20.3 20.1 20.1 20.1 2014 .. R . CD80 A671
22.9 22.9 22.6 22.3 22.3 22.3 22.3 . . . CD80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 o . c. CcD80
22.9 22.9 22.6 22.3 22.3 22.3 22.3 . ... . CD80
11.6 11.6 11.6 11.6 11.6 10 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 14.3 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
14.3 14.3 14.3 143 14.3 13.8 13.3 12.5 11.2 9.6 A50
14.1 141 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55 A672
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55
14.1 14.1 4.1 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 1434, 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55 A672
15.7 15.7 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 15 7 15 7 153 14.8 143 12.1 10.2 BE5LD
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 1)@ (15) 65 35 0.90
B65 TT, 12 C T (T 2(T5) 55 35 1.00
B65 20,23,30,33 C 1 (@)} 65 35 0.90
B65 21,22,31,32 C 1 (€[] 65 35 1.00
A672 B70 10,13 C 1 DB@@5) 70 38 0.90
B70 11,12 C 1 DMP)@15) 70 38 1.00
B70 20,23,30,33 C 1 (63[®)] 70 38 0.90
B70 21,22,31,32 C 1 (€3]0 70 38 1.00
A672 C55 10,13 C 1 ME)@15) 55 30 0.90
C55 11,12 C 1 1WP)@15) 55 30 1.00
C55 20,23,30,33 C 1 M) 55 30 0.90
C55 21,22,31,32 C 1 (6)[®))] 55 30 1.00
A672 C60 10,13 C 1 1MP)@15) 60 32 0.90
C60 11,12 C 1 DB@@5) 60 32 1.00
C60 20,23,30,33 C 1 (]@))} 60 32 0.90
C60 21,22,31,32 C 1 1@ 60 32 1.00
A672 C65 10,13 C 1 1) (2)(15) 65 35 0.90
C65 11,12 C 1 1MP@15) 65 35 1.00
C65 20,23,30,33 C 1 (€[] 65 35 0.90
C65 21,22,31,32 C 1 (€3]0 65 35 1.00
A672 Cc70 10,13 C 1 MP)@15) 70 38 0.90
C70 11,12 C 1 1P)@15) 70 38 1.00
Cc70 20,23,30,33 C 1 (€3]0 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(@5) 70 50 0.90
D70 11,12 C—Mn-Si 1 (1)(15) 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 (1)(5) 80 60 0.90
D80 11512 C—-Mn-Si 1 (1(@a5) 80 60 1.00
D80 20,23 C—-Mn-Si 1 1B) 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 1ME)@15) 75 42 0.90
N75 11,12 C—Mn-Si 1 1P)(15) 75 42 1.00
NZ5 20,23,30,33 C-Mn-Si 1 (€3]0 75 40 0.90
NZ5 21,2231.32 C=Mn=Si 1 A1) 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 1mQas) 70 50 1.00
CMSH-70 20,23,30,33 C-Mn-Si 1 0B 70 50 0.90
CMSH-70 21,22,31,32 C—Mn-Si 1 0B) 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

-20
to 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
18.6 136 36 136 T30 7.9 73 16.7 13.9 1174 Bo5
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 1240 B70
14.1 14.1 14.1 14.1 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 14.1 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.% 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 C65 A672
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 C65
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 C65
18.0 18.0 18.0 18.0 18.0 175 16.9 16.3 13.3 10.8 C70 A672
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 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 e c. e D70
20.0 20.0 19.7 19)5 19.5 19.5 19.5 - . . D70
20.6 20.6 20.3 20.1 20.1 20.1 20.1 c.. - . D80 A672
22.9 22.9 22.6 22.3 22.3 22.3 22.3 . C . D80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 o - S D80
22.9 22.9 22.6 22.3 22.3 22.3 22.3 . ... . D80
19.3 198 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 9.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75
21.4 21 4 21 .4 21 4 21 .4 204 108 1901 15 126 NZE
18.0 18.0 17.7 17.6 17.6 17.6 17.6 . - . CMSH-70 A691
20.0 20.0 19.7 19.5 19.5 19.5 19.5 . C . CMSH-70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 c. - . CMSH-70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 . C . CMSH-70

121

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

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 [6DI¢%)) 80 60 0.90
CMSH-80 T, 12 C=Mm—S1 T (5 80 50 1.00
CMSH-80 20,23 C-Mn-Si 1 (63][E)] 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 (63[@))] 75 40 1.00
Copper Brazed Tubing
A254 - - C . 10 42 25 1.00
Plate
A36 R Ce. C-Mn-Si 1 W@ 58 36 0.92
A283 A C 1 @) 45 24 0.92
B C 1 1D 50 27 0.92
C C 1 @) 55 30 0.92
D C 1 D)7 60 33 0.92
A285 A C 1 @) 45 24 1.00
B C @) 50 27 1.00
C C 1 @) 55 30 1.00
A299 - - C—Mn=§i 1 @(@13) 75 40 1.00
C—Mn=Si 1 212 75 42 1.00
A515 60 e C-Si 1 @) 60 32 1.00
65 . C-Si 1 @) 65 35 1.00
70 A C-Si 1 @ 70 38 1.00
A516 55 ... C-Si 1 ®) 55 30 1.00
60 - C-Mn-Si 1 2 60 32 1.00
65 A C-Mn-Si 1 ) 65 35 1.00
70 A~ C-Mn-Si 1 2 70 38 1.00
Forgings
A105 A A C-Si 1 @) 70 36 1.00
A181 . .G 60 C-Si 1 @) 60 30 1.00
70 C-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

-20
to 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 o .. .. CMSH-80 A 691
22.9 779 775 773 773 7723 2723 .. .- .- CMSH-80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 . e o CMSH-80
22.9 22.9 22.6 22.3 22.3 22.3 22.3 c. A A 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 13.1 13.1 13.1 13.1 12.7 12.3 B
14.5 14.5 14.5 14.5 14.5 141 13.6 C
15.8 15.8 15.8 15.8 15.8 15.5 159 D
12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 8.3 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 15.7 157 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 20.0 200 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 .. A105
17.1 171 17.1 17.1 16.3 15.3 14.8 14.3 13.0 10.8 e A181
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0
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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 S C-Si 1 @ 60 35 1.00
WPT - C=St T V4] 70 [y 1.00
Castings
A216 WCA . C-Si 1 2)(6) 60 30 0.80
WCB A C-Si 1 2)(6) 70 36 0.80
wccC o C—-Mn-Si 1 2)(6) 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 intermedtiate temperatures.

() The P-Nlumbers indicated in this Table are identical to those adopted by ASME Bojlér and Pressure Vessel Code. Qualification of eld-
ing projcedures, welders, and welding operators is required and shall comply with-the ASME Boiler and Pressure Vessel Code
(Sectiop IX) except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands sf\pounds per square inch.”

(e) The mdterials listed in this Table shall not be used at design temperatutes above those for which allowable stress values are givgn
except Jas permitted by para. 122.6.2(G).

(f) The tahulated stress values are S x E (weld joint efficiency factonlor S x F (material quality factor), as applicable. Weld joint effigiency
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 values given in this Table are for use in designing piping compo-
nents Which are not manufactured in accordance with feferenced standards.

(h) All the |materials listed are classified as ferritic [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.

(12)  NOTES:
(1)  THIS MATERIAL IS NOT ACCEPTABLE FQR CONSTRUCTION OF PRESSURE RETAINING PARTS OF BOILER EXTERNAL PIPING — SEE FIG.
100.1.2(A) AND (B).

(2) Upon| prolonged exposure totemperatures above 800°F (427°C), the carbide phase of carbon steel may be converted to graphife.

(3) The gllowable stress values.given are for pipe fabricated from plate not exceeding 2'/, in. in thickness.

(4)  This pnaterial shall not bé-used for flammable fluids. Refer to para. 105.2.1(A).

(5) Tensile value in parentheses is expected minimum.

(6) The .80 material‘qUality factor for casting may be increased in accordance with para. 102.4.6.

(7)  The dtress valu€sAor structural quality plate include a material quality factor of 0.92. The allowable stresses for A283 Grade D pnd

A36 plateshave been limited to 12.7 ksi.

(8) Thesg stress’values are permitted only if killed or semikilled steels are used.

(9)  A254liseopperbrazedftrot-welded)steelpipe-

(10) For saturated steam at 250 psi (406°F), the values given for 400°F may be used.

(11) The allowable stress values listed in MSS SP-58 for this material may be used for pipe supporting elements designed in accordance

with MSS SP-58.

(12) These values apply to material less than or equal to 1 in. thick.

(13) These values apply to material greater than 1 in. thick.

(14) This material is not listed in the ASME Boiler and Pressure Vessel Code, Section IX. However, weld procedures shall be qualified in

accordance with the P-Number shown. See para. 127.5.1.
(15) This material shall not be used in nominal wall thicknesses exceeding %/ in.
(16) These allowable stress values are for pipe made using a butt-welded joint process. Pipe made by other processes shall not be used.
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Table A-1 Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to 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 20.0 20.0 20.0 200 198 1833 148 120 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 R A36
18.6 18.6 18.6 18.6 18.6 18.6 18.6 16.9 13,9 11.4 R A992
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ASME B31.1-2012

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=Y% Mo 3 60 30 1.00
T5 SCT=Y5 Mo 5B B0 30 1.00
T5b 5Cr- Y, Mo-1,Si 5B 60 30 1.00
A213 T5¢ 5Cr- Y, Mo-Ti 5B 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 (11) 85 60 1.00
A333 3 3Y,Ni 9B (1) 65 35 1.00
4 3/, Cr=>/,Ni—Cu—-Al 4 1) 60 35 1.00
7 2Y4Ni 9A 1) 65 35 1.00
9 2Ni-1Cu 9A 6] 63 46 1.00
A335 P1 c-Y% Mo 3 ()] 55 30 1.00
P2 Y, cr-Y Mo 3 55 30 1.00
P5 5Cr-% Mo 58 60 30 1.00
P5b 5Cr-Y Mo-1%Si 58 60 30 1.00
A335 P5c 5Cr-Y, Mo-Ti 5B 60 30 1.00
P9 9Cr-1Mo 5B 60 30 1.00
P11 1Y, =%, Mo=Si 4 60 30 1.00
A335 P12 1Cr-%, Me 4 60 32 1.00
P21 3Ct<1Mo 5A .. 60 30 1.00
P22 23 Cr—1Mo 5A (5) 60 30 1.00
P91 9Cr-1Mo-V 15E (10) 85 60 1.00
P91 9Cr—1Mo-V 15E (11) 85 60 1.00
A369 FP1 Cc-Y,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
FP11 1Y, Cr-%, Mo-Si 4 60 30 1.00

Copyright ASME International

Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS

126


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

Table A-2 Low and Intermediate Alloy Steel (12)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to 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 17.1 171 17.1 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 |117.1 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 15.1 145 13.8 10.9 80 58 4.2 2.9 1.8 10} T5c¢ A213
17.1 1171 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 T9

17.1 (171 17.1 16.8 16.2 15.7 15.4 151 14.8 14.4 140 13.6 9.3 6.3 4.2 2.8 L. oo T11

17.1 [16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 153 14.9 145 11.3 7.2 4.5 2.8 V- oo T12 A213
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 5.5 440 . oo 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 . oo 122

243 124.3 243 24.2 241 237 23.4 229 222 213 203 19.1 17.8 16.3 14.0._“~10.3 7.0 4.3 T91
24.3 (24.3 243 24.2 241 23.7 23.4 229 222 213 203 19.1 17.8 163 129 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 (171 17.1 171 17.1 17.1 17.1 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 15.7 157 15.4 149 145 ...0,... ... ... P1 A335
15.7 |115.7 15.7 15.7 15.7 15.7 157 15.7 15.4 14.9 14.5 139% 9.2 59 . . . ... P2
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 P5
17.1 117.1 16.6 16.5 16.4 16.2 159 15.6 15.1 14.5 138710.9 8.0 5.8 4.2 2.9 1.8 1.0 P5b
17.1 117.1 16.6 16.5 16.4 16.2 159 15.6 15.1 145y 13.8 10.9 8.0 58 4.2 2.9 1.8 1.0 P5c A335
17.1 (171 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 1171 17.1 16.8 16.2 157 15.4 151 14.8 4.4 140 13.6 9.3 6.3 4.2 2.8 e ... P11
17.1 ]116.8 16.5 16.5 16.5 16.3 16.0 15.8 5.5 15.3 149 145 11.3 7.2 4.5 2.8 R ... 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
17.1 117.1 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 R ... P22
24.3 (24.3 243 24.2 24.1 23.7 234229 222 213 203 19.1 17.8 163 140 10.3 7.0 4.3 P91
24.3 1243 243 24.2 241 23.7 2344 229 222 213 203 19.1 17.8 163 129 9.6 7.0 4.3 P91
15.7 (15.7 15.7 15.7 15.7.457 15.7 157 15.4 149 145 ... ... ... . . . ... FP1 A369
15.7 (15.7 15.7 15.7 15AA5.7 15.7 157 15.4 149 145 139 9.2 59 . - . ... FP2
17.1 (17.1 16.6 16.5,.16:4" 16.2 159 15.6 15.1 145 13.8 10.9 80 5.8 4.2 2.9 1.8 1.0 FP5
17.1 (17.1 16.6 46.5 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 FP9 A369
17.1 1171 174 \16.8 16.2 15.7 15.4 151 14.8 14.4 140 13.6 93 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 .. 3CT—IMO 5A .. 50 30 1.00
FP22 . 2%, Cr-1Mo 5A 5) 60 30 1.00
A714 % . 2Ni-1Cu 9A (1) 65 46 1.00
Centrifugally Cast Pipe
A426 CP1 .. c-Y4Mo 3 1) B)4)(7) 65 35 0.85
CP2 ... Y4 Cr=Y, Mo 3 1)@ ©7) 60 30 0.85
CP5 .. 5Cr-Y4 Mo 5B 1B 7) 90 60 0.85
CP5b ... 5Cr-Y,Mo-Si 5B 1B)@®)(7) 60 30 0.85
A426 CP9 . 9Cr-1Mo 5B 1B®®@) 90 60 0.85
CP11 . 1Y, cr-%, Mo 4 BIOIA) 70 40 0.85
A426 CP12 .. 1Cr-¥4 Mo 4 1)) 60 30 0.85
CP21 .. 3Cr-1Mo 5A WEW @) 60 30 0.85
CP22 . 2Y, Cr-1Mo 5A (1B @) (7) 70 40 0.85
Electric Registance Welded Pipe
A333 3 . 3V, Ni 9B (1) 65 35 0.85
7 ... 2Y4Ni 9A (1) 65 35 0.85
9 .. 2Ni-1Cu 9A (1) 63 46 0.85
A714 Vv E 2Ni-Cu 9A (1) 65 46 0.85
Electric Fudion Welded Pipe — Filler Metal Added
A672 L65 20,23,30,33 C-Y4Mo 3 (1) 65 37 0.90
L65 21,22,31,32 G=Y5Mo 3 (1) 65 37 1.00
A672 L70 20,23,30,33 C-Y%Mo 3 (1) 70 40 0.90
L70 21,22,31,32 c-Y% Mo 3 (1) 70 40 1.00
A672 L75 20,23,30,33 c-Y%Mo 3 (1) 75 43 0.90
L75 21,22,31,32 c-YMo 3 (1) 75 43 1.00
A691 CM-65 20;23,30,33 Cc-¥,Mo 3 (1) 65 37 0.90
CM-65 21,22,31,32 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 c-Y% Mo 3 (1) 70 40 1.00
A691 TW-75 20,23,30,33 =4 Mo 3 (@] 75 73 0.90
CM-75 21,22,31,32 c-Y% Mo 3 (1) 75 43 1.00
A691 15 CR 20,23 ¥, Cr=Y4 Mo 3 n®© 55 33 0.90
Y4 CR 21,22 Y, Cr-Y, Mo 3 1)(8) 55 33 1.00
5 CR 20,23,30,33,40,43 Y, cr=Y4 Mo 3 1)(9) 70 45 0.90
Y4 CR 21,22,31,32,41,42 Y, Cr=Y, 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

-20
to 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 [I77T 166 16.6 16.6 16.6 16.6 10.0 16.06 106.0 16.0 12.0 9.0 7.0 5.5 70 .- .. P21
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 . ... fP22

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 . 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 ... CP11
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 14.1 14.1 141 141 141 141 141 13.6 10.2 7.4 6.0 4.7 3.4 R ... 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 R ... CP22

Electric Resistance elded Pipe

15.8 (15.8 15.8 15.8 15.8 149 142 ... ... ... ... \... ... ... 3 A333
15.8 [15.8 15.8 15.8 15.8 14.9 14.2 ... ... .. (0 e e . e 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 16.1 ... ... ... - . . ... Le5 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 ... ... ... R S e ... L70
19.3 (19.3 19.3 19.3 19.3 9.3 193 193 193 193 187 ... ... . R R e ... L75 A672
21.4 |121.4 21.4 21.4 2104V21.4 21.4 21.4 21.4 21.4 207 ... ... ... . ... L7s
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+186 18.6 18.6 18.6 18.6 18.6 184 179 ... ... ... - . . ... CM-6p
18.0 (18.0 «18,6 18.0 18.0 18.0 18.0 18.0 18.0 179 174 ... ... ... R . . 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 ... ... ... AN .. S ... CM-75 A691
21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 207 ... ... ... R S . ... CM-75
14.1 141 141 141 141 141 141 141 141 141 13.8 129 83 53 R . . A A691
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 157 153 143 9.2 59 . . . coo R
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 . . . coo YR
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 18.6 9.2 59 . . . coo R
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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-Y Mo 4 (1®) 55 33 0.90
TCR 21,22 TCT=5 W0 [ [W9It:)) 55 33 1.00
1CR 20,23,30,33,40,43 1Cr-Y Mo 4 (1©) 65 40 0.90
1CR 21,22,31,32,41,42 1Cr-%; Mo 4 (1O) 65 40, 1.00
A691 1Y, CR 20,23 1Y, Cr=%, Mo-Si 4 1)(8) 60 35 0.90
1Y, CR 21,22 1Y, Cr-, Mo-Si 4 (1)(®) 60 35 1.00
1Y, CR 20,23,30,33,40,43 1Y, Cr=%, Mo-Si 4 (1O) 75 45 0.90
1Y, CR 21,22,31,32,41,42 1Y, Cr-1, 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
2V, CR 21,22 2Y, Cr-1Mo 5A 1)(5)(@B) 60 30 1.00
2Y,CR 20,23,30,33,40,43 2Y, Cr-1Mo 5A 1) (5)O) 75 45 0.90
2V, CR 21,22,31,32,41,42 2Y, Cr-1Mo 5A 1)(5)O) 75 45 1.00
A691 3CR 20,23 3Cr-1Mo 5A (1@®) 60 30 0.90
3CR 21,22 3Cr-1Mo 5A (1)(8) 60 30 1.00
3CR 20,23,30,33,40,43 3Cr-1Mo 5A (BO) 75 45 0.90
3CR 21,22,31,32,41,42 3Cr-1Mo 5A @0©) 75 45 1.00
A691 5CR 20,23 5Cr-% Mo 58 1)(@®) 60 30 0.90
5CR 21,22 5Cr-14 Mo 58 (1®) 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-Y4 Mo 5B 1)©) 75 45 1.00
A691 91 40,43,50,53 9Cr-1Mo-V 15E 1)©) 85 60 0.90
91 41,42,51,52 9Cr—1Mo-V 15E 1)(9) 85 60 1.00
Plate
A387 2 1 %GV Mo 3 ... 55 33 1.00
2 2 =Y Mo 3 (1) 70 45 1.00
5 1 5Cr-14 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-Y, Mo-Si 4 75 45 1.00
12 1 1Cr-%; Mo 4 55 33 1.00
12 2 1Cr-Y4 Mo 4 65 40 1.00
A387 21 1 3Cr-1Mo 5A . 60 30 1.00
21 2 3Cr-1Mo 5A . 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

-20
to 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 [I54 I5.1T 1I5.T 15.I 15.1 1I5.1 15.T 1I5.r 1I5.1 1I5.1 1#4.7 11.3 7. 7.5 3 .. 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 . ... 1C€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 ...(NCR

15.4 (15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 151 14.7 123 84 57 3.8 2.5 e 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 19.3 193 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 (15.4 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 29 . .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 R .. 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 8.1 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 . ... 3CR

19.3 ]119.3 18.8 18.6 18.5 18.3 18.2 18.0 17.7 17.4 16.3 11.8 8B\ 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 14,5 13.8,\0.9 80 58 4.2 2.9 1.8 1.0 5CR
19.3 119.2 18.7 18.5 185 18.2 17.9 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 15.7«1%5w 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 1748 N\71 17.1 171 17.1 16.8 16.4 13.7 9.3 6.3 4.2 2.8 A oo 1 A387
21.4 (21.4 21.4 21.4 2134.V21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 . P |

15.7 |15.4 15.1 15.% 151 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 17.9 179 179 17.4 11.3 7.2 4.5 2.8 . Lo 12

17.1 |117.1 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 A 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. Lo 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 . Lo 22

24.3 24.3 24.3 24.2 241 23.7 23.4 229 222 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 91 A387

243 243 243 24.2 241 23.7 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 -, Mo 3 2 70 40 1.00
2 =40 3 70 70 1.00
F5 5Cr-14 Mo 5B 70 40 1.00
F5a 5Cr-% Mo 5B 90 65 1.00
A182 F9 9Cr-1Mo 5B 85 55 1.00
Fo1 . 9Cr-1Mo-V 15E 85 60 1.00
F11 Class 1 1Y, Cr=%, Mo-Si 4 60 30 1.00
F11 Class 2 1Y, Cr-Y, Mo-Si 4 70 40 1.00
F11 Class 3 1Y, Cr=%, Mo-Si 4 75 45 1.00
F12 Class 1 1Cr-Y Mo 4 60 30 1.00
F12 Class 2 1Cr-%; Mo 4 70 40 1.00
F21 . 3Cr-1Mo 5A . 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
A336 F1 c-Y%Mo 3 ()] 70 40 1.00
F5 5Cr-Y4Mo 5B 60 36 1.00
F5A ... 5Cr-Y,Mo 5B 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-4 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 L. 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
Fo1 9Cr-1Mo-V\, 15E (10) 85 60 1.00
Fo1 9Cr—1Mo-V 15E (11) 85 60 1.00
A350 LF3 V6N 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 4 Y, Mo 3 @) 55 30 1.00
WP5 Class 1 5Cr-% Mo 5B 60 30 1.00
WP5 Class 3 5Cr-14 Mo 5B 75 45 1.00
WP9 Class 1 9Cr-1Mo 5B 60 30 1.00
WP1x Class 1 1Y, Cr-Y, Mo 4 60 30 1.00
WPt 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 5) 60 30 1.00
WP22 Class 3 2Y,Cr-1Mo 5A ) 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

-20
to 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 C - e ... F1 A182
20.0 [20°0 200" 200 20.0 20.0 20.0 20.0 20.0 199 19.3 136 0. 5.9 .. .. .. .. 12
20.0 |20.0 19.4 19.2 19.2 189 18.6 18.2 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
24.3 |24.2 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 A182
24.3 |124.3 24.3 24.2 24.1 23.7 23.4 229 222 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 F91
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 A ... F11
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 13.7 9.3 6.3 4.2 2.8 v - ... 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 e ... 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 . ... 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 |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 . ... 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 e ... F22
21.4 |121.4 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
20.0 |20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 13.7 8.2 /4.8 ... R C ... F1 A336
17.1 |117.1 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 F5
22.9 122.8 22.1 22.0 21.9 21.6 21.3 20.8 20.2 19.1 14.3 10.9 580 5.8 4.2 2.9 1.8 1.0 F5A
17.1 |117.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6(7,9.3 6.3 4.2 2.8 C ... F11
20.0 [20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 13/ 9.3 6.3 4.2 2.8 . ... 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 19.1 18&6+18.0 11.3 7.2 4.5 2.8 . ... F12
17.1 |117.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 . 160 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 1943\ 181 13.1 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 16.6_ 166 16.6 13.6 10.8 8.0 5.7 3.8 . ... F22
21.4 |121.4 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 e ... F22
24.3 |124.3 24.3 24.2 24.1 23.7 23.4 22.9 0222 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 F91
24.3 |24.3 24.3 24.2 241 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 |120.0 20.0 20.0 20.0 18.8 179N .. v e e e .. ... LF3 A350
17.1 |117.1 171 171 171 171 A ... .. .. oo e ... LF4
17.1 |16.5 15.7 15.3 153 ... St .. ol oee e e e ... LF5
20.0 |19.2 18.3 17.8 17.8 _.nJ o i i i e e ... LF5

Wrought Fittings (Seamless gnd Welded)
15.7 |15.7 15.7 1b.74*5.7 15.7 15.7 15.7 15.4 14.9 14,5 ... ... C . . . ... WP1 A234
17.1 |17.1 16.616,5 16.4 16.2 159 15.6 15.1 145 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5
21.4 |121.4 208 ,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 |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 WP9
17.1 |17.%717.1 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 . ... WP11
21.4 12047 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 . ... 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 R ... WP1
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 ... 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 e ... 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
24.3 243 243 24.2 241 23.7 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 wc1 C-Y4Mo 3 3@ 65 35 0.80
Wezr TN=5CT=75 W0 7 Gtz 70 70 0.80
WCs5 %/, Ni-1Mo->/,Cr 4 3)® 70 40 0.80
WCé 1Y, cr-Y% Mo 4 (3)(4) 70 40 0.80
A217 WC9 2Y, Cr-1Mo 5A (3)(4) 70 40 0.80
c5 5Cr-14 Mo 5B 3)® 90 60 0.80
C12 9Cr-1Mo 5B 3@ 90 60 0.80
C12A 9Cr-1Mo-V 15E 34 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 i 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, gxcept
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 givgn.

(f) The talulated stress values are S x E (weld joint efficiency factor) or S x F (matéerial quality factor), as applicable. Weld joint eff{-
ciency factors are shown in Table 102.4.3.

(g) Pressute—temperature ratings of piping components, as published in stafidards 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 ggvern
the selpction of stresses.

(12)  NOTES:

(1)  THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BQILER EXTERNAL PIPING — SEE FIGS. 100.1.2(A) AND (B).

(2) Upon| prolonged exposure to temperature abave 875°F, the carbide phase of carbon-molybdenum steel may be converted to grgphite.

(3) Thesg allowable stress values apply to norfalized 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 fittings are_made from A387 Grade 12 Class 1 plate, the allowable stress values shall be reduced by the fatio

of 55| divided by 60 in the temperature range —20°F through 850°F. At 900°F through 1,100°F, the values shown may be used.

(7)  The mutual quality factor foricentrifugally cast pipe (0.85) is based on all surfaces being machined, after heat treatment, to a sprface

finisH of 250 win. arithmetic average deviation or better.

(8) Thesg allowable stressvalues are for pipe fabricated from ASTM A387 Class 1 plate in the annealed condition.

(9) Thesg allowable’stress values are for pipe fabricated from ASTM A387 Class 2 plate.

(10) Thesg allowable stress values apply to thickness less than 3 in.

(11) Thesg¢ allawable stress values apply to thickness 3 in. or greater.
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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

-20
to 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
14.9 149 149 149 149 14.9 149 14.7 143 13.9 135 ... ... e Ce A Ce ..o wWa A217
16.0 [T6.0 16,0 16,0 16.0 16.0 16.0 16.0 16.0 16.0 I5.4 120 7.4 4./ e e NS e W4
16.0 |16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.4 13.0 8.8 5.5 3.7 2.2 - ... WCh
16.0 |16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.8 15.4 15.0 11.0 7.4 5.0 3.4 2.2 e ...O\WE6
16.0 |16.0 15.8 15.5 15.4 15.4 15.3 15.0 14.8 143 13.8 12.6 9.1 6.2 4.1 2.6 WC9 A217

20.6 [20.6 19.9 19.8 19.7 19.4 19.1 18.7 18.2 153 11.4 8.7 6.4 4.6 3.4 2.3 1.4 0.8 (5
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 19.4 19.4 19.3 19.0 18.7 183 17.7 17.1 16.2 153 14.2 13.0 11.2 8.2 506 3.4 C12A
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Table A-3 Stainless Steels

Specified  Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal 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
P304 S30400 18Cr-8Ni 8 9(10) 75 30 1.00
TP304H S30409 18Cr—-8Ni 8 L. 75 30 1.00
TP304H S30409 18Cr-8Ni 8 © 75 30 1.00
A213 TP304L S30403 18Cr—8Ni 8 (1) 70 25 1.00
TP304L S30403 18Cr—-8Ni 8 (63IE)] 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
A213 S30815 21Cr-11Ni-N 8 1) 87 45 1.00
S$30815 21Cr-11Ni-N 8 (OIO)] 87 45 1.00
A213 TP309H S$30909 23Cr—12Ni 8 ©9) 75 30 1.00
TP309H S30909  23Cr-12Ni 8 .. 75 30 1.00
TP310H S$31009 25Cr-20Ni 8 9) 75 30 1.00
TP310H S31009  25Cr—20Ni 8 75 30 1.00
A213 TP316 S31600 16Cr-12Ni-2Mo 8 (10) 75 30 1.00
TP316 S$31600 16Cr-12Ni-2Mo 8 9(0) 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
(12) A213 TP316L S31603 16Cr-12Ni-2Mo 8 P9 70 25 1.00
12) TP316L S31603 16Cr-12Ni-2Mo 8 1929 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
A213 TP321 $32100 18Cr<10Ni-Ti 8 (10) 75 30 1.00
TP321 S32100 18Cr=10Ni-Ti 8 ©9(0) 75 30 1.00
TP321H $32109 18Cr—10Ni-Ti 8 A 75 30 1.00
TP321H S32109 “~A18Cr-10Ni-Ti 8 © 75 30 1.00
A213 TP347 S34700 18Cr-10Ni-Cb 8 (10) 75 30 1.00
TP347 S$34700 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 9)(10) 75 30 1.00
TP348H S34809 18Cr—10Ni-Cb 8 .. 75 30 1.00
TP348H S34809 18Cr-10Ni-Cb 8 © 75 30 1.00
A312 TP304 S30400 18Cr—8Ni 8 (10) 75 30 1.00
TP304 S30400 18Cr—-8Ni 8 9(0) 75 30 1.00
TP304H S$30409 18Cr—8Ni 8 A 75 30 1.00
TP304H S30409 18Cr—-8Ni 8 9 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

-20 Type
to 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 I0.1 9.3 77 6.1 1P30%4 A213
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 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 ) TP304H
16.7 |14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 TP304} A213
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 133 13.0 ... ... ... e Ce Ce - ... TP304}
22.9 |119.1 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 Ve 6.1 TP304\N
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 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 11.6 910 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 14.9 116 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 12.5 123)°10.3 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 16.9 16.7 3.8 103 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 12.3\\12.1 10.3 7.6 5.5 4.0 TP310H
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5¢i1l.4 11.3 11.2 111 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%“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 11.6 115 11.4 11.3 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¢,"15.6 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 9.4 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_ 130 12.7 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 TP316
22.9 |122.9 22.0 21.5 21.2 21.0 20.5 20.0 496 19.2 18.8 18.5 18.1 17.8 158 12.3 9.8 7.4 TP316
20.0 |18.0 16.5 15.3 14.3 13.5 13.2 18.0°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 18.3 17.9-1725 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 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 TP321{d
20.0 [20.0 19.1 18.7 18.7 18.3. %9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
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 18.8 17.8 172,169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347
20.0 |18.4 17.1 16.0 150" 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 TP347f
20.0 |20.0 18.8 17.817.1 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 17,24,\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 TP348 A213
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 TP348
20.0 |18.4~. 171 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 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 10.1 9.8 7.7 6.1 TP304 A312
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 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 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 TP304H
137
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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§59 70 75 1.00
TP304L S30403 18Cr-8Ni 8 1) 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 S30815 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 © 75 30 1.00
TP309H S$30909 23Cr-12Ni 8 A 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
(12) A312 TP316L S31603 16Cr-12Ni-2Mo 8 129 70 25 1.00
(12) 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 TP317 S31700  18Cr-13Ni-3Mo 8 Qo) 75 30 1.00
P317 S$31700 18Cr-13Ni-3Mo 8 1)(9)(10) 75 30 1.00
TP321 S32100  18Cr-10Ni=Ti 8 (10) 75 30 1.00
TP321 $32100 18Cr—10N=Ti 8 9)(10) 75 30 1.00
TP321H S32109  18Cr—10Ni=Ti 8 e 75 30 1.00
TP321H 532109 18Cr<10Ni-Ti 8 ©9) 75 30 1.00
A312 TP347 S34700 18Cr-10Ni-Ch 8 (10) 75 30 1.00
TP347 S34700 “~~18Cr-10Ni-Cbh 8 9)(10) 75 30 1.00
TP347H S34709) 18Cr-10Ni-Cb 8 R 75 30 1.00
TP347H S34709  18Cr—10Ni-Cb 8 © 75 30 1.00
A312 TP348 $34800  18Cr—10Ni-Cb 8 (10) 75 30 1.00
TP348 S34800  18Cr-10Ni-Cb 8 9)(10) 75 30 1.00
TP348H S34809  18Cr-10Ni-Cb 8 C. 75 30 1.00
TP348H S34809  18Cr-10Ni-Cb 8 © 75 30 1.00
A312 TPXM#15 S38100  18Cr-18Ni-2Si 8 (6D)] 75 30 1.00
TPXM:15 S$38100 18Cr-18Ni-2Si 8 (OI)] 75 30 1.00
TBexpm-19 S20910 22Cr—13Ni—5Mn b3 1) 100 [N 1.00
TPXM-19 520910 22Cr-13Ni-5Mn 8 Do 100 55 1.00
S31254  20Cr-18Ni-6Mo 8 )] 95 45 1.00
S$31254 20Cr-18Ni-6Mo 8 (OIO)] 95 45 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

-20 Type
to 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 e e e ... TP3044
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 20.3 189 179 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 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 5.5 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 76! 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 16.9 16.7 13.8 10.3 26 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 TP310H
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\15.3 151 12.4 9.8 7.4 TP316(
16.7 (14.2 12.7 11.7 10.9 10.4 10.2 100 9.8 9.6 9.4 92(»9.0 8.8 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 (22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18,185 18.1 17.8 158 12.3 9.8 7.4 TP316N
20.0 (17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.811.6 11.5 11.4 113 11.2 11.1 9.8 7.4 TP317 A312
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1_159 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP317
20.0 (18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7712.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321
20.0 |20.0 19.1 18.7 18.7 18.3 17.9 17.5 A7 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 14.3 13.5 13.2 13.0 942.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321{H
20.0 |20.0 19.1 18.7 18.7 18.3 17.9 1%5°17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321{H
20.0 |18.4 17.1 16.0 15.0 14.3 14.6./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 18.8 17.8 17.2 16.9. 168 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 15.0 143 4.0 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 16.0 150" 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~.35:0 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 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 10.6 10.4 A TPXM-15
286 1284 269 260 255 250 244 242 239 235 233 230 22 225 222 TPXM.- 9
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 22.9
27.1 24,5 219 20.2 19.1 183 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 Class 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
S30409  18Cr-8Ni 8 L. 75 30 1.00
S30409  18Cr—8Ni 8 © 75 30 1.00
S30451 18Cr-8Ni-N 8 (10) 80 35 1.00
S30451 18Cr-8Ni-N 8 9)(10) 80 35 1.00
A376 S31600  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 - 75 30 1.00
S31609  16Cr—12Ni-2Mo 8 © 75 30 1.00
S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
S31651 16Cr—12Ni-2Mo-N 8 9(@10) 80 35 1.00
A376 $32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00
S32100 18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00
S32109  18Cr-10Ni-Ti 8 RN 75 30 1.00
S32109 18Cr-10Ni-Ti 8 ©) 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 8 e 75 30 1.00
S34709  18Cr-10Ni-Cb 8 © 75 30 1.00
A376 S$34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00
S34800  18Cr—10Ni-Ch 8 9)(10) 75 30 1.00
A789 S$32550  25.5Cr-5.5Ni-3.5Mo-2Cu  10H (1)(25)(26) 110 80 1.00
A790 S$32550 25.5Cr=5.5Ni-3.5Mo-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 (63[®))] 65 40 1.00
S44600 27Cr 10l e 70 40 1.00
S44626  27Cr—1Mo-Ti 10l 2 68 45 1.00
Ferritic/Austenitic
A789 S$31803  22Cr-5.5Ni-3Mo-N 10H (1(23)(24) 90 65 1.00
$32205 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 95 70 1.00
c297EN 2L Ni 4M NI 104 (AN 114 [oYa) 1.00
7 LI AL L LA L LA TOTY A AT ) T .
A790 S$31803 S31803  22Cr-5.5Ni-3Mo-N 10H D(23)(24) 90 65 1.00
$32205 S$32205  22Cr-5.5Ni-3Mo-N 10H D23)(24) 90 65 1.00
$32750 S32750  25Cr-7Ni-4Mo-N 10H ®WE23) 116 80 1.00
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Table A-3 Stainless Steels (Cont’d) (12)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20 Type
to 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 I 5 II.2 IT.0 108 10.6 10.4 10.1 938 77 0.1 1P30%4 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 (P304
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
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 TP304
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

= = L LT

20.0 (17.3 15.6 143 13.3 12.6 123 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 11.1 2.8 7.4 TP316 A376
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 9.8 7.4 TP316
20.0 (17.3 15.6 143 13.3 12.6 123 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 1%l 9.8 7.4 TP316
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 _“924 9.8 7.4 TP316
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 TP316Q
22.9 1229 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 18.1 178 158 123 9.8 7.4 TP316

T L

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 TP321 A376
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 6.2 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 12.4 123 12.3312.0 11.9 9.1 6.9 5.4 TP321
20.0 (20.0 19.1 18.7 18.7 183 179 17.5 17.2 16.9 16.7 16.5 16:4)°16.2 12.3 9.1 6.9 5.4 TP321{H

T

20.0 (18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134\13.4 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 13,5~13.4 13.4 13.4 13.4 133 10.5 7.9 TP347
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 TP347

T T

20.0 |18.4 17.1 16.0 15.0 143 14.0 13.8 13.7 136-13.5 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 (31.3 295 28.6 282 ... ... .o oo oo o ol A789
31.4 (31.3 29.5 28.6 28.2 ... ... L.t Lo oo oo ool e e A790

Ferritic/Martensitic

17.1 117.1 16.8 16.5 16.3 159 156 152 ... ... ... ... ... ... ... TP405 A268
17.1 (17.1 16.8 16.5 16.3 159 156 152 ... ... ... ... ... ... ... TP410

17.1 117.1 16.8 16.5 16.3 159 156 152 ... ... ... ... ... ... ... TP429

17.1 (17.1 16.8 16.5 163, 159 156 152 ... ... ... ... ... ... ... TP430

18.6 |18.6 18.3 18.1 184" 18.1 181 ... ... ... ... .. .. ... ... TPXM-p7

20.0 |20.0 19.3 18.8\/18.4 17.9 17.7 ... ... .. oo ol ol ... TP44611

19.4 (19.4 19.3 19.0) 18.8 18.4 181 ... ... ... ... .. .. ... ... TPXM-B3

Ferritic/fAustenitic

25.7 [25.7.24.8 23.9 233 23.1 ... ... .. o0 oo ool e e ... S3180B A789
27.1 [27:45726.2 25.2 24.6 243 ... ... .. .. oo oo e ... S3220p
33.1 B33 -4 —S3275
25.7 25.7 24.8 239 233 23.1 ... ... .0 oo oo ool e ... S31803 A790
25.7 25.7 24.8 239 233 23.1 ... ... o oo ol oo e ... S32205
33.1 33.0 31.2 30.1 29.6 29.4 ... ... .. .. oo oo e ... 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 1LEQOa7 70 30 0.85
dPF8 - 192600 18Cr-8Ni 8 DWE)Y®0a0a7 70 30 0.85
{dPF8C R 192710 18Cr-10Ni-Cb 8 LEQQ)@7) 70 30 0.85
JPF8C . 192710 18Cr-10Ni-Cb 8 1®E)©0a0)@17) 70 30 0.85
qPF8M R 192900 18Cr-9Ni-2Mo 8 wE@3)@7) 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©a0@17) 65 28 0.85
dPH10 . 193410 25Cr—12Ni 8 1)(©)(8)(10)(17) (70) 30 0.85
dPH10 e 193410 25Cr-12Ni 8 D®)(’)(9)(10)(17) (70) 30 0.85
A451 dPH20 R 193402 25Cr-12Ni 8 WEE0an (70) 30 0.85
dPH20 Ce 193402 25Cr—12Ni 8 1)(6)(8)(9)(16)(17) (70) 30 0.85
dPK20 ce 194202 25Cr—20Ni 8 DOEYE?) 65 28 0.85
dPK20 - 194202 25Cr—20Ni 8 D ED@0)(17) 65 28 0.85
Welded Pige and Tube — Without Filler Metal
Austenitic
A249 P304 A S$30400 18Cr—8Ni 8 (10) 75 30 0.85
TP304 - S30400 18Cr—8Ni 8 9)(10) 75 30 0.85
TP304H R S$30409 18Cr—-8Ni 8 L. 75 30 0.85
TP304H .. S30409 18Cr-8Ni 8 © 75 30 0.85
A249 TP304L e S30403 18Cr-8Ni 8 ()] 70 25 0.85
TP304L R S30403 18Cr—-8Ni 8 (63IE)] 70 25 0.85
TP304N e S30451 18Cr-8Ni-N 8 (10) 80 35 0.85
TP304N R S30451 18Cr-8Ni-N 8 9(0) 80 35 0.85
A249 g - S30815 21Cr11Ni-N 8 (6D)] 87 45 0.85
S30815 2TCr—11Ni-N 8 (OI)] 87 45 0.85
A249 TP309H . S$30909 23Cr-12Ni 8 ©9) 75 30 0.85
TP309H e S30909/ 23Cr-12Ni 8 75 30 0.85
A249 TP316 R 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  ofl S31609 16Cr-12Ni-2Mo 8 - 75 30 0.85
TP316H D\ S$31609 16Cr-12Ni-2Mo 8 9) 75 30 0.85
(12) A249 TP316L AN S$31603 16Cr-12Ni-2Mo 8 129 70 25 0.85
(12) TP316L - S31603 16Cr-12Ni-2Mo 8 1©)29) 70 25 0.85
TP3T6N .. S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 0.85
TP3TEN S3165¢T T6Cr=r2Ni—2Mo=N 8 VJ1e49)) 80 35 0.85
A249 TP317 e S31700 18Cr-13Ni-3Mo 8 Qo) 75 30 0.85
TP317 e S$31700 18Cr-13Ni-3Mo 8 10 75 30 0.85
TP321 - S$32100 18Cr—10Ni-Ti 8 (10) 75 30 0.85
TP321 A S$32100 18Cr—10Ni-Ti 8 9)(10) 75 30 0.85
TP321H . S32109 18Cr-10Ni-Ti 8 A 75 30 0.85
TP321H e S$32109 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

-20
to
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.

Centrifugally Cast Pipe

Austenitic
17.0 14.2 12.7 11.7 11.0 10.5 10.2 99 9.8 9.5 9.4 9.2 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 13.2 129 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 8.8 8.6 7.8 5.2 3.8 (RF8C
17.0 |16.1 15.0 14.5 14.4 14.1 13.8 13.5 13.2 129 12.6 12.4 12.1 119 103 7.8 5.2 3.8 .\CPF8C
17.0 (14.6 13.2 12.1 11.3 10.7 10.4 10.3 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 5.9 436 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 5.5 73 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 11.3 9.4 7.2 5.5 43 3.2 CPH8
17.0 |13.9 12.8 12.3 119 11.5 11.3 11.0 10.7 10.4 10.0 9.7 7.8 5.0 3.2 2.1 1.3 0.85 CPH10
17.0 |15.6 14.5 14.1 14.1 14.1 14.0 13.9 13.8 13.5 13.1 12.7 7.8 5.0 3.2 2N 1.3 0.85 CPH1Q
17.0 |13.9 12.8 12.3 11.9 11,5 11.3 11.0 10.7 10.4 10.0 9.7 9.4 9.0 72 5.5 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 2 5.5 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 8.7 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 96 83 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 10.0 9.8 9.6 9.4 9.21/9.0 8.8 8.6 83 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 11.9 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 9.8 9.6 9.4%39.2 9.0 8.8 8.6 83 6.6 5.2 TP304H
17.0 |17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 126y 12.4 12.1 119 10.5 8.3 6.6 5.2 TP304H
14.2 112.1 109 9.9 93 88 86 85 83 8.2 TP304L A249
14.2 |14.2 14.2 13.4 12.5 11.9 11.7 11.4 113411 ... ... ... . ... TP304|
19.4 (16.2 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 (19.4 18.5 17.3 16.0 15.2 149 14.6 (144 14.1 13.8 13.6 13.3 13.0 10.5 8.3 6.6 5.2 TP304
21.2 (21.0 18.7 16.9 15.7 15.0 14.8 146 14.5 14.3 141 139 13.8 12.7 9.9 7.7 5.9 4.4 A249
21.2 |21.0 19.8 19.0 18.5 18.2 180 \.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- 1577 15.5 15.3 15.1 14.8 14.6 14.4 11.7 8.8 6.5 4.7 3.4 TP309H A249
17.0 (14.9 13.7 12.8 12.2 ¥~8-11.6 11.5 11.3 11.2 11.0 10.8 10.6 10.4 8.8 6.5 4.7 3.4 TP309H
17.0 (14.7 13.2 12.1 1198M0.7 10.5 10.3 10.1 10.0 9.9 98 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A249
17.0 |17.0 17.0 16.4-153 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 83 6.3 TP316
17.0 |14.7 13.2 127\\11.3 10.7 10.5 10.3 10.1 100 99 98 9.7 9.6 9.5 9.4 8.3 6.3 TP316H
17.0 |17.0 17.0_Te4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 83 6.3 TP316H
14.2 {12.1 J108Y 99 93 88 87 85 83 81 80 78 7.7 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 83 6.3 TP316
194 17.4 16.7 16.2 1o6.1 1/7.7 17.4 1/7.U 10.7 16.5 106.U 15.7 15.4 15,1 15.4 1U.D 0.0 0.5 IF510
17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP317 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 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 13.9 13.8 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 16.2 159 15.9 15.5 15.2 149 14.6 14.4 142 14.1 13.9 13.8 10.5 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 3747 S34700 TSCr—TONT=CDh 8 (T0) 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 ©9) 75 30 0.85
A249 TP348 S34800 18Cr-10Ni-Cb 8 (10) 75 30 0.85
TP348 S34800 18Cr-10Ni-Cb 8 ©9(0) 75 30 0.85
TP348H S34809 18Cr-10Ni-Cb 8 A 75 30 0.85
TP348H S34809 18Cr-10Ni-Cb 8 9 75 30 0.85
A249 S31254 20Cr-18Ni-6Mo 8 1) 94 44 0.85
S31254 20Cr-18Ni-6Mo 8 Do 94 44 0.85
A312 P304 S$30400 18Cr—8Ni 8 (10) 75 30 0.85
P304 S30400 18Cr—8Ni 8 9)(10) 75 30 0.85
TP304H S$30409 18Cr—8Ni 8 - 75 30 0.85
TP304H S30409 18Cr—8Ni 8 (&) 75 30 0.85
A312 TP304L S30403 18Cr—8Ni 8 (1) 70 25 0.85
TP304L S30403 18Cr—-8Ni 8 (63IE)] 70 25 0.85
TP304N S30451 18Cr-8Ni-N 8 (10) 80 35 0.85
TP304N S30451 18Cr-8Ni-N 8 9(0) 80 35 0.85
A312 S30815 21Cr-11Ni-N 8 1) 87 45 0.85
S30815 21Cr—11Ni-N 8 (O] 87 45 0.85
A312 TP309H S$30909 23Cr-12Ni 8 ©9) 75 30 0.85
TP309H S30909 23Cr-12Ni 8 e 75 30 0.85
TP310H S$31009 23C<20Ni 8 ©9) 75 30 0.85
TP310H S31009 23Cr=20Ni 8 75 30 0.85
A312 TP316 S31600 16Cr-12Ni-2Mo 8 (10) 75 30 0.85
TP316 S$31600 16Cr-12Ni-2Mo 8 9)(10) 75 30 0.85
TP316H S31609 16Cr-12Ni-2Mo 8 A 75 30 0.85
TP316H $31609 16Cr-12Ni-2Mo 8 9 75 30 0.85
(12) A312 TP316L S$31603 16Cr-12Ni-2Mo 8 Q) 70 25 0.85
12) TP316L S31603 16Cr-12Ni-2Mo 8 199 70 25 0.85
TP316N S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 0.85
TP316N S31651 16Cr-12Ni-2Mo-N 8 9)(10) 80 35 0.85
A312 TP33Z S31700 18Cr-13Ni-3Mo 8 (1)(10) 75 30 0.85
TR317 S31700 18Cr=13Ni=3Mg 8 A)(9)(10) 75 30 0.85
TP321 $32100  18Cr-10Ni-Ti 8 (10) 75 30 0.85
TP321 S$32100 18Cr—10Ni-Ti 8 9(@0) 75 30 0.85
TP321H S$32109 18Cr-10Ni-Ti 8 A 75 30 0.85
TP321H S32109 18Cr—10Ni-Ti 8 9 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 e 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

-20 Type
to 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 [IT5.6 146 136 128 122 1.9 I8 Il II.5 II.5 IL.4 IT.% 11.4 10U.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 11.3 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 11.9 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 14.2 141 14.0 13.7 12.Q 8.9 6.7 TP348H
22.8 [20.3 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
17.0 |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 83 6.6 5.2 TP304 A312
17.0 |17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12,9 12.6 12.4 12.1 1%9)°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 9.8 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
14.2 |112.1 109 99 93 88 86 85 83 8.2 TP304| A312
14.2 |14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.3 11.1 ... s\ ... ... TP304L
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 TP304N
19.4 |119.4 18.5 17.3 16.0 15.2 14.9 14.6 14.4 141 13/8.13.6 13.3 13.0 10.5 83 6.6 5.2 TP304
21.2 |21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3~\14.1 13.9 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% 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 A5:3 15.1 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 9.3 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 15.5 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 11.5~4®3 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.Z. 45 10.3 10.1 100 99 98 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A312
17.0 |17.0 17.0 16.4 15.3 14,5 4.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 83 6.3 TP316
17.0 |14.7 13.2 12.1 11.3_.10, 10.5 10.3 10.1 100 99 98 9.7 9.6 9.5 9.4 8.3 6.3 TP316H
17.0 |17.0 17.0 16.4 1537 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 129 10.5 83 6.3 TP316H
14.2 |12.1 10.8 9.9 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 13.4/ 12.5 119 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 16,2 5.0 14.0 13.3 12.9 12.6 12.3 12.1 119 11.6 11.4 11.2 11.0 10.5 83 6.3 TP316
19.4 |119.4 18/4/18.2 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
17.0 |14+7~13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 83 6.3 TP317 A312
170 20 170 164 153 145 141 1390 137 135 13 /4 132 131 13.0 1290 105 83 6.3 TP317
17.0 153 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
17.0 153 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 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 11.3 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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(12) 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 348 .. S34300 TSCr—TONT=CDh 8 [W91¥4Y)) 75 30 0.85
TP348 . S34800 18Cr-10Ni-Cb 8 1©(10) 75 30 0.85
TP348H - S34809 18Cr-10Ni-Cb 8 1 75 30 0.85
TP348H R S34809 18Cr-10Ni-Cb 8 (O] 75 30 0.85
A312 TPXM-15 - S38100 18Cr-18Ni-2Si 8 (1) 75 30 0.85
TPXM-15 A S38100 18Cr-18Ni-2Si 8 1) 75 30 0.85
S31254 20Cr-18Ni-6Mo 8 (1) 95 45 0.85
S31254 20Cr-18Ni-6Mo 8 (63IE)] 95 45 0.85
A409 e Ce S30815 21Cr-11Ni-N 8 1) 87 45 0.85
S$30815 21Cr-11Ni-N 8 (OI)] 87 45 0.85
(12) A789 .- A S$32550 25.5Cr-5.5Ni-3.5Mo-2Cu  10H 1)(25)(26) 110 80 0.85
(12) A790 .. . S32550 25.5Cr-5.5Ni-3.5Mo-2Cu  10H 1@5)Q86) 110 80 0.85
Ferritic/
A268 S40500 12Cr-Al 7 60 30 0.85
S41000 13Cr 6 60 30 0.85
S42900 15Cr 6 60 35 0.85
S43000 17Cr 7 e 60 35 0.85
S44600 27Cr 10l (1) 70 40 0.85
S44627 26Cr-1Mo 10l [@3]@) 65 40 0.85
S44626 27Cr—1Mo-Ti 10l ) 68 45 0.85
Ferritic/
A789 $31803  22Cr-5.5Ni“3Mo-N 10H  (1)(23)(24) 90 65 0.85
S32205 22C#<5.5Ni-3Mo-N 10H (1)(23)(24) 95 70 0.85
S32750 25Cr=7Ni-4Mo-N 10H 122)(23) 116 80 0.85
A790 S$31803 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 0.85
S32205 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 0.85
S32750 25Cr-7Ni-4Mo-N 10H 1)(22)(23) 116 80 0.85
Welded Pige — Filler Metal Added
Austenitic
A358 &3 S30400 18Cr—8Ni 8 1@ 75 30 1.00
2 S$30400 18Cr—8Ni 8 1H@10)(1) 75 30 0.90
1&3 S30400 18Cr—8Ni 8 1©@)(11) 75 30 1.00
2 S30400 18Cr—8Ni 8 (1)9)(10)(11) 75 30 0.90
A358 1&3 S30403 18Cr—8Ni 8 (1) 70 25 1.00
2 S30403 18Cr—8Ni 8 (@) 70 25 0.90
1&3 S30403 18Cr—8Ni 8 (O] 70 25 1.00
2 S30403 18Cr—8Ni 8 (63IE)] 70 25 0.90
A358 304N 1&3 S30451 18Cr-8Ni-N 8 (1)(0) 80 35 1.00
304N 2 S30451 18Cr-8Ni-N 8 (1)(10) 80 35 0.90
304N 1&3 S30451 18Cr-8Ni-N 8 1)(©9(10) 80 35 1.00
304N 2 S30451 18Cr—8Ni-N 8 1©(0) 80 35 0.90
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Table A-3 Stainless Steels (Cont’d) (12)
Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
-20 Type
to 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 [IT56 1Z6 1306 128 127 1.9 I8 IT.6 II.5 IL.5 IL.4 IL.% 11.4 10.5 /.0 D. 3.0 IP546 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 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
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 e e Ce ¢.. TPXM-15 A312
17.0 |17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 e Ce ~ ... 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 13.9 13.8 12.7 9.9 A7 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 |26.6 25.1 24.3 24.0 A789 (12)
26.7 |26.6 25.1 24.3 24.0 A790 12)
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-33
Ferritic/fustenitic
21.9 |21.9 21.1 20.3 19.8 19.6 S3180B A789
23.1 |123.1 22.3 21.4 20.9 20.7 S$3220p
28.2 128.0 26.5 25.6 25.2 25.0 S32750
21.9 |21.9 21.1 20.3 19.8 19.6 S3180B A790
21.9 |21.9 21.1 20.3 19.8 196 S3220p
28.2 |128.0 26.5 25.6 25.2 250 S3275p
Welded Pipe - Filler Metal Added
Austenitic
20.0 |16.7 15.0 138/ 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 20.0 189v18.3 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
16.2 |16.27.15.3 14.8 14.1 13.4 13.1 12.8 12.6 12.3 12.0 11.8 11.6 11.3 10.0 7.9 6.3 4.9 304
16.7 |143 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 304L A358
15.0 12.8 11.5 10.5 9.8 93 9.1 9.0 8.8 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 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
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 ZITCT—TINT=N 3 1§9) 87 TS5 1.00
2 S30815  21Cr-11Ni-N 8 ()] 87 45 0.90
1&3 S30815  21Cr-11Ni-N 8 1) 87 45 1.00
2 S30815 21Cr-11Ni-N 8 [6IC) 87 45 0.90
A358 309 1&3 S30900 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 1@o)(14) 75 30 1.00
310 2 S$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 S$31000 25Cr—20Ni 8 19 (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)(9)(10)(15) 75 30 1.00
310 2 S31000  25Cr—20Ni 8 1O (0)(15) 75 30 0.90
A358 316 1&3 S31600  16Cr—12Ni-2Mo 8 Waoa 75 30 1.00
316 2 S$31600 16Cr-12Ni-2Mo 8 1H@0)(1) 75 30 0.90
16 1&3 S31600  16Cr-12Ni-2Mo 8 ®O)@0)(11) 75 30 1.00
316 2 S$31600  16Cr-12Ni-2Mo 8 BOQ)(11) 75 30 0.90
A358 J16L 1&3 S31603 16Cr-12Ni=2Mo 8 129 70 25 1.00
J16L 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
J16L 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
J16N 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 1Waoa 75 30 1.00
J21 2 $32100 18Cr—10Ni-Ti 8 101 75 30 0.90
321 h&.3 S$32100  18Cr-10Ni-Ti 8 1O @0)(11) 75 30 1.00
321 2 $32100 18Cr—10Ni-Ti 8 BOQ@)(11) 75 30 0.90
A358 J47 1&3 S34700  18Cr-10Ni-Cb 8 1o 75 30 1.00
47 2 S34700 18Cr-10Ni-Cb 8 1@0)(11) 75 30 0.90
/) 183 S34700 18Cr—10Ni—Ch 8 amoaodan Z5 30 1.00
347 2 S$34700  18Cr-10Ni-Cb 8 BIOICKOIEE) 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

-20 Type
to 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 7.2 1I7.0 168 16.6 16.4 16.2 &9 II.© 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 16.2 149 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 9.9 7.1 50 3.6 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 11.1 89 6:4 4.5 3.2 2.3 310
20.0 (20.0 20.0 199 19.3 18.5 18.2 179 17.7 17.4 17.2 16.9 159 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.I1\\ 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 17.9 17.7 17.4 17.2 16.9 159" 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 152143 8.9 6.4 4.5 3.2 2.3 310

20.0 (17.3 15.6 143 13.3 12.6 123 12.1 11.9 11.8 11.6 115 11.4 113 11.2 11.1 98 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 13.8 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 9.2 9.0 8.8 8.6 8.4 83 6.4  316L A358 (12)
15.0 (12.8 11.4 105 9.8 9.4 9.2 9.0 ~88 8.6 84 83 8.1 7.9 7.7 76 7.5 58 316l (12)
16.7 |16.7 16.7 15.7 14.8 14.0 13.7 13.5 43.2 129 12.7 124 121 119 11.6 11.4 88 6.4  316L (12)
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 10.7 104 103 79 58 316l (12)
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 98 7.4 316N A358

20.6 |18.6 17.1 15.8 14.8 14.0. 13# 13.4 13.1 128 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 5.0 3.6 321 A358
18.0 |16.2 14.9 13.8%12.9 12.2 11.9 11.7 11.5 11.3 11.2 11.0 10.9 10.8 8.6 6.2 4.5 3.2 321
20.0 (20.0 19.1 48.z/ 18.7 18.3 179 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 321
18.0 (18.0 17,2,\16.8 16.8 16.5 16.1 15.8 15.5 153 15.1 149 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 12.9 12.6 12.4 123 12.2 12.1 121 121 121 10.9 82 55 4.0 347
200200 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 15.0 14.9 14.4 10.9 82 55 4.0 347
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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 (3] TR 3 S343800 TSCr—TONT=CDh 8 (DTo(TT) 75 30 1.00
348 2 S34800 18Cr-10Ni-Cb 8 Waoa 75 30 0.90
348 1&3 S34800 18Cr-10Ni-Cb 8 BOQ0)(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 (1) 95 45 1.00
2 S31254  20Cr-18Ni-6Mo 8 ® 95 45 0.90
1&3 S31254 20Cr-18Ni-6Mo 8 (O] 95 45 1.00
2 S31254  20Cr-18Ni-6Mo 8 1) 95 45 0.90
A358 g 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 [©IC) 100 45 1.00
2 S31254 20Cr-18Ni-6Mo 8 (O] 100 45 0.90
A409 P304 - S$30400 18Cr—8Ni 8 (1) (1)(19) 75 30 1.00
TP304 e S30400 18Cr—8Ni 8 (D0)(20) 75 30 0.90
P304 A S$30400 18Cr—8Ni 8 ©)(10)(21) 75 30 0.80
P304 ... S30400 18Cr-8Ni 8 1)©)(10)(19) 75 30 1.00
TP304 - S$30400 18Cr—-8Ni 8 (1)(9)(10)(20) 75 30 0.90
P304 e S30400 18Cr-8Ni 8 1O 10)(21) 75 30 0.80
A409 TP304L ce S30403 18Cr-8Ni 8 a9 70 25 1.00
TP304L e S30403 18Cr—-8Ni 8 (D(20) 70 25 0.90
TP304L e S30403 18Cr-8Ni 8 e 70 25 0.80
TP304L e S30403 18Cr—-8Ni 8 1©)(19) 70 25 1.00
TP304L . S30403 18Cr—8Nj 8 1)(9)(20) 70 25 0.90
TP304L e S30403 18Cr—8Ni 8 1O 70 25 0.80
A409 |- e S30815 21Cr=11Ni-N 8 @9 87 45 1.00
S30815 21Cr-11Ni-N 8 (1)(20) 87 45 0.90
S30815 21Cr—11Ni-N 8 Qe 87 45 0.80
S30815 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 1©Q1) 87 45 0.80
A409 TP316 ce s S$31600 16Cr-12Ni-2Mo 8 (1)(10)(19) 75 30 1.00
TP316 A) 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 T S31600 16Cr-12Ni-2Mo 8 1©)(10)(19) 75 30 1.00
(12) TP316 - S$31600 16Cr-12Ni-2Mo 8 (1)(9)(10)(20) 75 30 0.90
P36 s 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

-20 Type
to 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 1306 I35 34 134 1374 1271 o1 o.1 74 348 A358
18.0 |16.6 15.4 14.4 13.5 12.9 12.6 12.4 123 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 |124.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 A358
24.4 122.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9
27.1 |127.1 25.8 24.6 23.7 23.2 23.1 23.0 229
24.4 |24.4 23.2 22.1 21.3 20.9 20.8 20.7 20.6
28.6 |24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 A358
25.7 |122.1 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 24.3 24.1 23.9
25.7 |25.7 24.5 23.3 225 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 9.4 9.2 9.0 8.8 8.6 8% 8.3 8.1 7.8 6.2 4.9 TP304
20.0 |20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 (44.3 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 1331 +v12.8 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 12.4 121 119 11.7 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 TP304} A409
15.0 |12.8 11.5 105 98 93 9.1 9.0 8.8 8.7 TP304L
13.3 |11.4 10.2 94 87 83 81 80 79 7% TP304}
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3~13.0 TP304L
15.0 |15.0 15.0 14.2 13.3 12.6 12.3 12.1 ANTO 11.7 TP304}
13.3 |13.3 13.3 12.6 11.8 11.2 11.0 10.8 10.6 10.4 TP304L
24.9 |24.7 22.0 19.9 18.5 17.7 17.4-172.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 A409
22.4 122.2 19.8 17.9 16.7 15.9 15%.15.5 15.3 15.1 14.9 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 13/ 13.8 13.6 13.4 13.3 13.1 13.0 11.9 9.3 7.2 5.5 4.2
24.9 |24.7 23.3 22.4 21.8 214 121.2 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 18.9 18.7 18.5 18.3 18.0 17.2 134 10.4 8.1 6.2 4.7
19.9 |119.8 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 5.5 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 11.3 11.2 111 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 \IT.4 10.6 10.1 9.9 9.7 95 94 93 9.2 91 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 12.4 9.8 7.4 TP316
18.0 |18.0~ 180 17.4 16.2 15.3 15.0 14.7 14.5 14.3 14.1 14.0 139 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 13.1 129 12.7 12.6 12.5 123 12.2 121 9.9 7.8 5.9 TP316
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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)
A409 3ToC S3T603 TECT—I2NT=2M0 3 (O(To(29) 70 75 1.00
TP316L S31603 16Cr-12Ni-2Mo 8 1029 70 25 0.90
TP316L S31603 16Cr-12Ni-2Mo 8 DEDEY 70 25 0.80
TP316L S31603 16Cr-12Ni-2Mo 8 1©)(19)(29) 70 25 1.00
TP316L S31603 16Cr-12Ni-2Mo 8 1©0)(29) 70 25 0.90
TP316L S31603 16Cr-12Ni-2Mo 8 12129 70 25 0.80
Ferritic/Austenitic
A928 931803 1&3 S$31803  22Cr-5.5Ni-3Mo-N 10H D23)(24) 90 65 1.00
931803 2 S31803 22Cr-5.5Ni-3Mo-N 10H D23)(24) 90 65 0.90
Plate, Shedt, and Strip
Austenitic
A240 J04 S30400  18Cr-8Ni 8 (10011 75 30 1.00
304 S$30400 18Cr—8Ni 8 9)(10)(11) 75 30 1.00
F04L S30403 18Cr—-8Ni 8 (65) 70 25 1.00
304L S$30403 18Cr—8Ni 8 WO 70 25 1.00
304N S30451 18Cr-8Ni-N 8 Qo) 80 35 1.00
304N S30451 18Cr-8Ni-N 8 1©)10) 80 35 1.00
A240 S$30815 21Cr-11Ni-N 8 1 87 45 1.00
S30815  21Cr-11Ni-N 8 [©IC) 87 45 1.00
A240 309H S30909  23Cr—12Ni 8 ©@anas) 75 30 1.00
3J09H S30909  23Cr-12Ni 8 (1118 75 30 1.00
309S S30908 23Cr—12Ni 8 (1)(10) 75 30 1.00
309S S30908  23Cr—12Ni 8 1©)(10) 75 30 1.00
A240 J10H S31009  25Cr=20Ni 8 © 75 30 1.00
310H S$31009 25Cr—20Ni 8 A 75 30 1.00
j10S S31008 “~25Cr-20Ni 8 (10)(11)(14) 75 30 1.00
310S $31008 25Cr-20Ni 8 9)(10)(11)(14) 75 30 1.00
j10S S31008  25Cr—20Ni 8 (10)(11)(15) 75 30 1.00
310S $31008 25Cr—20Ni 8 9)(10)(11)(15) 75 30 1.00
A240 316 S$31600 16Cr-12Ni-2Mo 8 (10)(11) 75 30 1.00
316 S31600 16Cr-12Ni-2Mo 8 9)(10)(11) 75 30 1.00
J16L S$31603 16Cr-12Ni-2Mo 8 (©)][01)] 70 25 1.00
J16L S31603 16Cr-12Ni-2Mo 8 1©)29) 70 25 1.00
16N S31651 16Cr—12Ni-2Mo-N 8 (10) 80 35 1.00
316N S31651 16Cr-12Ni-2Mo-N 8 9)(10) 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

-20 Type
to 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 [T42 127 IT.7 109 104 10.2 100 98 96 9.4 9.2 90 3.8 3.0 B 3.3 6.4 1P316l A409 (12)
15.0 |12.8 11.4 10.5 9.8 9.4 9.2 9.0 88 86 84 83 8.1 7.9 7.7 7.6 7.5 5.8 TP316}f 12)
13.3 |11.4 10.2 93 87 83 81 80 78 7.7 75 74 7.2 7.0 6.9 6.7 6.6 5.1 TP3161 (12)
16.7 |16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 12.4 12.1 119 11.6 11.4 8.8 6.4 ) TP316| (12)
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] (12)
13.3 113.3 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}L (12)
Ferritic/Austenitic
25.7 |25.7 24.8 23.9 23.3 23.1 ... ... oo e e e e ... S3180B A928
23.1 123.1 22.3 21.5 21.0 20.8 ... ... e e e e e ... S3180B
Plate, Shedt, and Strip
\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 10.6 104%"*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 €U4.0 12.4 9.8 7.7 6.1 304
16.7 |14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 ... ... L..5N\... c. . . ... 304L
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 ... ... %\ A A A c. ... 304L
22.9 119.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 123 12.1 11.8¢il.6 11.3 11.0 9.8 7.7 6.1 304N
22.9 |122.9 21.7 20.3 189 179 17.5 17.2 16.9 16.6 16.3 16.Q0“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¢.16.4 16.2 149 11.6 9.0 6.9 5.2 ... A240
24.9 |24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 2083 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% 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 309H A240
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 10.3 7.6 55 4.0 309H
20.0 |17.5 16.1 15.1 14.4 13.9 13.7 13.5 A33 13.1 12.9 12.7 125 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 48.0 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 18.2-1729 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 310H A240
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 310H
20.0 |17.6 16.1 15.1 14.3 13.7. 1345 13.3 13.1 129 12.7 12.5 123 9.9 7.1 5.0 3.6 2.5 310S
20.0 |20.0 20.0 19.9 19.3 185 18.2 17.9 17.7 17.4 17.2 16.9 159 9.9 7.1 5.0 3.6 2.5 3108
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 310S
20.0 |20.0 20.0 19.9 193\ 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 |17.3 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 7.4 316 A240
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 7.4 316
16.7 |14.2 12,7 \11.7 109 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 (12)
16.7 |16.7 16//15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 12.4 12.1 119 11.6 11.4 8.8 6.4 316L 12)
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 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 12.3 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—=13NT=3M0 8 (OO 75 30 1.00
S31700 18Cr-13Ni-3Mo 8 ®WE@oaY 75 30 1.00
S31703 18Cr-13Ni-3Mo 8 @ 75 30 1.00
S31703 18Cr-13Ni-3Mo 8 (O] 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-Cb 8 9(10)(11) 75 30 1.00
S34800 18Cr—-10Ni-Cb 8 1Mo 75 30 1.00
S34800 18Cr-10Ni-Cb 8 ®©)@10)(11) 75 30 1.00
S38100 18Cr-8Ni-2Si 8 @ 75 30 1.00
S38100 18Cr-8Ni-2Si 8 ®©) 75 30 1.00
A240 S31254 20Cr-18Ni-6Mo 8 1) 95 45 1.00
S31254 20Cr-18Ni-6Mo 8 @) 95 45 1.00
S31254 20Cr-18Ni-6Mo 8 1) 100 45 1.00
S31254 20Cr-18Ni-6Mo 8 W) 100 45 1.00
S32550 25.5Cr-5.5Ni-3.5Mo-2Cu 10H (N25)(26) 110 80 1.00
Ferritic/
A240 S40500 12Cr-1Al 7 3) 60 25 1.00
S41000 13Cr 6 @ 65 30 1.00
S41008 13Cr 7 (@) 60 30 1.00
S42900 15Cr 6 (©]E)] 65 30 1.00
A240 430 $43000  17Cr 7 DB 65 30 1.00
M-27 S44627 26Cr-1Mo 101 ) 65 40 1.00
M-33 S44626 27Cr-1Mo=Ti 10l @) 68 45 1.00
Ferritic/Austenitic
A240 931803 S31803 22¢r-5.5Ni-3Mo-N 10H D23)(24) 90 65 1.00
932205 S$32205 22Cr-5.5Ni-3Mo-N 10H 1)(23)(24) 90 65 1.00
932750 S327560 25Cr-7Ni-4Mo-N 10H 1R2)(23) 116 80 1.00
Forgings
Austenitifc
A182 4 S31254 20Cr-18Ni-6Mo 8 @ 94 44 1.00
Fa S31254 20Cr-18Ni-6Mo 8 OO 94 44 1.00
A182 FBo4 S30400 18Cr-8Ni 8 (10(12) 70 30 1.00
FBO4 S30400 18Cr-8Ni 8 9(10)(12) 70 30 1.00
FBo4 S30400 18Cr-8Ni 8 (10) 75 30 1.00
FB 0% 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
A182 F304L S30403 18Cr-8Ni 8 @ 65 25 1.00
F304L S30403 18Cr-8Ni 8 @) 65 25 1.00
F304N S30451 18Cr-8Ni-N 8 (10) 80 35 1.00
F304N S30451 18Cr-8Ni-N 8 9(10) 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

-20 Type
to 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 [I73— 156 3 133126 23 2o I8 tro II5 4 113 T T 98 317 A240
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 7.4 317
20.0 |{17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 317L
20.0 |20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 - - A e e e L) 3171
20.0 |18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 121 12.0 9.6 6.9 5.0 3.6 ¥ 321
20.0 |20.0 19.1 18.7 18.7 183 179 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 321
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 A240
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 9.1 671 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 12.1 9.1 6.1 4.4 348
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 93 6.1 4.4 348
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 A J. - . ... XM-15
20.0 |20.0 18.9 18.3 17.5 16.6 16.2 15.8 155 15.2 14.9 14.6 14.3 14.0 & e e ... XM-15
27.1 |24.5 21.9 20.2 19.1 183 18.0 17.8 17.7 A240
27.1 |27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9
28.6 |24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7
28.6 |28.6 27.2 25.9 25.0 24.4 243 24.1 23.9
31.4 |31.3 29.5 28.6 28.2
Ferritic/Martensitic
16.7 |15.3 14.8 14.5 14.3 14.0 13.8 13.5 ... 405 A240
18.6 |18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1 14.4\12.3 8.8 6.4 4.4 2.9 1.8 1.0 410
17.1 |17.1 16.8 16.5 16.3 15.9 15.6 15.2 14.7 14.1 13% 12.3 8.8 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 15.7 15.1_ T4.4 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 15.7. 4571 14.4 12.0 9.2 6.5 4.5 3.2 2.4 1.8 430 A240
18.6 |18.6 18.3 18.1 18.1 18.1 18.1 XM-27
19.4 |19.4 19.3 19.0 18.8 18.4 18.1 XM-33
Ferritic/Austenitic
25.7 |25.7 24.8 23.9 23.3 23.1 S3180 A240
25.7 |25.7 24.8 23.9 233 23.1 S3220
33.1 |33.0 31.2 30.1 29.6 29.4 S3275
Forgings
fustenitic
26.9 |123.9 21.4 19.8/%86 179 17.6 17.4 17.3 F44 A182
26.9 |26.9 25,5 24.3) 23.5 23.0 22.8 22.7 22.6 Fa4
20.0 |16.7 150, 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 A182
20.0 |20.0 189v 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 7.7 6.1 F304
20.0 |20:9~18.9 18.3 17.5 16.6 16.2 15.8 155 15.2 149 14.6 14.3 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 7.7 6.1 F304H A182
20.0 189 17.7 171 169 16.6 16.2 15.8 155 15.2 149 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304H
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 F304H
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 F304H
16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 F304L A182
16.7 16.7 16.2 15.6 14.7 14.0 13.7 13.5 13.3 13.0 e R N A A A A ... F304L
229 19.1 16.7 151 14.0 13.3 13.0 12.8 12,5 12.3 121 11.8 11.6 11.3 11.0 9.8 7.7 6.1 F304N
229 229 21.7 20.3 189 179 17.5 17.2 169 16.6 163 16.0 15.6 15.2 12.4 9.8 7.7 6.1 F304N
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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 S30815 ZITCT—TINT=N 3 1§9) 37 TS5 1.00
S30815  21Cr-11Ni-N 8 1) 87 45 1.00
A182 FB10 S31000  25Cr—20Ni 8 1@0o)(14) 75 30 1.00
FB10 S31000  25Cr—20Ni 8 DO@0)(14) 75 30 1.00
FB10 S$31000 25Cr-20Ni 8 (1)(10)(15) 75 30 1.00
FB10 S31000  25Cr—20Ni 8 1O@0)(15) 75 30 1.00
A182 B16 S31600  16Cr—12Ni-2Mo 8 (10012 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 9)(10) 75 30 1.00
A182 B16H S$31609 16Cr-12Ni-2Mo 8 12) 70 30 1.00
FB16H S31609  16Cr—12Ni-2Mo 8 9 (12) 70 30 1.00
B16H S$31609 16Cr-12Ni-2Mo 8 ce 75 30 1.00
FB16H S31609  16Cr—12Ni-2Mo 8 9 75 30 1.00
(12) A182 FB16L S31603 16Cr-12Ni-2Mo 8 12N 70 25 1.00
(12) B16L S31603 16Cr-12Ni-2Mo 8 WO 70 25 1.00
FB16N S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
FB16N S31651 16Cr—12Ni-2Mo-N 8 9(0) 80 35 1.00
A182 21 S$32100 18Cr—10Ni-Ti 8 12) 70 30 1.00
B21 S32100 18Cr-10Ni-Ti 8 912 70 30 1.00
21 S32100 18Cr—10Ni=Ti 8 (10) 75 30 1.00
B21 S32100 18Cr—10N#=Ti 8 9)(10) 75 30 1.00
A182 B21H $32109 18Cr<10Ni-Ti 8 (12) 70 30 1.00
FB21H S$32109  A8Cr=10Ni-Ti 8 912 70 30 1.00
B21H $32109 18Cr—10Ni-Ti 8 A 75 30 1.00
FB21H S$32109 “~18Cr-10Ni-Ti 8 © 75 30 1.00
A182 B47 S34700 18Cr-10Ni-Cb 8 12) 70 30 1.00
B47 S$34700 18Cr-10Ni-Cb 8 9)(12) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
B47 S$34700  18Cr-10Ni-Cb 8 9(@0) 75 30 1.00
A182 FB47H S34709  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 912 70 30 1.00
B47H S34709  18Cr-10Ni-Cb 8 c. 75 30 1.00
FB47H S34709  18Cr—10Ni-Cb 8 © 75 30 1.00
A182 F348 S34800 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

-20
to
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)

24.9 2677220 199 185 17.7 I7.& 17.2 17.0 16.8 16.6 1o.4 16.Z 14.9 110 90 5.9 5.2

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
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 12.9 127 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 11.2 11.1 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 15.4 153 151 124 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 11.4 113 11.2 111 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 15.4 153 151 ' 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 11.3{,11.2 11.1 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)"151 12.4 9.8 7.4 F316H
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 <9U1.3 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 15.7 15.6 154153 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 8.8 8.6 8.4 8.3 6.4 F316L
16.7 |16.7 16.7 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12%~12.1 119 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 14.2 139 43.7 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 19.2 188,18.5 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 12.612.4 123 12.1 12.0 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_ 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 13.5 13.2 13.0 12.7712.6 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 18.3 17.9 17.5 A7/w2 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 13.2 18.0°12.7 12.6 12.4 123 121 12.0 11.9 9.1 6.9 5.4 F321H
20.0 |19.0 17.8 17.5 17.5 17.5 17.5~325 17.2 169 16.7 16.5 16.4 16.2 123 9.1 6.9 5.4 F321H
20.0 (18.0 16.5 15.3 14.3 13.5 13.2.713.0 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 18.7 18.7 18.3. M5 175 17.2 169 16.7 16.5 16.4 16.2 123 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 13.4 134 12.1 9.1 6.1 4.4 F347
20.0 |19.1 17.6 16.6 160,158 15.7 15.7 15.7 15.7 157 15.6 155 153 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 12.1 9.1 6.1 4.4 F347
20.0 ]120.0 18.8 17.8X17.2 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 17,4 ,816.0 15.0 143 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 |19.1 1%6/16.6 16.0 15.7 15.7 15.7 15.7 157 15.7 15.6 155 153 151 14.1 10.5 7.9 F347H
20.0 |18.4~. 1.1 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
20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 155 153 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 BZ8H S343809 TSCr—TONT=CDh 8 (T2 70 30 1.00
FB48H S34809 18Cr-10Ni-Ch 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
Ferritic/Martensitic
A182 FXM-27Cb S44627 27Cr-1Mo 10l 2 60, 35 1.00
A336 FXM-27Ch S44627 27Cr-1Mo 10l 2 60 35 1.00
Ferritic/Austenitic
A182 A1 S$31803 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 1.00
F60 S32205 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 95 70 1.00
A3 S$32750 25Cr-7Ni-4Mo—-N 10H (1)(22)(23) 116 80 1.00
Fittings (Sdamless and Welded)
Austenitic
A403 P304 S30400 18Cr—8Ni 8 D@B@Aao0@1) 75 30 1.00
P304 S30400 18Cr—8Ni 8 MB@©@0@a1) 75 30 1.00
P304H S$30409 18Cr—8Ni 8 DW@B@Aa 75 30 1.00
P304H S30409 18Cr—8Ni 8 WB@OAaY 75 30 1.00
A403 P304L S$30403 18Cr—8Ni 8 D@1 70 25 1.00
P304L S30403 18Cr—8Ni 8 D@1 70 25 1.00
P304N S$30451 18Cr-8Ni-N 8 (OIAIINO)] 80 35 1.00
P304N S30451 18Cr-8Ni=N 8 D@B@©@10) 80 35 1.00
A403 P309 S$30900 23Cr—12Ni 8 DW@@o0)(11) 75 30 1.00
P309 S30900 23Crx12Ni 8 1@ ©9)@0)(11) 75 30 1.00
P310 S$31000 23Cr—20Ni 8 D@ @0)(11)(14) 75 30 1.00
P310 S31000 23Cr-20Ni 8 O@O@0)(1as) 75 30 1.00
P310 531000 23Cr—20Ni 8 1)@ (10)(11)(15) 75 30 1.00
P310 S31000 23Cr—20Ni 8 1)@ 9)0)(11)(15) 75 30 1.00
A403 PS31254 S31254 20Cr-18Ni-6Mo 8 W@ 94 44 1.00
PS31254 S31254 20Cr-18Ni-6Mo 8 W@ 94 44 1.00
A403 P316 S$31600 16Cr-12Ni-2Mo 8 @@@o0)(11) 75 30 1.00
P316 S31600 16Cr-12Ni-2Mo 8 @@ 9011 75 30 1.00
P316H S$31609 16Cr-12Ni-2Mo 8 @@ 75 30 1.00
P316HK S31609 16Cr-12Ni-2Mo 8 @@ 75 30 1.00
(12) A403 P316t S$31603 16Cr-12Ni-2Mo 8 D@19 70 25 1.00
12) WR31 et $31603 +6C—12NI—2M 8 EATEATOTE AT TY 7o 25 1.00
WP316N $31651  16Cr—12Ni-2Mo-N 8 M@0 80 35 1.00
WP316N $31651  16Cr-12Ni-2Mo-N 8 V@) ©)(10) 80 35 1.00
A403 WP317 S$31700 18Cr-13Ni-3Mo 8 DO@@o0)(1) 75 30 1.00
WP317 S31700 18Cr-13Ni-3Mo 8 1)@ 9)(0)(11) 75 30 1.00
WP321 S$32100 18Cr-10Ni-Ti 8 @@@o0)(11) 75 30 1.00
WP321 S32100 18Cr—10Ni-Ti 8 4)7)(9)(10)(11) 75 30 1.00
WP321H S$32109 18Cr—10Ni-Ti 8 @@@1) 75 30 1.00
WP321H S32109 18Cr—-10Ni-Ti 8 @W@©@a 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

-20
to
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 [T8Z 7T 16.0 I5.0 143 140 I3.8 I13.7 I3.6 I3.5 134 I3.4 I3.4 I3.4 1I13.3 105 7.9 T3438H A182
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
Ferritic/Martensitic
17.1 |117.1 16.6 16.1 16.1 16.1 16.1 FXM-2YCb A182
17.1 |17.1 16.6 16.1 16.1 16.1 16.1 FXM-2YCh 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
33.1 133.0 31.2 30.1 29.6 29.4 F53
Fittings (Seamless gnd Welded)
\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(C%0.6 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 146143 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 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 WP304H
16.7 |14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.Z WP304L  A403
16.7 |16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 130 e e e e e Ce Ce ... WP304L
22.9 119.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5.\#2.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 WP304N
22.9 122.9 21.7 20.3 18.9 17.9 17.5 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 12.9 12.7 125 9.9 7.1 5.0 3.6 2.5 WP304 A403
20.0 [20.0 20.0 20.0 19.4 18.8 18.5 182 18.0 17.7 17.5 17.2 159 9.9 7.1 5.0 3.6 2.5 WP304
20.0 |17.6 16.1 15.1 14.3 13.7 135\13.3 13.1 12.9 12.7 12.5 123 9.9 7.1 5.0 3.6 2.5 WP31
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 WP31
20.0 |17.6 16.1 15.1 14.3 13.7~ 135 13.3 13.1 12.9 12.7 12.5 123 9.9 7.1 5.0 3.6 2.5 WP31
20.0 |20.0 20.0 19.9 19.3 ¥85-718.2 17.9 17.7 17.4 17.2 169 159 9.9 7.1 5.0 3.6 2.5 WP31
26.9 |123.9 21.4 19.8 186\ 17.9 17.6 17.4 17.3 WPS31254 A403
26.9 |26.9 25.5 24.3 _23.5" 23.0 22.8 22.7 22.6 WPS31254
20.0 |17.3 15.6 14.3y413.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 113 11.2 111 9.8 7.4 WP314 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 15.4 153 151 12.4 9.8 7.4  WP314
20.0 |17.3 15%” 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 20.6° 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 WP314H
16.7 |144:712.7 11.7 109 10.4 10.2 10.0 98 9.6 9.4 9.2 9.0 838 8.6 8.4 8.3 6.4 WP314L  A403
16.7 Ler—360—35-6—343 140143343 0 432 434 427 424 424 440 446 144 S 6-4—WR31d|
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 WP316N
22.9 22.9 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 WP316N
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 WP317 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 15.4 153 15.1 12.4 9.8 7.4 WP317
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 WP321
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 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 12.3 12.1 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 16.5 16.4 16.2 12.3 9.1 6.9 5.4 WP321H
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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
Fittings (Seamless and Welded) (Cont’d)
Austenitic (Cont’d)
A403 P3%7 .. S34700 TSCr—TONT=CDh 8 (CIIVALVAY IV E) 75 30 1.00
P347 s S34700 18Cr-10Ni-Cb 8 @H@)©@ao0a 75 30 1.00
P347H - S34709 18Cr-10Ni-Cb 8 @@ 75 30 1.00
P347H ce S34709 18Cr-10Ni-Cb 8 @@O®a 75 30 1.00
A403 P348 A S34800 18Cr-10Ni-Cb 8 @@@o0)(11) 75 30 1.00
P348 e S34800 18Cr-10Ni-Cb 8 @@ 901 75 30 1.00
P348H Ce S34809 18Cr-10Ni-Cb 8 @@ 75 30 1.00
P348H - S34809 18Cr-10Ni-Cb 8 @H@O©a 75 30 1.00
Ferritic/Austenitic
A815 931803 A S31803 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 1.00
932205 ce S32205 22Cr-5.5Ni-3Mo-N 10H (1(23)(24) 95 70 1.00
Castings
Austenitic
A351 dr3 R 192500 18Cr—-8Ni 8 WG)17) 70 30 0.80
dr3 e 192500 18Cr-8Ni 8 MGBO®a7n 70 30 0.80
qF3A - 192500 18Cr—-8Ni 8 DWG)Q7) 77.5 35 0.80
qr3A A ]92500 18Cr—8Ni 8 DWGB)©A7) 77.5 35 0.80
dr3m o 192800 18Cr-12Ni-2Mo 8 WGA3)a7) 70 30 0.80
drF3m A 192800 18Cr-12Ni-2Mo 8 DG)©A3)7) 70 30 0.80
A351 qJr8 A 192600 18Cr—8Ni 8 (5)(10)(17) 70 30 0.80
drs e 192600 18Cr—-8Ni 8 (3)9(0)(17) 70 30 0.80
qdr8C A 192710 18Cr-10Ni—€h 8 1(G)0)(17) 70 30 0.80
drscC R 192710 18Cr-10Ni=Cbh 8 DG)©9A0)@17) 70 30 0.80
qr8m A 192900 16Cr<12Ni-2Mo 8 (5)(13)(17) 70 30 0.80
qrsm - 192900 16Lr=12Ni-2Mo 8 5)913)(17) 70 30 0.80
A351 dHs e 193400 25Cr-12Ni 8 ®WG)0)(17) 65 28 0.80
qH8 - 193400 25Cr—12Ni 8 MG)©@0a7) 65 28 0.80
dH20 s 193402 25Cr—12Ni 8 DWGB)(0)@17) 70 30 0.80
qH20 R 493402 25Cr—12Ni 8 DWG)©A0)Q17) 70 30 0.80
k20 ... 194202 25Cr—20Ni 8 MG)(0)@17) 65 28 0.80
K20 ces 194202 25Cr—20Ni 8 DWG)©A0@17) 65 28 0.80
Ferritic/Martensitic
A217 da1s 191150 13Cr-Y% Mo 6 WB)G) 90 65 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

-20 Type
to 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)

20.0 [T87 7T 16.0 I5.0 143 140 I3.8 13.7 I3.6 I13.5 I13.4 I3.4 I3.4 121 9.1 [ 77 WP3T 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 WP344
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 (WP3471H
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 WP34]

T

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 WP348 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 13.4 133 , 10.5 7.9 WP348H
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 14.1510.5 7.9 WP348H

Ferritic/Austenitic

25.7 |25.7 24.8 23.9 23.3 23.1 ... ... oo o e el o ... S3180B A815
27.1 (27.1 26.2 25.2 24.6 24.3 ... ... .. i aee e e ... S3220p
Castings

\ustenitic

16.0 |13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 ... ... %\ ce . A A ... CF3 A351

16.0 |15.2 14.1 13.7 13.5 13.3 13.0 12.7 124 121 ... ...(Pp-. ... CF3

17.7 |115.6 14.0 12.9 12.1 11.5 11.2 10.9 ... ... ... s> ... ... CF3A

17.7 116.8 15.6 15.1 15.0 15.0 15.0 148 ... ... ... \... ... ... CF3A

16.0 |13.8 12.4 11.4 106 10.1 98 9.7 95 94 93> ... ... ... . . o ... CF3M

16.0 |16.0 15.5 15.4 14.3 13.6 13.3 13.0 12.8 12.7 12 ... ... Ce A A e ... CF3M

16.0 |13.3 12.0 11.0 104 98 9.6 94 9.2 ,90 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°312.1 11.9 11.7 11.4 9.8 7.6 6.0 4.8 3.8 CF8

16.0 (13.3 12.0 11.0 104 9.8 9.6 9.4 ~9%2 9.0 88 86 85 83 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 ¥2.4 12.1 119 11.7 11.4 11.2 9.7 7.3 4.9 3.6 CF8C
16.0 |13.8 12.4 11.4 106 10.1 98 97°* 95 94 93 9.2 9.1 9.1 9.0 7.1 55 4.3 CF8M
16.0 (16.0 15.5 154 14.3 13.6 13.3-13.0 12.8 12.7 12,5 12.4 123 11.9 9.2 7.1 55 4.3 CF8M

14.9 112.2 11.3 10.8 10.5 10.L. 995 9.7 94 91 88 85 82 7.9 6.8 52 4.0 3.0 CH8 A351
14.9 (13.6 12.7 123 12.3 123 _)12.3 12.2 12.0 11.8 11,5 11.1 10.6 89 6.8 52 4.0 3.0 CH8

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 52 4.0 3.0 CH20
16.0 |14.6 13.6 13.3 132 13.2 13.2 13.1 13.0 12.7 12.4 119 11.4 89 6.8 52 4.0 3.0 CH20
14.9 (12.2 11.3 10.8 105 10.1 99 97 94 91 88 85 82 7.9 7.6 6.8 5.8 4.8 (K20
14.9 113.6 12.7 123123 123 123 12.2 12.0 11.8 11.5 11.1 10.6 9.0 7.8 6.8 5.8 4.8 (K20

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

161

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

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
Austenitic
A479 0% S30400 TSCr—8Nt 8 (T0) 75 30 1.00
304 S30400 18Cr-8Ni 8 9)(10) 75 30 1.00
J04H S30409 18Cr—-8Ni 8 L. 75 30 1.00
J04H S30409 18Cr-8Ni 8 © 75 30 1.00
A479 304L S30403 18Cr—8Ni 8 (16) 70 25 1.00
Jo4L S30403 18Cr—-8Ni 8 9(@1e6) 70 25 1.00
304N S30451 18Cr-8Ni-N 8 (10) 80 35 1.00
J04N S30451 18Cr—8Ni-N 8 9(@10) 80 35 1.00
A479 S30815 21Cr-11Ni-N 8 1) 87 45 1.00
S$30815 21Cr-11Ni-N 8 (OIO)] 87 45 1.00
A479 310S 531008 25Cr-20Ni 8 (10)(11)(15) 75 30 1.00
j10S S31008  25Cr—20Ni 8 (10)(1 1) (14) 75 30 1.00
310S 531008 25Cr—20Ni 8 9)(10)(11) 75 30 1.00
S31254  20Cr-18Ni-6Mo 8 ) 95 44 1.00
S31254  20Cr-18Ni-6Mo 8 W) 95 44 1.00
A479 316 S$31600 16Cr-12Ni-2Mo 8 (10) 75 30 1.00
16 S31600 16Cr-12Ni-2Mo 8 9)(10) 75 30 1.00
J16H S31609 16Cr-12Ni-2Mo 8 e 75 30 1.00
316H S31609 16Cr-12Ni-2Mo 8 ©9) 75 30 1.00
(12) A479 J16L S31603 16Cr-12Ni-2Mo 8 (1)(16)(28)(29) 70 25 1.00
(12) Ji6L S31603 16Cr-12Ni-2Mo 8 (1)(9)(16)(28)(29) 70 25 1.00
316N S31651 16Cr-12Ni—2Mo 8 (10) 80 35 1.00
J16N S31651 16Cr-12Ni<2Mo 8 ©9(@0) 80 35 1.00
A479 F21 S32100 18Cr=10Ni-Ti 8 (10) 75 30 1.00
J21 532100 18Cr—10Ni-Ti 8 9)(10) 75 30 1.00
F21H S32109 “~18Cr-10Ni-Ti 8 S 75 30 1.00
321H 532109 18Cr—10Ni-Ti 8 9) 75 30 1.00
S32550  25.5Cr-5.5Ni-3.5Mo-2Cu  10H (1)(25)(26) 110 80 1.00
A479 J47 $34700 18Cr-10Ni-Cb 8 (10) 75 30 1.00
J47 S34700 18Cr-10Ni-Cb 8 9((0) 75 30 1.00
J47H S34709 18Cr-10Ni-Cb 8 . 75 30 1.00
J47H S34709 18Cr-10Ni-Cb 8 © 75 30 1.00
A479 348 S34800 18Cr-10Ni-Cb 8 (10) 75 30 1.00
348 S34800 18Cr-10Ni-Cb 8 9(0) 75 30 1.00
3484 S34809 18Cr-10Ni-Cb 8 Ca 75 30 1.00
348H S34809 18Cr—10Ni-Cb 8 © 75 30 1.00
Ferritic/Martensitic
A479 XM-27 S44627  27Cr—1Mo 10l @ 65 40 1.00
Ferritic/Austenitic
A479 S$31803 S$31803 22Cr-5.5Ni-3Mo-N 10H (1)(23)(24) 90 65 1.00
12) S$32750 S32750 25Cr-7Ni-4Mo-N 10H 1)(22)(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

-20 Type
to 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
Austenitic
20.0 [T6.7 I5.0 138 129 123 120 L7 I 5 II.2 IT.0 108 10.6 10.4 I0.1 38 77 0.1 304 A479
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 6.1 304
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 14.9 14.6 14.3 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 13.5 133 13.0 ... ... ... e Ce Ce ~ ... 304L
22.9 |119.1 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 Ve 6.1 304N
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 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 11.6 910 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 14.9 116 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 310S A479
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 310S
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 310S
26.9 |123.9 21.4 19.8 18.6 17.9 17.6 17.4 17.3
26.9 |26.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 145+ 114 113 11.2 111 9.8 7.4 316 A479
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 7.4 316
20.0 |17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 116,11.5 11.4 113 11.2 111 9.8 7.4 316H
20.0 |20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15 15.6 15.4 153 151 12.4 9.8 7.4 316H
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 8.3 6.4 316L A479
16.7 |16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2713.0 12.7 12.4 12.1 119 11.6 11.4 8.8 6.4 316L
22.9 120.7 19.0 17.6 16.5 15.6 15.2 14.9 A&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 99.6 19.2 18.8 18.5 18.1 17.8 158 12.3 9.8 7.4 316N
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 1#.9./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 13.5 132 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 18.7 183 J17.9 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 16.0 150" 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 17.817.2 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 13.3 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
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 4.4 348 A479
20.0 120.0°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 TPXM-27  A479
Ferritic/Austenitic
25.7 25.7 24.8 23.9 23.3 23.1 S$31803 A479
33.1 33.0 31.2 30.1 29.6 29.4 S32750
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Table A-3 Stainless Steels (Cont’d)

GENERAL NOTES:

The tabulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure Vessel Code applications, see related
specifications in Section Il of the ASME Code.

The stress 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 Vessel Code. Qualification of
welding procedures, 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.

(@

(b)
©

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this Table shall not be used at design temperatures above those for which allowable stress values are given
herein jor in Table A-8.

(f) The tahulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint
efficienjcy 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
compofents which are not manufactured in accordance with referenced standards.

(h) The talulated stress values that are shown in italics are at temperatures in the range where creep and stresg yupture strength gdvern
the selpction of stresses.

(12) NOTES:

(1)  THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGS. 100.1.2(A) AND. (B).

(2)  Use (f this material at temperatures above 650°F is not approved because of the possibility of t&mper embrittlement.

(3)  This $teel may be expected to develop embrittlement at room temperature after service at teniperatures above 700°F. Consequgntly,
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 ratiq of 70
divided by 75.

(5)  The material quality factors and allowable stress values for these materials may.be ihcreased in accordance with para. 102.4.6

(6) Tensile strengths in parentheses are expected minimum values.

(7)  See MISS SP-43 for requirements for lightweight stainless steel fittings. MSS;SP-43 Schedule 5S fittings shall not be used for dgsign
tempgratures above 400°F. MSS SP-43 Schedule 10S fittings shall not be tsed 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 sjrface
finish, after machining, shall be 250 pin. arithmetic average deviation or smoother.

(9) Due fo 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. Thede
stres$ values exceed 67% but do not exceed 90% of the yield strength at temperature. Use of these stress values may result i
dimefsional changes due to permanent strain. These valti€s should not be used for the flanges of gasketed joints or other
applifations where slight amounts of distortion can-cause leakage or malfunction.

(10) The dllowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% qr
highdr.

(11) The gllowable stress values tabulated for,temperatures over 1,000°F apply only if the material is heat treated by heating to a
minifhum temperature of 1,900°F and gquenching in water or rapidly cooling by other means.

(12) Thesg¢ allowable stress values apply.to‘fergings over 5 in. in thickness.

(13) The dllowable stress values tabulated for temperatures over 800°F apply only if the carbon content of the material is 0.04% or
highdgr.

(14) Thesg allowable stress valuessshall be used only when the grain size of the material is ASTM No. 6 or coarser.

(15) Thesg allowable stress yvalugs shall be used when the grain size of the material is finer than ASTM No. 6 or when the grain siz¢ has
not bleen determineds

(16) Use df external pressure charts for material in the form of barstock is permitted for stiffening rings only.

(17) At th¢ ferrite legelsitabulated below, these materials will have significant reductions in Charpy V-notch toughness values at roopn
tempprature.and ‘below following service exposure at the indicated temperatures. This reduction indicates the potential for brittle
fractyre withyhigh 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
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Table A-3 Stainless Steels (Cont’d)
NOTES (Cont’d): (12)
(18) The stress values at 1,050°F and above shall be used only when the grain size is ASTM No. 6 or coarser.
(19) These allowable stress 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.
(21) These allowable stress values apply for single butt welded pipe.
(22) Any heat treatment 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. This material may be expected to exhibit embrittlement at room temperature after

service.

(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) |0penings = 4 in. shall conform to para. 127.4.8, except that full-penetration welds shall be used and separate reinforcingJ pads shall
not be used.
(26) |This steel may be expected to develop embrittlement after exposure to temperatures above 500°F for prolonged times. Sde 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 be€hspecified.
(29) [The material shall have an ASTM grain size of 7 or coarser for use at 1,000°F (550°C) and above.

165

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

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 DWG) 55 15 1.00
NOZZ00 Anneated Nt T Ote) 55 T2 1.00
N02200 Str. rel. Ni 41 (1) 65 40 1.00
B161 N02201 Annealed Ni—Low C 41 (1)(5) 50 A 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 L@@ 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 (1)(5) 70 28 1.00
N04400 Annealed Ni—Cu 42 (1)(6) 70 25 1.00
N04400 Str. rel. Ni—Cu 42 OB 85 35 1.00
B167 N06600 H.F./ann. Ni—Cr—Fe 43 (1)(5) 80 30 1.00
N06600 H.F./ann. Ni—-Cr—Fe 43 MG 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 W) 6) 80 25 1.00
B167 N06600 C.D./ann. Ni—Cr—Fe 43 (1)(5) 80 35 1.00
N06600 C.D./ann. Ni—-Cr—Fe 43 DW@G) 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 ®WE®) 80 30 1.00
B167 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 0@ 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Ma 43 W@ 95 35 1.00
B407 N08800 C.D./ann. Ni—Cr—Fe 45 7) 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 2@ 65 25 1.00
B423 N08825 C.W./ann. Ni—Fe+Cr—-Mo—-Cu 45 W@ 85 35 1.00
N08825 CW./ann. Ni+Fe—Cr—Mo-Cu 45 W@ 85 35 1.00
Ba4s N06625 Sol. ann. Ni—Cr—Mo-Cb 43 (1)(14)(18) 100 40 1.00
N06625 Annealed Ni—Cr—-Mo-Cb 43 1)(2)(14) 120 60 1.00
B622 N06022 Sel,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 (112 100 41 1.00
N10276 Sol. ann. Low C—Ni-Mo—-Cr 43 1212 100 41 1.00
R305%56 Annealed Ni—Fe—Cr—Co—Mo-W 45 ® 100 45 1.00
R30556 Annealed Ni—Fe—Cr—-Co—Mo-W 45 (BI") 100 45 1.00
B677 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 1Q) 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
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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

-20 UNS
to 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 ... ... ... Leeeee e .. ... NO02200 B161
80rs8%o 380 380 80O 380 ... - - - . .. N02200
18.6 |18.6 18.6 18.6 18.3 17.7 ... ... .. o aee e .. ... ,No2200

80|77 75 75 75 75 75 74 7.4 72 58 45 37 30 2.4 2.0 1.5 1-2\JN02201 B161
6.7 6.4 63 6.2 6.2 62 6.2 62 61 60 58 45 37 30 2.4 2.0 1.5 1.2 N02301
17.1 (17.1 17.0 17.0 16.8 163 ... ... .. o ool oee e J.. No2101

20.0 |18.5 17.8 17.2 16.8 16.3 16.1 159 15.7 15.5 153 151 14.9 14.7 145 13.0 9.8 6.6 NO8300 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 N08g00
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 NO08810
16.7 |16.7 16.7 16.7 16.7 16.7 16.1 15.7 153 15.0 14.7 14.5 14.2 14.0 13.8 116 9.3 7.4 NO08g10

18.7 (16.4 15.2 14.7 14.7 14.7 147 14.6 145 143 11.0 8.0 ... . p o R . ... NO4400 B165
16.7 (14.6 13.6 13.2 13.1 13.1 13.1 13.0 12.9 12.7 11.0 80 ... . - . . ... NO04400
243 (243 243 243 243 ... ... L. o0 oo oo oo e ... No04400

20.0 |19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 151 14.9 10.6 ~%A0 4.5 3.0 2.2 2.0 N06400 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 NO06400
16.7 115.9 15.2 14.6 14.0 13.5 13.3 13.1 12.9 12.7 12.5 12.4 10:6." 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 NO06400

22.9 121.3 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 22.9 22.9 22.9 229 229 229 229 229 22.4.\16.0 10.6 7.0 4.5 3.0 2.2 2.0 NO06400
20.0 |19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 154149 10.6 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 NO06400

23.3 120.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 159 158 15.7 15.6 155 154 154 153 153 NO06417 B167
23.3 (233 23.3 23.3 233 225 221 21.9 21.7N21.5 21.3 21.2 21.0 209 209 208 20.7 18.1 NO6ql7

20.0 |18.5 17.8 17.2 16.8 16.3 16.1 15.9(15%7 15.5 153 151 14.9 14.7 145 13.0 9.8 6.6 NO08300 B407
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 NO08§00
16.7 |15.4 14.4 13.6 12.9 12.2 11.9_13.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08g§10
16.7 [16.7 16.7 16.7 16.7 16.5 164\15.7 153 150 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810

23.3 |21.4 203 19.4 185 17.8 1z5 173 17.2 170 ... ... ... ... ... NO8g25 B423
23.3123.3 23.3 23.3 23.3 2303 233 233 23.2 23.0 ... ... ... ... ... NO08g25

26.7 |24.9 23.6 22.6 21.8™2%1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 193 19.3 N06425 B444
34.3 |34.3 343 33.6 329Vv32.4 321 31.8 31.5 31.2 30.9 30.6 303 29.9 295 29.0 21.0 13.2 N06425

28.6 |26.7 24.6 22.9¢21.5 20.4 20.0 19.6 19.3 19.0 ... ... ... ce. e e S ... NO06Q22 B622
28.6 |28.6 28.2 272 26.5 26.0 25.8 256 25.4 253 ... ... ... ... e . . ... NO06Q22
27.3 1249 230,213 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 e e . ... N10376
27.3 |127.3 2%3/27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 223 N10376

28.6 |25.6~.23:11 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 173 171 169 13.6 R30456
28.6 |28:6+28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 243 241 23.8 23.6 233 21.2 170 13.6 R30356

249 23.2 213 19.8 183 173 17.0 16.9 169 169 ... ... ... e e e S ... NO08925 B677
24.9 249 23.9 23.0 22.1 21.4 21.1 208 20.4 201 ... ... ... R R R . ... NO08925
269 24.1 215 19.7 18.7 18.0 17.7 17.5 174 ... ... ... ... R e e e ... NO08926
26.9 269 26.2 24.8 23.7 22.8 224 220 21.6 ... ... ... ... R R R A ... NO08926
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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 75 o2y 95 75 1.00
N08367 Sol. ann. Fe—Ni-Cr—-Mo-Cu-N 45 (€3]¢A))] 100 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 121 100 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 ®Q) 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 (BI") 80 35 0.85
B468 N08020 Annealed Ni—Fe—Cr—-Mo-Cu-Cb 45 (1) 80 35 0.85
N08020 Annealed Ni—Fe—Cr—Mo-Cu-Cb 45 (][] 80 35 0.85
B546 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (][] 95 35 0.85
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 W@ 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 (D2)12) 100 45 0.85
N10276 Sol. ann. Low C—Ni—Mo-Cr 43 a2 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 (BI") 100 45 0.85
B626 N06022 Sol. ann. Ni-Mo—Cr-Low C 44 1M@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 M@2) 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 1) 100 45 0.85
R30556 Annealed Ni—Fe—Cr—Co-No-sW 45 (][] 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 (3]¢) 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 1Q) 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 1@@19)(20) 94 43 0.85
B675 N08367 Sol.)ann. Fe—Ni—-Cr-Mo—-Cu—N 45 1(®)2) 95 45 0.85
N08367 Seol. ann. Fe—Ni—Cr—-Mo-Cu-N 45 1)) (©®) 122 95 45 0.85
N08367. Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 D)) 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 (1)(8)(22) 95 45 0.85
NO8367— Sol—ann- Fe—Ni—Cr—Mo—Cu—N 45 A}RHSH22) 95 45 0.85
N08367 Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 nEQY 100 45 0.85
N08367 Sol. ann. Fe—Ni-Cr-Mo-Cu-N 45 1@®)(21) 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

-20 UNS
to 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 ... ... ... . . . - ... NO08367 B690
27.1 [27.1257 246 238 233 23.1T 22.9 228 226 ... ... ... .. ... ... .. ... NO08367
28.6 [26.2 23.8 21.9 20.5 19.4 19.0 18.6 183 180 ... ... ... . - ce . ... )NOo8367
28.6 |28.6 27.0 25.8 25.0 24.5 24.3 241 240 238 ... ... ... . . . . .. {\No8367
22.9 (20.6 19.7 189 18.2 17.7 17.5 17.4 172 168 ... ... ... . . . . .. N08(Q20 B729
22.9 (22.9 22.6 22.2 22.1 221 220 219 21.8 21.8 ... ... ... . . . - >.. NO08Q20

Welded Pipe and Tube

19.4 (17.5 16.7 16.1 15.5 15.0 149 148 14.6 143 ... ... ... . . A0 . ... NO8(Q20 B464
19.4 (19.4 19.2 18.8 18.8 18.8 18.7 18.6 185 185 ... ... ... . - NN . ... NO08Q20
19.4 117.5 16.7 16.1 15.5 15.0 14.9 14.8 14.6 143 ... ... ... . .\ . . ... 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> 17.8 17.7 17.6 154 N06417

24.3 122.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 ... ... ... . . - . ... NO06¢22 B619
24.3 (22.7 20.9 19.4 183 17.4 17.0 16.7 16.4 16.2 ... ... . . - . - ... N06Q22
23.2 (21.2 19.6 18.1 16.9 16.0 155 15.1 14.8 145 14.4 14.2 144 14.0 R . . ... N10376
23.2 (23.2 23.2 23.2 229 21.4 209 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 1¥52° 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

243 1243 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 \& ... ... . . R R ... NO06Q22 B626
24.3 (243 23.9 23.1 22.6 221 219 21.8 21.6 215 ... ... ... ... . . . ... NO06Q22
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 R ... N10376
23.2 (23.2 23.2 23.2 229 21.4 209 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 21.4821.1 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° 144 144 ... ... ... ... . . . ... NO08925 B673
21.1 (21.1 20.4 19.5 18.8 18.2 179\\7.7 17.4 170 ... ... ... ... ... NO08925
22.9 120.5 18.3 16.7 15.9 153 A50./14.9 148 ... ... ... ... ... . R . ... NO08926
22.9 (229 223 21.1 20.1 19.4 190 18.7 184 ... ... ... ... . . - - ... NO08926
21.1 (19.7 18.1 16.8 15.6 A&7 14.4 14.4 144 144 ... ... ... ... . . . ... NO08925 B674
21.1 (21.1 20.4 19.5 188182 179 17.7 17.4 170 ... ... ... ... ... NO08925
22.9 (20.5 18.3 16.7 159Vv15.3 150 149 148 ... ... ... ... . . . . ... NO08926
22.9 (22.9 223 21.¥)20.1 19.4 19.0 18.7 184 ... ... ... ... ... . - R ... NO08926
23.1 |22.2 20.2 18.7) 17.4 16.5 16.1 158 15,5 153 ... ... ... ... . R . ... NO8367 B675
23.1 1231 21.,8N20.9 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 16.1 158 155 153 ... ... ... ... . - . ... 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 ... ... ... ... . . . ... NO8367 B676
23.1 B2 820920219 819615519 HF 10— — — — ——N68367
243 22.2 20.2 18.7 17.4 16.5 16.1 158 155 153 ... ... ... . . . . ... NO08367
243 243 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 ... ... ... ... . - . ... NO8367
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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 Pipe and Tube (Cont’d)

B704 N06625  Annealed Ni-Cr-Mo-Cb 43 (D)4) 120 60 0.85
B705 N06625 Annealed Ni—Cr—-Mo-Ch 43 (1)(14) 120 60 0.85
B804 N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 (1)(®) 95 45 0.85
N08367 Sol. ann. Fe—Ni—Cr-Mo-Cu-N 45 (BIRIE) 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 12 ©®) (1) 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 (O]e)] 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 @ 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 W@ 95 35 1.00
B409 NO8800 Annealed Ni—-Cr—Fe 45 (4)7) 75 30 1.00
NO8800 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 Q@@ 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 W@ 85 35 1.00
B435 R30556 Annealed Ni—Fe—Cr—Co—Mo-W. 45 @) 100 45 1.00
R30556 Annealed Ni—Fe—Cr—Co—Mo=W. 45 () 100 45 1.00
B443 N06625 Sol. ann. Ni—-Cr—Mo+=Cb 43 (1)(14)(18) 100 40 1.00
N06625 Annealed Ni—Cr—-Mo=Ch 43 (1)(14) 110 55 1.00
N06625 Annealed Ni—CrxMo-Cb 43 (1)(14)(15) 120 60 1.00
B463 N08020 Annealed Ni+Fe—Cr—Mo-Cu—-Cb 45 (1) 80 35 1.00
N08020 Annealed Ni—Fe—Cr—Mo-Cu—-Cb 45 (112 80 35 1.00
B575 N06022 Sol. ann} Ni—-Mo—-Cr-Low C 44 Qa2 100 45 1.00
N06022 Sold an. Ni—-Mo-Cr—Low C 44 1212 100 45 1.00
N10276 Sol.yann. Low C—Ni—-Mo-Cr 43 Qa2 100 41 1.00
N10276 Sel. ann. Low C—Ni-Mo—-Cr 43 1212 100 41 1.00
B625 N08925 Annealed Ni—Fe—Cr—Mo—-Cu—-Low C 45 )] 87 43 1.00
NQ08925 Annealed Ni—Fe—Cr—Mo-Cu—Low C 45 (][0} 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 1D A9(0) 94 43 1.00
B688 N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 17122 95 45 1.00
N08367 Sol. ann. Fe—Ni—-Cr-Mo—-Cu—N 45 ME@ADER2) 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 D@ 10)(21) 100 45 1.00
170

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

Table A-4 Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20 UNS
to 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 26.5 263 26.0 25.7 254 251 247 17.9 11.2 N06625 B704

29.1 129.1 29.1 28.5 28.0 27.5 27.3 27.0 26.8 26.5 263 26.0 25.7 254 251 247 179 11.2 NO6425 B705

23.1 (22.2 20.2 18.7 17.4 16.5 16.1 158 155 153 ... ... ... . . . R .. L \N08367 B804
23.1 123.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 ... ... ... . . - . .. .» NO8367
24.3 (22.2 20.2 18.7 17.4 16.5 16.1 158 155 153 ... ... ... . . R - .. NO08367
24.3 1243 23.0 22.0 21.3 20.8 20.7 20.5 20.4 202 ... ... ... . . - o~ ... NO08367

Plate, Shedt, and Strip

22.9 121.3 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 (22.9 22.9 229 229 22.9 229 229 229 229 224 16.0 10.6 7.0 4.5 3.0 2.2 2.0 NO06400
23.3 (22.1 215 21.3 213 21.2 21.1 21.0 20.8 20.5 20.1 19.7 193 14.5 10.3 7.2 5.8 5.5 N06400
23.3 1233 23.3 23.3 23.3 23.3 23.3 233 233 233 23.3 233 233 145 103 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 15.9 158 15.7 15.6 155\ 154 154 153 153 N06417 B168
23.3 (233 23.3 23.3 233 225 221 21.9 21.7 21.5 213 21.2 21.0 L2009 20.9 208 20.7 18.1 NO06417

20.0 (18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 155 153 15.1 44.9* 147 145 13.0 9.8 6.6 NO8300 B409
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 N08g00
16.7 (15.4 14.4 13.6 12.9 12.2 119 11.6 11.4 11.1 109 1Q%A-10.5 10.4 10.2 10.0 9.3 7.4 N08810
16.7 |16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 \1&5 14.2 140 138 11.6 9.3 7.4 NO08g10

23.3 [21.4 20.3 19.4 18.5 17.8 17.5 173 17.2 17.0 S ... .. ... ... NO8g25 B424
23.3 (23.3 23.3 23.3 233 233 233 233 232 230 ... ... ... ... . . ce ... NO08§25

28.6 [25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4N%8.2 18.0 17.8 17.6 17,5 173 171 16.9 13.6 R304956 B435
28.6 |28.6 28.0 27.1 26.4 26.0 25.6 25.2 24:9-24.6 243 241 23.8 23.6 233 21.2 17.0 13.6 R30356

26.7 (24.9 23.6 22.6 21.8 21.1 20.8 20.6.20.3 20.1 20.0 19.8 19.7 195 19.4 19.4 193 19.3 NO06425 B443
31.4 |131.4 31.4 30.8 30.2 29.7 29.4529:1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 21.0 13.2 NO06425
34.3 |34.3 343 33.6 32.9 32.4 321 )31.8 31.5 31.2 30.9 30.6 30.3 29.9 295 29.0 21.0 13.2 N06425

22.9 (20.6 19.7 18.9 18.2 17(7 y17.5 17.4 172 168 ... ... ... ... . . . ... NO08(Q20 B463
22.9 (22.9 22,9 22.6 22.2 (2231 22.1 22.0 219 218 ... ... ... ... . . . ... N08Q20
28.6 |28.6 28.2 27.2 26.5-26.0 25.8 25.6 25.4 253 ... ... ... e e . R ... NO06Q22 B575
28.6 |28.6 28.2 27.2/26.5 26.0 25.8 25.6 254 253 ... ... ... ... . - . ... NO06Q22
27.3 124.9 23.0 21.3) 19.9 18.8 18.2 17.8 17.4 17.1 16.8 16.7 16.5 16.5 e e R ... N10376
27.3 (27.3 273%2#3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 224 223 . . R ... N103176
24.9 (23.2.2483 19.8 183 17.3 17.0 169 169 169 ... ... ... ... . . . ... NO08925 B625
24.9 124.9_.23.9 23.0 22.1 21.4 21.1 208 20.4 201 ... ... ... ... . . . ... NO08925
26.9 (2401 21.5 19.7 18.7 18.0 17.7 17.5 174 ... ... ... ... ... ... No08926
269 26.9 26.2 24.8 23.7 22.8 224 22.0 216 ... ... ... ... e e . . ... NO08926
27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 183 180 ... ... ... ... . . . ... NO8367 B688
27.1 27.1 25.7 24.6 23.8 23.3 23.1 229 228 226 ... ... ... ... . . ce ... NO08367
28.6 26.2 23.8 219 20.5 19.4 19.0 18.6 183 180 ... ... ... ... . . . ... NO8367
28.6 28.6 27.0 25.8 25.0 24.5 243 241 240 238 ... ... ... ... . . - ... NO08367
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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

Bars, Rods, Shapes, and Forgings

B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (][] 95 35 1.00
NOGH 17 Anmeated 527N=22Cr=T3CO-9M0 73 o 95 35 1.00
B408 NO8800 Annealed Ni—-Cr-Fe 45 @ 75 3Q 1.00
NO8800 Annealed Ni—Cr—Fe 45 2@ 75 30 1.00
N08810 Annealed Ni—Cr-Fe 45 @ 65 25 1.00
N08810 Annealed Ni—Cr—Fe 45 2@ 65 25 1.00
B425 N08825 Annealed Ni—Fe—Cr-Mo-Cu 45 (O] 85 35 1.00
N08825 Annealed Ni—Fe—Cr—Mo-Cu 45 L@@ 85 35 1.00
B446 N06625 Sol. ann. Ni—Cr—Mo-Cb 43 W@s)@8) 100 40 1.00
N06625 Annealed Ni—-Cr—-Mo-Ch 43 1)2)(14)(16) 110 50 1.00
N06625 Annealed Ni—Cr—Mo-Cb 43 W@asas5 A 120 60 1.00
B462 N08020 Annealed Ni—Fe—Cr—Mo—-Cu—-Cb 45 ® 80 35 1.00
N08020 Annealed Ni—Fe—Cr-Mo—-Cu-Cb 45 (©O]e)] 80 35 1.00
B473 N08020 Annealed Cr—Ni—Fe—Mo-Cu-Ch 45 () 80 35 1.00
N08020 Annealed Cr—Ni—Fe—Mo—-Cu—-Ch 45 1)) 80 35 1.00
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (][] 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 W@ 95 35 1.00
N06625 Annealed Ni—Cr—Mo-Cb 43 1)2)(14)(16) 110 50 1.00
N06625 Annealed Ni—Cr—Mo-Cb 43 (1)(2)14)(15)(17) 120 60 1.00
B564 N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu=N 45 D)2 95 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo—-Cu—N 45 D@22 95 45 1.00
N08800 Annealed Ni—Cr—Fe 45 D 75 30 1.00
N08800 Annealed Ni—Cr—Fe 45 (][] 75 30 1.00
N08810 Annealed Ni—Cr-Fe 45 D 65 25 1.00
N08810 Annealed Ni-ErFe 45 (O]} 65 25 1.00
B572 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
B574 N06022 Sol. ann: Ni-Mo—Cr-Low C 44 (@[] 100 45 1.00
N06022 Sel,ann. Ni—-Mo-Cr-Low C 44 MEA2) 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 (1212 100 41 1.00
B649 N0&925. Annealed Ni—Fe—Cr—Mo-Cu-Low C 45 (1) 87 43 1.00
NO8925 Annealed Ni—Fe—Cr—Mo-Cu—Low C 45 1Q) 87 43 1.00
NQOKQ24 Annealed Ni—Fe—Cr—Mo—Cu—N-laow C 1) [eYA 43 1.00
N08926 Annealed Ni—Fe—Cr—Mo—-Cu—N-Low C - 1Q) 94 43 1.00
B691 N08367 Sol. ann. Fe—Ni—Cr—-Mo-Cu—-N 45 (1)(8)(22) 95 45 1.00
N08367 Sol. ann. Fe—Ni—Cr—Mo-Cu-N 45 L@ B)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

-20 UNS
to 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 16.0 159 158 15.7 15.6 155 154 154 153 153 NO06617 B166
233 [2373 233 233 233 225 22T 2Ly 2I.7 2I5 2.3 Z2I.Z 2I.0 209 20.9 20.8 20.7 18.I NOog§l7

20.0 |18.5 17.8 17.2 16.8 16.3 16.1 159 15.7 15.5 153 151 14.9 14.7 145 13.0 9.8 6.6 ~N08300 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 19.9 17.0 13.0 9.8 6.6 .“N08g00
16.7 |15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 NO08g10
16.7 [16.7 16.7 16.7 16.7 16.5 16.1 15.7 153 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 NO08810

23.3 |21.4 203 19.4 185 17.8 17.5 173 17.2 170 ... ... ... ... ... NO8325 B425
23.3 (23.3 23.3 23.3 233 233 233 233 232 230 ... ... ... ... . RN\ R ... NO08g25

26.7 |24.9 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 *~19.4 19.3 19.3 N06425 B446
31.4 |31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 283 28.0 27.7 27.4 27.0( 26.6 21.0 132 NO06425
34.3 |34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 299 295 29.0 21.0 13.2 NO06425

22.9 120.6 19.7 18.9 18.2 17.7 17.5 17.4 172 168 ... ... ... <.} . e ce ... NO8(Q20 B462
22.9 (22.9 22.6 22.2 22.1 221 220 21.9 218 21.8 ... ... ... L. . - . ... NO08Q20
22.9 120.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 168 ... ... %o ... . - - ... NO8Q20 B473
22.9 (22.9 22.6 22.2 221 221 220 21.9 218 218 ... ... ... . . R ... NO08Q20

23.3 (20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 159 1587157 15.6 155 154 154 153 153 NO06417 B564
23.3 1233 23.3 23.3 23.3 225 221 21.9 21.7 215 21,37 21.2 21.0 209 209 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 28.6.283 28.0 27.7 274 27.0 266 21.0 132 N06425
34.3 |34.3 343 33.6 32.9 32.4 32.1 31.8 31.5 3142y 30.9 30.6 30.3 29.9 29.5 29.0 21.0 13.2 NO06§425

27.1 126.2 23.8 21.9 20.5 19.4 19.0 18.6 183 80 ... ... ... . . . . ... NO8367 B564
27.1 (27.1 25.7 24.6 23.8 23.3 23.1 229,228 226 ... ... ... . . . . ... No08367

20.0 |18.5 17.8 17.2 16.8 16.3 16.1 15.9 5.7 15.5 153 151 14.9 14.7 145 13.0 9.8 6.6 N08800
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 NO08800
16.7 |15.4 14.4 13.6 12.9 12.2 119.1.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 NO08g10
16.7 (16.7 16.7 16.7 16.7 16.5 r6:./15.7 153 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08§10

28.6 [25.6 23.1 21.3 20.1 193 )18.9 18.7 18.4 18.2 18.0 17.8 17.6 17,5 173 17.1 16.9 13.6 R304956 B572
28.6 [28.6 28.0 27.1 26.4.26/0 256 25.2 24.9 24.6 243 24.1 238 23.6 233 21.2 170 13.6 R30456

28.6 122.9 22.9 22.6,.222 22.1 22.1 220 219 21.8 ... ... ... . . . . ... NO06Q22 B574
28.6 [28.6 28.2 27.226.5 26.0 258 25.6 25.4 253 ... ... ... ... . . . ... No06Q22
27.3 [24.9 23.0 213/ 19.9 18.8 18.2 17.8 17.4 17.1 169 16.7 16.6 16.5 . . . ... N10376
27.3 |127.3 273,\27.3 26.9 252 24.6 24.0 23.5 23.1 22.8 22.6 224 223 . . ce ... N10376
24.9 123.22.21'3 19.8 18.3 17.3 17.0 169 169 169 ... ... ... ... . . . ... NO08925 B649
24.9 (24.9~23.9 23.0 22.1 21.4 21.1 20.8 20.4 201 ... ... ... ... . . . ... NO08925
269 12431 215 107 187 180 177 175 174 NQ8926
26.9 26.9 26.2 24.8 23.7 22.8 224 22.0 216 ... ... ... ... . . . . ... NO08926
27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 183 180 ... ... ... ... . . . ... NO08367 B691
27.1 27.1 25.7 24.6 23.8 23.3 23.1 229 228 226 ... ... ... ... . . R ... NO08367
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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 Fittings

B366

B366

B366

B366

B462

Welded Fit
B366

B366

B366

B366

B366

B366
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N06022 Sol. ann. Low C-Ni-Mo-Cr 44 (1)(12) 100 45 1.00
NOGUZ2 Sotanm. oW C=Nt=Mo—Cr v () TOU 75 1.00
N06625 Annealed Ni—Cr—-Mo-Ch 43 D@a) 110 50 1.00
N08020 Annealed Cr—Ni—-Fe—Mo—-Cu-Ch 45 )] 80 35 1.00
N08020 Annealed Cr—Ni-Fe—Mo-Cu-Cb 45 wE 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
N08925 Annealed Low C-Ni-Fe—Cr-Mo—-Cu 45 ® 87 43 1.00
N08925 Annealed Low C—Ni-Fe-Cr—-Mo-Cu 45 (63]¢) 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 (3¢ 94 43 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 DMEA2) 100 41 1.00
R30556 Annealed Ni—Fe—Cr—Co—Mo-W 45 ©))] 100 45 1.00
R30556 Annealed Ni—Fe—Cr—-Co-Mo-W 45 (O]} 100 45 1.00
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)@2)(8)(22) 95 45 1.00
ings

N06022 Sol. ann. Low C-Ni-Mo-Cr 44 1M@2) 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 DMEA2) 100 45 0.85
N06022 Sol. ann. Low C-Ni—-Mo-Cr 44 12 @12)(13) 100 45 1.00
N06625 Annealed Ni—Cr—-Mo-Ch 43 1@a) 110 50 0.85
N06625 Annealed Ni—Cr—Mo-Cb 43 (1)(13)(14) 110 50 1.00
N08020 Annealed Cr—Ni—Fe—Mo-Cu-+Ch 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=Me—-Cu-Ch 45 (BI") 80 35 0.85
N08020 Annealed Cr—Ni£Fes-Mo—Cu-Cb 45 LWEAa3) 80 35 1.00
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)) (©®)122) 95 45 0.85
N08367 Sol. ann, Fe—Ni-Cr—-Mo—-N 45 1)) (13)(22) 95 45 1.00
N08925 Annealed Low C—Ni-Fe-Cr—Mo—-Cu 45 (1) 87 43 0.85
N08925 Annealed Low C-Ni-Fe—Cr-Mo—-Cu 45 M@3) 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)(2)(13) 87 43 1.00
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 W@3) 94 43 1.00
N08926 Annealed Low C—Ni—Fe—Cr—Mo—Cu—N 45 (D(2(19)(20) 94 43 0.85
N08926 Annealed Low C-Ni-Fe—-Cr—-Mo—-Cu-N 45 1(2)13) 94 43 1.00
N10276 Sol. ann. Low C-Ni—-Mo-Cr 43 (112 100 41 0.85
N10276 Sol. ann. Low C—Ni-Mo-Cr 43 1)(2)(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 12 @12)13) 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

-20 UNS
to 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 19.6 193 19.0 ... ... ... e - Ce Ce ... NO06022 B366
28.6 [286 28.2 27.2Z 265 260 25.8 25.6 25.4 25.3 . ... .. . .- .- .. NU©(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 NOb425
22.9 |120.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 168 ... ... ... . - c. . .~ N08(Q20 B366
22.9 1229 22.6 22.2 22.1 22.1 220 21.9 21.8 218 ... ... ... e . Ce Ce .. N08Q20
27.1 126.2 23.8 21.9 20.5 19.4 19.0 18.6 183 180 ... ... ... . - ... Cy ».. No08367
27.1 |27.1 25.7 24.6 23.8 23.3 23.1 22.9 228 226 ... ... ... . . Ce P X ... NO08367
24.9 123.2 21.3 19.8 183 17.3 17.0 169 169 169 ... ... ... - e Ce D . ... NO08925 B366
24.9 |124.9 23.0 23.0 22.1 21.4 21.1 20.8 20.4 201 ... ... ... . - <& . ... NO08925
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 1249 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 & - Ce Ce ... N103176 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 ). ... C ... N10376
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 17.1 16.9 13.6 R30456
28.6 |128.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 ,23.6 233 21.2 17.0 13.6 R30956
27.1 126.2 23.8 21.9 20.5 19.4 19.0 18.6 183 180 ... ... .. - e e . ... NO08367 B462
27.1 |127.1 25.7 24.6 23.8 23.3 23.1 229 22.8 22.6 ... ... N e e Ce Ce ... No08367
Welded Fittings
24.3 122.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 ...\ ... ... . - R C ... N06(Q22 B366
28.6 |26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 . (& ... ... e e Ce Ce ... N06Q22
24.3 |124.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5-\~. ... ... . c. ... . ... No06(Q22
28.6 |28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 253y ... ... ... e e Ce Ce ... No06Q22
26.7 |26.7 26.7 26.2 25.7 25.2 25.0 24.7 24.6_ (243 24.1 23.8 23.5 233 23.0 226 179 11.2 NO06425
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 N06425
19.4 |17.5 16.8 16.1 15.5 15.0 14.9 14.8( 146 143 ... ... ... . e R C ... NO08Q20 B366
22.9 120.6 19.7 18.9 18.2 17.7 17.5 174 17.2 168 ... ... ... e - Ce e ... N08Q20
19.4 119.4 19.2 18.8 18.8 18.8 18.71&6 185 185 ... ... ... e - R . ... No08qQ20
22.9 1229 22.6 22.2 22.1 22.1 22(0)21.9 21.8 21.8 ... ... ... e . c. Ce ... N08@20
23.1 |22.2 20.2 18.7 17.4 16.5 161 15.8 155 153 ... ... ... Ce . e Ce ... NO08367 B366
27.1 |126.2 23.8 21.9 20.5 194 )19.0 18.6 183 180 ... ... ... . . c C ... Nog3je7
23.1 123.1 21.8 20.9 20.2_%98 19.6 19.5 19.4 19.2 ... ... ... e e ce c. ... No08367
27.1 |27.1 25.7 24.6 238 _23.3 23.1 229 228 226 ... ... ... . - . . ... No83je7
21.1 |19.7 18.1 16.8M156 14.7 14.4 14.4 144 144 ... ... ... e - e . ... NO08925 B366
24.9 123.2 21.3 198,\18.3 17.3 17.0 169 169 169 ... ... ... . - . C. ... NO08925
21.1 |21.1 20.4_29°5 18.8 18.2 179 17.7 17.4 170 ... ... ... ... NO08925
24.9 124.9 23(9, 23.0 22.1 21.4 21.1 20.8 20.4 201 ... ... ... . - R .. ... NO08925
22.9 120.5.%t83 16.7 15.9 15.3 15.0 14.9 14.8 N08926 B366
26.9 |24.1_21.5 19.7 18.7 18.0 17.7 17.5 17.4 N08926
22.9 1229 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 - e C ... N10276 B366
27.3 249 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 169 16.7 16.6 16.5 . Ce Ce ... N10276
23.2 23.2 23.2 23.2 229 21.4 20.9 20.4 20.0 19.6 19.4 19.2 19.0 19.0 - R . ... 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 e Ce Ce ... 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)

12) B366 R30556 Annealed Ni—Fe—Cr—Co—Mo-W 45 D 100 45 0.85
R30556 Anneated Nt=Fe=Cr—Co—-Mo—W 75 o3y OO 75 1.00
(12) R30556 Annealed Ni—-Fe—Cr—Co—Mo-W 45 (][0} 100 45 0.85
R30556 Annealed Ni—Fe—Cr—Co—Mo-W 45 (1(2)13) 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

-20 UNS
to 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 15.0 148 14.7 145 14.4 11.6 R30556 B366 (12)
28.6 [25:6 23.T 2.3 20T 193 189 187 184 182 180 178 176 175 17.3 17.I 169 13.6 R30956
24.3 (243 23.8 23.0 22.5 22.1 21.7 21.4 21.1 209 20.7 20.5 20.2 200 19.8 180 144 11.6 ,R30456 (12)
28.6 |28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 241 23.8 23.6 233 21.2 17.0 13.6~\R30356
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

GENERAL NOTES:

(@) The tabulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure Vessel Code applications, see related
specifications in Section Il of the ASME Code.

The stress 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 Vessel Code. Qualification of
welding procedures, 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.

(b)
©

ents

vern

jlons

ng by

| be

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given
herein prin Table A-8.

(f) The tabulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint
efficiengy factors are shown in Table 102.4.3.

(g) Pressure—temperature ratings of piping components, as published in standards referenced in this Code, may be used for|compon
meeting the requirements of those standards. The allowable stress values given in this Table are for use in designing piping
compoients which are not manufactured in accordance with referenced standards.

(h) The y cpefficient = 0.4 except where Note (7) applies [see Table 104.1.2(A)].

() The taHulated stress values that are shown in italics are at temperatures in the range where creep and stress ¥dpture strength go
the selgction of stresses.

NOTES:

(1)  THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGS. 100.1.2(A)»AND (B).

(2) Due tp the relatively low yield strengths of these materials, these higher allowable stress valués were established at temperatu
wherg the short time tensile properties govern to permit the use of these alloys where slightly’ greater deformation is acceptabl
Thesq stress values exceed 67% but do not exceed 90% of the yield strength at temperature. Use of these values may result in]
dimersional changes due to permanent strain. These values should not be used forflanges of gasketed joints or other applicaf]
wherg slight amounts of distortion can cause leakage or malfunction.

(3) The njaximum temperature is limited to 500°F because harder temper adversely ‘affects design stress in the creep rupture
tempgrature range.

(4) Thesd values may be used for plate material only.

(5) Thesq values apply to sizes NPS 5 and smaller.

(6) Thesd values apply to sizes larger than NPS 5.

(7)  See Thble 104.1.2(A) for y coefficient value.

(8) Heat freatment after forming or welding is neither required nex prohibited. However, if heat treatment is applied, the solution
annedling treatment shall consist of heating to a minimum temperature of 2,025°F and then quenching in water or rapidly cool
other|means.

(9) Thesd values apply to thickness less than % in.

(10) Thesd values apply to thickness from 34 in. up to‘and including %/ in.

(11) Thesd values apply to thickness more than *in.

(12) Al filler metal, including consumable insert\material, shall comply with the requirements of Section IX of the ASME Boiler and
Presspre Vessel Code.

(12) (13) Thesq values (E=1.00) apply only ta Ctass WX or WU fittings (all welds radiographed or ultrasonically examined).

(14) This dlloy is subject to severe loss ef/impact strength at room temperature after exposure in the range of 1,000°F to 1,400°F.

(15) The npinimum tensile strength-efsreduced tension specimens in accordance with QW-462.1 of Section IX shall not be less than
110,d00 psi.

(16) Thesd values apply to material with a thickness of greater than 4 in. prior to machining or fabricating.

(17) Thesq values apply to"material with a maximum thickness of 4 in. prior to machining or fabricating.

(18) For sdrvice at 1,200%F0r higher, the deposited weld metal shall be of the same nominal chemistry as the base metal.

(19) Heat freatment<fter fabrication and forming is neither required nor prohibited. If heat treatment is performed, the material sha
heated for agsufficient time in the range of 2,010°F to 2,100°F followed by quenching in water or rapidly cooled by another me

(20) Weldihg electrodes or filler metal used for welding UNS N08926 shall conform to SFA-5.11 ENiCrMo-3 or ENiCrMo-4, or SFA-5.1
ERNi{QrMo-3 or ERNiCrMo-4.

(21) These values apply to thicknesses ~/j4 in. or less.

(22) These values apply to thicknesses greater than % in.
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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 1@B)@% 20
25 MG 25
30 G 30
35 M@B@ 35
40 DM2B)@&) 40
45 1)@B)@® 45
50 DM2B)@) 50
55 1)@B)@®@ 55
60 DM2B)@&) 60
A126 A BB@) 21
B B)VA@) 31
C B@®) 41
A278 20 Q@) 20
25 @& (5) 25
30 Q@G 30
35 @@WG) 35
40 Q@G 4Q
45 @@We0G) 45
50 2@ (5) 50
55 @@W0G) 55
60 2@ (5) 60
Ductile Cagt Iron
A395 60-40-18 6)(®) 60 40 0.80
65-45-15 6)(8) 65 45 0.80
A536 60-42-10 1)(®) 60 42 0.80
70-50-05 1)(®) 70 50 0.80

GENERAL NOTES:

(@ The taQulated specifications are ANSI/ASTM 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 Table mdy hé& interpolated to determine values for intermediate temperatures.

(c) Cast irgn components shall nof be welded during fabrication or assembly as part of the piping system.

(d) Tensile|strengths and allowablé: stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The mdeterials listed in tHis*Fable shall not be used at design temperatures above those for which allowable stress values are givgn.

(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 gast-iron.

(g) Pressufe—temperature ratings of piping components, as published in standards referenced in this Code, may be used for compor{ents
meeting thesequirements of those standards. The allowable stress values given in this Table are for use in designing piping compo-
nents Whichare not manufactured in accordance with referenced standards.

(h) The y daefficient equals 0.4 [see Table 104.1.2(A)]
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Table A-5 Cast Iron

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20 to -20 to
400 450 500 600 650 650 Class Spec. No.

Gray Cast Iron

2.0 20 A48

35
40
45
50
55
60

[o )NV IV, I L V)

N
>

A126

M~ w
(@l

2.0 20 A278
2.5 25
3.0 30
3.5 35
4.0 40
4.5 45
5.0 50
5.5 55
6.0 60

w w NN

Duct{le Cast Iron
.. o e . e 9.6 60-40-18 A395
10.4 10.4 65-45-15
4.8 60-42-10 A536
5.6 70-50-05

NOTE$:
(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGS. 100.1.2(A) AND (B).
(2) Material quality factors are not(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 ofythis material, see para. 124.4.

(5) This material shall notsheused where the design pressure exceeds 250 psig [1 725 kPa (gage)] or where the design temperfature
ceeds 450°F (230°0)-
(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 tempefature exceeds 450°F (230°C).
(7) Piping compépents conforming to either ASME B16.1 or ASME B16.4 may be used for boiler external piping, subject to all the require-
mients ef\the particular standard.

(8) FQr 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, CIZ200 DTawn 2 & under 3T 2@ TS 70 1.00
€10200, €12000, C12200 Drawn Over 2 to 12 31 (@) 36 30 1.00
B43 C23000 Annealed A 31 ) 40 % 1.00
C23000 Drawn . 31 @@ 40 18 1.00
B68 C10200, C12000, C12200 Annealed A 31 (1) 30 9 1.00
B75 €10200, C12000, C12200 Annealed - 31 ) 30 9 1.00
C10200, C12000, C12200 Light drawn A 31 2)(4) 36 30 1.00
€10200, €12000, C12200 Hard drawn . 31 @@ 45 40 1.00
B88 C10200, C12000, C12200 Annealed A 31 1) 30 9 1.00
€10200, €12000, C12200 Drawn - 31 (][] 36 30 1.00
B111 C10200, C12000 Light drawn A 31 (@2(E)] 36 30 1.00
C10200, C12000 Hard drawn - 31 (1B 45 40 1.00
C12200, C14200 Light drawn c. 31 (©]E)] 36 30 1.00
C12200, C14200 Hard drawn Ce 31 (©]E)] 45 40 1.00
B111 C23000 Annealed A 32 (1) 40 12 1.00
€28000 Annealed . 32 @) 50 20 1.00
C44300, C44400, C44500 Annealed - 32 ) 45 15 1.00
C60800 Annealed . 35 D 50 19 1.00
B111 C68700 Annealed A 32 (1) 50 18 1.00
C70400 Annealed e 34 D 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 A 31 (1) 30 9 1.00
C12200 Drawn . 31 (][] 36 30 1.00
B302 C12000, C12200 Drawn A 31 (©]E)] 36 30 1.00
B315 C61300, C61400 Annealed - 35 (1) 65 28 1.00
B466 C70600 Annealed A 34 1) 38 13 1.00
C71500 Annealed - 34 ©))] 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 A 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

-20
to 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 ... ... ... ... ... ... ... ... (10200, C12000, C12200 B42
129 Iz9 129 129 125 II3g 73 .. Cl0200, CIZ000, CI2290
10.3 110.3 10.3 10.3 10.0 9.7 94 ... ... ... ... ... ... ... ... (10200, C12000, C12200
80| 80 80 80 80 70 50 20 ... ... ... ... .o ... ... (23000 B43
80| 80 80 80 80 70 50 20 ... ... ... e ae. ... ... 23000
6.0 5.1 49 48 47 40 3.0 ... ... ... ... ... ... ... ... (10200,'€12000, C12200 B68
6.0 5.1 49 48 47 40 3.0 ... ... ... ... ... ... ... ... 10200, C12000, C12200 B75
10.3 110.3 10.3 10.3 10.0 9.7 9.4 ... ... ... ... ... ... ... ...,€Cx0200,C12000, C12200
12.9 1129 12.9 129 125 11.8 43 ... ... ... e eve e oo 0.4 0610200, C12000, C12200
6.0 5.1 49 48 47 40 3.0 ... ... ... ... ... ... ... tso7 o C10200, C12000, C12200 B88
10.3 110.3 10.3 10.3 10.0 9.7 9.4 ... ... ... ... ... ... o % M. (10200, C12000, C12200
10.3 110.3 10.3 103 100 9.7 94 ... ... ... ... ... ...&<s... ... (10200, C12000 B111
12.9 1129 129 129 125 11.8 43 ... ... ... ..o ... .Lo)t... ... (10200, C12000
10.3 110.3 10.3 10.3 10.0 9.7 94 ... ... ... ... ... SA0 ... ... (12200, C14200
12.9 1129 129 129 125 11.8 43 ... ... ... ... . .8NN... ... ... (12200, C14200
80| 80 80 80 80 70 50 20 ... ... ... ..M ... ... ... (23000 B111
13.3 (13.3 13.3 13.3 133 108 53 ... ... ... LA™ ..o ... ... (28000
10.0 | 10.0 10.0 10.0 10.0 98 35 2.0 ... ... .. ... ... ... ... (44300, C44400, C44500
12.7 112.2 12.2 122 12.0 100 6.0 40 20 ...~8%. ... ... ... ... (60800
12.0 | 11.9 11.8 11.7 11.7 6.5 3.3 1.8 ... =N\ ... ... ... ... ... Ce8700 B111
80| 80 ... ... .. o oo e Oy oos Les Lo L. LLL 70400
e o4 0 2710 0]
100 9.7 95 93 90 88 87 85\N80 70 60 ... ... ... ... (70600 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, 101 99 98 96 95 94 ... ... (71500
6.0 5.1 49 48 47 4.0 (O ... ... ... ... .. ... ... ... (12200 B280
10.3 110.3 10.3 10.3 10.0 9.7 9.4 ... ... ... ... ... ..o ... ... (12200
10.3 110.3 10.3 10.3 10.0_.°9. 94 ... ... ... ... ... ... ... ... (12000, C12200 B302
18.6 | 18.6 18.5 18.3 18.2y718.1 17.9 175 170 ... ... ... ... ... ... (61300, C61400 B315
87| 84 82 80y\78 77 75 7.4 73 70 60 ... ... ... ... (70600 B466
12.0 (11.6 11.3 %0, 108 10.5 103 101 99 98 96 95 94 ... ... (71500
Welded Pige and Tube
8.5 | 8.3.5:-81 79 7.7 7.5 74 72 63 57 43 ... ... ... ... C70600 B467
7.4 22070 68 67 65 64 63 62 57 43 ... ... ... ... C70600
11.3 1109 10.7 10.4 10.2 100 9.7 96 9.4 9.2 9.1 cie  ee+ ... ... (71500
85 82 80 78 76 75 73 72 70 69 68 ... ... ... ... (71500
16.0 15.9 15.8 15.7 15.6 155 154 151 146 ... ... ... ... ... ... (61300, C61400 B608
Plate
100 97 95 93 90 88 87 85 80 70 60 ... ... ... ... (70600 B171
100 97 95 93 90 88 87 85 80 70 60 ... ... ... ... (70600
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 ... ... (71500
12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 99 98 96 95 94 ... ... (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
(12) Rod
B16 C36000 Annealed 1 & under L. 2)B)@)(8) 48 20 1.00
T36000 Anneated OVer 11 2 .. V41 SILVALL:)) T 8 1.00
C36000 Annealed Over 2 L. 2)B)@)(8) 40 15 1.00
B151 C71500 Annealed Over 1 34 (1) 45 8 1.00
B453 C35300 Annealed Under % . @B)@)(®) 46 16 1.00
C35300 Annealed 1/2 to1 c. 2)B)@)(8) 44 15 1.00
C35300 Annealed Over 1 L. 2)B)@)(8) 40 15 1.00
(12) Bar
B16 C36000 Annealed 1 & under - @B (®) 44 18 1.00
C36000 Annealed Over 1 - @B)@)(®) 40 15 1.00
Die Forgings (Hot Pressed)
B283 C37700 As forged 1Y, & under - 6] 50 18 1.00
C37700 As forged Over 1Y, o @B) 46 15 1.00
Castings
B61 €92200 As cast A .. A 34 16 0.80
B62 C83600 As cast Ce e e 30 14 0.80
B148 €95200 As cast - 35 @) 65 25 0.80
C95400 As cast e 35 O]O)] 75 30 0.80
B584 €92200 As cast N~ . . 34 16 0.80
€93700 As cast J.. e 3 30 12 0.80
€97600 As cast ce. . 3 40 17 0.80
GENERAL NOTES:
(@) The taBulated specifications are ANSI/ASTN oy 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 e interpolated to determine values for intermediate temperatures.
(c) The P-Numbers listed in this Tablé are identical to those adopted by 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 all@wable stresses shown in “ksi” are “thousands of pounds per square inch.”
(e) The mdterials listed inithjs Table shall not be used at design temperatures above those for which allowable stress values are givgn.
Howev¢r, for satuyatedssteam at 250 psi (406°F), the allowable stress values given for 400°F may be used.
(f) The talulated stress’values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint eff{-
ciency factorsare 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 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.
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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

-20
to 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 [TI3— 108 0.4 100 97 5.3 AY C36000
10.0 | 9.4 9.0 87 83 8.1 5.3 2.0 C36000
12.0 |11.6 11.3 11.0 10.8 10.5 10.3 10.1 99 98 96 95 9.4 C715060 B151
10.7 | 10.1 9.6 9.2 8.9 8.6 5.3 2.0 C35300 B453
100 ] 94 9.0 8.7 83 8.1 5.3 2.0 €35300
100 ] 94 9.0 8.7 8.3 8.1 5.3 2.0 C35300
Bar
12.0 | 11.3 10.8 10.4 10.0 9.7 5.3 2.0 C36000 B16
100 ] 94 9.0 8.7 83 8.1 5.3 2.0 C36000

Die Forgings (H

ot Pressed)

12.0 | 11.3 10.8 C37700 B283
10.0 | 9.4 9.0 C37700
Castings
78 78 78 78 78 78 6.6 6.2 5.8 4.0 €92200 B61
69| 69 69 69 66 65 55 54 83600 B62

13.4 112.6 12.2 11.8 11.6 11.4 11.4 11.4 11.4 9% 59 €95200 B148

16.0 | 15.2 15.0 14.8 14.8 14.8 148 12.8 11.1 8.8 6.8 C95400

781 78 78 78 78 78 66 6.2 5.8 4.0 €92200 B584
6.4 5.9 5.5 5.3 5.3 5.2 5.1 C93700
6.0 | 5.8 5.6 5.5 5.4 €97600

NOTE$:

(1) THIS MATERIAL IS NOT ACCEPTABLE F@R USE ON BOILER EXTERNAL PIPING — SEE FIGS. 100.1.2(A) and (B).

(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 mategial shall not be used for blowoff or blowdown piping except as permitted in para. 122.1.4. Where
threaded brass or copper pipe‘isused for feedwater piping, it shall have a wall thickness not less than that required for schedule 80
stieel pipe of the same naminal size.

(3) Welding or brazing of this\material is not permitted.

(4) When this material 4s‘used for welded or brazed construction, the allowable stress values used shall not exceed those given for the
sgme material in(theé 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
afl temperatufesis based on the cross-section thicknesses as follows:

(a) 1¥%5-hr for the first inch or fraction thereof
(b)-%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

(12)  (7) Material conforming to ASTM B16 alloy C36000 shall not be used in primary pressure relief valve applicat

ions.

(12)  (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 €)) 14 5 1.00
R93003 HIZ U.0T0 10 0.500 7T 13) 70 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 OIO)] 30 16 1.00
A96061 T6 0.025 to 0.500 23 1)(®) 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.500 23 L@ 24 10 1.00
Seamless Ripe and Seamless Extruded Tube
B241 A93003 0 All 21 €Y} 14 5 1.00
A93003 H18 Less than 1.000 21 (6)]E)] 27 24 1.00
B241 A93003 H112 Note (20) 21 1320 14 5 1.00
Alclad A93003 0 All 21 (19(4) 13 4.5 1.00
Alclad A93003 H112 All 21 (3)(4) 13 4.5 1.00
B241 A95083 0 All 25 e 39 16 1.00
A95083 H112 All 25 (OIEO)] 39 16 1.00
A95454 0 Up thru 5.000 22 ® 31 12 1.00
A95454 H112 Up thru 5.000 22 1) 31 12 1.00
B241 A96061 T4 All 23 [BIOIS) 26 16 1.00
A96061 T6 Undend.in. dia. 23 L@G) 42 35 1.00
A96061 T6 All 23 BIOIS) 38 35 1.00
A96061 T4, T6 welded All 23 L@O) 24 10 1.00
(12) A96063 T6 Note (10) 23 1)(6)(10) 30 25 1.00
A96063 T5, T6 welded Note (10) 23 D@ 0) 17 10 1.00
Drawn Sealess Condenser and Heat Exchanger Tube
B234 [A93003 H14 0.010 to 0.200 21 (©][®)] 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)(6) 30 16 1.00
A96061 T6 0.025 to 0.200 23 1)) 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.200 23 (%] 24 10 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)(16) 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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Table A-7 Aluminum and Aluminum Alloys

ASME B31.1-2012

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to 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 .9 T3 370 24 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 AlcladhA95050
8.6 8.6 8.6 7.4 6.9 6.3 4.5 A96061
12.0 12.0 12.0 9.9 8.4 6.3 4.5 A96061
6.0 6.0 6.0 5.9 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 A Ce A A 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 6.4 6.0 5.8 4.5 A96061 B241
12.0 12.0 12.0 9.9 8.4 6.3 4.5 A96061
10.9 10.9 10.9 9.1 7.9 6.3 4.5 A96061
6.0 6.0 6.0 5.9 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 7.4 6.9 6.3 4.5 A96061 B234
12.0 12.0. 12.0 9.9 8.4 6.3 4.5 A96061
6.0 6,0 6.0 5.9 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)

ASME B31.1-2012

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 DB)(15) 40 18 1.00
R95033 O U.125 10 0.500 75 (TB)(1o) 70 3 0.85
B547 A95454 0 0.125 to 0.500 22 [63[¢%)) 31 12 1.00
A95454 0 0.125 to 0.500 22 ®@e) 31 12 0.85
A95454 H112 0.250 to 0.499 22 (D@s)(15) 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@@s)@a7) 30 16 1.00
A96061 T4 0.125 to 0.249 23 W@ae)(7) 30 16 0.85
A96061 T451 0.250 to 0.500 23 DW@@s)@a7) 30 16 1.00
A96061 T451 0.250 to 0.500 23 W@@ae)(7) 30 16 0.85
B547 A96061 T6 0.125 to 0.249 23 1)@7)(15)(17) 42 35 1.00
A96061 T6 0.125 to 0.249 23 D@ @aexx7) 42 35 0.85
A96061 T651 0.250 to 0.500 23 @) @5)(17) 42 35 1.00
A96061 T651 0.250 to 0.500 23 O@AA6)(17) 42 35 0.85
Sheet and PPlate
B209 A93003 0 0.051 to 3.000 21 ® 14 5 1.00
A93003 H112 0.250 to 0.499 24 (©]E)] 17 10 1.00
A93003 H112 0.500 to 2.000 21 (6)]E)] 15 6 1.00
B209 Alclad A93003 0 0.051 to 0.499 21 D@ 13 4.5 1.00
Alclad A93003 0 0.500 to%3*000 21 1)(18) 14 5 1.00
Alclad A93003 H112 0.250M0.0.499 21 DWB)@) 16 9 1.00
Alclad A93003 H112 0.500-to 2.000 21 1319 15 6 1.00
B209 A95083 0 0.051 to 1.500 25 (6] 40 18 1.00
A95454 (6] 0.051 to 3.000 22 €Y} 31 12 1.00
A95454 H112 0.250 to 0.499 22 e 32 18 1.00
A95454 H112 0.500 to 3.000 22 ()]E)) 31 12 1.00
B209 A96061 T4 0.051 to 0.249 23 ®©)©°) 30 16 1.00
A96061 T454 0.250 to 3.000 23 BIOIS) 30 16 1.00
A96061 T4\welded 0.051 to 0.249 23 W@ ©) 24 10 1.00
A96061 T451 welded 0.250 to 3.000 23 W@ 24 10 1.00
B209 A96061 T6 0.051 to 0.249 23 ODIOIS) 42 35 1.00
A96061 T651 0.250 to 4.000 23 D©)©) 42 35 1.00
A9606¢ T651 4,001 to 6.000 23 ODIOIS) 40 35 1.00
A96067 T6 welded 0.051 to 0.249 23 @@ 24 10 1.00
A96061 T651 welded 0.250 to 6.000 23 W@ 24 10 1.00
Die and Hand Forgings
B247 A93003 H112 Up thru 4.000 21 @1 14 5 1.00
A93003 H112 welded Up thru 4.000 21 W@y 14 5 1.00
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2012

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to 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 RI5083
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 7.4 6.9 6.3 4.5 A96061 B547
7.3 7.3 7.3 6.3 5.9 5.4 3.8 A96061
8.6 8.6 8.6 7.4 6.9 6.3 4.5 A96061
7.3 7.3 7.3 6.3 59 5.4 3.8 A96061
12.0 12.0 12.0 9.9 8.4 6.3 %5 A96061 B547
10.2 10.2 10.2 8.4 7.1 5.4 3.8 A96061
12.0 12.0 12.0 9.9 8.4 6.3 4.5 A96061
10.2 10.2 10.2 8.4 7.1 5.4 3.8 A96061
Sheg¢t 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 11.4 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 7.4 6.9 6.3 4.5 A96061 B209
8.6 8.6 86 7.4 6.9 6.3 4.5 A96061
6.0 6.0 6.0 5.9 5.5 4.6 3.5 A96061
6.0 6.0 6.0 5.9 5.5 4.6 3.5 A96061
12.0 12:0 12.0 9.9 8.4 6.3 4.5 A96061 B209
12.0 12.0 12.0 9.9 8.4 6.3 4.5 A96061
11.4 M.4 11.4 9.6 8.2 6.3 4.4 A96061
6.0 6.0 6.0 5.9 5.5 4.6 3.5 A96061
6.0 6.0 6.0 5.9 5.5 4.6 3.5 A96061
Die and Hand Forgings
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B247
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2012

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 (Cont’d)
B247 A95083 H111 Up thru 4.000 25 @D©)®) 39 20 1.00
R95033 HITZ Op thra 4.000 75 (©)®) 39 119 1.00
A95083 H111, H112 welded Up thru 4.000 25 L@ ®) 38 16 1.00
B247 A96061 T6 Up thru 4.000 23 Me)(11) 38 35 1.00
A96061 T6 Up thru 4.000 23 DEQ2) 37 33 1.00
A96061 T6 4.001 to 8.000 23 D(®)(2) 35 32 1.00
A96061 Té6 welded Up thru 8.000 23 (63][¢)] 24 10 1.00
Rods, Bars| and Shapes
B221 A91060 0 All 21 MRy 8.5 2.5 1.00
A91060 H112 All 21 1B)21(22) 8.5 2.5 1.00
B221 A91100 0 All 21 1H2nERY 11 3 1.00
A91100 H112 All 21 1B)ERHR2 11 3 1.00
B221 A93003 0 All 21 1EHR2 14 5 1.00
A93003 H112 All 21 (1)3)(21)(22) 14 5 1.00
B221 A92024 T3 Up thru 0.249 D@OEER2 57 42 1.00
A92024 T3 0.250-0.749 D@©2DQ2) 60 44 1.00
A92024 T3 0.750-1.499 D@O@EDER2 65 46 1.00
A92024 T3 1.500 and over: D@©2DQ2) 68 48 1.00
B221 [A95083 0] Up thru 5,000 25 ®1ERDE22 39 16 1.00
A95083 H111 Up thr-5.000 25 D)D) 40 24 1.00
[A95083 H112 Up.thed 5.000 25 1B)B)R1)(22) 39 16 1.00
B221 A95086 H112 Up thru 5.000 25 D@12 35 14 1.00
B221 A95154 0 All 22 (1)(8)(21)(22) 30 11 1.00
A95154 H112 All 22 MWB)®EHEY 30 11 1.00
B221 A95454 0 Up thru 5.000 22 MmNy 31 12 1.00
A95454 H111 Up thru 5.000 22 OLBRHERY 33 19 1.00
A95454 HII2 Up thru 5.000 22 DR 31 12 1.00
B221 A95456 (0] Up thru 5.000 25 ®DHERDE22 41 19 1.00
A95456 H111 Up thru 5.000 25 D)2 42 26 1.00
A95456 H112 Up thru 5.000 25 DB)B)RD(Q22) 41 19 1.00
B221 A96067 T4 All 23 D@22 26 16 1.00
A96061 T6 All 23 D@O@EDER2 38 35 1.00
A96061 T4 welded Al 23 DMMORDR22) 24 10 1.00
A96061 T6 welded All 23 DO@©RDER2) 24 10 1.00
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2012

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Die and Hand Forgings (Cont’d)
11.1 11.1 A95083 B247
10.7 TO7 ARI5083
10.9 10.9 A95083
10.9 10.9 10.9 9.1 7.9 6.3 4.5 A96061 B247
10.6 10.6 10.6 8.8 7.7 6.3 4.5 A96061
10.0 10.0 10.0 8.4 7.4 6.1 4.5 A96061
6.0 6.0 6.0 5.9 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 94 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 11.7 A95456 B221
12.0 12:0 A95456
11.7 .7 A95456
7.4 7.4 7.4 6.4 6.0 5.8 4.5 A96061 B221
10.9 10.9 10.9 9.1 7.9 6.3 4.5 A96061
6.0 6.0 6.0 5.9 5.5 4.6 3.5 A96061
6.0 6.0 6.0 5.9 5.5 4.6 3.5 A96061
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ASME B31.1-2012

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 M2CDE2 17 9 1.00
[A96U63 TT U.501—1.000 73 (I 22 1)(22) 16 3 1.00
A96063 T5 Up thru 0.500 23 M2ECHE2 22 16 1.00
A96063 T5 0.501-1.000 23 122122 21 15 1.00
A96063 T6 Up thru 1.000 23 M2 E2 30 25 1.00
A96063 T5, T6 welded Up thru 1.000 23 L@ HE2 17 10 1.00

Castings

B26 A24430 F . . (©][®)] ¥7, 6 0.80
A03560 T6 - A (©][e)] 30 20 0.80
A03560 T71 o .. (€3]] 25 18 0.80

GENERAL NOTES:

(@) The taQulated specifications are ANSI/ASTM or ASTM. For ASME Boiler and Pressure Vessel-Codé applications, see related specififa-
tions i Section Il of the ASME Code.

(b) The strpss values in this Table may be interpolated to determine values for intermediate\témperatures.

(c) The P-Numbers listed in this Table are identical to those adopted by the ASME Bojter 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, Sef-
tion IX| except as modified by para. 127.5.

(d) Tensile|strengths and allowable stresses shown in “ksi” are “thousands offpounds per square inch.”

(e) The mdterials listed in this Table shall not be used at design temperaturesvabove those for which allowable stress values are givgn.

(f) The talulated stress values are S x E (weld joint efficiency factor) oSy 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 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 forflammable fluids within the boiler plant structure (see para. 122.7).

() The y qoefficient 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 gdvern
the selpction of stresses.

NOTES:

(1) THIS MITERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGS. 100.1.2(A) and (B).

(2) These gllowable stress values aresnet-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 correspqnding
stress yalues for the O tempenshall be used.

(4) These gllowable stress vaties are 90% of those for the corresponding core material.

(5) These allowable stress™values apply only to seamless pipe smaller than NPS 1 that is extruded and then drawn.

(6) These gllowable stress,Values are not applicable when either welding or thermal cutting is employed. In such cases, the correspgnding
stress Yalues foréthe, welded condition shall be used.
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ASME B31.1-2012

Table A-7 Aluminum and Aluminum Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to 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 o To 70 LAY 37 20 AI6063
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 . 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 an{l Pressure
essel Code, Section IX, QW-150.
(8) Refer to the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, Parh 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 in the welded condition.
(18) [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, the allowable stress values for thicknesses less than 0.500 in. shall be used.
(19) [the tension test specimen from ptate-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 sectiofiupider consideration would fail without reduction of area, shall be 0.80 times the values in this Table.
(22) PBtresswalles in bearing shall be 1.60 times the values in this Table.
(23) ASTMB210 does not include this alloy/grade of material.
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(12) 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 A 25Cr—20Ni 8 2)(4) 75 B30
TP316H S31609 e 16Cr-12Ni-2Mo 8 A 75 30
TP316L S31603 A 16Cr-12Ni-2Mo 8 (@8] 70 25
A213 TP321H S$32109 - 18Cr—10Ni-Ti 8 75 B30
TP347H S34709 Ce. 18Cr-10Ni-Cb 8 45 B0
TP348H S34809 Ce 18Cr-10Ni-Ch 8 75 30
A312 TP304H S30409 - 18Cr-8Ni 8 . 75 30
. S30815 Ce 21Cr-11Ni-N 8 (1) 87 45
TP310H S31009 - 25Cr—20Ni 8 (@) 75 30
TP316H S31609 e 16Cr-12Ni-2Mo 8 R, 75 B0
A312 TP321H S32109 A 18Cr—10Ni-Ti 8 75 B0
TP347H S34709 e 18Cr-10Ni-Cb 8 75 30
TP348H S34809 A 18Cr-10Ni-Cb 8 75 B0
A376 TP304H S30409 A 18Cr-8Ni 8 75 B0
TP316H S31609 e 16Cr-12Ni-2Mo 8 75 B3O
TP321H S32109 A 18Cr—10Ni-Ti 8 75 B0
TP347H S34709 Ce 18Cr-10Ni-Cb 8 75 30
B163 . N08800 Annealed Ni—Cr-Fe 45 (1) 75 30
N08810 Annealed Ni—Cr—Fe 45 1 65 D5
B167 - N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 . 95 B5
B407 - N08800 C.D./ann. Ni—Cr—Fe 45 .. 75 30
N08810 Annealed Ni-Cr-Fe 45 e 65 25
B622 - R30556 Anhealed Ni—Fe—Cr-Co—Mo-W 45 1) 100 145
Welded Pige and Tube — Without Fillér Metal
A249 TP304H S30409 Ce 18Cr—8Ni 8 - 75 B5
. S30815 ... 21Cr-11Ni-N 8 @ 87 i5
TP310H S31009 Ce 25Cr—20Ni 8 L@@ 75 35
TP316H 531609 ce. 16Cr-12Ni-2Mo 8 . 75 B5
A249 TP321H S32109 A 18Cr—10Ni-Ti 8 75 B5
TP34.7H S34709 - 18Cr-10Ni-Cb 8 75 35
TR348H S34809 e 18Cr-10Ni-Cb 8 75 B5
A312 TP304H S30409 A 18Cr—8Ni 8 A 75 30
. S30815 - 21Cr=11Ni-N 8 (6D)] 87 45
TP310H S31009 A 25Cr—20Ni 8 2)(4) 75 30
TP316H S31609 . 16Cr-12Ni-2Mo 8 e 75 30
194

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

Table A-8 Temperatures 1,200°F and Above 12
Eor Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding 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 19 164 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 TR316L
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 WA TP304H A312
1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 A
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 5.5 4.1 3.1 AY 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 5.9 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 A 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 A B167
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 . B407
1.00 7.4 59 4. 3.8 3.0 2.4 1.9
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 R30556 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
TIP347H 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 8 203) 75 30
A S30815 21Cr-11Ni-N 8 (1) 87 45
310S S$31008 25Cr—20Ni 8 2)B)(4) 75 30
316 S31600 16Cr-12Ni-2Mo 8 23 75 B0
316L S31603 16Cr-12Ni-2Mo 8 1) 70 25
A240 321 S32100 18Cr—10Ni-Ti 8 20B) 75 30
347 S34700 18Cr-10Ni-Cb 8 203 75 B0
348 S34800 18Cr—1QNi-Ch 8 1H@B) 75 30
B168 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 B5
B409 N08800 Annealed Ni—Cr—Fe 45 3) 75 30
N08810  Annealed Ni-Cr—Fe 45 3 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 DG 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 1) 100 45
Forgings
A182 F304H S30409 18Cr—8Ni 8 A 75 30
A S30815 21Cr-11Ni-N 8 1 87 45
F310H S31009 25Cr—20Ni 8 DB@@®) 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 R30556 B619
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 R30556 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 N2 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 A
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 3.1 233 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 S 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 5.9 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 R30556 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 R30556 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 A
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 F310H
1.00 7.4 5.5 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 A 75 30
E347H S34709 18Cr—10Ni—Ch I3 75 30
F348H S34809 - 18Cr-10Ni-Cb 8 . 75 B30
B564 - N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 . 95 B5
N08800 Annealed Ni—-Cr—Fe 45 . 75 30
N08810 Annealed Ni—Cr-Fe 45 .. 65 25
Fittings (Sqdamless and Welded)
A403 WP304H S30409 e 18Cr-8Ni 8 1) 75 B0
WP316H S31609 - 16Cr-12Ni-2Mo 8 (1) 75 B30
WP316L S31603 e 16Cr-12Ni-2Mo 8 (1) 70 25
WP321H S32109 A 18Cr—10Ni-Ti 8 (1) 75 B30
WP347H S34709 e 18Cr-10Ni-Cb 8 @ 75 B30
WP348H S34809 - 18Cr-10Ni-Ch 8 1) 75 30
B366 R R30556 Annealed Ni-Fe—Cr-Co—-Mo-W 45 (1)(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 valuies 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,
Section] 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 givgn.

(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) Pressufe—temperature ratings of piping comip@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 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.

198

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


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

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 2 59 4.4 32 25 18 13 E347H
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 B564
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80
1.00 7.4 59 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 N/ 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 59 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 R30556 B366
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 R30556
NOTE$:
(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGS. 100.1.2(A) and (B).
(2) These allowable stress values shall be used only if the carbon content of the material is 0.04% or higher.
(3) These allowable stress values tabulated shall be used only if thé material is heat treated by heating to a minimum temperafure of
1J900°F and quenching in water or rapidly cooling by other-means.
(4) These allowable stress values shall be used only whensthe)grain size of the material is ASTM No. 6 or coarser.
(5) These allowable stress values shall be used only whep_Supplementary Requirement S1 per ASTM A479 has been specified.
(6) Sgamless.
(7) Welded—all filler metal, including consumable(insert material, shall comply with the requirements of Section IX of the ASMH Boiler and
Pfessure 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
2 Anneated I 51 (¥9) 50 70 1.00
3 Annealed Ti 52 6)) 65 55 1.00
7 Annealed Ti-Pd 51 (1) 50 40 1.00
12 Annealed Ti-Mo—Ni 52 @) 70 50 1.00
B861 1 Annealed Ti 51 (1) 35 25 1.00
2 Annealed Ti 51 D 50 40 1.00
3 Annealed Ti 52 1 65 55 1.00
7 Annealed Ti-Pd 51 D 50 40 1.00
12 Annealed Ti-Mo—Ni 52 @) 70 50 1.00
Welded Pige and Tube
B338 1 Annealed Ti 51 1@ 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 Q@) 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 (©]e)] 50 40 0.85
3 Annealed Ti 52 (3]} 65 55 0.85
7 Annealed Ti-Pd 5% (][] 50 40 0.85
12 Annealed Ti—-Mo—-Ni 52 1)@ 70 50 0.85
Plate, Shegt, and Strip
B265 1 Annealed Ti 51 (1) 35 25 1.00
2 Annealed Ti 51 D 50 40 1.00
3 Annealed Ti 52 1) 65 55 1.00
7 Annealed Ti~Pd 51 ® 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 D 65 55 1.00
F7 Annealed Ti-Pd 51 1) 50 40 1.00
F12 Annealed Ti—Mo—Ni 52 1) 70 50 1.00
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ASME B31.1-2012

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to 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
14.3 137 27 1.3 103 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
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 7.9 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 12.1 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 11.1 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 12.1 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 11.1 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 14.2 128 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 103 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 13.1 12.7 12.3 F12
201

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

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 €)) 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 C2 As-cast Ti 50 DB 50 40 0.80

GENERAL NOTES:

(@) The talulated 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.

() The P-Numbers listed in this Table are identical to those adopted by the ASME Boiler and Pressure Vessel Code. Qualification of fveld-
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 mdeterials listed in this Table shall not be used at design temperatures aboye_those for which allowable stress values are givgn.

(f) The tahulated 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 talulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gdvern

the sel

bction of stresses.
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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

-20
to 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 T2 T3 103 95 3.8 8.2 7.0 7.0 5.5 P4
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 FIGS. 100.1.2(A)and (B).
(2) Filler metal shall not be used in the manufacture of welded pipe or tubing.
(3) Welding 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 20B)® 60

A449 C Carbon steel )(5)(6) 120

C Carbon steel 2)6G)@) 105
C Carbon steel 2)(5)(8) 90

Low and Intermediate Alloy Steel

A193 B5 5Cr-Y,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-%Mo-V Alloy steel (19) 125 105
B16 1Cr-%;Mo-V Alloy steel (12) 110 95
B16 1Cr-%;Mo-V Alloy steel 13) 100 85

A194 3 5Cr-Y,Mo-V Alloy steel 1)
4 C-Mo Alloy steel (1)(14)
7 Cr-Mo Alloy steel 1)

A320 L7 1Cr-Y5Mo Allgy steel 2)(5)(15) 125 105
L7M 1Cr-Y5Mo Alloy steel 2)(11) 100 80
L43 1%,Ni-/,Cr-Y,Mo Alloy steel )(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 S30400 B)16)(17) 75 30
B8C 1 18Cr—10Ni-Ch S34700 B)16)(17) 75 30
B8M 1 16Cr-12Ni-2Mo S$31600 (5)(16)(17) 75 30
B8T 1 18Cr-10Ni-Ti 532100 (5)(16)(17) 75 30

A193 B8 2 18Cr-8Ni S30400 (5)(18)(19) 125 100
B8 2 18Cr—8Ni S30400 (5)(18)(20) 115 80
B8 2 18Cr—8Ni S30400 (5)(18)(21) 105 65
B8 2 18Cr—8Ni S30400 (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 (5)(18)(21) 95 75
B8M 2 16Cr-12Ni-2Mo S31600 (5)(18)(22) 90 65

A193 B8T 2 18Cr-10Ni-Ti S$32100 (5)(18)(19) 125 100
B8T 2 18Cr-10Ni-Ti S$32100 (5)(18)(20) 115 80
B8T 2 18Cr—10Ni-Ti S32100 (5)(18)(21) 105 65
B8T 2 18Cr—10Ni-Ti S$32100 (5)(18)(22) 100 50
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Table A-10 Bolts, Nuts, and Studs

ASME B31.1-2012

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

-20
to 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 0.2 20.2 ... 20.2 ... 20.2 20.2 ...
14.5 14.5 145 ... 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 23.0 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 ... 18.8 ... 18.8 18.8 18.8 18.8 18.8 18.0 16.3 12.5 8.5 4.5 B7
20.0 20.0 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 41.0 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 1rI.0 6.3 2.8 B16
20.0 0.0 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 20.0 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 «=x> BD
28.0 8.0 28.0 ... 28.0 ... 28.0 28.0 28.Q .)". BD
Staipless Steels
A\ustenitic
18.8 16.7 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 ..A\_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 B3C
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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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—8 Nt S30Z00 U5
8C R 18Cr-10Ni-Cb S34700 @
A194 8M c. 16Cr—12Ni-Mo $31600 (6))]
8T .. 18Cr—10Ni-Ti $32100 (@)
8F . 18Cr—8Ni—-Fm A 1)
A320 B8 1 18Cr—8Ni S30400 (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 S30400 (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
B&C 2 18Cr-10Ni-Cb S$34700 (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 5)(18)(21) 95 65
B8M 2 16Cr-12Ni-2Mo S$31600 (5)(18)(20) 100 80
B8M 2 16Cr-12Ni-2Mo S$31600 (5)(18)(19) 110 95
A320 B8T 1 18Cr—10Ni-Tj 532100 (5) 75 30
B8T 1 18Cr—10Ni-Ti $32100 (5)(23) 75 30
B8T 2 18Cr—10Nj-Ti 532100 (5)(18)(22) 100 50
B&T 2 18Cr—=1ONi-Ti $32100 (3)(18)(21) 105 65
B8T 2 18€r=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 ) 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 3Cr SHTO00 (1)
Precipitation Hardened
A564 630 H1100 17Cr-4Ni-3.5Cu—0.04P S17400 (5)(25) 140 115
Copper and Copper Alloys
B150 o . S C61400 2(26)(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

-20
to

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.

Stainless Steels (Cont’d)
Austenitic (Cont’d)

3 A194
8C
3M Al194
8T
8F
188 .. ... .. .. .. B8 A320
18.8 16.7 15.0 ... 13.8 ... B8
18.8 B8
18.8 B8
20.0 B8
25.0 B8
188 1.. ... ... .o .. B8C A320
18.8 18.4 17.1 ... 16.0 ... B8C
18.8 B8C
18.8 B8C
20.0 B8C
25.0 B8C
188 1.. ... ... .. .. B8M A320
18.8 17.7 15.6 ... 143 ... B8M
18.8 B8M
18.8 B8M
20.0 B8M
25.0 B8M
188 11.. ... ... ... B8T A320
18.8 17.8 16.5 ... 15.3 B8T
18.8 B8T
18.8 B8T
20.0 B8T
25.0 B8T
21.3 660 A453
20.0 0.0 20.0 ... 20.0%%w 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 TP3Q9H A479
20.0 07.5 16.1 ... 5% .. 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12,5 12.3 10.3 7.6 5.5 4.0 TP3Q9H
20.0 7.6 16.1 ...,~I5.1 ... 14.3 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 TP3710H
20.0 0.0 20.0 ,.\~19.9 ... 19.3 185 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 TP310H
artensitic
21.3 19.518.9 ... 18,5 ... 18.3 17.9 17.6 17.2 16.7 16.1 153 12.3 ... B6 A193
) A194
Precipitation Hardened
28.0 ... 630 A564
Copper and Copper Alloys
17.5 17.5 17.5 17.5 17.2 16.6 16.1 ... B150
17.5 17.5 17.5 17.5 17.2 16.6 16.1 ...
17.5 17.5 17.5 17.5 17.2 16.6 16.1 ...
17.5 17.5 17.5 17.5 17.2 16.6 16.1 ...
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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:
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

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

Grades 8, 8C, 8M, and 8T, —20°F to 1,200°F

THIS MATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE-RETAINING PARTS OF BOILER EXTERNAL PIPING — SEE

FIGS.

This fnaterial shall not be used above 400°F. The allowable stress value is 7,000 psi.
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100.1.2(A) AND (B).

llowable stress values listed in MSS SP-58 for this material may be used for pipe supporting elements designed ip7accord
MSS SP-58.

allowable stress values are established from a consideration of strength only and will be satisfactory foraverage service,
H joints, where freedom from leakage over a long period of time without retightening is required, lowef 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‘@nd less than or equal to 11
meter.

allowable stress values apply to bolting materials greater than or equal to 1% in. in didgméter and less than or equal to
meter.

ben temperatures of —20°F and 400°F, allowable stress values equal to the lowepofthe 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 smallér.

allowable stress values apply to bolting materials 2Y in. in diameter and‘smaller.

allowable stress values apply to bolting materials larger than 2% in.An diameter but not larger than 4 in. in diameter.
allowable stress values apply to bolting materials larger than 4 if:(in"diameter but not larger than 7 in. in diameter.
prolonged exposures to temperatures above 875°F, the carbide phdse of carbon—molybdenum steel may be converted to
ite.

hum tempering temperature shall be 800°F.

llowable stress values tabulated for temperatures over @;000°F apply only if the carbon content of the material is 0.04%
r.

temperature of 1,900°F and quenching in wateror 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 removing thread. No more material than necessary shall be removed to prepare the flat area
measurements shall be made at the~sanie frequency as the tensile test.

allowable stress values apply torbolting 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~apply 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 w
hort-time tensilg properties govern to permit the use of these alloys where slightly greater deformation is acceptable. Thed
values exceed\67% but do not exceed 90% of the yield strength at temperature. Use of these stress values may result i
hsional chamges due to permanent strain. These values should not be used for the flanges of gasketed joints or other app|
whereeslight amounts of distortion can cause leakage or malfunction.

alléwable stress values apply to bolting materials 8 in. in diameter and smaller.

llowable stress values tabulated for temperaturescover 1,000°F apply only if the material is heat treated by heating to a nfini

ance

For
be

H in.

area,
Hard-

here

ca-

ng\or-brazing of this material is not permitted.

These allowable stress values apply to bolting materials '/ 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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NOTES:

(1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.

ASME B31.1-2012

Table B-1 Thermal Expansion Data (Cont’d)

(2) Group 1 alloys (by nominal composition):

Carbon steels
(C, C-Si, C-Mn, and C-Mn-Si)
c-Y4Mo
Y4Cr=YsMo-V
Y,Cr-Y,Mo-Si
Y5Cr=%Mo

Y4Ni-Y,Mo-V
VoNi-Y5Cr-Y,Mo-V
3/ Ni-Y4Mo-Cr-V
%/ Ni-Y4Mo-14Cr-V

YoerYNi-Y,Mo
3/, Cr-Y4Ni—Cu
3.3/, Ni-Cu-Al

> Ni-Y4Cu-Mo

%/ Ni-YCr-Y4Mo-V
%/ Ni—1Mo->/,Cr
1Ni-Y4Cr-YMo

1CrY%Mo
1CrY%Mo-Si 1Y:Ni-1Cr-"4Mo
1cr4i4Mo 1%,Ni-%,Cr-Y,Mo
1Cr{YMo-V 2Ni~%,Cr=Y/,Mo
1Y,dr-YMo 2Ni-%,Cr-"5Mo
1Y,dr-%Mo-Si 2YNi
1%/,4r-YMo—Cu 37/%Ni
20 Mo 3V4Ni-1%,Cr-Y,Mo-V
2Y,dr-1Mo
3Cr{1Mo

(3) Group ? alloys (by nominal composition):
Mn—V
Mn-{/,Mo
Mn—“Mo

Mn—,Mo-Y,Ni
Mn-4Mo-Y5Ni
Mn—,Mo—/,Ni
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Table B-1 (SI) begins on the next page.
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(12) Table B-1 (SI) Thermal Expansion Data
A = Mean Coefficient of Thermal Expansion, 10~*mm/mm/°C in Going F 20°C to Indi a7 N 1
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 11,5 11.8 11.9 12.1 12.3 124 12.6 12.7 129 13.0 13.2
steels [Note (2)] B -22 -13 -08 O 0.4 0.7 1.0 1.3 1.6 2.0 2.3 2.6 3.0 3.4
Group 2 low 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 -1.4 -08 0 0.4 0.7 10 1.4 1.7 21 2.4 2.8 32| 3.6
5Cr-1Mo sfeels A 10.1 10.8 11.2 11.5 11.8 12.0 12.1 123 12.4 12,5 12.6 12.6 \12.7| 12.8
B -22 -13 -08 O 0.4 0.7 1.0 1.3 1.6 1.9 2.3 2.6 2.9 3.3
9Cr-1Mo steels A 9.0 9.8 10.1 10.5 10.6 10.7 10.9 11.0 11.1 11.2 11:3_<41.4 11.5] 11.6
B -20 -1.2 -0.7 O 03 06 09 12 14 17,20 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 11.3 114414 11.5 11.6 11.6| 11.7
B -20 -1.2 -0.7 O 03 06 09 12 15) 18 21 24 27| 3.0
15Cr to 17Cr steels A 8.1 8.8 91 9.6 9.7 99 10.0 10.2%0.2 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 87 9.0 92 92 9B3Y 94 94 95 95 96 9.6| 9.7
B -1.7 -1.0 -06 O 0.3 0.5\N0.7 10 1.2 15 1.7 20 22| 25
Austenitic $tainless steels (304, A 13.5 14.3 14.7 15.3 15.6 5.9 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 05 %09 13 1.7 22 26 3.1 3.5 4.0| 45

19-9DL YM-15, etc.)
Other aust¢nitic stainless steels A 12.8 13.6 14.1 14A15.0 15.2 15.4 15.6 15.7 159 16.0 16.1 16.3| 16.4
(309, 31p, 315, XM-19, etc.) B -28 -1.6 -1.0~0 04 08 12 16 20 25 29 33 37| 4.2
Gray cast ifon A 9.8 10.1 10.2 10.4 10.5 10.7 10.8 11.0 11.1 11.2| 11.4
B 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 8.8 9.5 10.3 10.5 10.7 10.9 11.1 11.3 11.6 11.8 12.0 12.2| 12.4
B -1.1 -0.7 O 03 06 09 12 15 1.8 21 25 28| 31
Monel (67Ni-30Cu) NO4400 A 10.4 12.2 13.0 13.8 14.1 14.4 14.6 148 15.0 15.1 15.3 154 15.5( 15.6
B -23 -15 -09 O 0.4 0.8 1.2 1.6 1.9 2.3 2.8 3.2 3.6 4.0
Nickel alloys N02200 and N0220% 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| 143
B -2.2 -14 -08 O 04 0.7 10 14 18 21 25 29 33| 3.6
Nickel alloy N06022 A 12.4 124 12.4 124 12.4 12.4 12.4 12.4 12,5 12.5( 12.6
B 0 0.4 0.7 1.0 1.3 1.6 1.9 2.2 2.6 2.9 3.2
Nickel alloy NO66QQ 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 -08 O 04 0.7 10 14 17 21 24 28 3.2 3.5
Nickel alloy NO6625 A 12.0 12.4 12.6 12.8 129 13.0 13.1 13.2 13.2 13.2 133
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 20 24 28 33 3.7 4.1
Nickel alloy NO8825 A 12.9 13,5 13.6 13.7 13.9 14.0 14.2 143 14.4 14.4 145 14.6
B -0.9 0 04 08 1.1 1.5 18 2.2 26 3.0 33 3.7
Nickel alloy N10276 A 10.8 11.0 11.2 11.4 11.6 11.7 11.9 12.0 12.2 12.4 125
B 0 03 06 09 12 15 18 22 25 28 3.2
214
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Table B-1 (SI) Thermal Expansion Data

Mean Coefficient of Thermal Expansion, 10"*mm/mm/°C

-

inear 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

Copyright ASME International

13.4
4.1

141

13.6
4.5

14.2

13.7
4.9

14.3

13.8
5.3

14.4

14.0
5.7

14.5

14.1
6.1

14.6

14.2
6.5

14.6

14.4
6.9

14.7

14.5
7.3

14.8

14.6
7.7

14.8

14.7
8.2

14.9

14.8
8.6

15.0

14.9
9.0

15.0

15.0
9.4

15.1

15.1
9.9

15.1

15.1
10.3

15.2

15.2
10.7

15.2

15.3
111

15.3

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

141
4.3

4.7

13.0
4.3

11.9
3.9
11.8

3.9

10.9
3.6

9.9
3.3

17.9
5.9
16.6

5.5

11.8
3.9

12.8
4.2

15.9
5.2

14.6
4.8

12.8
4.2

142
4.7

5.1

13.0
4.6

11.9
4.2
11.9

4.2

11.0
3.9

9.9
3.5

18.0
6.4
16.7

5.9

12.0
4.2

12.9
4.6

16.0
5.7

14.7
5.2

12.9
4.6

14.3
5.1

5.5

13.1
5.0

12.0
4.6
11.9

4.5

11.0
4.2

10.0
3.8

18.1
6.9
16.8

6.4

12.1
4.6

13.0
4.9

16.0
6.1

148
96

13.0
5.0

14.4
5.5

5.9

13.2
5.3

121
4.9
12.0

4.9

11.1
4.5

10.0
4.1

18.2
7.4
16.9

6.8

12.3
5.0

13.1
5.3

16.1
6.5

14.9
6.0

13.2
5.3

14.5
5.9

6.3

13.2
5.7

12.2
5.2
12.0

5.2

11.2
4.8

10.1
4.3

18.3
7.9
17.0

7.3

12.4
5.3

13.2
5.7

16.1
6.9

15.0
6.5

13.3
5.7

14.6
6.3

6.7

13.3
6.1

12.3
5.6
12.1

5.5

11.2
5.1

10.2
4.6

18.4
8.3
17.1

7.8

12.6
5.7

13.2
6.0

16.2
7.4

15.1
6.9

13.5
6.1

14.7
6.7

7.1

13.4
6.4

12.3
5.9
12.1

5.8

11.3
5.4

10.2
4.9

18.4
8.9
17.2

8.2

127
6.1

13.3
6.4

16.2
7.8

15.2
7.3

13.6
6.5

14.8
7.1

7.5

13.4
6.8

12.4
6.3
12.2

6.2

11.3
5.7

10.3
5.2

18.5
9.4
17.2

8.7

12.9
6.5

13.4
6.8

16.3
8.2

15.3
7.7

13.8
7.0

14.9
7.5

7.9

13.5
7.2

12.5
6.6
12.2

6.5

11.4
6.0

10.4
5.5

18.6
9.9
17.3

9.2

13.0
6.9

13.5
7.2

16.3
8.6

15.4
8.2

13.9
7.4

15.0
7.9

8.3

13.6
7.5

12.6
7.0
12.3

6.8

11.4
6.3

10.4
5.8

187
10.4

17.4
9.7

16.4
9.1

15.5
8.6

14.1
7.8

15.1
8.4

8.7

13.6
7.9

12.7
7.3
12.3

7.2

11.5
6.6

10:5
6.1

18.8
10.9

17.5
10.2

16.4
9.5

15.6
9.0

14.3
8.3

15.2
8.8

9.1

13.7
8.3

12.7
7.7
12.4

7.5

11.5
740

10.5
6.4

18.9
11.4

17.6
10.6

16.5
10.0

15.6
9.5

14.4
8.7

15.3
9.3

9.5

13.7
8.7

12.8
8.1
12.4

7.8

1.5
7.3

10.6
6.7

19.0
12.0

17.7
111

16.5
10.4

15.7
9.9

14.6
9.2

15.4
9.7

9.9

13.8
9.0

12.9
8.5
25

8.2

11.6
7.6

10.6
7.0

19.1
12.5

17.8
11.7

16.5
10.8

15.8
10.3

14.8
9.7

15.6
10.2

10.3

13.9
9.4

13.0
8.9
12.5

8.5

11.6
7.9

10.7
7.2

19.2
13.1

17.9
12.2

16.6
11.3

15.9
10.8

14.9
10.1

15.7
10.7

10.7

13.9
9.8

13.1
9.3
12.5

8.8

11.7
8.2

10.7
7.6

19.3
13.6

18.0
12.7

16.6
11.7

15.9
11.2

15.1
10.6

15.8
11.1

11,1

14.0
10.2

13.3
9.7
12.5

9.2

11.7
8.6

10.8
7.9

19.4
14.1

18.1
13.2

16.7
12.2

16.0
11.7

15.2
111

15.9
11.6

13.3
4.1

16.3
5.0

14.8
4.5

12.8
3.9
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13.4
4.4

16.4
5.4

14.9
4.9

12.9
4.3

13.5
4.8

16.5
5.8

15.0
5.3

13.0
4.6

13.5
5.1

16.5
6.3

15.1
5.7

13.1
5.0

13.6
5.5

16.6
6.7

15.1
6.1

13.2
5.4

13.7
5.9

16.7
7.2

15.2
6.5

13.3
5.7

13.8
6.3

16.8
7.6

15.3
7.0

13.4
6.1

14.0
6.7

16.8
8.1

15.4
7.4

13.5
6.5

14.1
7.1

16.9
8.5

15.5
7.8

13.6
6.9

14.2
7.5

17.0
9.0

15.6
8.3

13.7
7.3

215

14.3
8.0

17.1
9.5

13.8
7.7

14.5
8.4

17.2
9.9

13.9
8.1

14.6
8.8

17.2
10.4

14.0
8.5

14.8
9.3

17.3
10.9

14.1
8.9

14.9
9.8

17.4
11.4

14.2
9.3

15.0
10.2

17.5
11.9

14.3
9.7

15.1
10.7

17.6
12.4

14.3
10.1

15.3
11.2

17.7
12.9

14.4
10.5

15.3
11.6

15.3
11.1

14.0
10.6

13.4
10.1
12.6

9.5

11.8
8.9

10.8
8.2

19.4
14.7

18.2
13.7

16.7
12.6

16.1
12.2

15.4
11.6

16.1
12.1

15.4
11.6

17.8
13.4

14.5
10.9

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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(12) Table B-1 (SI) Thermal Expansion Data (Cont’d)
A = Mean Coefficient of Thermal Expansion, 10"*mm/mm/°C . . .
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 C1IXXXX series A 13.9 15.7 16.2 16.7 170 17.2 17.3 17.4 17.5 17.6 17.7 178 17.8 17.9
B -3.1 -19 -11 O 0.5 09 14 18 23 2.7 3.2 3.6 4.1 4.6
Bronze alloys 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 38 43| 4.7
Brass alloyp A 14.7 154 16.0 16.7 17.1 17.4 17.6 17.8 18.0 18.2 18.4 18.6 \18.8| 19.0
B -3.2 -19 -11 O 05 10 14 19 23 28 33 3.8 43| 438
Copper-nidkel (70Cu-30Ni) A 11.9 13.4 14.0 14.5 149 15.2 153 15,5 15.7 15.8 16.0\ 16.1 16.3| 16.4
B -26 -16 -1.0 O 04 08 12 16 20 251295 33 37| 4.2
Aluminum plloys A 18.0 19.7 20.8 21.7 22.6 23.1 23.4 23.7 23.9 42 24.4 24.7 25.0| 25.2
B -4.0 -2.4 -15 0 0.7 13 19 25 34 3.7 4.4 5.1 5.7 6.4
Titanium alloys (Grades 1, 2, 3, 7, A 82 83 84 85 85 8.6( 86 86 87 87 87| 88
and 12) B ... -06 0 03 05 0.7 ,09) 1.1 1.3 1.6 1.8 2.0 2.2
NOTES:
(1) These {lata are for information and it is not to be implied that materials are suitable*for all the temperature ranges shown.
(2) Group [l alloys (by nominal composition):
Carljon steels
(d, C-Si, C-Mn, and C—Mn-Si) YoNi-Y4,Mo-V
c-“%Mo YoNi=Y4Cr=Y,Mo-V
Y4C-YMo-V 3/, Ni-Y,Mo-Cr-V
1/2c -/, Mo-Si 3/, Ni-Y4Mo-Y4Cr-V.
L, C-Y4Mo 3/, Ni-Y,Cu-Mo
YCl-Y4Ni-Y,Mo ¥/ Ni-YCr-YoNo-V
z/4c -1,Ni—Cu 3/ Ni—1Mo</,Cr
>/, Ci->/,Ni—Cu—Al 1Ni-Y4Cf=}5Mo
1Cr{%%Mo 1Y, Ni-tCr-%,Mo
1Cr4Y%Mo-Si 1%,Ni=%,Cr-Y,Mo
1Cr{%Mo 2Ni—/,Cr-Y,Mo
1Cr4Y,Mo-V 2Ni-3/,Cr-Y4Mo
1Y,¢r-%Mo 2Y5Ni
1Y,¢r-%Mo-Si 3Y,Ni
1%/,¢r-Y,Mo-Cu 3Y,Ni-1%/,Cr-%Mo-V
2Cr4Y%Mo
2Y,Er-1Mo
3Cr11Mo
(3) Group P alloys (by nominal composition):
Mn—+V
Mn4Y,Mo
Mn4{%Mo
MnH{Y,MoZY,Ni
MnqY,Mo-Y5,Ni

Mn-Y,Mo-/,Ni
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Table B-1 (SI) Thermal Expansion Data (Cont’d) (12)

A = Mean Coefficient of Thermal Expansion, 10"°mm/mm/°C . . .
B in Going From 20°C to Indicated Temperature [Note (1)]

inear Thermal Expansion, mm/m

I
-

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
50 55

18.7 18.8 18.9 19.0 19.0 19.1 19.2 193 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 11.9 125

19.2 (193 195 19.6 19.8 20.1 20.3 20.5 20.7 20.8 21.0 21.2 21.4 216 21.8
541 59 64 70 75 82 87 93 99 105 11.1 11.8 124 13.1 13.7

16.5 |16.5 16.6 16.6 16.7
46| 50 55 59 63

25.5 [ 25.6
711 7.8

88| 88 89 89 9.0 9.2
251 27 29 32 34 37
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MANDATORY APPENDIX C

ASME B31.1-2012

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 throjugh 2Cr 30.5 29.6 29.0 28.5 28.0 27.4 26.9 26.2 256 24.8 23.9 23.0 21.8 20.5 18.9
21/4Crthrough 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 22.0 205
Austenitic dtainless steels:
Type 304}, 18Cr-8Ni
Type 310, 25Cr-20Ni
Type 316, 16Cr-12Ni-2Mo
Type 321] 18Cr—10Ni=Ti 29.2 28.3 27.5 27.0 26.4~25.9 25.3 24.8 24.1 23.5 228 22.0 21.2 203 19.2 |18.1
Type 347}, 18Cr—10Ni-Cb
Type 309, 23Cr-12Ni
Straight chfjomium stainless steels
(12Cr, 17Cr, 27Cr) 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 informationafd 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 50Q0\\550 600 650 700| 750 800
Carbon steels with carbon content 209 202 198 195 192 189 185 179 171 162¢5151 137 122 107
0.30% or less
Carbop steels with carbon content 207 201 197 194 191 188 183 178 17Q 161 149 136 121 106
abole 0.30%
Carbop-molybdenum steels 207 200 196 193 190 187 183, 4%7 170 160 149 135 121 106
Nickel|steels 197 191 187 184 181 178 174 “171 167 163 158 153 147 141 133
Chronfium steels:
l/2C through 2Cr 210 204 200 197 193 _490 186 183 179 174 169 164 157 150 142
2Y,Lr through 3Cr 217 210 206 202 199196 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
Typ¢ 310, 25Cr-20Ni
Typ¢ 316, 16Cr—12Ni-2Mo
Typé 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
Typ¢ 309. 23Cr-12Ni
Straight chromium stainless steels
(12€r, 17Cr, 27Cn) 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 data.areAfor information and it is not to be implied that materials are suitable for all the temperature ranges shown.
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(12) 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) :L
N02201 (201) 309 300 29.4 289 285 281 27.6 272 267 262  25.7 25.1 24.5

N04400 (400) 26.8 26.0 25.5 25.1 24.7 24.3 239 236 231 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-H) 30.7 29.8 29.2 28.7 28.3 27.9 27.4  27.0 265 26.0 2535 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  25.4 249 244 23.9 23.4 22.8
N08320 (2¢ Mod) 28.6 27.8 27.1 26.7 26.4 26.0 25.7 253 247 24.2 23.6 23.2 22.7

N08800 (890) (2)
N08810 (890H) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 €254 249 24.4 23.8 23.2

N08825 28.8 28.0 27.4 27.0 26.6 26.2 25.8 254 ) 249 244 23.9 23.4 22.8
N10001 (B 32.0 31.1 30.4 30.0 29.5 29.1 28.7 28.2 27.7 27.2 26.6 26.0 25.3
N10276 (CR76) 30.7 29.8 29.2 28.7 28.3 27.9 274, y27.0  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 v 28.4 279 27.4 26.8 26.2 25.6

Aluminum gnd Aluminum Alloys

A24430 (B443)
A91060 (1060)
A91100 (1100)
A93003 (3¢03) ~ 10.5 10.0 9.6 9.2 8.7 8.1
A93004 (3904)
A96061 (6061)
A96063 (6463)

A95052 (5(52)
A95154 (5154)
A95454 (5454)
A95652 (5452)

— 10.7 10.2 9.7 9.4 8.9 8.3

A03560 (336)
A95083 (5(83)
A95086 (5(86)
A95456 (5456)

— 10.8 10.3 9.8 9.5 9.0 8.3

Copper and Copper Alloys

C83600
€92200 ~ 14.4 14.0 13.7 13.4 13.2 12.9 12.5 12.0

C46400
C65500
€95200
C95400

— 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
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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)
€10200 ]
C11000
C1204do
C1224d0
c125do - 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C1424d0
€2304o
C6144d0 _
C70640 18.5 18.0 17.6 17.3 16.9 16.5 16.0 15.4
€9764Q0 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
C715d0 22.6 22.0 21.5 21.1 20.7 20.2 19.6 18.8
Unalldyed Titanium
Gradep 1, 2,3, 155 150 146 140 133 126 (119 11.2
7, dnd 12
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) For NO8800 and N08810, use the following E values above 1,200°F:.at.£,300°F, £ = 22.7; at 1,400°F, £ = 21.9; at 1,500°F,
El|= 21.2 x 10° psi.
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12) 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) :L
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\ \152| 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 SArs4 170 165| 161
N06617 (617) R 201 196 193 191 189 187 184 181 178 174 171 167, Y64 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 164161 157 153 150

N08320 (20 Mod) 198 192 187 185 182 180 177 175 172 169 167 ,163~ 159 156 152 149| 144
N08800 (8(0) :L

N08810 (8)0H) 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 170367 164 161 157 153 150

N10001 (B 221 214 209 206 204 201 198 196 193 18% 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 194191 188 184 180 176 172 168| 163

Aluminum g@nd Aluminum Alloys

A24430 (B443)
A91060 (1¢60)
A91100 (1100)
A93003 (3¢03) - 72 69 66 63 60 57 52 46
A93004 (3904)
A96061 (6061)
A96063 (6063)

A95052 (5¢52)
A95154 (5154)
A95454 (5454)
A95652 (552)

A03560 (336)
A95083 (5(83)
A95086 (5(86)
A95456 (5456)

Copper and Copper Alloys

C83600
€92200 - 99 96 94 93 91 89 87 84 81

C46400
C65500
95200
95400

C10200
C11000
C12000
C12200
C12500
C14200
C23000
€61400

— 106 103 101 99 97 96 93 90 86

- 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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MANDATORY APPENDIX D

ASME B31.1-2012

FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table D-1 Flexibility and Stress Intensification Factors

Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Dé¢scription h k i Sketch
i th
r
Welding eljow or pipe bend t,R 1.65 0.9 C
Motes (), @), G), @, &) = yE P R |1
Closely spaked miter bend
[Notes (1)), (2), (3), (5)]
s<r(1 +|tan 6) Sta cot ¢ 1.52 09
B>6t, 2r2 h o/ h??
0 < 22Y%|deg
Widely spa¢ed miter bend
[Note(s @, (2),)(5), (6)] t, (1 + cot 6) 1.52 0.9
s>r(1 +tan 6 Y Y
2r 5/6 2/3
0 < 22Y%|deg h h
Welding teg¢ per
ASME B16.9 [Notes (1), 3.1t 1 0.9
@, @] r h??
rX
5/2 r |
Reinforced [ahricated tee / tr\ oo A t,
km - 2) T U7 _L _LI
[Notes (1), (2), (8), (9)] Pz
16 T LI T
Pad Saddle
)
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)

[Nofes (1), (10)]

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?
v
Extruded outlet meeting the T
reqliirements of para. tn 1 0.9 DR
1043.1(G) [Notes (1), (2)] r h?? § f
yIn
. . =
Weldeld-in contour insert - ty ] 0.9 _ T, Tf
[Nofes (1), (2), ()] . PEZ . —=
rX
Flexibility
Factor, Stress Intensification €actef,
Description k i Sketch
For checking branch_enhd
Branch connection Ri\?> (RGNY? (tao) (1 m
1 15 (_) ( ) (_) (_) See Fig. D-1
ton Rm ton rp

Butt weld [Note (1)]

t>9.237 in., 1 1.0 [Note (11)]
) ax < 1/16 in.,
aNnd S/t <0.13 —
Butt weld [Note (1)] " l t
t>9.237 in., 1
Shax < Y6 in., )
ahd Syg/t = any value 1.9 max. or [0.9 + 2.7(8ag/D], T
but not less than 1.0
Butt weld [Note (1)] [Note (11)]
t<9.237 in., 1
anax < 1/16 inu
and .5/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 »
127.4.2(B) and 1 5 :j’
ASME B16.25 [Note (1)] 13 +0.0036-2 + 3.62 T —T_ J
t, ty D
° 1)
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(12) Table D-1 Flexibility and Stress Intensification Factors (Cont’d)
Flexibility Stress Intensification Factor,
Description Factor, k i Sketch

2.0 max. or

Concentric reducer per
ASME B16.9 1
[Notes (1), (13)]

na+nn1n(&\m

5

Threaded pjpe joint or
threaded|flange

Corrugated |straight pipe, or
corrugatgd or creased bend 5 2.5
[Note (14)]

NOTES:

(1) The following 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)
ry |= 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 tegs, in. (mm)
t, |= nominal wall thickness of pipe, in. (mm) (matching pipe fortees)
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

(2) The flexibility factors k and stress intensification factors-/ in Table D-1 apply to bending in any plane for fittings and shall in nof case
be taken less than unity. Both factors apply over the jeffective arc length (shown by heavy centerlines in the sketches) for curved and
miter|elbows, and to the intersection point for tées. 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.

(3) Wher¢ flanges are attached to one or both 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'/°.

(4) 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 irtrodlced unless the effect of these greater thicknesses is considered.

(5) In large diameter thin-wall elbows and bends, pressure can significantly affect magnitudes of k and i. Values from the Table mgy be

corredted by dividing k by
7/3 1/3
v [ ()
E. ) \t, r

and dividihg-/ by

52 /o203 ]

[
F T K
1+3.25 || (— —
T
(6) Also includes single miter joints.

(7) If r,>D,,/8 and T, > 1.5t,, a flexibility characteristic, h, of 4.4t,/r may be used.

(8) When t, > 1.5t,, h = 4.05t, /r.

(9) 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.
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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:

1D

12)

(13)

(14)

Copyright ASME International

(@) 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 /[ty <50 andr’y, /Ry, <0.5.
[he stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are-between
.10t for an axial distance of \/D_,,t D, and t are nominal outside diameter and nominal wall thickness, respéctively. &,y i3
hge mismatch or offset.
For welds to socket welded fittings, the stress intensification factor is based on the assumption thdt,the pipe and fitting g
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 we
ocket welding flanges, the stress intensification factor is based on the weld geometry showd_in Fig. 127.4.4(B) and has H
o envelop the results of the pipe to socket welded fitting tests. Blending the toe of the fillétweld, with no undercut, smo|
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 thg
berformance of the weld.
[he 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.
(c) The wall thickness is not less than t; throughout the body of the reducer, except in and immediately adjacent to thdg
bortion on the small end, where the thickness shall not be less than {
Factors shown apply to bending; flexibility factor for torsion equals 0.9:

D.875t and
the aver-

re matched
lds to

een shown
othly into
fatigue

cylindrical
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Chart D-1 Flexibility Factor, k, and Stress Intensification Factor, i
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Chart D-2 Correction Factor, ¢
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Fig. D-1 Branch Connection Dimensions
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Dy="outside diameter of branch pipe, in. (mm) ry, Iy, 3= transition radii of branch
— 1 =teightof mozzte, it refnforcement, . (mm)
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'y= mean radius of branch pipe, in. (mm) #,= transition angle of branch
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MANDATORY APPENDIX F 12
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.
Ameri¢an National Standard ASTM Specifications [Note (1)] ASTM Specifications [Nofe (1)]
(Cont’d) (Cont’d)

7223.1-1999

A307-07b A815/A815M-07a
ASCE/ISEI Standard A312/A312M-07

A320/A320M-07a A928}A928M-05
7-05 A322-07 A992/A992M-06a

A333/A333M-05
ASTM |[Specifications [Note (1)] A335/A335M-06 B26/B26M-05

A336/A336M-07 B32-04
A36/A36M-05 A350/A350M-04a B42-02
A4L7/AL7M-99 (RO4) A351/A351M-06 B43-98 (RO4)
A48/N48M-03 A354-07 B61-02
A53/A53M-07 A358/A358M-05 B62-02

A369/A369M-06 B68-02
A105/A105M-05 A376/A376M-06 B68M-99 (RO5)
A106/A106M-10 A377-03 B75-02
A125-p6 (RO7) A387/A387M-06a B88-03
A126-D4 A389/A389M-03 B88M-05
A134-p6 (RO5) A395/A395M-997(R04)
A135/A135M-06 B108-06
A139/A139M-04 A403/A403M-07 B111/B111M-04
A178/A178M-02 A409/A409M-01 (RO5) B148-97
A179/]A179M-90a (RO5) A420/A420M-07 B150/B150M-03
A181/A181M-06 AL26/AL26M-07 B151/B151M-05
A182/A182M-07a A437/A437M-06 B161-05
A192/A192M-02 A449-07b B163-04
A193/A193M-07 A450/A450M-04a B165-05
A194/A194M-07a A451/A451M-06 B166-04
A197/IA197M-00 (RO6) A453/A453M-04 B167-06

A479/A4L79M-06a B168-04
A210/A210M-02 B171-04
A213/A213M-07a A515/A515M-03
A214/]A214M-96 (RO5) A516/A516M-06 B209/B209M-06
A216/A216M-07 A530/A530M-04a B210-04
A217/A217M-07 A564/A564M-04 B210M-05
A229/A229M-99 A575-96 (R02) B221-06
A234/IA234M-0F A576-90b (RO6) B234-04
A240/A240M-07¢ A587-96 (RO5) B234M-04
A242 N 252M-04¢! B241/B241M-02
A249 [K24o9T=07 AG7 06 B247-02a
A254-97 (RO2) A672-06 B247M-02a
A268/A268M-05a A691-98 (R0O2) B251-02¢
A276-06 B251M-97 (RO3)
A278/A278M-01 (RO6) A714-99 (RO3) B265-07
A283/A283M-00 A789/A789M-05b B280-03
A285/A285M-03 A790/A790M-07 B283-06
A299/A299M-04
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(12) 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 (R0O1)
B367-06 (ANSI/ASME B1.20.1)
B381-06a D323-06 B1.20.3-1976 (R98)
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 B16.9-2007Y
B425-99 (RP5) MSS Standard Practices B16.10-2000
B435-06 B16:11-2005
B443-00 (RP5) SP-6-06 B16.14-1991
B444-06 SP-9-08 B16.15-1985 (R94)
B446-03 (RP8) SP-25-98 (ANSI/ASME B16.15)
B462-06 SP-42-09 B16.18-1984 (R94)
B463-04 SP-43-08 (ANSI B16.18)
B464-05 SP-45-03 B16.20-1998
B466/B464M-07 SP-51-07 B16.21-2005
B467-88 (RP3) SP-53-99 (R07) B16.22-2001 (RO5)
B468-04 SP-54-99 (R07) B16.24-2001
B473-07 SP-55-06 B16.25-2003
SP-58-09 B16.34-2004
B546-04 SP-61-09 B16.42-1998
B547/B547M-02 SP-67-02a B16.47-1996 (98A)
B564-06a SP-68-97 (R04) B16.48-2005
B572-06 SP-75-08 B16.50-2001
B574-06 SP-79-04
B575-06 SP-80-08 B18.2.1-1996 (99A)
B584-06a SP-83-06 B18.2.2-1987 (R99)
SP-88-93 (R01) (ASME/ANSI B18.2.2)
B608-07 SP-93-99 (R04) B18.2.3.5M-1979 (R01)
B619-06 SP-94-92 B18.2.3.6M-1979 (R01)
B622-06 SP-95-06 B18.2.4.6M-1979 (R98)
B625-05 SP-97-06 B18.21.1-1999
B626-06 SP-105-96 (RO5) B18.22M-1981
B649-06 SP-106-03 B18.22.1-1965 (R98)
B673-05¢
B674-05 AWS Specifications B31.3-2002
B675-02 B31.4-2002
B676-03 A3.0-01 B31.8-1999
B677-05 D10.10-99 B36.10M-2004
B688-96 (Rp4) QC1-07 B36.19M-2004
B690-02 (RP7)
B691-95 APT Specification TDP-T-1998
B704-03 5L, 38th Edition, 1990
B705-05
B729-05
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Referenced Standards (Cont’d)

AWWA and ANSI/AWWA

National Fire Codes

Standards Standards (Cont’d)
NFPA 54/ANSI 7223.1-06
C110/A21.10-98 C300-97 NFPA 85-04
C111/A21.11-95 C301-99 NFPA 1963-03
C115/A21.15-99 €302-95
C150/A21.50-96 C304-99 PFI Standards
C151/A21.51-96
C153/A21.53-94 C500-93(95a) ES-16-08
C504-94 ES-24-08
C200-p7 C509-94
C207-p4 FCI Standard
C208-p6 C600-99
C606-97 79-1-03
GENERAL NOTE: The issue date shown immediately following the hyphen after the number of the standard (e’g?, B1.1-1989, A 36-89, SP-6-96)
is the |effective date of issue (edition) of the standard. B18.2.2-1987 (R99) designates specification reaffismed without change i 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, Inc. ASTM  AmerjeamSociety for Testing and Materials
One East Wacker Drive 100 Bast Harbor Drive
Chicago, IL 60601-1802 R0."Box C700
Phone: 312 670-2400 West Conshohocken, PA 19428-2959
Fax: 312 670-5403 Phone: 610 832-9585
Www.aisc.org Fax: 610 832-9555
www.astm.org
ANSI | American National Standards Institute
25 West 43rd Street, 4th Floor AWS American Welding Society
New York, NY 10036 550 NW LeJeune Road
Phone: 212 642-4900 Miami, FL 33126
Fax: 212 398-0023 Phone: 305 443-9353 or 800 443-9353
WWWw.ansi.org WWW.aws.org
API American Petroleum Institute AWWA American Water Works Association
1220 L Street, NW 6666 W. Quincy Avenue
Washington, DC 20005-4070 Denver, CO 80235
Phone: 202 682-8000 Phone: 303 794-7711 or 800 926-7337
www.api.org WwWw.awwa.org
ASCE | American Society of Civil Engineers FCI Fluid Controls Institute, Inc.
1801 Alexander Bell\Brive 1300 Sumner Avenue
Reston, VA 20191:4400 Cleveland, OH 44115-2851
Phone: 800 548-2723 Phone: 216 241-7333
703-295-6300 (International) Fax: 216 241-0105
Fax: 703/295-6222 www.fluidcontrolsinstitute.org
wwwiasce.org
MSS Manufacturers Standardization Society of
ASME| Thé American Society of Mechanical Engineers the Valve and Fittings Industry, Inc.
Three Park Avenue 127 Park Street, NE
New York, NY 10016-5990 Vienna, VA 22180-4602
Phone: 703 281-6613
ASME Order Department www.mss-hg.com
22 Law Drive
Box 2900 NFPA  National Fire Protection Association
Fairfield, N) 07007-2900 1 Batterymarch Park
Phone: 973 882-1167 Quincy, MA 02169-7471
800-843-2763 (US & Canada) Phone: 617 770-3000 or 800-344-3555
Fax: 973 882-1717, 5155 Fax: 617 770-0700
www.asme.org www.nfpa.org
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Referenced Standards (Cont’d)

PFI Pipe Fabrication Institute
USA Office: 511 Avenue of the Americas, #601
New York, NY 10011
Canada Office: 655-32nd Ave., #201
Lachine, QC H8T 3G6
Phone: 514 634-3434 or 866 913-3434
Fax: 514 634-9736
www.pfi-institute.org

PPI Plgstics Pipe Institute
10p Decker Court, Suite 825
Irvlng, TX 75062
Phpne: 469 499-1044
Fax: 469 499-1063
www.plasticpipe.org

SEI Strjuctural Engineering Institute of ASCE
181 Alexander Bell Drive
Repton, VA 20191-4400
Phpne: 800 548-2723
Fax: 703 295-6361
www.seinstitute.org
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MANDATORY APPENDIX G

NOMENCLATURE

This Appendix is a compilation of the nomenclature used within this Code. Included are the ternt)definitions
and Yinits that can be uniformly applied. These terms are also defined at a convenient location within the Code.
When used elsewhere within the Code, definitions given here shall be understood to apply.

Units Referénces
Symbopl Definition Sl u.s. Paragraph Tablg/Fig./App.
A Corrosion, erosion, and mechanical allowances mm in. 104.1.2(A)fegs. (3), 104.311(G)
(including threading, grooving) (), N8, (9,
(10)]
104:3.1(D.2)
104.3.1(G)
104.4.1(B)
104.5.2(B)[eq. (13)]
104.5.3(A)
Area gvailable for reinforcement:
Ay in run pipe mm? in.? 104.3.1(D.2.3) 104.3J1(D)
104.3.1(G.6) 104.3J1(G)
Ay in branch pipe fim? in.2 104.3.1(D.2.3) 104.31(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) 104.3J1(D)
run and branch and for fillet weld attachnients
of rings, pads, and saddles
A, by reinforcing ring, pad, or integral-reififorcement mm? in.?2 104.3.1(D.2.3) 104.3J1(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.2 104.3.1(D.2) 104.3J1(D)
vice life
A, Required reififercement area mm? in.2 104.3.1(D.2.2) 104.3J1(D)
104.3.1(G.5) 104.3J1(G)
B Length-of miter segment at crotch mm in. 104.3.3(A&B) App. O, 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),
(19)]
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
D, Nominal outside diameter of pipe mm in. 102.3.2(D)
235
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References

Symbol Definition Sl u.s. Paragraph Table/Fig./App.

D, Outside diameter of pipe mm in. 102.3.2(D) App. D, Table D-1
104.1.2(A)[egs. (7), 104.1.2(A)

@)
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(Q)
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)f€qs. (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(D)

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 Youngisuhedulus 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(0)[eq. (1)] 102.3.2(0)

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[eqs. (3), (4),
(5, (6]
i Stress intensification factor 104.8.1[eq. (15)] Apb. O, 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) 104.3J1(G)
104.3.1(G.6)
M Moment of bending or torsional force (used with mm-N in.-lb 104.8.1[eq. (15)] 104.84
subscripts to define.apptlications as shown in 104.8.2[eq. (16)]
referenced paragraphs) 104.8.3[eq. (17)]
104.8.4(A)
104.8.4(0)
MAWH 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(0)[eq. (2)] 102.3.2(0)
ment stress range cycles
Ne Number of cycles of reference displacement 102.3.2(O)[eq. (2)]
stress range
N; Number of cycles associated with displacement 102.3.2(O)[eq. (2)]
stress range
NPS Nominal pipe size in. General

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS

237


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
P Internal design gage pressure of pipe, component kPa psi 102.3.2(D) 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)
q Ratio of partial AT to maximum AT (used with 102.3.2(Oleq. (2)]
subscripts)
R Reaction moment in flexibility analysis (used with mm-N in.-lb 19.10.1[eqs. (18),
subscripts) (19)]
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
Re 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 reinforcement zone mm in. 104.3.1(G.4) 104.3.1(G)
ry, 1y, I3 Transition radii of branch reinforcement mm in. App. D, Fig|D-1
ry Branch mean cross-sectionat-radius mm in. 104.8.4
r Inside radius of braneh mm in. 104.8.4(C) App. D, Fig|D-1
r'm Mean radius/of\branch mm in. 104.8.4(C) App. D, Fig|D-1
App. D, Tabje D-1
ro Radjus ef’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
rp 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
S Basic material allowable stress MPa psi 122.1.2(A)
122.1.3(B)
122.4(B.3)
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Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
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)
Sp 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(0)[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 102.3.2(0)[eq. (W]
temperature 102.3.2(D)
104.8.1[ege (15)]
104.8:2[eq.” (16)]
104(8-3eq. (17)]
119:10.1 [eq. (19)]
S Longitudinal pressure stress kPa psi 102.3.2(D)
104.8
Sa Allowable stress range for expansion stress MPa psi 102.3.2(0)[eq. (1)]
104.8.3[eq. (17)]
Se Computed thermal expansion stress range MRa 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 weld jointefficiency MPa psi 102.3.2(0)
factor) 104.1.2(A)[egs. (7),
®, 9, 10)]
104.5.2(B)
104.5.3(A)[eq. (14)]
104.5.3(B)
SE Allowable stressAigeluding weld joint efficiency MPa ksi 102.3.1(A) App. A Tables
factor) and|Notes
SF Allowablé 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. O, 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)
T,=thickness of branch
T,=thickness of header, etc.
T Crotch thickness of welded-in contour inserts mm in. App. D, Table D-1
T, Corroded finished thickness extruded outlet mm in. 104.3.1(G.4) 104.3.1(G)
104.3.1(G.6)
239

Copyright ASME International

Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS


https://asmenormdoc.com/api2/?name=ASME B31.1 2012.pdf

ASME B31.1-2012

Units References
Symbol Definition Sl u.s. Paragraph Table/Fig./App.
t Pressure design thickness pipe, components mm in. 104.1.2(A)[egs. (7), 104.3.1(G)
(used with subscripts) 8), (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(E)
t,2 Nominal wall thickness of reducer mm in. App. D, Tabje D-1
t. Throat thickness of cover fillet weld, branch mm in. 127:48(B) 127.4.8(D)
connection 132.4.2(E) 127.4.8(E)
te Effective branch wall thickness mm in. 104.8.4(0)
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 compopent (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 thickness-0f 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 thickness 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 teinforcing pad or saddle mm in. 104.3.1(D.2) 104.3.1(D)
104.3.1(E) App. D, Tabje D-1
ts Wallthickness 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
Xmmin Size of fillet weld for slip-on and socket welding mm in. 127.4.4(B)
flanges or socket wall for socket welds
4 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)[egs. 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. e App. D, Fig. D-1
Z Section modulus of pipe mm?> in? 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. O, Table D-1
S Mismatch or offset mm in. . > App. O, Table D-1
AT Range of temperature change (used with °C °F 102.3.2(0
subscripts)
0 Angle of miter cut deg deg 104.3.3 App. O, Table D-1
6, Transition angle of branch reinforcement deg deg .. App. O, Fig. D-1
> Equal to or greater than

IN

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,

H-1 IN

The AS
will cong
revisions
dictated
activities
tions of t
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The Intro
responsiH
cable to 4
respond
Section td
policy, Af
any item
and, acco
will be 1
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 seelk
hal assistance, the inquiry will be returned-with

the reconpmendation that such assistance be obtained.

Inquiri
for the Cd

H-2 RE
Inquiri
the rules
entrules
shall med
(a) Sco
in the sc
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 asingle rule or closely related rules
pe of the«Cade. An inquiry letter concerning
subjeats¢will be returned.

which may be either to obtain an interpretationof
rules, or to propose consideration of a revision’4
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 Questiori(s). The inquiry shall be 3

Code
o the
eded
being
rtion,
es. If
bcope

tated

in a condensed and precise question format, omjtting

superfluous baeKground information, and, w
appropriate, eomposed in such a way that “yes” ox
(perhaps with provisos) would be an acceptable
The inquitystatement 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

Three Park Avenue

New York, NY 10016-5990

here
1lnoll

reply.

itori-

reply

If in
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on to

form;
nsid-
dress
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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 ig 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

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
partg| (by the Authorized Inspector), will be met. Pro-
videdl that Code requirements are suitably identified,
the gystem may include provisions for satisfying-any
requirements by the Manufacturer or user that éxceed
minijnum Code requirements and may include provi-
siond 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
with¢ut securing acceptance by the Authorized Inspec-
tor. Hefore implementation, revisions to quality control
systejms of Manufacturers and assemblers of safety and
safet} relief valves shall have been found acceptable to
an ASME designee ifisuch revisions affect Code
requirements.

The system thaf the Manufacturer or assembler uses
to mpet the requirements of this Section must be one
suitaple for d1iS/her own circumstances. The necessary
scop¢ ang detail of the system shall depend on the com-
plexitytof:the work performed and on the size and com-

General

It is intended that information learned abofit 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 Control
System

The followingds'a guide to some of the feaftures that
should be covered in the written description of the qual-
ity controlsystem 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 chart show-
ing the relationship between management gnd 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 [Manufac-
turer’s right to establish, and from time to tinfe to alter,
whatever form of organization the Manufacturer consid-
ers 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—Manufacturers—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 satisty
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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-1.2.6Correc of-Nonce sha
be a systgm 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 elimingted in some way before the completed compo-
nent can pe considered to comply with this Section.

J-1.2.7 Welding. The quality control system shall
include pjrovisions for indicating that welding conforms
to requir¢ments of Section IX as supplemented by this
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 Sefction.

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 indicated by which the Authorized Inspector
can satisfly him/herself that these Code heat treatment
requiremgnts are met. This may be by review of futnace
time — tgmperature records or by other méthods as
appropriate.

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)
a a nt the
Manufacturer’s plant (or construction site) @ ¢yrrent
copy of the written description or the applicable quality
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 hif/her
own files of sugchdocuments or by providing copjes to
the Inspector.

J-1.2.1%4 Inspection of Pressure-Relieving Valvds

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
control system shall include reference to the A
designee.

The written description of the qtality
SME

J-1.2.(10 Calibration of Measurement and Test J-1.2.14.2.1  The valve Manufacturer (or agsem-
Equipment. The Manufacturer or agSembler shall have  bler) shall make available to the ASME designee ft the
a system [for the calibration of examination, measuring, = Manufacturer’s plant a current copy of the wilitten
and test ¢quipment used in fulfillment of requirements  description of the applicable quality control system.
of this Section.

J-1.2.11 Records Retention. The Manufacturer or
assemblet shall have @ system for the maintenance of
radiogrgphs and Manufacturers’ Data Reports as
required py thisySéetion.

J-1.2.12 Sample Forms. The forms used in the qual-
ity contrdl system and any detailed procedures for their

J-1.2.14.2.2 The valve Manufacturer|s (or
assembler’s) quality control system shall provide for the
ASME designee to have access to all drawings, calcula-
tions, specifications, procedures, process sheets, fepair
procedures, records, test results, and any other flocu-
ments as necessary for the designee to perform his/her
duties in accordance with this Section. The Manufag¢turer

use shall be available for review. The written description
shall make necessary references to these forms.
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NONMANDATORY APPENDICES

FOREWORD

ASQME B31.1 contains rules governing the design, fab-
rication, materials, erection, and examination of power
piping systems. Experience over the years has demon-
strat¢d that these rules may be reasonably applied to
safety valve installations. Nevertheless, instances have
occufred wherein the design of safety valve installations
may fot have properly and fully applied the ASME B31.1
rules| Accordingly, this Appendix to ASME B31.1 has
been|prepared to illustrate and clarify the application
of AJME B31.1 rules to safety valve installations. To this
end, [this Appendix presents the designer with desigtt
guid¢lines and alternative design methods.

1I-1 | SCOPE AND DEFINITION

1I-1.1 Scope

The scope of this Appendix is confined to the design
of th¢ safety valve installations ag-defined in para. II-1.2.
The Ipads acting at the safety yalve’station will affect the
bendjing moments and stresses’in the complete piping
systejm, out to its anchops~and/or extremities, and it is
the dpsigner’s responsibility to consider these loads. This
Appendix, howevel)-deals primarily with the safety
valvd installationj ahd not the complete piping system.

The design 0f the safety valve installation requires
that gareful ‘aftention be paid to

(A) alldeads acting on the system

(B) the- forces and bending moments in the piping

NONMANDATORY APPENDIX II
'ULES FOR THE DESIGN OF SAFETY VALVE INSTALLAFIONS'

or vent piping, and the system supports. The scope of
this Appendix is intendeéd: to cover all loads op all com-
ponents. It is assumed-that the safety valve|complies
with the requirements of American National $tandards
prescribed by/ASME B31.1 for structural integrity.
This Appendix has application to either safpty, relief,
or safety*relief valve installations. For conyenience,
however, the overpressure protection device is[generally
referred to as a safety valve. The loads associpted with
relief or safety-relief valve operation may differ signifi-
cantly from those of safety valve operation, lput other-
wise the rules contained herein are equally gpplicable
to each type of valve installation. See para.|II-1.2 for
definition.
This Appendix provides analytic and nomnjenclature
definition figures to assist the designer, ahd is not
intended to provide actual design layout (drhins, drip
pans, suspension, air gaps, flanges, weld ends, [and other
design details are not shown). Sample problems have
been provided at the end of the text to assist th¢ designer
in application of the rules in this Appendix.

1I-1.2 Definitions (Valve Descriptions Follow|the
Definitions Given in Section | of the ASME
Boiler and Pressure Vessel Code)

safety valve: an automatic pressure relieving device actu-
ated by the static pressure upstream of the yalve and

and piping components resulting from the Ioads

(C) the loading and stress criteria

(D) general design practices

All components in the safety valve installation must
be given consideration, including the complete piping
system, the connection to the main header, the safety
valve, valve and pipe flanges, the downstream discharge

1 Nonmandatory appendices are identified by a Roman numeral;
mandatory appendices are identified by a letter. Therefore, Roman
numeral I is not used, in order to avoid confusion with the letter I.

characterized by full opening pop action. It is used for
gas or vapor service.

relief valve: an automatic pressure relieving device actu-
ated by the static pressure upstream of the valve that
opens further with the increase in pressure over the
opening pressure. It is used primarily for liquid service.

safety relief valve: an automatic pressure actuated reliev-
ing device suitable for use either as a safety valve or
relief valve, depending on application.
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power-actuated pressure relieving valve: a relieving device
whose movements to open or close are fully controlled
by a source of power (electricity, air, steam, or hydraulic).
The valve may discharge to atmosphere or to a container
at lower pressure. The discharge capacity may be
affected by the downstream conditions, and such effects
shall be taken into account. If the power-actuated pres-
sure relieving valves are also positioned in response
to other control signals, the control impulse to prevent

shall ovefride any other control function.

open discharge installation: an installation where the fluid
is discharged directly to the atmosphere or to a vent pipe
that is uncoupled from the safety valve. Figure II-1-2(A)
shows a |typical open discharge installation with an
elbow ingtalled at the valve discharge to direct the flow

thermal expansion loads and stresses shall be calculated
and effects evaluated.

11-2.1.2 Installations With Closed Discharge. Loads
due to thermal expansion and back pressure of a safety
valve installation with a closed discharge can be high
enough to cause malfunction of the valve, excessive leak-
age of the valve or flange, or overstress of other compo-
nents. The loads due to thermal expansion shall be

including the cases where the discharge pipingA
following safety valve operation.

11-2.2 Pressure

Pressure loads acting on the safety valve installation

into a vent pipe. The values for / and m on Fig. II-1-2(A) ~ are important from two main.€ohsiderations. The¢ first
are uppef limits for which the rules for open discharge consideration is that the pressure acting on the w3lls of
systems ay be used. ! shall be limited to a value less the safety valve installatign-can cause membrane styesses
than or efjual to 4D,; m shall be limited to a value less which could result in-tupture of the pressure retgining

than or equal to 6D, where D, is the outside diameter
of the digcharge pipe. Open discharge systems which
do not conform to these limits shall be evaluated by the
designer [for the applicability of these rules.

closed discharge installation: an installation where the
effluent i} carried to a distant spot by a discharge pipe
which ig connected directly to the safety valve.
Figure II-[-2(B) shows a typical closed discharge system.
safety wval
defined
Figs. 1I-1
branch c

e installation: the safety valve installation.i§
as that portion of the system shownlon
2(A) and II-1-2(B). It includes the rum\pipe,
bnnection, the inlet pipe, the valvejthe dis-

parts. The second,consideration is that the prepsure
effects associatéd with discharge can cause high [oads
acting on the'system which create bending momnents
throughoutythe piping system. These pressure dffects
are covered in para. 1I-2.3.

Alllparts of the safety valve installation mu
designed to withstand the design pressures wi
exceeding the Code allowable stresses. The branch
nection, the inlet pipe, and the inlet flanges shall be
designed for the same design pressure as that of the run
pipe. The design pressure of the discharge systenp will
depend on the safety valve rating and on the configura-
tion of the discharge piping. The open discharge indtalla-

st be
hout
con-

charge piping, and the vent pipe. Also included are the tion and the closed discharge installation prgsent
componehts used to support the systemfor all static . i L
. somewhat different problems in the determinatipn of
and dyngmic loads. . . .
design pressures, and these problems are discusged in
the paragraphs below.
II-2 LOADS

11-2.2.1 Design Pressure and Velocity for Ppen

1I-2.1 Thermal Expansion Discharge Installation Discharge Elbows and|Vent
Loads pcting on the_domponents in the safety valve Plp'es. There are .sez.veral methods available tp the
installati¢n and the displacements at various points due ~ designer for determining the design pressure and yeloc-

to thermgl expansion of the piping shall be determined
by analyging-the complete piping system out to its
anchors, |n‘\accordance with procedures in para. 119.

ity in the discharge elbow and vent pipe. It is the re
sibility of the designer to assure himself that the m
used yields conservative results. A method for detefmin-

Epon-
bthod

11-2.1.1 Installations With Open Discharge. For
safety valve installations with open discharge, there will
be no thermal expansion loads acting on the discharge
elbow, the valve, or the valve inlet other than that from
restraint to thermal expansion as described below.
Restraint to thermal expansion can sometimes occur due
to drain lines, or when structural supports are provided
to carry the reaction forces associated with safety valve
lift. Examples of such structural supports are shown in
Fig. 1I-6-1, sketch (b). When such restraints exist, the

246

ing the design pressures and velocities in the discharge
elbow and vent pipe for open discharge installation is
shown below and illustrated in the sample problem.
(A) First, calculate the design pressure and velocity
for the discharge elbow.
(A.1) Determine the pressure, P;, that exists at the
discharge elbow outlet (Fig. II-2-1).

_We-1

T A b

2(ho — a)]
8 (2b - 1)

Py
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Fig. II-1-2(A) Safety Valve Installation (Open Discharge System)
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Fig. 1I-1-2(B) Safety Valve Installation (Closed Discharge System)
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Fig. Il-2-1 Discharge Elbow (Open Discharge Installation)

W
Fi=—g, +(P1=P)A

/ Point 1

-

Point 1a

A.2) Determine the velocity, V3, that exists at the
discHarge elbow outlet (Fig. I1-2-1).

2gcj(ho - LZ)
eV

where
Aq| = discharge elbow area, in.
gc| = gravitational constant

32.2 Ibm-ft/Ibf-sec®

he| = stagnation enthalpy-at.the safety valve inlet,
Btu/Ibm

J| = 778.16 ft-Ibf/Bth

pressure, psia-(Ibf/in.?, absolute)

ft/sec

W] = actual mass flow rate, Ibm/sec

==
o

Compmon valués of a and b are listed in Table II-2.2.1.
A.3)“Determine the safety valve outlet pressure,
Py,, gt the inlet to the discharge elbow (Fig. 11-2-1).

Table 1I-2.2.1 Values of a and b

Steam Condition a, Btu/lbm b
Wet steam, 291 11
< 90% quality
Saturated steam, 823 4.33
> 90% quality,
15 psia < P; £ 1,000 psia
Superheated steam, 831 4.33

> 90% quality,
1,000 psia < P; < 2,000 psia®

NOTE:
(1) This method may be used as an approximation for pressures
over 2,000 psi, but an alternate method should be Jused for
verification.

(A.3.1) Determine the length to diameter ratio
(dimensionless) for the pipe sections in the discharge
elbow (L/D)

_ Lmax
L/D = D

(A.3.2) Determine a Darcy-Weisbach friction fac-
tor, f, to be used. (For steam, a value of 0.013 can be
used as a good estimate since f will vary slightly in
turbulent pipe flow.)

(A-3-3)}Petermine-a-specificheatratiofor super-
heated steam, k = 1.3 can be used as an estimate — for
saturated steam, k = 1.1).

(A.3.4) Calculate f(Lyax/D).

(A.3.5) Enter Chart II-1 with value of f(Lyax/D)
and determine P/P*.

(A.3.6) Py, = Py (P/P¥).

(A.3.7) Py,is the maximum operating pressure of
the discharge elbow.

(B) Second, determine the design pressure and veloc-
ity for the vent pipe.
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Chart II-1 Compressible Flow Analysis

Viv*
1% 100 0.4 0.5 - 0.6 0.7 0.8 0.9 1.0 1.1
8
6 (l k=1.0
k=1.1
viv< | k=12
4 k=1.3
k=1.4—"|
2
i
g Q 1x 1071 7 7
i 8 /S /S Fapno lines: one-dimensional |
B / / / compressible-flow functions |
6 / // for adiabatic flow at constant
area with friction. From gas |
/ /// tables by Keenan and Kaye, -
/N 1948
WS
M k=14
k=13
S~ k=1.2|p PP*
9 ~ k=1.1
~— k=1.0
1% 1072
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
PIP*
(B.1)| Determine thé pressure, P;, that exists at the (B.4.1) Enter Chart II-1? with value of f(L ax/D)
vent pipq outlet (Fig. (II-2-2) from Step (3.4) and determine values of V/V* and|P/P*.
(B.4.2) Calculate V,
A
Py = Py |—
3 1(A3) Vy = V3 (V/V¥)
(B.2)Determine the velocity, V3, that exists at the (Br4=3)Lr =LA/ This-is-the-highestpressure

vent pipe outlet (Fig. I11-2-2)

V3 = Vl

(B.3) Repeat Steps (3.1) to (3.7) in the calculation
of the discharge elbow maximum operating pressure
to determine the maximum operating pressure of the
vent pipe.

(B.4) Determine the velocity, V,, and pressure, P,
that exist at the inlet to the vent pipe (Fig. I1I-2-2).

the vent stack will see and should be used in calculating
vent pipe blowback (see para. 1I-2.3.1.2).

11-2.2.2 Pressure for Closed Discharge Installations.
The pressures in a closed discharge pipe during steady

2 Chart II-1 may be extended to other values of f (Lya/D) by
use of the Keenan and Kaye Gas Tables for Fanno lines. The Darcy-
Weisbach friction factor is used in Chart II-1, whereas the Gas
Tables use the Fanning factor which is one-fourth the value of the
Darcy-Weisbach factor.
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Fig. 1-2-2 Vent Pipe (Open Discharge Installation)

Wwv.
Fa= g2 + (Pa— Pa)Ag Fs
/|
\¢
Fs
6
(2)
_y
|
NI
@
A — Sufficient overlap to prevent
the discharge elbow from pulling
— | — out of the vent pipe due to opening

-

state[flow:may be determined by the methods described
in payaiH=2.2.1. However, when a safety valve discharge

Wy,
Fo=—g. +(Pa=P)A,

reaction and/or displacement
resulting from expansion movements

initially emanating from the valve will stedpen as it
propagates, and it may steepen into a shock w4ve before

is conmectedto a Tefatively tong Tumm of pipe and 15
suddenly opened, there is a period of transient flow
until the steady state discharge condition is reached.
During this transient period, the pressure and flow will
notbe uniform. When the safety valve is initially opened,
the discharge pipe may be filled with air. If the safety
valve is on a steam system, the steam discharge from
the valve must purge the air from the pipe before steady
state steam flow is established and, as the pressure
builds up at the valve outlet flange and waves start
to travel down the discharge pipe, the pressure wave

Tt Teaches the exitBecause of this, it is Tecomnmended
that the design pressure of the closed discharge pipe be
greater than the steady state operating pressure by a
factor of at least 2.

1I-2.3 Reaction Forces From Valve Discharge

It is the responsibility of the piping system designer
to determine the reaction forces associated with valve
discharge. These forces can create bending moments at
various points in the piping system so high as to cause
catastrophic failure of the pressure boundary parts. Since
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the magnitude of the forces may differ substantially,
depending on the type of discharge system, each system
type is discussed in the paragraphs below.

11-2.3.1 Reaction Forces With Open Discharge
Systems

11-2.3.1.1 Discharge Elbow. The reaction force, F,
due to steady state flow following the opening of the
safety valve includes both momentum and pressure

where
A = area, in.?
8c = gravitational constant
= 32.2 Ibm-ft/lbf-sec’
Py, P, = local absolute pressure, psia
P, = standard atmospheric pressure, psia
V' = velocity, ft/sec

W = mass flow rate, Ibm/sec

. s . . . .
effeCtS. T]ﬂc reacttortoree utjtlllcd TS ohu VIt ITT FJ.B. II 2 1,

and may |be computed by the following equation:

w
Fi=—Vi+(P1-P) A
8e

where
A, = pxit flow area at Point 1, in.2
F; = feaction force at Point 1, 1bf
gc = PBravitational constant

= PB2.2 Ibm-ft/Ibf-sec?

P, = ptatic pressure at Point 1, psia
P, = ptmospheric pressure, psia
V1 = pxit velocity at Point 1, ft/sec

W = mass flow rate (relieving capacity stamped on
the valve X 1.11), Ibm/sec

To enstre consideration of the effects of the suddenly
applied lpad F, a dynamic load factor, DLF, should be
applied (pee para. I1I-3.5.1.3).

The m¢thods for calculating the velocities and pres-
sures at the exit point of the discharge elbow are the
same as those discussed in para. II-2.2 of this Appendix.

1I-2.3.1.2 Vent Pipe. Figure II-2-2 shows théexter-
nal forceq resulting from a safety valve discharge) which
act on thg vent pipe. The methods for calculating F, and
F3 are the same as those previously desetibed. The vent
pipe anchor and restraint system mrust’be capable of
taking the moments caused by these two forces, and
also be cgpable of sustaining the unbalanced forces in
the vertidal and horizontal directions.

A bevdl of the vent pipe-Will result in a flow that is
not vertidal. The equatiéns-shown are based on vertical
flow. To thke account.for the effect of a bevel at the exit,
the exit f¢rce willdact.at an angle, ¢, with the axis of the
vent pip¢ discharge which is a function of the bevel
angle, 6.|Thé-beveled top of the vent deflects the jet
approxinjately 30 deg off the vertical for a 60 deg bevel,

The inequality states that the momentum at Pgint 1
has to be greater than the momentum at Point 2 in prder
that air is educted into the vent pipe. If the'momentum
at Point 1 equalled the momentum jat Point 2, 1jo air
would be educted into the vent pipedlf the momeptum
at Point 1 was less than the momentam at Point 2, gteam
would “blow back” from thetverit pipe.

The educting effect ofthe vent pipe is espegially
important for indoor inStallation of safety valves The
steam being vented from the upper body during gafety
valve operation will bé removed from the area thjough
the vent pipe. For that reason, the fluid momentym at
1 should exceed the fluid momentum at 2, not just be
equal.

If this inequality is satisfied, blowback will not ¢ccur.
The pressures and velocities are those calculatpd in
para.”I-2.2.1.

11-2.3.2 Reaction Forces With Closed Discharge
Systems. When safety valves discharge a closed pliping
system, the forces acting on the piping system yinder
steady state flow will be self-equilibrated, and dp not
create significant bending moments on the piping sys-
tem. The large steady state force will act only 3t the
point of discharge, and the magnitude of this forc¢ may
be determined as described for open discharge sysfems.
Relief valves discharging into an enclosed piping sys-
tem create momentary unbalanced forces which gct on
the piping system during the first few milliseconds fol-
lowing relief valve lift. The pressure waves trayeling
through the piping system following the rapid opgning
of the safety valve will cause bending moments in the
safety valve discharge piping and throughoyt the
remainder of the piping system. In such a cas¢, the
designer must compute the magnitude of the loadg, and
perform appropriate evaluation of their effects.

and this will introduce a horizontal component force on
the vent pipe systems.

The terms in the equations shown on Fig. 1I-2-2 are
the same as those defined in para. 1I-2.3.1 above.

The vent pipe must be sized so that no steam is blown
back at the vent line entrance. The criteria which may
be used as a guide to prevent this condition are listed
below.

W=V

c

(PZ_PH)AZ_(Pl_Pa)Al

11-2.4 Other Mechanical Loads

Other design mechanical loads that must be consid-
ered by the piping designer include the following:

1I-2.4.1 Interaction loads on the pipe run when
more than one valve opens.

I-2.4.2  Loads due to earthquake and/or piping
system vibration (see para. 1I-3.4).
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11-3 BENDING MOMENT COMPUTATIONS
1I-3.1 General

One of the most important considerations related to
the mechanical design and analysis of safety valve instal-
lation is the identification and calculation of the
moments at critical points in the installation. If the bend-
ing moments are not properly calculated, it will not be

possible to meet the loading and stress criteria contained
in ASME B311

As a minimum the following loads,

due to dead weight are easily determined and should
always be calculated in systems where stresses exceed
90% of the allowable stress limits in meeting the require-
ments of eqs. (15) and (16) of para. 104.8.

II-3.4 Earthquake Analysis

Seismic loads must be known to calculate bending
moments at critical points in the safety valve installation.
If a design specification exists, it should stipulate if the

previjously discussed in para. II-2 of this Appendix,

piping system must be designed for earthqupke. If so,
it should specify the magnitude of the earthduake, the

shoufd be considered n determining these moments: plant conditions under which the earthquake i§ assumed
(A) thermal expansion
B) dead wei }I: to occur, and the type earthquake analysis t¢p be used
( ead weight (equivalent static or dynamic). Ifja design spgcification
(© earthquake ) does not exist, it is the responsibility of the dgsigner to
(D) reaction force‘ from valve discharge determine what consideration.must be given| to earth-
(E) other mecharucal loads ) . quake analysis. It is beyond, the scope of this Appendix
The analysis of the safety valve installation should ¢, provide rules for caltulating moments dud to earth-

include all critical sections, such as intersection points,
elbows, transition sections, etc., and any related piping,
vessdls, and their supports that may interact with the
safety valve installation. It is often most appropriate to
modg¢l the safety valve installation and its related piping
as a jJumped mass system joined by straight or curved
elements.

11-3.2

There are many standard and acceptable methods for
detefmination of moments due to thermal expansion of
the pliping installation. The thermal expansion analysis
must| comply with the requirements in para. 119~ The
safet} valve installation often presents a special problem
in that there may be a variety of operatighal modes to
consider where each mode represents a different combi-
nation of temperatures in various seetions of the piping
system. The design condition shall be selected so that
none| of the operational modes ‘represents a condition
that gives thermal expansion'bénding moments greater
than [the design condition.

Thermal Expansion Analysis

quake. The literatur&eohtains satisfactory refefences for
determining monients by use of static seisnpic coeffi-
cients and how, to-perform more sophisticated dynamic
analyses of4he piping system using inputs in $uch form
as time histories of displacement, velocity, and accelera-
tion or.xesponse spectra where displacement, velocity,
or aceeleration is presented as a function of frequency.

BWo types of seismic bending moments ofcur. One
type is due to inertia effects and the other tyjpe is due
to seismic motions of pipe anchors and othpr attach-
ments. As will be shown later, the moments dug to inertia
effects must be considered in eq. (16), para. 104.8, in the
kSy, category. Moments due to seismic motidns of the
attachments may be combined with thermal ¢xpansion
stress and considered in eq. (17), para. 104.8|in the S,
category. For this reason, it may sometimes b¢ justified
for the designer to consider the moments s¢parately;
otherwise both sets of moments would hgve to be
included in the kS, category.

1I-3.5 Analysis for Reaction Forces Due to V3lve

The design of the safétywalve installation should con- Discharge
sideq| the differential thermal growth and expansion .
loady, as well as the)local effects of reinforcing and sup- II-3.5.1 Open Discharge Systems
portd. The design*should also consider the differential 11-3.5.1.1 The moments due to valvd reaction

thermal growtlyand expansion loads existing after any
combinationof safety valves (one valve to all valves)
operptes; Taising the temperature of the discharge

forces may be calculated by simply multip
force, calculated as described in para. II-2.3.[l.1, times
the distance from the point in the piping sysfem being

lying the

piping:
1I-3.3 Dead Weight Analysis

The methods used for determination of bending
moments due to dead weight in a safety valve installa-

tion are not different from the methods used in any
other piping installation. If the support system meets

analyzed, times a suitable dynamic load factor. In no
case shall the reaction moment used in para. 1I-4.2 at
the branch connection below the valve be taken at less
than the product of

(DLF) (Fy) (D)

the requirements in para. 121, the bending moments due ~ where

to dead weight may be assumed to be 1,500Z (in.-Ib) D = nominal O.D. of inlet pipe

where Z is the section modulus (in.’) of the pipe or DLF = dynamic load factor (see para. II-3.5.1.3)
fitting being considered. However, bending moments F; = force calculated per para. 1I-2.3.1.1
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Reaction force and resultant moment effects on the
header, supports, and nozzles for each valve or combina-
tion of valves blowing shall be considered.

11-3.5.1.2 Multiple Valve Arrangements. Reaction
force and moment effects on the run pipe, header, sup-
ports, vessel, and connecting nozzles for each valve
blowing, and when appropriate, for combinations of
valves blowing should be considered. In multiple valve

from the ordinate. The DLF shall never be taken less
than 1.1.

If a less conservative DLF is used, the DLF shall be
determined by calculation or test.

1I-3.5.1.4 Valve Cycling. Often, safety valves are
full lift, pop-type valves, and are essentially full-flow
devices, with no capability for flow modulation. In
actual pressure transients, the steam flow required to
prevent overpressure is a varying quantity, from zero to

arrangements, each valve will open at a different time,
and sinceall valves may not be required to open during  the full rated capacity f’f the safety valves. As a rpsult,
an overpiessure transient, several possible combinations the valves may be required to open and close antimber

of forces fan exist. It may be desirable to vary the direc-  Of ti;nes during the trar}sient. Since ee%ch openin and
tion of djscharge of several safety valves on the same closmg produces a reaction for.ce, conmderatlon.s ould
header tg reduce the maximum possible forces when all ~ be given to the effects of multiple valye operatiops on
valves ar blowing. the piping system, including suppotts.

Forces. In a piping system acted upon by time varying

force effects are dynamic«dn nature. A time-hi
dynamic solution, incorporating a multidegree of]

story
free-

loads, th¢ internal forces and moments are generally .
. 2 dom lumped mass model solved for the transient
greater than those produced under static application of . . )
. T hydraulic forces is considered to be more accuratd than
the load.| This amplification is often expressed as the the f ¢ analvei ted in this A di
dynamic |load factor, DLF, and is defined as the maxi- € orm ol analysts presented 1n tus Appendix.

mum ratjo of the dynamic deflection at any time to the
deflectionp which would have resulted from the static

11-3.5.2 Closed Discharge Systems. Closed dis-
charge systems do not easily lend themselves to simpli-

applicatign of the load. For structures having essentially ~ fied analysis techniques. The discussions on pressfire in
one degrpe-of-freedom and a single load application,  para,Il€2.2.2 and on forces in para. [1-2.3.2 indicatg that
the DLF|value will range between one and two  a tifne-history analysis of the piping system may be
dependinjg on the time-history of the applied load and  xequired to achieve realistic values of moments.

the naturpl frequency of the structure. If the run pipe is
rigidly syipported, the safety valve installation can be

1I-3.5.3 Water Seals. To reduce the problem of {
or gas leakage through the safety valve seats, the

team
valve

idealized| as a one degree-of-freedom system and ithe ;. jet piping may be shaped to form a water seal elow
time-histpry of the applied loads can often be agstunied  cach valve seat. If the valves are required to open to
to be a single ramp function between the nofload and prevent overpressure, the water from the seal i dis-
steady sfpte condition. In this case, the DLF may be  charged ahead of the steam as the valve disk liftd. The
determingd in the following manner: subsequent flow of water and steam through th¢ dis-
(A) Cajculate the safety valve installation period T charge piping produces a significant pressur¢ and
using the following equation and-Fig-1I-3-1: momentum transient. Each straight run of dischargg pip-
ing experiences a resulting force cycle as the water|mass
T = 01846 )W moves from one end of the run to the other.
EI For most plants that employ water seals, only the first
cycle of each occurrence has a force transient bas¢d on
where , ) ) . o water in the seal. The remaining cycles of each dccur-
E 5 YO‘%“g swodulus of inlet pipe, Ib/in% at o6 would be based on steam occupying the sea] pip-
d§51gn temperature. . ing, and the transient forces would be reducgd in
h =5 distance from run pipe to centerline of outlet magnitude.
piping, in.
= TNOMENt Of TNeFtta of et pipe; 1" -4 LOADING CRITERIA AND STRESS
T = safety valve installation period, sec COMPUTATION
W = weight of safety valve, installation piping,

flanges, attachments, etc., b

(B) Calculate ratio of safety valve opening time to
installation period (t,/T), where ¢, is the time the safety
valve takes to go from fully closed to fully open, sec,
and T is determined in (A) above.

(C) Enter Fig. 1I-3-2 with the ratio of safety valve
opening time to installation period and read the DLF

254

ll-4.1 Loading Criteria

All critical points in the safety valve installation shall
meet the following loading criteria:
S]p + SSL < Sh (1)

@)

©)

S[p + Sg1 + Sop £ kSh

Slp+SSL+SESSA+Sh
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Fig. 1I-3-1 Safety Valve Installation (Open Discharge System)

Center of gravity of safety valve,
installation piping, and flanges

Centerline of
outlet piping

h
~— Inlet(pipe
Bfahch connection
\/
Runpipe
where
Sp = bendingsstresses due to thermal expansion
b, = longittidinal pressure stress

Sor = bending stresses due to occasional loads,
such as earthquake, reaction from safety
valve discharge and impact loads

siiy="bending stresses due to sustained loads,

(=

wall thickness is provided to prevent failurgs due to
pressure. It is not necessary to repeat these rufles in this
Appendix; however, some of the more imp¢rtant are
listed below for reference.

(A) All pipe (plus other components) must gatisfy the
minimum required wall thickness of eq. (7] of para.
104.1.2. In addition, wall thickness must be [adequate

1 1 1 <l
SUCIT d5 UTdU thgll’t

S, k, and S, are as defined in ASME B31.1.
The three loading criteria defined above are repre-
sented by egs. (15) and (16) in para. 104.8.

1I-4.2 Stress Calculations

11-4.2.1 Pressure Stresses. The Code does not
require determination of the pressure stresses that could
cause failure of the pressure containing membrane.
Instead, the Code provides rules to ensure that sufficient

to—satisfy eqs—(15) a6 para—1648—These two
equations may govern determination of wall thickness
in low pressure systems.

(B) No minimum wall thickness calculations are
needed for components purchased to approved stan-
dards in Table 126.1.

(C) Pipe bends must meet the requirements of eq. (1)
above after bending.

(D) Branch connections that do not meet the require-
ments of eq. (2) above must meet the area replacement
requirements of para. 104.3.
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Fig. 1I-3-2 Dynamic Load Factors for Open Discharge System
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GENERAL NPTE:

11-4.2.2 Pressure Plus Bending Stresses., To guard
against membrane failures (catastrophic), prevent
fatigue (leak) failures, and to ensureShakedown, the
equationg in para. 104.8 must be satistied. These equa-
tions apply to all components in the safety valve installa-
tion and|will not be repeated here. However, some
additiondl explanation of thes¢ equations in regard to
the very ¢ritical points ypstream of the safety valve are
in the pafagraphs below:

1I-4.2.2.1 Additive Stresses at Branch Connection.
For the plirposesief€gs. (15), (16), and (17) in para. 104.8,
the sectign medulus and moments for application to
branch cqnneéctions, such as safety valve inlet pipes, are

Ratio of Safety Valve Opening Time to Installation Period, t,/T

This Figure is based on curves from Introduction“to Structural Dynamics, J. M. Biggs, McGraw-Hill Book Co., 1964.

i = the branch connection stress intensifichtion
factor
f, = nominal thickness of branch pipe

(B) Moment terms shall be defined as follows:

MB = \/Mx32 + My32 + MZ32

where Mg, M3, M3, and M3 are defined in para. [04.8.

(C) Where the D, /t, of the branch connection differs
from the D, /t, header or run, the larger of the two D, /t,
values should be used in the first term of egs. (15) and
(16), where D, and t, are defined in paras. 104.] and

as follows:

(A) For branch connections, the Z should be the
effective section modulus for the branch as defined in
para. 104.8. Thus,

7 = 7, = wr’tL (effective section modulus)

104.8, respectively.

11-4.2.2.2 Additive Stresses in Inlet Pipe. Equa-
tions (15), (16), and (17) in para. 104.8 may be applied
to the inlet pipe in the same manner as described above
for the branch connection, except that the values for
D,/t, and Z should be for the inlet pipe and the stress

where intensification factor used will be different. It should be
r, = mean branch cross-sectional radius, in. noted that the values D,, t,, and Z should be taken from
t; = lesser of t, and it,, where a point on the inlet pipe such that D,/t, will have a

t, = nominal thickness of run pipe

maximum and Z a minimum value for the inlet pipe.
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II-4.2.3 Analysis of Flange. It is important that the
moments from the various loading conditions described
in para. II-4.2.2 do not overload the flanges on the safety
valve inlet and outlet. One method of doing this is to
convert the moments into an equivalent pressure that is
then added to the internal pressure. The sum of these
two pressures, Prp, would be acceptable if either of the
following criteria are met:

(A) Prpdoesnotexceed the ASME B16.5 flange rating.

header as is physically possible to minimize reaction
moment effects.

Orientation of valve outlet should preferably be paral-
lel to the longitudinal axis of the run pipe or header.

Angular discharge elbows oriented to minimize the
reaction force moment shall have a straight pipe of at
least one pipe diameter provided on the end of the elbow
to ensure that the reaction force is developed at the
desired angle. Cut the discharge pipe square with the

(BJ S, Sk, and St should be 1ess than the yield 5tress
at dgsign temperature, where Sy, Sg, and Sy are as
defined in 2-7 of ASME Section VIII, Division 1 with
the fpllowing exceptions:

B.1) Prp should be used in the ASME Section VIII,

ion 1 equations instead of the design pressure.

B.2) Sy should include the longitudinal pressure
at the flange hub.

Divid

stresd

11-4.2.4 Analysis of Valve. The allowable forces and
moments which the piping system may place on the
safety valves must be determined from the valve manu-
factufer. In some cases, the valve flanges are limiting
rathgr than the valve body.

l erection
5 must be
the reac-

centertimeTFabricatiorrtoterarces; Teatisticfiet
tolerances, and reaction force angle tolerange!
considered when evaluating the magnittide o
tion moment.

The length of unsupported discharge piping between
the valve outlet and the first outlet elbow [Fig|II-1-2(A),
distance I] should be as shott/as practical to [minimize
reaction moment effects.

1I-5.3.2 Installations) With Double Outlet [Valves.
Double outlet valves with symmetrical tail-pipes and
vent stacks will €liminate the bending moment in the
nozzle and the run pipe or header providing there is
equal and~steady flow from each outlet. If efjual flow
cannot be‘guaranteed, the bending moment dque to the
unbalahced flow must be considered. Thrust lpads must

1I-5 | DESIGN CONSIDERATIONS alse be considered.
1I-5.1 General 1I-5.3.3 Multiple Installations. The effects pf the dis-
The design of safety valve installations shall be in charge of multiple safety valves on the Saiﬂte header

accolldance with para. 104 except that consideration-be
given) to the rules provided in the following subpara-
graphs. These rules are particularly concerned with that

shall be such as to tend to balance one anotlper for all

modes of operation.

1I-5.4 Installation Branch Connections

portipn of the piping system attached to and-between
the safety valve and the run pipe, header, ‘or' vessel that Standard branch connections shall as a thinimum
the vialve services and includes the branch connection  meet the requirements of para. 104.3. It should be noted

to the run pipe, header, or vessel.

11-5.2

11
Safet]

Geometry

5.2.1 Locations of Safety Valve Installations.

y valve installatioris should be located at least eight
pipe |diameters (baséd on 1.D.) downstream from any
bend|in a high velogity steam line to help prevent sonic
vibrations. Thisdistance should be increased if the direc-
tion pf the change of the steam flow is from vertical
upwardstoshorizontal in such a manner as to increase
dens]tyiofthe flow in the area directly beneath the station

that branch connections on headers frequently do not
have sufficient reinforcement when used as a cpnnection
for a safety valve. It may be necessary to proyide addi-
tional reinforcing (weld deposit buildup) gr special
headers that will satisfactorily withstand th¢ reaction
moments applied.

Material used for the branch connection an|
forcement shall be the same or of higher stre
that of the run pipe or header.

It is strongly recommended that branch copnections
intersect the run pipe or header normal to the surface
of the run pipe or header at « = 90 deg, where « is

d its rein-

heth than

nozzes:Simitarty, safety vatve instattation shouldTot
be located closer than eight pipe diameters (based on
LD.) either upstream or downstream from fittings.

1I-5.2.2 Spacing of Safety Valve Installation. Spacing
of safety valve installations must meet the requirements
in Note (10)(c), Mandatory Appendix D, Table D-1.

II-5.3 Types of Valves and Installations

11-5.3.1 Installations With Single Outlet Valves.
Locate unsupported valves as close to the run pipe or

257

defined as the angle between the longitudinal axis of
the branch connection and the normal surface of the run
pipe or header. Branch connections that intersect the
run pipe or headers at angles,

90 deg > a > 45 deg

should be avoided. Branch connections should not in
any case intersect the run pipe or header at angles,

a < 45 deg
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1I-5.5 Water in Installation Piping

1I-5.5.1 Drainage of Discharge Piping. Drains shall
be provided so that condensed leakage, rain, or other
water sources will not collect on the discharge side of
the valve and adversely affect the reaction force. Safety
valves are generally provided with drain plugs that can
be used for a drain connection. Discharge piping shall
be sloped and provided with adequate drains if low
points are unavoidable in the layout.

1I-5.7.1 Pipe Supports. Where necessary, it is recom-
mended that the support near the valve discharge be
connected to the run pipe, header, or vessel rather than
to adjacent structures in order to minimize differential
thermal expansion and seismic interactions.

Each straight leg of discharge piping should have a
support to take the force along that leg. If the support
is not on the leg itself, it should be as near as possible
on an adjacent leg.

1I-5.5.2 Water Seals. Where water seals are used
ahead of [the safety valve, the total water volume in the
seals shalll be minimized. To minimize forces due to slug

Whenmafarge portiomrof the systenm Hes tmaplane,
the piping, if possible, should be supported norrl;[Lal to
that plane even though static calculations do@gt id¢ntify
a direct force requiring restraint in that/direqtion.

flow or water seal excursion, the number of changes of ~ Dynamic analyses of these systems,have showr] that

directionjand the lengths of straight runs of installation  out-of-plane motions can occur.

piping shall be limited. The use of short radius elbows

is also dipcouraged; the pressure differential across the . II-5.7.2 Snubbers. Snubbers are c?ften use(.tl tq pro-

cross secfion is a function of the elbow radius. vide a support or a stop againsta rapidly applied|load,
such as the reaction force-of a blowing valve dr the

1I-5.6 Discharge Stacks

If teles¢opic or uncoupled discharge stacks, or equiva-
lent arranigements, are used then care should be taken
to ensurq that forces on the stack are not transmitted
to the valve discharge elbow. Stack clearances shall be
checked flor interference from thermal expansion, earth-
quake digplacements, etc. Discharge stacks shall be sup-
ported adlequately for the forces resulting from valve

pressure-momentum transient in a closed piping syptem.
Since snubbers generally displace a small distance Before
becoming rigid, the displacement must be consi¢lered
in the analysis+InJaddition, if the load is applied fo the
snubber for.a relatively long time, the snubber perform-
ance characteristics shall be reviewed to ensure thht the
snubber, will not permit motion during the time period
of interest, or the additional displacement must bg con-
sidered in the analysis. The snubber performance{shall

dischargq so that the stack is not deflected, allowing . P 5
steam to pscape in the vicinity of the valve. In addition, @50 be reviewed for response to repetitive load applica-
the deflgction of the safety valve discharge nozzle tions Cau.sed by th.e safety valve Cychng open and dlosed
(elbow) 4nd the associated piping system when sub- several times during a pressure transient.

jected to [the reaction force of the blowing valvecshall
be calculated. This deflection shall be considereédnin the
design of the discharge stacks slip-joint to ensure that
the dischlarge nozzle remains in the stagk,»preventing

11-5.8 Silencer Installation

valve
sonic

Silencers are occasionally installed on safety
discharges to dissipate the noise generated by the

steam frdm escaping in the vicinity of(the valve. velocity attained by the fluid flowing through the yalve.

To preyent blowback of dischargingsteam from inlet Silencers must be properly sized to ?VOid excgssive
end of vnt stack, consider the u§e/of an antiblowback ~ backpressure on the sa.fety valve causing improper valve
device tht still permits thermal.movements of header. ~ action or reducing relieving capacity.

1I-5.7 Support Design

Suppof
piping r

ts provided forsafety valves and the associated
bquire analysis to determine their role in
restraint ps wellwa§support. These analyses shall con-
sider at lpast the“tollowing effects:

(A) differential thermal expansion of the associated

vent
ssive

Safety valve discharge piping, silencers, and
stacks shall be properly supported to avoid exce
loading on the valve discharge flange.

II-6 SAMPLE DESIGNS

Examples of various safety valve installations that a

piping, heatters;amd-vessets:

(B) dynamic response characteristics of the support
in relation to the equipment being supported and the
structure to which it is attached, during seismic events
and valve operation. Maximum relative motions of vari-
ous portions of the building and structures to which
supports are attached resulting from seismic excitation
must be considered in selecting, locating, and analyzing
support systems.

(C) capability of the support to provide or not provide
torsional rigidity, per the support design requirements.
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desioner mav encounter in prnhh'r“p are proannfad in
e}

Figs. II-1-2(A) and II-6-1.

II-7 SAMPLE PROBLEM (SEE FIGS. 1I-7-1 AND
11-7-2)
II-7.1 Procedure
(A) Determine pressure and velocity at discharge
elbow exit.

(B) Calculate maximum operating pressure for dis-
charge exit.
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Fig. Il-6-1 Examples of Safety Valve Installations

Insulation

e

.

(c)

(b)

(d)

F=lreaction force

(C) Calculate reaction force at discharge elbow exit. where
(D) Calculate bending niomients of Points (1) and (2) A, = 50.03 in.?
from|reaction force and‘seismic motion. a = 823 Btu/lbm for 15 < P; < 1,000 psig and h, <
(E) Determine stre§s-intensification factors at Points 1,600 Btu/Ibm
(1) and (2). b = 4.33 for 15 < P; < 1,000 psia gnd h, <
(F)| Calculate predicted stresses at Points (1) and (2) 1,600 Btu/Ibm
and gomparglwith allowable stress. g = 32.2 Ibm-ft/Ibf-sec’
(G) Caléulate maximum operating pressure for vent h, = stagnation enthalpy for steam at P25 psia,
pipe, 1,000°F
(H-Check for blowback = 15073 Btu/lbm
(I) Calculate forces and moments on vent pipe. ] = 778 ft-Ibf/Btu
. . . Py = 118 psia
1I-7.1.1 Pressure and Velocity at Discharge Elbow Exit Vy = 2,116 ft/sec

(Para. 11-2.2.1)

p - WD) [20t,—a)

A b g.(2b — 1)

— zgc I(hu - a)

Vi @b-1)
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W = flow rate
= 116.38 Ibm/sec

11-7.1.2 Discharge Elbow Maximum Operating
Pressure. For 8 in. Class 150 ASME weld neck flange,

L 4 in.

D= 7081 = 0
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Fig. 1I-7-1 Sample Problem Figure 1

relief valve set pressure = 910 psig
steam temperature = 1,000°F
orifice size = 11.05 in.2 (Q orifice)

Vent pipe actual flow capacity of valve
/ at T0% accumulation = 418,950 Tbm/hr
valve inlet I.D. = 6 in.
‘\60 deg valve outlet I.D. = 8 in.
M valve discharge elbow = 8 in. SCH 40
10ft0in. (7 valve vent pipe = 12 in. SCH 30
seismic coefficient = 1.5g
nozzle material = ASTM-A335 P22 21/,Cr-1
Anchor (a) allowable stress at 1000°F = 7,800 psi
Anchjor P valve weight = 800Uk

20 ftOin.

Not to scale

24 in.

Short radi

valve rise time = 0.040 sec

Determine stresses at Pgints (1) and (2) due to seismic
relief valve dischargéfoads only.

Mo

and

— T T ~— ——

/4in.
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Fig. 1I-7-2 Sample Problem Figure 2

s [ e (T 2
T, Rom T, I\ rp
R, Tro ry Th, and r,are shown in sketch below:
i 215 (15.375 23 ( 4.25 \'s (@)(4.25)
m="=1"25 5.375 25]\ 55
i) =2.05
83/4in. |
—] ~— 1.218 in.
Point (2)
7in
B.in..D.
T} =2,in.
11in. 0.D.=2r,
Point (1)
rn/,, :41/4in.
1/5in. R approx.
% NoTTo 3cale W
Rm: 153/8 in. /
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Tr: 21/2 in.
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For 8 in. SCH 40 short radius elbow, h = distance from run pipe to centerline of outlet
L piping
D= 30 = 19 in.
I = moment of inertia of inlet pipe
For 12 in. of 8 in. SCH 40 pipe, = 25 (O.' - DY)
L_ & =15 Use average O.D. and I.D. to determine I. D, =
b 798Lin. 9.875 in. avg.; D; = 6 in. avg.
PN = 403.2 int
ZKB) = k D ) =05+30+15 =320 T = 0.00449 sec
W = weight of valve
f =0013 = 800 Ib
k =13 For a valve rise time of 0.040 sec =i, the ratio tJ/T is
L 8.9. From Fig. 1I-3-2, DLF = 1.1
f (%) = 0416 Using F; = 12,801 Ibf, L ={24 in., and DLF =|1.11,
From Chart II—l, P/P* = 1.647. Ml(l) = Ml(Z) = 341,018 in.-Ib
Py, = Py (P/P*) = 194 psia (B) Bending Moments’at Points (1) and (2) Due to Sgismic
II-7.1.3 Reaction Force at Discharge Elbow Exit. Loading
Reaction [force, Seismic force;
F WV, (P -P) A Fs = mass X acceleration
1= 1~ Fa 1
B 800 Ibm
where W = 11638 Ihm/sec 32.2 Iom-ft/Ibf-sec?
Vi = 2,116 ft/sec
g = 32.2 Ibm-ft/Ibf-sec? x 1.5(32.2 ft/sec?)
Py = 118 psia
P, = 15 psia = 1,200 Ibf
A; = 50.03 in.2
(P, | P,) = 118 = 15 = 103 psig Moment arm for Point (1) = 19 in.
WV1/g. = 7,648 Ibf
(P, - B) A, = 5,153 Ibf Mgy = 1,200 Ibf (19 in.) = 22,800 in.-Ib
F; = 12,801 Ibf
1I-7.1.4 Bending Moments§ at Points (1) and (2) Moment arm for Point (2) = 12 in.
. (Ig‘z))inlfe(;glmgMomentatPomts (1) and (2) Due to Reaction Mg = 1,200 Ibf (12 in.) = 14,400 in-Ib
Ml(l) — Ml(Z) . . .
L x4, % DLF (C) Combined Bending Moments at Points (1) and|(2)
= I
L F moement arm .
L Jin M(D = Ml(l) + MS(]) = 363,819 in.-1b
DLF £ dynamic load factor

To determine DLF, first determine the safety valve instal-
lation period T:

T = 01846 W
EI
where
E = Young’s modulus of inlet pipe at design
temperature
= 23 x 10° psi
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M) = M) + Ms(2)

355,419 -1
1I-7.1.5 Stress Intensification Factors at Points (1)
and (2)
(A) At Point (1), Branch Connection
iq) = 205
(B) Stress Intensification Factors at Point (2), Butt Weld
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11-7.1.6 Predicted Stresses at Points (1) and (2)
(A) Predicted Stresses at Point (1), Branch Connection

0

Predicted stress =

Mg, = 355419 in-b

4t, Flexure stress = 6,955 psi
& for rn bibe 33.25in. _ 153 ) O(Not.e th}it 0.75i is set equal to 1.0 whenever 0.75i is less than
E pipe = 5= — =13 .0, as in this case.)

. Combined stress;y = pressure stress
&rororan T pipe = Llin. T
I PpIpe = 55, - = + T Tlextire Stress )

Use larger value with P = 910 psig.
Pressure stress(;y = 3,030 psi

0.751 M(])
Zay

Flexure stress(;) =
Zyy = 11'1’;72 ts
ts = lesser of t, or (i) t,
trg = 2.51in;; (i) t, = (2.05) 2.5 in.
ts = 2.5in.
r, = 4.25 in.
Zagy = 142 in?
iy = 2.05; M3y = 363,819 in.-lb

Flexure stress(;y = 3,939 psi
Combined stress(;) = pressure streSs)
+ flexure sttess )
= 6,969.psi

(B) Predicted Stresses at Point (2)) Butt Weld

PD,
Pressure stress = ——
4tn

Po= 910 psig

D, = 8.75 in.

t, = 1.218 in.

Pressure stress(p) = 1,635 psi

= 8,590 psi

(C) Comparison of Predicted Stress With Allowgble Stress.
Allowable stress of nozzle material at 1,000°H is

Sy = 7,800-psi
=12
kSi” = 9,360 psi
Combined stress;) = 6,969 psi

Combined stress;y = 8,590 psi

1I:7:1.7 Calculate the Maximum Operating Pressure
for Vent Pipe

P; = Py (—) = 118 psia

51.4 psia
L/D for 20 ft 0 in. of 12 in. SCH 30 pipe = 19.85.

S(L/D) = (Lg“) = 19.85

f = 0013

k=13
Linax = 0.258
i) ="

From Chart II-1, P/P* = 1.506.

P, = P; (P/P*) = 77.4 psia

Flexure stress(; =
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H-7-1.8Checkfor BlowbackFrom-VentRipe. Calcu-
late the velocity V, that exists at the inlet to the vent
pipe (para. 1I-2.2.1.4).

Lmax
f( B ) = 0.258 from Step (7)

V3 = Vi = 2,116 ft/sec
From Chart II-1, V/V* = 0.7120.

V, = V3 (V/V*) = 1,507 ft/sec
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Check the inequality from para. 11-2.3.1.2.

W (V- V)

c

> (Py = Py) Ay
=P -P) Ay

116.38 (2,116 — 1,507)
322

> (77.4 - 14.7)(114.8)
- (118 - 14.7)(50.03)

ASME B31.1-2012

Fig. II-7-3 Sample Problem Figure 3

Anchor (a)

/

60,568 Ib-ft

2,201 2,030

The ineqiiality has been satisfied but the designer may
require a|design margin that would make 14 in. SCH 30
more acceptable. If a larger vent pipe is chosen, then
the vent jpipe analysis would have to be repeated for

the 14 in{ SCH 30 pipe.

11-7.1.9 Calculate Forces and Moments on Vent Pipe

Anchor

WV,
F, = I3 + (P2 = Py Ay

c

_(116.38)(1,507)
= 322

+ (774 — 14.7) (114.8)

= 5,447 + 7,198.0 = 12,645 Ibf

_ (116.38)(2,116)
37 32.2

+ (514 — 14.7)(114.8)

= 7,648 + 4,213 = 11,861 Ibf

Assume g 30 deg jet deflection angle 0T vent pipe outlet.

Vertical gomponent of Fj3

Horizontyl component of F3

F3u,S7E3 sin 30 deg = 5,931 Ibf

F3y = F; cos 30 deg = 10,272 Ibf

2,373 1b

Net imbalanceon the vent pipe in the vertical directjion is
Fy — F3y = 2,373 Ibf
Menient on vent pipe anchor
XM = (Fz—Fsv)%

+ F3y X [distance from (a) to Point (3)]

(2,373) (@> + (5,931)(10.0)

2
= 60,568 ft-Ib

The vent pipe anchor would then be designed fgr the
loads shown in Fig. II-7-3 for safety valve operatjon.

1I-7.1.10 Conclusion. Branch connection strespes at
Points (1) and (2) due to seismic and relief valv¢ dis-
charge are within 1.2 S;. Blowback will not occur| with
the 12 in. standard weight vent pipe. The vent| pipe
anchor loads have been identified.
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NONMANDATORY APPENDIX IlI
RULES FOR NONMETALLIC PIPING AND PIPING LINED WITH
NONMETALS

FOREWORD

ASQME B31.1 contains rules governing the design, fab-
rication, materials, erection, and examination of power
piping systems. Experience in the application of nonme-
tallic| materials for piping systems has shown that a
number of considerations exist for the use of these mate-
rials [that are not addressed in the current body of the
Coddq. To address these, the requirements and recom-
mendlations for the use of nonmetallic piping (except in
parag. 105.3, 108.4, 116, and 118) have been separately
asserhbled in this Appendix.

I11-1 | SCOPE AND DEFINITION
IlI-1.1 General

I1]-1.1.1  This Appendix provides minimum
requirements for the design, materials, fabrication, erec-
tion, festing, examination, and inspection of nonmetallic
pipirlg and metallic piping lined with nonmetals withir{
the jyrisdiction of the ASME B31.1 Power Piping Code.
All r¢ferences to the Code or to Code paragraphs‘in-this
Appé¢ndix are to the Section B31.1 Power Piping-Code.
In thiis Appendix, nonmetallic piping shall\be limited
to plastic and elastomer based piping materials, with or
with¢ut fabric or fibrous material added for pressure
reinfprcement. Metallic piping lined with nonmetals
shall|be limited to factory-made jplastic-lined ferrous
metaLpipe, fittings, and flanges produced to one of the
product standards for plastic-lined piping materials
listed in Table II1-4.1.1.

llI}1.1.2  Standatds and specifications incorporated
in this Appendix dréjlisted in Table III-4.1.1. The effective
date pf these dectiments shall correspond to the date of
this Appendix,

lIF1.1.3)> The provisions in Chapters I through VI
and in Mandatory Appendices A through F are require-

(C) reinforced thermosetting resin pipe/in buried
flammable and combustible liquid seryice systems [refer
to para. 122.7.3(F)].

(D) polyethylene pipe in buried flammablefand com-
bustible liquid and gas service. Refer to paras. [122.7.3(F)
and 122.8.1(G).

(E) metallic piping linedvvith nonmetals. |f used in
accordance with para¢122.9 for conveying corfosive lig-
uids and gases, the\design of the lined piping system
shall meet the reqirements of para. 104.7.

lI-1.2.3 ~Nonmetallic piping systems shall not be
installed ity aConfined space where toxic gaseg could be
produced and accumulate, either from comRfustion of
the piping materials or from exposure to flathe or ele-
vatéd temperatures from fire.

1lI-1.3 Definitions and Abbreviations

llI-1.3.1  Terms and definitions relating [to plastic
and other nonmetallic piping materials shall b¢ in accor-
dance with ASTM D883. The following terms ahd defini-
tions are in addition to those provided in the ASTM
standard.

adhesive: a material designed to join two othgr compo-
nent materials together by surface attachment (bonding).

adhesive joint: a bonded joint made using an|adhesive
on the surfaces to be joined.

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

bonding operator: one who operates a maching or auto-
matic bonding equipment.

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

Bonding Procedure Specification (BPS): the docujment that

ments of this Appendix only when specifically refer-
enced herein.

lll-1.2 Scope

lI-1.2.1  All applicable requirements of para. 100.1
and the limitations of para. 105.3 shall be met in addition
to those in this Appendix.

lI-1.2.2  Use of this Appendix is limited to

(A) water service.

(B) nonflammable and nontoxic liquid, dry material,
and slurry systems.

lists the parameters to be used in the construction of
bonded joints in accordance with the requirements of
this Code.

butt-and-wrapped joint: a joint made by applying plies of
reinforcement 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.
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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.

ultraviolet absorber: a material that when combined in a
resin mixture will selectively absorb ultraviolet
radiation.

woven roving: a heavy glass fiber fabric reinforcing mate-
rial made by the weaving of glass fiber roving.

I1I-1.3.2  Abbreviations used in this Appendix
curing agent: a reactive material that when combined  denote materials and terms as follows:
w%th a resm.matenal reacts or polymerizes (crosslinks) Abbreviation Term
with the resin;—alsoreferred toasa hardener —_—
. . . . L ABS! Acrylonitrile-butadienesStyfene
diluent: a| reactive modifying material, usually liquid,  Ap Polyacetal
that redyces the concentration of a resin material to  CP Chlorinated polyetiier
facilitate handling characteristics and improve wetting. CPvC! Chlorinated poly (vinyl chloride)
I .. DS Design stress
electroﬁfswn. a heat fusion joining process where theheat ~ pgpt Perfluoro(ethylene propyldne)
source isjan integral part of the fitting, such that when HDB Hydrosfatic’design basis
electric cfirrent is applied, heat is produced that melts =~ HDS Hydfostatic design stress
and joins| the plastics. PA! Rolyamide (nylon)
. . . . PB Polybutylene
fire retardant resin: a specially compounded material  pg! Polyethylene
combined with a resin material designed to reduce or PFA Poly (perfluoroalkoxy)
eliminate| the tendency to burn. POP Poly (phenylene oxide)
o e L . . Pp! Polypropylene
flexibilizel: a modifying liquid material added to a resin-  ppg Polyphenylene
ous mixtjire designed to allow the finished component  pr Pressure rated
the ability to be flexed or less rigid and more prone to ~ PTFE' Polytetrafluoroethylene
bending. PVC! Poly (vinyl chloride)
. ) . ) . PVDE Poly (vinylidene chloride)
grout: a hpavily filled paste material used to fill crevices  pypg Poly(vinylidene fluoride)
and trangitions between piping components. RTR Reinforced thermosetting rpsin
N .. . SDR Standard di ional rati
heat fusioq joint: a joint made by heating the surfaces to andand dimensionat Tate
be joined|and pressing them together so they fuse and 1I-2 DESIGN

become ¢ssentially one piece.

hot gas welded joint: a joint made by simultaneously heat-
ing a fillgr material and the surfaces to be joirred with
a stream |of hot air or hot inert gas until the materials
soften, affer which the surfaces to be jéined are pressed
together ind welded with the molten filler material.

liner: a cpating or layer of material constructed as,
applied to, or inserted withinythe inside surface of a
piping component intendegd to protect the structure from

IlI-2.1 Conditions and Criteria

llI-2.1.1 General

(A) The Design Conditions of para. 101 shall
for the design of nonmetallic piping systems.

(B) The design of nonmetallic piping systems
ensure the adequacy of material and its manufa
considering at least the following;:

(B.1) tensile, compressive, flexural, shear strgngth,
and modulus of elasticity at design temperature (long-

pply

must
rture,

chemical afctack, to inhibiterosion, or to prevent leakage ;.. and short-term)
under strpin. (B.2) creep characteristics for the service condjtions
seal weld:|the addition of material external to a joint by (B.3) design stress and its basis
welding ¢r bofiding for the purpose of enhancing leak (B.4) coefficient of thermal expansion
tightness (B.5) ductility and plasticity
(D £\ 3 & J £l 1 choaal L3
solvent cement joint: a joInt using a solvent cement to Ve PO R IR SRR PRV RS
soften the surfaces to be joined, after which the joining (B.7) temperature limits for the service

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.

thixatropic agent: a material added to resin to impart high
static shear strength (viscosity) and low dynamic shear
strength.
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(B.8) transition temperatures: melting and
vaporization

(B.9) toxicity of the material or of the gases pro-
duced by its combustion or exposure to elevated
temperatures

(B.10) porosity and permeability

(B.11) test methods

1 Abbreviations in accordance with ASTM D1600.
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(B.12) methods of making joints and their efficiency
(B.13) deterioration in the service environment

(B.14) the effects on unprotected piping from exter-
nal heat sources (particularly solar radiation)

111-2.1.2 Pressure-Temperature Ratings for
Components

(A) Components having specific pressure—

temperature ratings have been established in the stan-

ll-2.1.3 Allowable Stresses and Other Stress Limits

(A) General. Tables 11I-4.2.1, 111-4.2.2, and 111-4.2.3 list
recommended maximum allowable stresses in the form
of hydrostatic design stresses (HDS), allowable design
stresses (DS), and the hydrostatic design basis (HDB),
which 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

dards listed in Table III-4.1.1. Other components may
be uged in accordance with para. I11-2.1.2(B).

A.1) Except as qualified in para. I1I-2.1.3, the rat-
bf Tables I11-4.2.1, 111-4.2.2, and I11-4.2.3 are the lim-
values for allowable stresses at temperature in this
ndix.

ings

iting
Apps
A.2) The application of pressures exceeding the
ure—temperature ratings of valves is not permitted.
s shall be selected for operation within the limits
ed in para III-2.1.2(C).

Components Not Having Specific Ratings

B.1) Pipe and other piping components for which
able stresses have been developed in accordance
para. III-2.1.3, but that do not have specific

press
Valvg
defin

(B

allow
with

deteTTiing attowable Stresses ard pressures if outlined
in para. III-2.1.3(B). The allowable stresses ar¢ grouped
by materials and listed for stated temperatures. Where
sufficient data have been provided, straight-line interpo-
lation between temperatures,is permiss{ble. The
materials listed are available froth,one or more[manufac-
turers and may be obtained ‘with maximum pllowable
stresses varying from those listed in Tableq I1I-4.2.1,
1l1-4.2.2, and III-4.2.3,-These materials and values are
acceptable for use where they have been estaplished in
accordance with (B) below and para. I1I-2.2.9
(B) Basis for Allowable Stresses for Internal P
(B.1) Thgrmoplastics. A method of det
hydrostatic design stress (HDS) and pressure r
is described in ASTM D2837. Hydrostatic desig
are provided in Table III-4.2.1 for those mats

essure
prmining
hting (PR)
N stresses
brials and

presqure-temperature ratings, shall be rated by the rules ‘ -

for pressure design in para. II-2.2 within the range of ~ teuiperatures for which sufficient data have Been com-
temperatures for which stresses are listed in piled to substantiate a determination of stres. Data on
Tablds 111-4.2.1, TT1-4.2.2, and T11-4.2.3. these materials at other temperatures, and|{on other

B.2) Custom-molded pipe and other piping com-
hts that do not have allowable stresses or pressure—
erature ratings shall be qualified for pressure
n as required in para. I11-2.2.9.

B.3) When components other thaii described
b, such as pipe or fittings not assigned pressure—
erature ratings in an ASME dr American National
lard, are used, the manufacturer’s recommended
ure-temperature rating 'shall not be exceeded.

pone
temy
desig

abov
temp
Stang
press

materials, are being developed. Pending publication of
additional data, the limitations in para. I1I-2.1{2(B) shall
be observed.

(B.2) Reinforced Thermosetting Resin (Ld
For laminated piping components, the desig
(DS) are listed in Table I11-4.2.2. These typically|
on one-tenth of the minimum tensile strengths
in Table 1 of ASTM C582.

(B.3) Reinforced Thermosetting Resin (Filam
and Centrifugally Cast). For filament wound ar

minated).
h stresses
are based
specified

nt Wound
d centrif-

(C) Allowances for Pressure’and Temperature Variations ugally cast piping components, hydrostatic design basis
C.1) NonmetallicePiping. Allowances for variations (HDB) values are listed in Table III-4.2.3. These values

of pressure, tempetature, or both, above design condi-  may be obtained by procedures in ASTM D2992. HDS
tions| are not permitted. The most severe conditions of =~ may be obtained by multiplying the HDB by| a service

coindident préssure and temperature shall be used to
detemine«the ‘design conditions.
]C.Z) Metallic Piping Lined With Nonmetals. Allow-

ances for pressure and temperature variations prnvidpd

in accor-
VI D2992,

(design) factor” selected for the application,
dance with procedures described in AST]
within the following limits:

(B.3.1) When using the cyclic HPB from

in para. 102.2.4 are permitted only if the suitability of
the lining material for the increased conditions is estab-
lished through prior successful experience or tests under
comparable conditions.

(D) Considerations for Local Conditions. Where two ser-
vices that operate at different pressure-temperature con-
ditions are connected, the valve 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 where applicable.
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Table I1I-4.2.3, the service (design) factor shall not
exceed 1.0.

(B.3.2) When using the static HDB from
Table III-4.2.3, the service (design) factor shall not
exceed 0.5.

% The service (design) factor 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. I1I-2.1.3(B.3.1) and (B.3.2), it is not the intent
of the Code to specify service (design) factors.
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I11-2.1.4 Limits of Calculated Stresses Due to
Sustained Loads

(A) Internal Pressure Stresses. The limits for stress due
to internal pressure are provided in para. I1I-2.2.2.

(B) External Pressure Stresses. Stresses due to uniform
external pressures shall be considered safe when the
wall thickness of the component, and means of stiffen-
ing, have been established in accordance with
para. III-2.2.9.

of mechanical strength under other applicable loadings
as required in paras. I1I-2.1.4 and III-2.1.5.

(A) The required minimum wall thickness of straight
sections of pipe, t,,, shall be determined in accordance
with eq. (1).

by =t+c 1)
where

the sum of the mechanical allowances (thread

(C) Exfermal Loading Stresses. Design ol reinforced
thermosgtting resin (RTR) and thermoplastic piping
under external loading shall be based on the results
of the pafrallel plate loading test in ASTM D2412. The
allowablg deflection for RTR and thermoplastic pipe
shall be 5[/ of the pipe diameter. Where other nonmetal-
lic piping is intended for use under conditions of exter-
nal loadihg, it shall be subject to a crushing or three-
ing test, in accordance with ASTM C14 or
the allowable load shall be 25% of the mini-

mum valpie obtained.

111-2.1.5 Limits of Calculated Stresses Due to
Occasiongl Loads
(A) Ogppration. The total stress produced by pressure,
live and Head loads, and by occasional loads, such as
wind or darthquake, shall not exceed the considerations
and recoinmendations in para. III-2.5. Wind and earth-

or groove depth), plus erosion and /or corrpsion
allowance, and the manufacturer’s minus foler-
ance for product wall thickness, in{ For thr¢aded
components, the nominal thread depth|shall
apply. For machined surfaces or' grooves where
a tolerance is not specifi€d,-the tolerance|shall
be assumed to be 0.02-in’, in addition to the
specified depth of ¢hesthread or groove.

t = pressure design thickness, in., as calculafed in
para. III-2.2 2fo¥ internal pressure, or in dccor-
dance with para. III-2.2.3 for external prdssure

t, = minimumdrequired thickness, in.

I1l-2.2.2 Straight Pipe Under Internal Pressure

(A) The internal pressure design thickness, t, shg

be less than that calculated by the following equa
(A) Thermoplastic Pipe

11 not
tions.

quake fprces need not be considered as acting D
concurrently. t= 25,/P + 1 2
(B) Tes}. Stresses due to test conditions are not subject
to the lirhitations in (A) above. It is not necessary to (A.2) Reinforced Thermosetting Resin (Laminatefl)
consider pther occasional loads, such as wind and earth-
quake, ag occurring concurrently with test loads: P = D 3)
2S,/P + 1
IlI-2.1}6 Allowances
(A) Erpsion, Corrosion, Threading, and\Grooving. In (A.3) Reinforced Thermosetting Resin (Fildment
determinfng the minimum required (thickness of a pip- ~ Wound and Centrifugally Cast)
ing complnent, allowances shall be included for erosion
and for thread depth or groové¢ depth. fj=__ D @)
(B) Mefhanical Strength. When necessary, pipe wall 25:F/P +1
thicknesges shall be increased to prevent overstress,
damage,|collapse, orbiickling due to superimposed where . . L
loads from supportsyice formation, backfill, or other D = out51'de d1amgter of plpef mn. .
causes. Where increasing thickness will cause excessive F = service design factor in accordance with
local strefss, orvis*otherwise impractical, the required p ara. III—2.1.§(B.3) .
strength may-be obtained through the use of additional P = internal d.e51gn BAage pressure, pst
supports|braces, or other means without an increased S, = hydrostatic design stress from Table IlI-42.1
wall thickness. Particular consideration should be given Sp = design strgss trqm lab!e H1-2.2.2
S. = hydrostatic design basis from Table III-4.2.3

to the mechanical strength of a small branch connected
to large piping or to equipment.

llI-2.2 Pressure Design of Piping Components

IlI-2.2.1 Criteria for Pressure Design. The design of
piping components shall consider the effects of pressure
and temperature in accordance with para. I1I-2.1.2, and
provide for allowances in accordance with para. I11-2.1.6.
In addition, the design shall be checked for adequacy
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(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 of B31
including the pressure design requirements of
ASME B31.1 Chapter II.
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