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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
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piping are gpnprnl]y consistent with thaose nccignpd for power boilers_This Cade is more conservative
piping codes, reflecting the need for long service life and maximum reliability in power plant instal
e Power Piping Code as currently written does not differentiate among the design, fabrication, and-er
ments for critical and noncritical piping systems, except for certain stress calculations and mandatory ng

will be overcome.

ver, the Code is not a handbook and cannot substitute for education, experience;and sound engineering

ht with the Code. Although written in mandatory language, these Appendicésiare offered for application at
tion.

lete and rigorous analysis consistent with the design criteria ef.this Code may justify a method different
ied in the Code and still satisfy the Code requirements.

ation practices, and testing techniques; and endeavorste keep the Code updated to permit the use of accey
bpments.
ME B31.1-2022 was approved by the American National Standards Institute on August 8, 2022.

ations.

ection re-

ndestruc-

ests of welds for heavy wall, high-temperature applications. The problem involved is to try to' reach agré¢ement on
o evaluate criticality, and to avoid the inference that noncritical systems do not require_competence|in design,
ation, and erection. Someday such levels of quality may be definable, so that the need farthe many different piping

bre are many instances where the Code serves to warn a designer, fabricator, orserector against possibjle pitfalls;

udgment.

hmandatory Appendices are included in the Code. Each contains information.onfa specific subject, and is maintained

the user’s

e Code never intentionally puts a ceiling limit on conservatism. The )designer is free to specify more-rigid require-
5 if the designer feels such requirements are justified. Conversely, a designer who is capable of applyihg a more

from that

e Power Piping Committee strives to keep abreast of the current technological improvements in new [materials,

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

INTRODUCTION

ed for application of specific requirements for
various types of pressure piping. Applications considered

for egch Code Section include

B31{1

B31{3

B31i4

B31}5

B31{8

Power Piping: piping typically found in
electric power generating stations,
industrial and institutional plants,
geothermal heating systems, and central
and district heating and cooling systems

Process Piping: piping typically found in
petroleum refineries; onshore and
offshore petroleum and natural gas
production facilities; chemical,
pharmaceutical, textile, paper, ore-
processing, semiconductor, and cryogenic
plants; food- and beverage-processing
facilities, and related processing plants
and terminals

Pipeline Transportation Systems for-Liquids
and Slurries: piping transportingproducts
that are predominately liquid between
plants and terminals, and within terminals
and pumping, regulating,"and metering
stations

Refrigeration Piping .and Heat Transfer
Components: (piping for refrigerants and
secondary,coolants

Gas Transmission and Distribution Piping
Systéms: piping transporting products
thatsare predominately gas between
sources and terminals, including
compressor, regulating, and metering
stations; and gas gathering pipelines

This is the B31.1 Power Piping Code Section.

Hereafter,

in this Introduction and in the text of this Code Section

tification, it means this Code Section.

[tis the owner’s responsibility to selectthe o
that most nearly applies to a proposed piping in
Factors to be considered by the owneninclude 1
of the Code Section, jurisdictional requirement
applicability of other codes ard-standards. All
requirements of the selectéd Code Section sh3
For some installations, more than one Code S¢
apply to different parts_of the installation. Thg
also responsible for imposing requirements sy
tary to those of the)selected Code Section, if ne
assure safe piping for the proposed installatig

Certain/piping within a facility may be subje
codes and standards, including but not limite

- ASME Boiler and Pressure Vessel Code, S
nuclear power piping

- ANSI1Z223.1/NFPA 54 National Fuel Gas Co
for fuel gas from the point of delivery to the con
each fuel utilization device

- NFPA Fire Protection Standards: fire p
systems using water, carbon dioxide, halon,
chemicals, and wet chemicals

- NFPA 85 Boiler and Combustion System
Code

- building and plumbing codes, as appli
potable hot and cold water, and for sewer
systems

The Code specifies engineering requirement
necessary for safe design, construction, oper
maintenance of pressure piping. While safety i
riding consideration, this factor alone will not n

cific iden-

de Section
stallation.
mitations
s, and the
hpplicable
11 be met.
ction may
owner is
pplemen-
essary, to
n.
't to other
| to
ection III:

de: piping
nection of

rotection
foam, dry

5 Hazards

rable, for
hnd drain

s deemed
htion, and
the over-
ecessarily

govern the final specifications for any piping istallation

or operation. The Code is not a design handb
decisions that must be made to produce a s
installation and to maintain system integrity are
fied in detail within this Code. The Code does nof

ok. Many
hfe piping
not speci-
serveasa

B31.9

B31.12

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

Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service, and
pipelines in gaseous hydrogen service

Xiii

SUDSTITUTE fOT SOUNd engineering jJudgment by
and the designer.

the owner

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

ciples and to guide selection and application
elements. The Code prohibits designs and

of piping
practices

known to be unsafe and contains warnings where

caution, but not prohibition, is warranted.
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The Code generally specifies a simplified approach for
many of its requirements.

For design and construction, a designer may choose to
use a more rigorous analysis to develop design and
construction requirements. When the designer decides
to take this approach, the designer shall provide to the
owner details and calculations demonstrating that
design, construction, examination, and testing are consis-
tent with the criteria of the Code. These details shall be

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

Code users will note that clauses in the Code are not
necessarily numbered consecutively. Such discontinuities
result from following a common outline, insofar as prac-
ticable, for all Code Sections. In this way, corresponding
material is correspondingly numbered in most Code

adequatefer—the—ownerto—verifythevalidity-ef-the Seetions—thusfacilitating reference-by-these—whe have

approach and shall be approved by the owner. The occasion to use more than one Section.

details shpll be documented in the engineering design. The Code is under the direction of ASME €omrhittee
For opdration and maintenance, an owner may choose B31, Code for Pressure Piping, which is organizefl and

to use a mpre rigorous approach to develop operation and operates under procedures of The American Socigty of

maintenance requirements. When the owner decides to Mechanical Engineers that have been accredited Qy the

take this ppproach, the owner shall provide details and
calculations demonstrating that such alternative practices
are consigtent with the general philosophy of the Code.
The detadfils shall be documented in the operating
records and retained for the lifetime of the facility.

This Code Section includes the following:

(a) refgrences to acceptable material specifications
and compgpnent standards, including dimensional require-
ments angl pressure-temperature ratings

(b) requirements for design of components and assem-
blies, inclhding pipe supports

(c) reqpirements and data for evaluation and limitation
of stressds, reactions, and movements associated with
pressure, temperature changes, and other forces

(d) guiflance and limitations on the selection and appli-
cation of materials, components, and joining methods

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

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

(g) redquirements for operation and\maintenance of
piping sygtems

Either U.S. Customary (USC) or International System (SI,
also known as metric) units maybe'used with this edition.
Local cusfomary units may alse’be used to demonstrate
compliange with this Codé’One system of units should be
used consjistently for reqiiirements applying to a specific
installatiqn. It is theresponsibility of the organization
performiphg calculations to ensure that a consistent
system of| units-is used.

Itis intgnded that this edition of Code Section B31.1 not

American National Standards Institiite. The Comrhittee
is a continuing one, and kéeps all Code Sections
current with new developnfents in materials, congtruc-
tion, and industrial practice.New editions are published
at intervals of two to five years.

When no Section.ofithe ASME Code for Pressure Fiping
specifically coversdpiping system, at the user’s discretion,
the user may s€lect any Section determined to be gengrally
applicable. However, it is cautioned that supplemgntary
requirenients to the Section chosen may be necessary to
providéfor a safe piping system for the intended applica-
tion‘\Technical limitations of the various Sections| legal
requirements, and possible applicability of other fodes
or standards are some of the factors to be consiflered
by the user in determining the applicability off any
Section of this Code.

The Committee has established an orderly proced
consider requests for interpretation and revision of
requirements. To receive consideration, inquiries m
in writing and must give full particulars|(see
Mandatory Appendix H covering preparation of technical
inquiries). The Committee will not respond to inqpuiries
requesting assignment of a Code Section to a piping ilnstal-
lation.

The approved reply to an inquiry will be sent dire¢tly to
the inquirer. In addition, the question and reply will be
published on the ASME Interpretation Databdse at
http://go.asme.org/InterpsDatabase.

A Caseis the prescribed form of reply to an inquiry
study indicates that the Code wording needs clarifi¢gation
or when the reply modifies existing requirements pf the

lre to
Code
st be

'when

be retroactive. Unless agreement is specifically made
between contracting parties to use another edition, or
the regulatory body having jurisdiction imposes the
use of another edition, the latest edition issued at least
6 months prior to the original contract date for the
first phase of activity covering a piping system or
systems shall be the governing document for all
design, materials, fabrication, erection, examination,
and testing for the piping until the completion of the
work and initial operation.

Xiv

Code or grants permission to use new materials or alter-
native constructions. The Case will be published on the
B31.1 web page at http://go.asme.org/B31committee.

The ASME B31 Standards Committee took action to
eliminate Code Case expiration dates effective September
21,2007. This means that all Code Cases in effect as of this
date will remain available for use until annulled by the
ASME B31 Standards Committee.
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Materials are listed in the stress tables only when suffi-
cientusage in piping within the scope of the Code has been
shown. Materials may be covered by a Case. Requests for
listing shall include evidence of satisfactory usage and spe-
cific data to permit establishment of allowable stresses,
maximum and minimum temperature limits, and other
restrictions. Additional criteria can be found in the guide-

lines for addition of new materials in ASME Boiler and
Pressure Vessel Code, Section II. (To develop usage
and gain experience, unlisted materials may be used in
accordance with para. 123.1.)

Requests for interpretation and suggestions for revision
should be addressed to the Secretary, ASME B31
Committee, Two Park Avenue, New York, NY 10016-5990.

XV
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ASME B31.1-2022
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.1-2022 was approved by

the Amerjcan National Standards Institute on August 8, 2022.
ASME B31.1-2022 includes the following changes identified by a margin note, (22).
Page Location Change
1 100.1.2 First paragraph under subpara. (a)(3) revised
2 Figure 100.1.2-1 Bottom of illustration and second definition in legend revised
3 Figure 100.1.2-2 Bottom of illustration and second definition in legend revised
4 Figure 100.1.2-3 Middle of illustration and second definition in legend revis¢d
5 Figure 100.1.2-4 Second definition in legend revised
6 Figure 100.1.2-5 Second definition in legerdyrevised
7 Figure 100.1.2-6 Second definition in legénd revised
7 100.2 (1) Definitions of arcystrike and throttle valve added
(2) Definitions ofwovered piping systems (CPS) and pipe and tube
revised
8 Figure 100.1.2-7 Mlustration~(c) and second definition in legend revised
9 Figure 100.1.2-8 Top and middle of illustration and second definition in leggnd
revised
10 Figure 100.1.2-9 Added
11 Figure 100.1.2-10 Added
21 102.3.1 Subparagraph (c) revised
21 102.3.2 Subparagraph (a)(3) revised
28 Table 104.1.2-1 General Note (b) revised
28 104.2 (1) Title revised
(2) Former para. 104.3.3 redesignated as 104.2.3
29 104.3 (1) Title and paras. 104.3.1(b)(2) and 104.3.1(c)(2) revised
(2) Paragraphs 104.3.1(c)(5) and 104.3.1(c)(6) added
(3) Former paras. 104.3.3 and 104.3.4 redesignated as 104J2.3
and 104.3.2, respectively
35 Figure 104.3.1-2 Revised in its entirety
37 104.51 (1) Subparagraph (a) revised
(2) Former subpara. (c) deleted and subsequent subparagraph
redesignated
40 Figure 104.8-1 Equations (15) and (16) revised
44 110 Last sentence added
46 Table 112-1 Notes (3), (4), and (6) revised
49 Table 114.2.1-1 General Note revised
57 122.1.1 Subparagraph (b) revised
57 122.1.2 Subparagraph (d) revised

XVi
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Page
59
72

78
89
99
101

Location
122.1.7
123.1.1

Table 126.1-1
127.4.8

Figure 127.4.8-7
129.3.5

Change

Last sentence in subpara. (b)(5) added
(1) Subparagraph (c)(1) revised

(2) Subparagraph (c)(3) added
Updated

Subparagraph (f) revised

Revised in its entirety

Revised

101
101
103
104

109
109
104
107
107
10§

113
114
117
11§

121
127
123
123
124

14

129.3.6

131.1

131.6.1

Table 131.4.1-1

132.1.3

132.4

Table 132.1.1-1
Table 132.1.1-2
Table 132.1.3-1
Table 132.2-1

136.3.2
Table 136.4.1-1
137.3.2
137.4.6

140

141.1

144

145
Table A-1

TableA-2

Added and subsequent paragraph redesignated
Second paragraph revised

Subparagraph (c) revised

(1) Third column head revised

(2) Note (2) added and subsequent Neétes redesignated
Revised

Title and paras. 132.4.2 and 132.4.3 revised
Note (4) revised

Note (1) revised

Title revised

(1) Last column entties in fifth row deleted
(2) P-No. 7, Greup 1 row added

Revised in its;entirety

Note (6) revised

Revised

(1)-Subparagraph (c) revised

(2) Subparagraph (d) added

Subparagraph (h) revised

Subparagraphs (c) and (d) revised

Second paragraph revised

First and last paragraphs revised

(1) Under Wrought Fittings (Seamless and Welded), A4
added

(2) Note (1) revised

(1) Under Seamless Pipe and Tube, for A213 T12, Sped
Minimum Yield revised

(2) Under Seamless Pipe and Tube, for A213 T91, Type
Notes deleted, and stress values revised

(3) Under Seamless Pipe and Tube, for A335 P91, Type
Notes deleted, and stress values revised

20 row

ified

added,

added,

(4) Under Seamless Pipe and Tube, for A369 FP91, Type 1 added

and stress values revised

(5) Under Seamless Pipe and Tube, A369 FP91 Type 2 row added

(6) Under Seamless Pipe and Tube, A714 row deleted

(7) Under Electric Resistance Welded Pipe, A714 row deleted
(8) Under Electric Fusion Welded Pipe — Filler Metal Added, for

A691 91, Type 1 added and stress values revised

(9) Under Electric Fusion Welded Pipe — Filler Metal Added, two

A691 91 Type 2 rows added

Xvii
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Page

152
188

202
206

212

220
228

232

265
269

Location Change
(10) Under Plate, for A387 91, Types added, Notes deleted, and
stress values revised
(11) Under Plate, four SA/EN 10028-2 rows added
(12) Under Forgings, for A182 F91, Type added, and Specified
Minimum Tensile and stress values revised
(13) Under Forgings, A182 F91 Type 2 row added
(14) Under Forgings, for A336 F91, Types added, Notes deleted,
and Specifted Minimum Tensite and stress values Tevise
(15) Under Wrought Fittings (Seamless and Welded), for A234
WPI1, Types added, Notes deleted, and Specified-Minimym
Tensile and stress values revised
(16) Note (1) revised
(17) Notes (10) and (11) deleted
(18) Notes (15) through (18) added
Table A-3 Note (1) revised
Table A-4 (1) Under Welded Pipe and Tube,\for B464, Note (1) deletqd
(2) Under Seamless Fittings, for'B366 N06625, last two stress
values deleted
(3) Note (1) revised
Table A-5 Note (1) revised
Table A-6 (1) Under Seamless Pipe and Tube, for B43 C23000, Specified
Minimum Ténsile revised
(2) Under-Seamless Pipe and Tube, for B88, C10200 deletefl
(3) Under Seamless Pipe and Tube, for B302, C12000 deleted
(4)«Note (1) revised
Table A-7 (1) Arc-Welded Round Tube section deleted
(2) Note (1) revised
(3) Notes (14) through (16) deleted
(4) Notes (23), (24), and (25) renumbered as (8), (10), and (23),
respectively
Table A-8 Note (1) revised
Table A-9 (1) Specified Minimum Yield and allowable stress values fof
Grades 1 and F1 revised
(2) Former General Note (i) deleted and subsequent Note
redesignated
(3) Note (1) revised
Table A-10 (1) Under Low and Intermediate Alloy Steel, A194 Grade 4 fow

deleted; for A354 Grade BD, Note (11) and second row delgted

Mandatory Appendix F
Mandatory Appendix G

(2) Under Stainless SteelsT AUStentitic, for A193 Grade B8M,
Specified Minimum Yield and last maximum allowable stress at
600°F revised

(3) General Notes revised in their entirety

(4) Note (1)(d) deleted and subsequent Notes redesignated
(5) Notes (2) and (7) through (9) revised

(6) Note (14) deleted

Updated

Definition of S; added
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288 Mandatory Appendix N, N-104.5  Definitions of S, and S, revised
298 Table N-126.1-1 Updated
305 Mandatory Appendix N, N-136.1  Revised
308 Figure 0-8-1 Dimensions revised in all three illustrations
314 Nonmandatory Appendix II, II-1.2 Definition of open discharge installation revised
316 Figure 11-1.2-2 Dimension [ revised to L,
317 Nonmandatory Appendix II,1I-2.2.1 Equation in subpara. (a)(1) and nomenclature,in subparj. (a)(2)
revised
314 Figure 11-2.2.1-1 Equation revised
32 Figure 11-2.2.1-3 (1) Equations revised
(2) Upper right-hand illustrationtdeleted
321 Nonmandatory Appendix II, Equation and nomenclature reyvised
1-2.3.1.1
321 Nonmandatory Appendix II, Second paragraph, equation, and nomenclature revised
11-2.3.1.2
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11-3.5.1.1
327 Nonmandatory Appendix II, Subparagraphy (a) revised
11-3.5.1.3
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324 Figure 11-3.5.1.3-1 Top. callout and dimension h revised
329 Nonmandatory Appendix II, II-7.1.1%Equation and nomenclature revised
329 Nonmandatory Appendix II, II-7,2" Equations revised
329 Nonmandatory Appendix I[,1I-7.1.3 Revised in its entirety
324 Nonmandatory Appendix II;11-7.1.4 Revised in its entirety
33( Figure 1I-7-1 Revised in its entirety
33] Figure 11-7-2 L.D. value revised
337 NonmandatoryAppendix I, 1I-7.1.6 Revised in its entirety
3373 Nonmandatory Appendix II,II-7.1.7 Last two equations revised
337 Nonmandatory Appendix II, 1I-7.1.8 Equations revised
334 Nofimandatory Appendix I, 1I-7.1.9 Revised in its entirety
334 Nonmandatory Appendix II, Revised
11-7.1.10
334 Figure 11-7.1.9-1 (1) Values revised
2}Attachmentto—ventpipe’ealloutadded
336 Nonmandatory Appendix IV, IV-3.3 Revised
343 Nonmandatory Appendix V, V-7.6 Subparagraph (r) added
349 Nonmandatory Appendix V, V-12  Subparagraph (b) revised
351 Nonmandatory Appendix V, Revised
V-13.1.3
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Chapter |
Scope and Definitions

100 GENERAL

This Power Piping Code is one of several Sections of The
Amerjican Society of Mechanical Engineers (ASME) Code
for Pressure Piping, B31. This Section is published as a
separpte document for convenience.

Stahdards and specifications specifically incorporated
by reference into this Code are shown in Table 126.1-1. 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

, materials, fabrication, erection, examination,
ing, inspection, operation, and maintenance of
piping systems. Where service requirements necessitate
measures beyond those required-by ‘this Code, such
measfires shall be specified by the engineering design.
Piging as used in this Code includes pipe, flanges,
boltihg, gaskets, valves, pressure-relieving valves/
devicps, fittings, and the pressure-containing portions
of other piping components, whether manufactured in
accorjdance with stafidards listed in Table 126.1-1 or
specially designed.\Jt also includes hangers and supports
and dther eqdipment items necessary to prevent over-
stresqing the\pressure-containing components.
Rules_governing piping for miscellaneous appurte-
nancgs, Such as water columns, remote water level indi-

his/her inspection responsibilities spefcified in
para. 136.1.

100.1.2 Power piping systems as govered by this Code
apply to all piping and their component parts|except as
excluded in para. 100.1.3. They.ihclude but are rjot limited
to steam, water, oil, gas, and air services.

(a) This Code covers boilef external piping as defined
below for power boilegsand high-temperature, high-pres-
sure water boilers in'Which steam or vapor is geperated at
apressure of morethan 15 psig [100 kPa (gage)]f and high-
temperature water is generated at pressures exceeding
160 psig [1103 kPa (gage)] and/or temperatures
exceeding250°F (120°C).

Boilerexternal piping shall be considered as piping that
begins where the boiler proper terminates at

(1) the first circumferential joint for wdlding end
connections; or
(2) the face of the first flange in bolted flanged
connections; or
(3) the first threaded joint in that type of cpnnection,
and that extends up to and including the valvq or valves
required by para. 122.1.

The terminal points themselves are considerled part of
the boiler external piping. The terminal points and piping
external to power boilers are illustrated by Figures
100.1.2-1 through 100.1.2-10.

Piping between the terminal points and the valve or
valves required by para. 122.1 shall be proviided with
Data Reports, inspection, and stamping as refquired by
ASME BPVC, Section I. All welding and brazing of this
piping shall be performed by manufacturers o contrac-
tors authorized to use the ASME Certification|Mark and
appropriate Designators shown in ASME CA-1, Conformity
Assessment Requirements. The installation| of boiler
external piping by mechanical means may be performed
by an organization not holding an ASME Certification

cators, pressure gages, and gage glasses, are included
within the scope of this Code, but the requirements for
boiler appurtenances shall be in accordance with
ASME Boiler and Pressure Vessel Code (BPVC), Section
I, 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

Mark. However, the holder of a valid ASME Certification
Mark, Certificate of Authorization, with an “S,” “A,” or “PP”
Designator shall be responsible for the documentation and
hydrostatictest, regardless of the method of assembly. The
quality control system requirements of ASME BPVC,
Section I; ASME CA-1; and ASME QAI-1, Qualifications
for Authorized Inspectors, shall apply.

The valve or valves required by para. 122.1 are part of
the boiler external piping, but do not require ASME BPVC,
Section I inspection and stamping except for safety, safety

(22)
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Figure 100.1.2-1
Code Jurisdictional Limits for Piping — An Example of Forced-Flow Steam Generators
With No Fixed Steam and Waterline

Para. 122.1.7(a)

Superheater
< mmmmmmm qmm———— |><1< Turbine
C O .
1
Alternate para. 122.1.7(a)(2) '===-><t = = :To equipment
():l > OlX]<] Turbine
A
Prime mover throttle or stop valve
——><0= = = *To equipment
<= —— ——————— a
B 1
/‘\ 1
Reheater X :
1
== 1
1
- ] 1
--------- 1
Convgction ( ¥|/ :
and fadiant ) l-——--)--.__.i :
sectjon Start-up system a1
may vary to suit /7 \\
i /
) boiler manufacturer l \} Condenser
(___Economizer /
Para.~122.1.7(b) N_ _~
— b p---- -~ A
ASME BPVC, Section |, oL
m/ Part PFH o
G/ e e B
\\\/
~7TN e Boiler
i< = A AN =] + \ feed
~-=7 ‘o pump

Alternates, 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 jurisdictio
and technical responsibility. Refer to ASME BPVC, Section |, Preamble.

Boiler External’ Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandato
certificatioh. by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, an
Authgrized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibilit
Referito ASME BPVC, Section |, Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, par.
100)1.2(a). Applicable ASME B31.1 editions are referenced in ASME BPVC, Section |, Table A-360.

TN o<

NonboterExternal Diping and-Joint (I\IRI:D) The ASME Code-CommitteeforPressure Diping, RQ1, has-tot

administrative and technical responsibility.
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Figure 100.1.2-2
Code Jurisdictional Limits for Piping — An Example of Steam Separator Type Forced-Flow
Steam Generators With No Fixed Steam and Waterline

Para. 122.1.7(a)

'I'"[><]<] Turbine
1

1

1

~_.|><|.-_. To equipment
Alternate para. 122.1.7(a)(2) 4

/

Superheater

Turbine

N Prime mover throttle or'stop valve
Steam —= To equipment
separator
Convection
and radiant
section
Water ==
collector
— Reheater
A Start-up system T
may vaty.to suit
boiler'manufacturer
GX (if used)
Economizer .
(if used)

Récirculation pump
(if used)

Para. 122.1.7(b)

—_—

D], ]
-l'\

ASME BPVC, Section |,

\
]
N A
¥ Part PFH P———
== \
N Boiler feed pump
\
]
AN 7

(if used)  (if-used)

s —
\ - I =
9_(_[><b-_l\J\/\/_,_-L/ ——————

Alternates, 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
and technical responsibility. Refer to ASME BPVC, Section |, Preamble.

o——— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and
Authorized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility.
Refer to ASME BPVC, Section |, Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, para.
100.1.2(a). Applicable ASME B31.1 editions are referenced in ASME BPVC, Section |, Table A-360.

O---~-= Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative and technical responsibility.
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Single installation
- Ot
Alternate single installation

Para. 122.1.7(a)(2)
Turbineblido—(—(

(Throttle or stop valve)

ASME B31.1-2022

Figure 100.1.2-3

Code Jurisdictional Limits for Piping

Vents and

instrumentation

— Drum-Type Boilers

% ?}Para. 122.6.2

Multiple irjstallation Para. 122.1.2
Common [T s ]' ==
header :“ ZE jID Aa Level indicators, para. 122.1.6
Draip == Steam drum
- Surface blow
Confrol device, 1 Para. 122.1.4 ——— Continupus
pata. 122.1.6 Inlet header PP = === blow
_: Vent (if used) Wateptreatment
Integral =T
Drain superheater == Sootblowers
== (if used) p $°< =D ==Single insta
Alternate single install
Main steam, para. 122.1.7(a)(2)
para. 122.1.2 >
(Throttle or stop valvg
_r= Soot blowers
-I Multiple installation
== Drain Common
Drain Dximio<m = == = Para. 122,15 20
> = o
D> P= = === Single boiler
economizer s—@—(—lxl—l/b ----- Single boiler
(if used) ] i —
'\:: Boiler no. 1 ! Two or more
_&| Boilerno.2 ™7 boilers fed from
g ; 9—l><1—<—l/l—%- a a common source
Para. 122.1.4 Water @rum > 2 .
ik . Regulating valves
e %: Boiler no. 1 &
Blowoff 5 _: T
single and'\multiple T a3 Tt --V;/)O.(I)r mfor;f
installation's £ | Boiler no. 2 ok : orlers fedirom
23 1 a common source
L Drain -mem
<O ===
Administrative Jurisdiction and Technical Responsibility
Boiler-Ptoper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction
gnd.technical responsibility. Refer to ASME BPVC, Section |, Preamble.

lation
ption,

poiler External Fiping and Joint (BEF) — The ASIVIE BFVU has total administrative jurisdiction (mandatory

certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and
Authorized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility.
Refer to ASME BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1
editions are referenced in ASME BPVC, Section |, Table A-360.

O==——

administrative jurisdiction and technical responsibility.

Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
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Figure 100.1.2-5
Code Jurisdictional Limits for Piping — Reheaters and Nonintegral Separately Fired Superheaters

Vent
- >
Vent
Hotreheat, __.Jl._-- == =< Vent
para. 122.1.7(d) S o —
Reheater %---
Drain Nenirtegrat
> H separatel fired
== = D> > !
Steam out <€ dm e o separately fire
Vent superheater

iq---

Cold reheat, ==d ===
para. 122.1.7(d)

= O e
Drain

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

o&——— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandato
certification by stamping the Certification Mark with “the appropriate Designator, ASME Data Forms, an
Authorized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibilit
Refer to ASME BPVC, Section |, Preamble and’/ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31
editions are referenced in ASME BPVC, Section', Table A-360.

O---+1- Nonboiler External Piping and Joint (NBER).— The ASME Code Committee for Pressure Piping, B31, has total
administrative jurisdiction and technical responsibility.

relief, and relief valves; see para. 107.872. Refer to ASME
BPVC, Seqtion I, PG-11.

Pipe copnections meeting all other requirements of this
Code but ot exceeding NPS2%- (DN 15) may be welded to
pipe or boiler headers without inspection and stamping
required by ASME BRV.C/ Section 1.

(b) Nomboiler external piping includes all the piping
covered by this Code except for that portion defined
above as poilerjexternal piping.

Administrative Jurisdiction and TechnicalResponsibility

Steam |n
-

= O e
Drain, para. 122.1.5

Inlet header
(if used)

S Y —
Drain, para. 122.1.5

- o<

(d) piping for marine or other installations ynder
federal control.

(e) towers, building frames, tanks, mechanical g¢quip-
ment, instruments, and foundations.

(f) piping included as part of a shop-assembled [pack-
aged equipment assembly within an ASME B31.1|Code
piping installation when such equipment piping is
constructed to another ASME B31 Code Section|(e.g.,
ASME B31.3 or ASME B31.9) with the owner’s appjroval.
See para. 100.2 for a definition of packaged equipment.

100.1.3 This Code does not apply to the following:

(a) economizers, heaters, pressure vessels, and compo-
nents covered by Sections of the ASME BPVC.

(b) building heating and distribution steam and
condensate piping designed for 15 psig [100 kPa
(gage)] or less, or hot water heating systems designed
for 30 psig [200 kPa (gage)] or less.

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

100.1.4 Procedures. This Code does not provide proce-
dures for flushing, cleaning, start-up, operating, or main-
tenance. Code users are advised, however, that the
cleaning and purging of flammable gas systems may be
subject to the requirements of NFPA Standard 56.

100.1.5 Units of Measure. This Code states values in
both U.S. Customary (USC) and International System
(S], also known as metric) units. Within the text, the SI
units are shown in parentheses or in separate tables.
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Figure 100.1.2-6
Code Jurisdictional Limits for Piping — Spray-Type Desuperheater

Desuperheater
located in boiler
proper or in BEP
steam piping Stggr\;alrle 4(a)(1)
(see Figure 100.1.2-7) : : \

O b

Regulating valve, Block valve,
para. 122.4(a)(1) paras. 122.4(a)(1)
and 122.4(a)(3)

From spray,watef
source NBEP

Desuperheater

located in boiler
proper or in BEP
steam piping

(see Figure 100.1.2-7)

piping
Bypass valve,

/ para,122:4(a)(2)
<« e :
1
1
1
1
1
L ’

D><pr - - =€ 3R - - - - D -m D -

(e <

Stop valve,

para. 122.4(a)(1)/ Regulating Va|v;& Block valves, J

Administrative Jurisdiction’and Technical Responsibility

paras. 122.4(a)(1) ahd
122.4(a)(3)

para. 122.4(a)(1)

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

in ASME BPVC, Section |, Table'A-360.

technical responsibility. Refer to ASME BPVC,\Section |, Preamble.

Boiler External Piping and Joint (BER)*— The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer tol ASME
BPVC, Section |, Preamble and-ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are refefrenced

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

Figure 100.1.2-6 would be considered as BEP.

The vhlues stated'in each system are not exact equivalents;
therefore, each system of units should be used indepen-
dently of‘the other.

WhHhen(separate equations are provided for USC and SI

administrative and technical responsibility. In the case where the spray water is from BEP, all the piping indicated in

100.2 Definitions

Some commonly used terms relating to giping are
defined below. Terms related to welding generally

units, those equations shall be executed using variables in
the units associated with the specific equation. The results
obtained from execution of these equations may be
converted to other units.

When necessary to convert from one system of units to
another, conversion should be made by rounding the
values to the number of significant digits of implied preci-
sion in the starting value, but not less than four significant
digits for use in calculations.

agree with AWS A3.0. Some welding terms are defined
with specified reference to piping. For welding terms
used in this Code, but not shown here, definitions in
AWS A3.0 apply.

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

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

(22)
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Figure 100.1.2-7
Code Jurisdictional Limits for Piping — HRSG — Desuperheater Protection Devices
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Administrative Jurisdiction and Technical Responsibility

Boiler Rfoper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction apd
technical fesponsibility. Refer to ASME BPVC, Section |, Preamble.

Beiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatofy

certification by stamping the Certification Mark with the appropriate Designator, ASMFE Data Forms_and Authorizéd

[o upuup—

Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC, Section I, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are referenced
in ASME BPVC, Section |, Table A-360.

Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative and technical responsibility.
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Figure 100.1.2-8
Code Jurisdictional Limits for Piping — Firetube Boiler

Single installation
Vents and
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Alternate single installation, i
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(Throttle or stop valve) b 19212 Para. 122.6.2
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Control device, . .
Firetube boiler
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Boiler no. 1

Boiler no. 2

Administrative Jurisdiction and Technical Responsibility

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

technical respaonsibility. Refer to ASME BPVC, Section |, Preamble.

in \ASME BPVC, Section |, Table A-360.

administrative and technical responsibility
g 4

para 122.1.6
|..,| Para. 122.1.4
Blowoff
Para. 122.1.4
Drain, L $ ‘E
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Boiler no. 2

Boiler Extérnal Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (man
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Aut
Inspeetion) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to
BPVE, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are refe

Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, h3
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Figure 100.1.2-9
Code Jurisdictional Limits for Piping — Steam Locomotive Boiler With Dome Throttle

Pressure relief valve(s)
Boiler feed(s)
1

Appliance(s) Header

< &

1
1 1
Gage glass(es)

VAR !

Dome throttle —

Dry pipe

Steam (optional)

Water

‘ Water colunpn

[ @X—
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@—— Boiler External Piping and Joint —The ASME BPVC has total administrative jurisdiction
(mandatory certification by stamping the Certification Mark with appropriate Designator,
ASME Data Forms, and Authorized Inspection) of Boiler External Piping and Joint. The
ASME Section Committee'\B31.1 has been assigned technical responsibility.
(O—-—--- Nonboiler External Piping-and Joint (NBEP) — The ASME Code Committee for Pressure
Piping, B31, has total administrative and technical responsibility.
annealing| see heat treatments.

arc strike:|a discontinuity resulting from an arc, consisting
of any lodalizediremelted metal, heat-affected metal, or
change in|the surface profile of any metal object.

Blowoff- - - W

]

Fire I

Administrative Jurisdiction;and Technical Responsibility

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

automatic welding: welding with equipment that performs
the entire welding operation without constant obgerva-
tion and adjustment of the controls by an operator.
The equipment may or may not perform the lophding
and unloading of the work.

arc weldingTa group of Welding processes WheTet coates-
cence is produced by heating with an electric arc or arcs,
with or without the application of pressure and with or
without the use of filler metal.

assembly: the joining together of two or more piping
components by bolting, welding, caulking, brazing,
soldering, cementing, or threading into their installed
location as specified by the engineering design.

austenitizing: see heat treatments.

10

backing ring: backing in the form of a ring that can 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 to the
run of a main pipe with or without the use of fittings.
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Figure 100.1.2-10
Code Jurisdictional Limits for Piping — Steam Locomotive Boiler With Front-End Throttle
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Administrative Jurisdiction and Technical Responsibility

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

@——— Boiler External Piping and Joint«~The ASME BPVC has total administrative jurisdiction
(mandatory certification by stamping the Certification Mark with appropriate Designator,
ASME Data Forms, and Authorized Inspection) of Boiler External Piping and Joint. The
ASME Section CommitteeB31.1 has been assigned technical responsibility.

O----- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for
Pressure Piping, B3, has total administrative and technical responsibility.

brazel welding: a method of welding whereby a groove, capacitor discharge welding (CDW): a stud arc welding
fillet) plug, or slot-weld is made using a nonferrous process in which DC arc power is produced by a rapid
filler|metal having a melting point below that of the discharge of stored electrical energy with|pressure
base metals, \but above 840°F (450°C). The filler metal applied during or immediately following the|electrical
is noft distributed in the joint by capillary action. discharge. The process uses an electrostatic storage
(Bro:lze welding, the name formerly used, is a misnomer system as a power source in which the weld|energy is

for this term.) stored in capacitors.

brazing: a metal joining process wherein coalescence is cold spring: the intentional movement of piping during
produced by use of a nonferrous filler metal having a assembly to produce a desired initial displacement and
melting point above 840°F (450°C) but lower than that reaction.

of the base metals jqined. The filler met.al. is distril?uted component: as used in this Code, is defined as consisting of,
between the closely fitted surfaces of the joint by capillary but not limited to, pipe, piping subassemblies, parts,
action. valves, strainers, relief devices, fittings, pipe supports,
butt joint: a joint between two members lying approxi- and hangers.

mately in the same plane.

11
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specially designed component: a component designed in
accordance with para. 104.7.2.

standard component: a component manufactured in
accordance with one or more of the standards listed in
Table 126.1-1.

covered piping systems (CPS): piping systems on which
condition assessments are to be conducted. As a
minimum for electric power generating stations, the
CPS are to include NPS 4 (DN 100) and larger of the

failure: a physical condition that renders a system or
component unable to perform its intended function or
functions or meet design and performance requirements,
or that is a hazard to personnel safety.

failure analysis: the process of collecting and evaluating
data to determine the damage mechanism or mechanisms
and cause of a failure.

ferrous material: metals and alloys that contain iron as the
principal component.

main stedm, hot reheat steam, cold reheat steam, and
boiler fegdwater piping systems. In addition to the
above, CPS also include NPS 4 (DN 100) and larger
piping in pther systems that have a design temperature
greater thfan 750°F (400°C) or a design pressure greater
than 1,02b psi (7.1 MPa).

creep strepgth enhanced ferritic steel: steel in which the
microstryicture, consisting of lower transformation
products |[such as martensite and bainite, is stabilized
by controlled precipitation of temper-resistant carbides,
carbonitrides, and/or nitrides.

defect: a flaw (imperfection or unintentional disconti-
nuity) of such size, shape, orientation, location, or proper-
ties as to [be rejectable.

discontinuity: alack of continuity or cohesion; an interrup-
tion in thfe normal physical structure of material or a
product.

employer:[the owner, manufacturer, fabricator, contractor,
assemblelr, or installer responsible for the welding,
brazing, 4nd NDE performed by his/her organization
including |procedure and performance qualifications:

engineering design: the detailed design developed from
process requirements and conforming to Code require-
ments, influding all necessary drawingstand specifica-

tions, governing a piping installation,

equipment connection: an integral part.of such equipment
as pressuile vessels, heat exchangérs;and pumps, designed
for attachiment of pipe or piping components.

erection:
including
inspectior

the complete installation of a piping system,
any field assembly, fabrication, testing, and
of the syste.

examinatipn: deriotes the procedures for all nondestruc-
tive examfnation: Refer to para. 136.3 and the definition
for visual|examination.

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

bring,

fillet weld: a weld of approximately triangular
section joining two surfaces approximately at
angles to each other in a lap joint)tee joint, c
joint, or socket weld.

cross
right
brner

than
pres-

fire hazard: situation in which\a material of mord
average combustibility or éxplosibility exists in the
ence of a potential ignitien source.

flaw:animperfection 6runintentional discontinuity thatis

detectable by a_nefdestructive examination.

full fillet weld:“afillet weld whose size is equal to the thick-

ness of thesthinner member joined.

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

gas*blow: a process to clean and remove debris from the
gas supply piping by releasing gas (flammable or norjflam-
mable) at a high pressure and velocity through the piping
system while venting to atmosphere.

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

gas welding: a group of welding processes wherein cpales-
cence is produced by heating with a gas flame or flames,
with or without the application of pressure, and wjith or
without the use of filler metal.

groove weld: a weld made in the groove between two

members to be joined.

heat-affected zone: portion of the base metal that hjs not
been melted, but whose mechanical properties or ricro-
structure has been altered by the heat of welding or
cutting.

L

At oo tinn and
TteatcTtr catrtreits:

expansion joint: a flexible piping component that absorbs
thermal and/or terminal movement.

fabrication: primarily, the joining of piping components
into integral pieces ready for assembly. It includes
bending, forming, threading, welding, or other operations
on these components, if not part of assembly. It may be
done in a shop or in the field.

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

12

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

austenitizing: forming austenite by heating steel above
the transformation range.
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normalizing: a process in which a ferrous metal is
heated to a suitable temperature above the transforma-
tion range for that material and is subsequently cooled in
still air at room temperature.

postweld heat treatment (PWHT): any heat treatment
subsequent to welding. PWHT often refers to a general
heat treatment applied to provide tempering, stress
relieving, or a controlled rate of cooling to prevent forma-
tion of a hard or brittle microstructure.

outlet fittings include those fittings conforming to MSS
SP-97.

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

Jjoint penetration: the minimum depth of a groove weld
extends from its face into a joint, exclusive of reinforce-
ment.

low energy capacitor discharge welding: a resistance

preheating—the—appheationof-heat-to—abase-metal weldinsprocess—whereineoaleseenceisprqduced by
immediately prior to a welding or cutting operation. the rapid discharge of stored electric edergy from a
stress-relieving: uniform heating of a structure or low voltage electrostatic storage system:
portipn thereof to a sufficient temperature below the maintenance: actions required to assure safe, reliable, and
transformation temperature range for that material to continued operation of the piping within the scope of
relievie the major portion of the residual stresses, followed ASME B31.1, including inspections, conditidn assess-

by urliform cooling.

suHcritical heat treatment: a general heat-treating
process where ferritic or martensitic steel is heated to
a temperature below the temperature at which austenite
beging to form.

tenmpering: reheating a quench-hardened or normalized
steel o a temperature below the temperature at which
austgnite begins to form, and then cooling at any
desir¢d rate.
impe
of a d

fection: a condition of being imperfect; a departure
uality characteristic from its intended condition.

indicd
of a1

tion: the response or evidence from the application
ondestructive examination.

lindar indication: an indication that has a length greater
than B times its width.

roynded indication: an indication of circular orelliptical
shapg that has a length equal to or less than\3 times its
width.

inert|gas metal arc welding: an arc-welding process
whergin coalescence is produced by.heating with an elec-
tric afc between a metal electrode‘and the work. Shielding
is obfained from an inert gasysuch as helium or argon.
Pressure may or may not-be/used and filler metal may

or may not be used.

inspegtion: denotesthé activities performed by an Author-
ized Inspector, or.an’ owner’s Inspector, to verify that all
requifed examdinations and testing have been completed,
and tp ensure that all the documentation for material,
fabridation,and examination conforms to the applicable
requirements of this Code and the engineering design.

ments, repairs, and replacemént of componenis.

manual welding: welding\Wherein the entirg welding
operation is performéed-and controlled by hand.

value that
h material

maximum allowable stress: the maximum stress
may be used in the design formulas for a give
and design temperature.

maximunidllowable working pressure (MAWP)
sure at.the coincident temperature to which 3
pressure vessel can be subjected without excgeding the
maximum allowable stress of the material or [pressure-
temperature rating of the equipment. For this Code,
the term “MAWP” is as defined in ASME BPV(, Sections
I and VIIL

the pres-
boiler or

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

juirement

mechanicaljjoint: ajoint that provides mechanic
or leak resistance, or both, where the mechanicgl strength
is developed by threaded, grooved, rolled, flared, or
flanged pipe ends; or by bolts, pins, corhpounds,
gaskets, rolled ends, caulking, or machined and mated
surfaces. These joints have particular a]jplication
where ease of disassembly is desired.

|l strength

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

nominal thickness: the thickness given in th
material specification or standard to which man
tolerances are applied.

e product
ifacturing

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 a flanged connection. Integrally reinforced branch

13

nonferrous: metals and alloys that do not contain iron as
the principal component.

normalizing: see heat treatments.

Operating Company: the owner, user, or agent acting on
behalf of the owner, who has the responsibility for
performing the operations and maintenance functions
on the piping systems within the scope of the Code.
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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 admin-
istrative and operational responsibility for the facility. The
owner may be either the operating organization (may not
be the actual owner of the physical property of the facility)
or the organization that owns and operates the plant.

oxygen cutting: a group of cutting processes wherein the

known as a “welding bell”) that serves as a combined
forming and welding die.

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

(c) electric fusion welded plpe plpe havmg a longltudl-
..................................... é-n the

severing ¢f metals 1s elfected by means of the chemical
reaction jof oxygen with the base metal at elevated
temperatyres. In the case of oxidation-resistant metals,
the reactipn is facilitated by use of a flux.

oxygen go
a chamfei]

ging: an application of oxygen cutting wherein
or groove is formed.

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

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

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

Apipei$ atube with around cross section conforming to
the dimensional requirements for nominal pipe size as
tabulated| in ASME B36.10M and ASME B36.19M. For
special pipe having a diameter not listed in these stan:
dards, anf also for round tube, the nominal diameter
corresporlds to the outside diameter.

A tube 1s a hollow product of round or any other cross
section having a continuous periphery. Round tube size
may be specified with respect to any(two, but not all
three, of the following: outside diameteryinside diameter,
and wall thickness; types K, L, and M copper tube may also
be specified by nominal size and type only. Dimensions
and permiissible variations (telérances) are specified in
the approjpriate ASTM op-ASME standard specifications.

Types dof pipe, accordingto the method of manufacture,
are defingd as follows:

(a) eleqtric resisStance welded pipe: pipe produced in in-
dividual lgngths'orin continuous lengths from coiled skelp
and subseguently cut into individual lengths, having a lon-

preformed tube by manual or automatic elettrjc arc
welding. The weld may be single (welded\from one
side) or double (welded from inside and' outside]) and

may be made with or without the use of filler ;Eetal.
Spiral welded pipe is also made byythe electric fusion
welding process with a butt joint/alap joint, or 4 lock

seam joint.

(d) electric flash welded pipexpipe having a longitydinal
butt joint wherein coalescence is produced, simulta-
neously over the entire‘area of abutting surfacg¢s, by
the heat obtained from resistance to the flow of electric
current betweenrtlie two surfaces, and by the appli¢ation
of pressure after heating is substantially completed.
Flashing and\upsetting are accompanied by expulsion
of metal frem the joint.

(e) .double submerged arc welded pipe: pipe haying a
longitudinal butt joint produced by the submergdd arc
process, with at least two passes, one of whichlis on
the inside of the pipe.

(f) seamless pipe: pipe produced by one or more
following processes:

(1) rolled pipe: pipe produced from a forged|billet
that is pierced by a conical mandrel between two dliame-
trically opposed rolls. The pierced shell is subseqyently
rolled and expanded over mandrels of increasingly larger
diameter. Where closer dimensional tolerances are
desired, the rolled pipe is cold or hot drawn through
dies, and machined.

One variation of this process produces the hpllow
shell by extrusion of the forged billet over a mandrel
in a vertical, hydraulic piercing press.

(2) forged and bored pipe: pipe produced by H
or trepanning of a forged billet.

(3) extruded pipe: pipe produced from holl¢w or
solid round forgings, usually in a hydraulic extrusion
press. In this process the forging is contained in a|cylin-

of the

oring

gitudinal
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:

(1) furnace butt welded pipe, bell welded: pipe
produced in individual lengths from cut length skelp,
having its longitudinal butt joint forge welded by the
mechanical pressure developed in drawing the furnace
heated skelp through a cone-shaped die (commonly

b 3ottt arala 2l n ie—radis d-lxr
Bt o T WhRETeHTCoareSEEReeISPproaucea—DYy
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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.

(4) centrifugally cast pipe: pipe formed from the so-
lidification of molten metal in a rotating mold. Both metal
and sand molds are used. After casting, the pipe is
machined, to sound metal, on the internal and external
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diameters to the surface roughness and dimensional re-
quirements of the applicable material specification.

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

(5) statically cast pipe: pipe formed by the solidifi-
cation of molten metal in a sand mold.

pipe-supporting elements: pipe-supporting elements

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

reinforcement of weld (internal): weld metal on the interior
face of a groove weld that extends past the root opening of

consift of hangers, supports, and structural attachments.

hangers and supports: hangers and supports include
elemgnts that transfer the load from the pipe or structural
attachment to the supporting structure or equipment.
They|include hanging type fixtures, such as hanger
rods, [spring hangers, sway braces, counterweights, turn-
bucklgs, struts, chains, guides, and anchors, and bearing
type flixtures, such as saddles, bases, rollers, brackets, and
slidinlg supports.

stryictural attachments: structural attachments include
elemgnts that are welded, bolted, or clamped to the pipe,
such jas clips, lugs, rings, clamps, clevises, straps, and
skirtg,.

porosjty: cavity-type discontinuities formed by gas entrap-
ment|during metal solidification.

postweld heat treatment: see heat treatments.

postweld hydrogen bakeout: the holding of a completed or
partiglly completed weld at an elevated temperature to
allow| hydrogen to diffuse out of the weld.

preheating: see heat treatments.

presstire: an application of force per unit areat

fluid pressure: an application of internal o’ external fluid
force|per unit area on the pressure boundary of piping
comppnents.

Procddure Qualification Record (PQR): a record of the
welding data used to weld a test Coupon. The PQR is a
recorfl of variables recorded \during the welding of the
test ¢oupons. It also contains the test results of the
testefl specimens. Regorded variables normally fall
within a small range of the actual variables that will
be used in productien welding.

qualified (per$annel): individuals who have demonstrated
and documented abilities gained through training and/or
experjience-that enable them to perform a required func-

the joint.

repair: the work necessary to restore a system pr compo-
nent to meet the applicable Code requirements and to
reestablish a safe and satisfactory operating dondition.

restraint: any device that preventsyresists, or limits move-
ment of a piping system.

root opening: the separationbetween the membpers to be
joined, at the root of the joint.

root penetration: the depth a groove weld extengls into the
root opening of a'joint measured on the centerfine of the
root cross seetion.

seal weld>d weld used on a pipe joint primarily to obtain
fluid tightness as opposed to mechanical stremgth.

semiautomatic arc welding: arc welding with 4
that controls only the filler metal feed. The adv4
welding is manually controlled.

quipment
nce of the

shall: “shall” or “shall not” is used to indicate that a provi-
sion or prohibition is mandatory.

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

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

size of weld:

fillet weld: for equal-leg fillet welds, the leg lengths of the
largestisosceles 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
inscribed within the fillet weld cross section.

tion te-the-satisfactionofthe-Operating-Company-

readily accessible: for visual examination, readily acces-
sible inside surfaces are defined as those inside surfaces
that can be examined without the aid of optical devices.
(This definition does not prohibit the use of optical devices
for a visual examination; however, the selection of the
device should be a matter of mutual agreement
between the owner and the fabricator or erector.)

15

groove weld: the joint penetration (depth of chamfering
plus the root penetration when specified).

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

soldering: a metal joining process wherein coalescence is
produced by heating to suitable temperature and by using
a nonferrous alloy fusible at temperatures below 840°F
(450°C) and having a melting point below that of the
base metals being joined. The filler metal is distributed
between closely fitted surfaces of the joint by capillary
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action. In general, solders are lead-tin alloys and may
contain antimony, bismuth, silver, and other elements.

steel: an alloy of iron and carbon with no more than 2%
carbon by weight. Other alloying elements may include
manganese, sulfur, phosphorus, silicon, aluminum, chro-
mium, copper, nickel, molybdenum, and vanadium,
depending on the type of steel. For acceptable material
specifications for steel, refer to Chapter IIL

stresses:

fusible material on the work. Pressure is not used, and
filler metal is obtained from the electrode and sometimes
from a supplementary welding rod.

supplementary steel: steel members installed between
existing members to facilitate installation of supports
for piping or piping equipment.

swivel joint: a component that permits single-plane rota-
tional movement in a piping system.

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 lpad. The basic characteristic of a displacement
stress is that it is self-limiting. Local yielding and minor
distortionfs can satisfy the displacement or expansion con-
ditions thpt cause the stress to occur. Failure from one
application of the stress is not to be expected. Further,
the displdcement stresses calculated in this Code are
“effectivel stresses and are generally lower than those
predicted|by theory or measured in strain-gage tests.

peak strress: the highest stress in the region under
consideration. The basic characteristic of a peak stress
is that it cpuses no significant distortion and is objection-
able only ds a possible source of a fatigue crack initiation or
a brittle fitacture. This Code does not use peak stress as a
design bafkis, but rather uses effective stress values for
sustained| stress and for displacement stress; the peak
stress effect is combined with the displacement stress
effect in the displacement stress range calculation.

sustaingd stress: a stress developed by an imposé&d
loading that is necessary to satisfy the laws of equilibritm
between ¢xternal and internal forces and moments. The
basic chafacteristic of a sustained stress is that-it is not
self-limitjng. If a sustained stress exceeds the yield
strength of the material through the éntire thickness,
the prevention of failure is entirely{dependent on the
strain-hardening properties of the material. A thermal
stress is hot classified as a sustained stress. Further,
the sustaihed stresses calculated in this Code are “effec-
tive” stresfes and are generally lower than those predicted
by theory|or measured instrain-gage tests.

stress-religving: see heat treatments.

subcritical] heattredtment: see heat treatments.

submerged grc-welding: an arc welding process wherein
coalescenee+ i i i
arcs between a bare metal electrode or electrodes and the
work. The welding is shielded by a blanket of granular,

! Normally, the most significant displacement stress is encountered in
the thermal expansion stress range from ambient to the normal oper-
ating condition. This stress range is also the stress range usually consid-
ered 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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ent in
proper alignment until the final welds are made!

tempering: see heat treatments.

throat of a fillet weld:

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

theoretical: the distance fromythebeginning of th
of the joint perpendicular to the-hypotenuse of the 13
right triangle that can be ihscribed within the fillet
cross section.

weld

P root
rgest
weld

throttle valve: a valve 'désigned to regulate the supp
fluid, such as steath or gas, to a turbine or other
mover.

yofa
brime

toe of weld:the junction between the face of the weld and
the base metal.

tubei‘refer to pipe and tube.

tungsten electrode: a nonfiller metal electrode used fin arc

welding, consisting of a tungsten wire.

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

visual examination: the observation of whatever poftions
of components, joints, and other piping elements that are
exposed to such observation before, during, or after tnanu-
facture, fabrication, assembly, erection, inspecti¢n, or
testing. This examination may include verification of
the applicable requirements for materials, compopents,
dimensions, joint preparation, alignment, welding or
joining, supports, assembly, and erection.
volumetric examination: an NDE method used to dletect

imperfections that may be located anywhere within
the examined volume.

weld: a localized coalescence of metal that is produded by
heating to suitable temperatures, with or witho
application of pressure, and with or without the
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 a manner described in a Welding Procedure Spec-
ification that meets prescribed standards.
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welding operator: one who operates machine or automatic
welding equipment.

Welding Procedure Specification (WPS): a written qualified
welding procedure prepared to provide direction for
making production welds to Code requirements. The

WPS or other documents may be used to provide direction
to the welder or welding operator to ensure compliance
with the Code requirements.

weldment: an assembly whose component parts are joined
by welding.

17
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Chapter I
Design

PART 1
CONDITIONS AND CRITERIA

101 DES|GN CONDITIONS
101.1 General

These design conditions define the pressures, tempera-
tures, and|various forces applicable to the design of power
piping syqtems. Power piping systems shall be designed
for the mlost severe condition of coincident pressure,
temperatiire, and loading, except as herein stated. The
most severe condition shall be that which results in
the greatest required pipe wall thickness and the
highest cqmponent rating.

101.2 Prpssure

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

101.2.2| Internal Design Pressure. The internal design
pressure ghall be not less than the maximum sustained
operating pressure (MSOP) within the piping system
including [the effects of static head.

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

101.2.5| Pressure Cycling.\Fhis Code does not address
the contrfbution to fatigue-in fittings and components
caused by pressure eycling. Special consideration may
be neces§ary where.systems are subjected to a very
high numper of.large pressure cycles.

101.2.6| Required Pressure Containment or Relief

(c) The allowances of paras. 102.2.4, 102.3.3(a), and
104.8.2 are permitted, provided that the other.require-
ments of paras. 102.2.4, 102.3.3(a), and |104.8.2 are
also met.

101.3 Temperature

101.3.1 All temperatureswéferred to in this Code,
unless otherwise stated, are the average metal tenfpera-
tures of the respective materials expressed in degrees
Fahrenheit (°F) and degrees Celsius (°C).

101.3.2 Design-Temperature

(a) The pipihg shall be designed for a metal tenfpera-
ture representing the maximum sustained condition
expected. The design temperature shall be assumed to
be thé€'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 temperpture.
Ambient effects, including solar thermal heating, shall be
considered.

(b) Where a fluid passes through heat exchanggrs in
series, the design temperature of the piping in|[each
section of the system shall conform to the most severe
temperature condition expected to be produced hy the
heat exchangers in that section of the system.

(c) For steam, feedwater, and hot water piping leading
from fired equipment (such as boiler, reheater, superheat-
er, or economizer), the design temperature shall be pased
on the expected continuous operating condition pliis the
equipment manufacturer’s guaranteed maximum
temperature tolerance. For operation at temperdtures
in excess of this condition, the limitations descrihed in
para. 102.2.4 shall apply.

(d) Accelerated creep damage, leading to excg¢ssive
creep strains and pnfpnfinl pipe rupture, caus bd by

(a) Provision shall be made to safely contain or relieve
(see paras. 122.5 and 122.14.1) any expected pressure to
which the piping may be subjected. Piping not protected
by a pressure-relieving device, or that can be isolated from
a pressure-relieving device, shall be designed for at least
the highest expected pressure.

(b) Sources of pressure to be considered include
ambient influences, pressure oscillations and surges,
improper operation, decomposition of unstable fluids,
static head, and failure of control devices.

extended operation above the design temperature shall
be considered in selecting the design temperature for
piping to be operated above 800°F (425°C).

101.3.3 Design Minimum Temperature. The design
minimum temperature is the lowest component tempera-
ture expected in service. This temperature may establish
special design requirements and material qualification re-
quirements. See also paras. 101.4.3 and 124.1.2.
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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 designed
to withstand the external pressure or provision shall be
made to break the vacuum.

101.4.2 Fluid Expansion Effects. Where the expansion
of a fluid may increase the pressure, the piping system

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

101.5.5 Discharge Reactions. Piping shall be designed,
arranged, and supported so as to withstand reaction
forces due to fluid pressure and momentum effects
during normal operations and anticipated transients.

101.6 Weight Effects

shall
or pr

1 pa H s 4] 4 4] H paj
T ucalsucu LU WILIIS AU LIIT LI TAdoTU PItosurt

vision shall be made to relieve the excess pressure.

101.4.3 Ambient Temperature. Consideration shall be
given|to how ambient temperature conditions impact the
displacement stress analysis described in paras.
102.32(b) and 104.8.3.

101.

101.5.1 Impact. Impact forces caused by all external
and internal conditions shall be considered in the
piping design. One form of internal impact force is due
to the propagation of pressure waves produced by
sudd¢n changes in fluid momentum. This phenomenon
is often called water or steam “hammer.” It may be
causgd by the rapid opening or closing of a valve in
the system. The designer should be aware that this is
only pne example of this phenomenon and that other
causes of impact loading exist.

101.5.2 Wind. Exposed piping shall be designed-to
withgtand wind loadings. The analysis considerations
and Joads may be as described in ASCE/SEI 7,
Minirhum Design Loads for Buildings and, Other Struc-
tures| Authoritative local meteorological data may also
be uged to define or refine the design‘wind forces.
Wherje local jurisdictional rules covering the design of
building structures are in effect arid specify wind loadings
for piping, these values shall be'considered the minimum
design values. Wind need hot be considered as acting
concyrrently with earthquakes.

101.5.3 Earthquake..The effect of earthquakes shall be
consiflered in the (design of piping, piping supports, and
restrgints. The-analysis considerations and loads may be
as described ¥ ASCE/SEI 7. Authoritative local seismolo-
gical flata’may also be used to define or refine the design
earthquake forces. Where local jurisdictional rules

Dynamic Effects

The weight effects described in paras. 1016
101.6.3 combined with loads and forces from.ot
shall be taken into account in the design| of pip
shall be carried on adjustable hangers‘or prope
rigid hangers or supports, andysuitable spri
bracing, vibration dampenets; €tc., shall be
where necessary.

1 through
her causes
ng. Piping
'y leveled
ngs, sway
provided

101.6.1 Live Load. Thelive load consists of the weight
of the fluid transpoprtéd. Snow and ice loadp shall be
considered in localities where such conditiong exist.

101.6.2 Dead Load. The dead load consipts of the
weight of/the/piping components, insulation, protective
lining and ‘coating, and other superimposed pgermanent
loads:

101.6.3 Test or Cleaning Fluid Load. The test or
cleaning fluid load consists of the weight of the test or
cleaning fluid.

101.7 Thermal Expansion and Contractign Loads

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

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

Hangers and supports shall permit expamsion and
contraction of the piping between anchors.

provided
thangesin

101.7.2 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Joints of the corrugateid bellows,
slip, sleeve, ball, or swivel types and flexible metal hose
assemblies may be used if their materials confqrm to this
Code, their structural and working parts are| of ample
proportions, and their design prevents the|complete

covering the design of building structures are in etfect
and specify seismic loadings for piping, these values
shall be considered the minimum design values. ASME
B31E, Standard for the Seismic Design and Retrofit of
Above-Ground Piping Systems, may be used as an alter-
nate method of seismic qualification or for guidance in
seismic design. Earthquakes need not be considered as
acting concurrently with wind.

19

disengagement of working parts while in service. In deter-
mining expansion joint design criteria, the designer shall
give due consideration to conditions of service, including,
but not limited to, temperature, pressure, externally
imposed displacements, corrosion/erosion, fatigue, and
flow velocity. The design of metallic bellows expansion
joints shall be in accordance with Mandatory Appendix P.
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101.9 Reduced Ductility Effects

The design rules of this Code are based on material that
has adequate ductility to provide sufficient reserve margin
so that overstress conditions will not cause sudden brittle
failure and a ductile failure mode occurs. For materials or
conditions where reduced ductility is expected, the Code
may impose reductions of allowable stress to provide
greater margins to failure. Other conditions may result
in reduced ductility; for example, ductility reduction

para. 104, modified as applicable by other provisions
of this Code.

Should it be desired to use methods of manufacture or
design of components not covered by this Code or not
listed in referenced standards, it is intended that the
manufacturer shall comply with the requirements of
paras. 103 and 104 and other applicable requirements
of this Code for design conditions involved. Where compo-

may resylt from welding, heat treatment, forming,
bending, pr low operating temperatures, including the
chilling effect of sudden loss of pressure on highly volatile
fluids. When such conditions could occur, the designer
should enpure that adequate design margins are incorpo-
rated.

102 DES|IGN CRITERIA
102.1 General

These driteria cover pressure-temperature ratings for
standard pnd specially designed components, allowable
stresses, [stress limits, and various allowances to be
used in the design of piping and piping components.

102.2 Pressure-Temperature Ratings for Piping
Camponents

102.2.1| Components Having Specific Ratings. Pres-
sure-temperature ratings for certain piping components
have beer] established and are contained in some of thé
standardsg| listed in Table 126.1-1.

Where piping components have established pressure-
temperatyre ratings that do not extend to the uppet mate-
rial tempgrature limits permitted by this Cede, the pres-
sure-temperature ratings between those-established and
the upper|{material temperature limit may’be determined
in accordqnce with the rules of this-Code, but such exten-
sions are [subject to restrictions; if-any, imposed by the
standards

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

102.2.2 Components Not Having Specific Ratings.
Some of the standards listed in Table 126.1-1, such as
those for putt<welding fittings, specify that components

nents other than those discussed above, such as pipe or
fittingsnetassigned-pressure—temperatureratings in an
American National Standard, are used, the manufacthrer’s
recommended pressure-temperature ratingshall not be
exceeded.

102.2.3 Ratings: Normal Operating Conditipn. A
piping system shall be considered,safe for operation if
the maximum sustained operating pressure and tenpera-
ture that may act on any part orcomponent of the system
do not exceed the maximyim,'pressure and temperature
allowed by this Code for thatparticular partor compg@nent.
The design pressure anditemperature shall not exce¢d the
pressure-temperature rating for the particular cqmpo-
nentand material as defined in the applicable specifi¢ation
or standard.listed in Table 126.1-1.

102.2.4 Ratings: Allowance for Variation From
Normal’,Operation. The maximum internal prefsure
and*temperature allowed shall include considergtions
fer*occasional loads and transients of pressure and
temperature.

Itisrecognized that variations in pressure and tenjpera-
ture inevitably occur, and therefore the piping system,
except as limited by component standards referyed to
in para. 102.2.1 or by manufacturers of compohents
referred to in para. 102.2.2, shall be considered safe
for occasional short operating periods at higher| than
design pressure or temperature. For such variafions,
either pressure or temperature, or both, may ekceed
the design values if the computed circumferential|pres-
sure stress does not exceed the maximum alloyable
stress for the coincident temperature by

(a) 15% ifthe event duration occurs for no more than 8
hr at any one time and not more than 800 hr/yr, [or

(b) 20% if the event duration occurs for not mor¢ than
1 hr at any one time and not more than 80 hr/yr

102.2.5 Ratings at Transitions. Where piping syftems

operating at different dpcign conditions are connedted, a

shall be furmisired i mommimatthickmessesUmtess
limited elsewhere in this Code, such components shall
be rated for the same allowable pressures as seamless
pipe of the same nominal thickness, as determined in
paras. 103 and 104 for material having the same allowable
stress.

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

20

division valve shall be provided having a pressure-
temperature rating equal to or exceeding the more
severe conditions. See para. 122 for design requirements
pertaining to specific piping systems.
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102.3 Allowable Stress Values and Other Stress
Limits for Piping Components

102.3.1 Allowable Stress Values

(a) Allowable stress values to be used for the design of
power piping systems are given in the tables in
Mandatory Appendix A, also referred to in this Code
Section as the Allowable Stress Tables. These tables
list allowable stress values for commonly used materials

(b) Displacement Stresses

(1) Cyclic Displacement Stress Ranges. The calculated
reference displacement stress range, Sg (see paras. 104.8.3
and 119.6.4), shall not exceed the allowable stress range,

S4, calculated by eq. (1A)
Sa = f(1.25S, + 0.25S},) (14)
When S, is greater than S;, the difference between
them may be added to the term 0.25S;, in eq. (1A). In

atten

meta

per atur CSAappropr tateto power pipiusiuotanatiuub. That CasSe, the allowabIe STreSS Tange, 5y, 1S alculated
In evpry case the temperature is understood to be the by eq. (1B)
temperature. Where applicable, weld joint effi- Sy = f(1.258, + 1258}, — Sp) (1B)

ciency factors and casting quality factors are included
in the¢ tabulated values. Thus, the tabulated values are
valuep of S, SE, or SF, as applicable.

(b)] Allowable stress values in shear shall not exceed
80% lof the values determined in accordance with the
rules|of (a). Allowable stress values in bearing shall
not exceed 160% of the determined values.

(c)] The basis for establishing the allowable stress
valugs in this Code Section are the same as those in
ASMHE BPVC, Section II, Part D, Mandatory Appendix 1
and Mandatory Appendix 2, 2-120; except that allowable
stresges for cast iron and ductile iron are in accordance
with ASME BPVC, Section VIII, Division 1, Nonmandatory
Appendix P for Tables UCI-23 and UCD-23, respectively.

102
ment

(a)

.3.2 Limits for Sustained Stresses and Displace-
Stress Ranges

Sustained Stress Ranges

1) Internal Pressure Stress. The calculated stress due
to intprnal pressure shall not exceed the allowable stress
valuep. This criterion is satisfied when the wall thickness
of the piping component, including any reinforcement,
meet$ the requirements of paras. 204.1 through 104.7,
exclufling para. 104.1.3 but including the consideration
of allpwances permitted by paras. 102.2.4, 102.3.3(b),
and 102.4.

?) External Pressure Stress. Piping subject to
exterjnal pressure shall\be considered safe when the
wall thickness andméans of stiffening meet the require-
ment$ of para. 104-1.3.

3) Longitudinal Stress. The sum of the longitudinal
stresges, Si(see para. 104.8.1), due to pressure, weight,
and ofher-sustained loads shall not exceed the basic mate-
rial allowable stress in the hot condition, S.

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

J=6/N"2 <10 (10
N = tetal\number of equivalent reference| displace-
ment stress range cycles expected during the
service life of the piping. A minimum| value for
fis 0.15, which results in an allowablg displace-
ment stress range for a total number of ¢quivalent
reference displacement stress range cycles
greater than 108 cycles.

S. = basic material allowable stress at the |minimum
metal temperature expected during thelreference
stress range cycle, psi (kPa)

S, = basic material allowable stress at the maximum

metal temperature expected during thelreference

stress range cycle, psi (kPa)

In determining the basic material allowablg stresses,
S. and S, for welded pipe, the joint efficiencyj factor, E,
need not be applied (see para. 102.4.3). The|values of
the allowable stresses from Mandatory Appendix A or
as calculated per para. 123.1.2(b) may be dlivided by
the joint efficiency factor given for that material. In deter-
mining the basic material allowable stresses fof castings,
the casting quality factor, F, shall be applied [see para.
102.4.6).

When considering more than a single displacement

The longitudinal pressure stress, S;,, may be deter-
mined by either of the following equations:

PD,
Slp =
4t,
or
S Pd,?
b= 2 2
DO dn

21

stress range, whether from thermal expansion or other
cyclic conditions, each significant stress range shall be
computed. The reference displacement stress range, Sg,

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

2 For materials with a minimum tensile strength of over 70 ksi (480
MPa), egs. (1A) and (1B) shall be calculated using S, or S, values no
greater than 20 ksi (140 MPa), unless otherwise justified.
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is defined as the greatest computed displacement stress
range. The total number of equivalent reference displace-
ment stress range cycles, N, may then be calculated by

eq. (2)

N=Ng + 2 (ql.SNi) fori=1,2,.,n 2)

102.4.2 Threading and Grooving. The calculated
minimum thickness of piping (or tubing) that is to be
threaded shall be increased by an allowance equal to
thread depth; dimension h of ASME B1.20.1 or equivalent
shall apply. For machined surfaces or grooves, where the
tolerance is not specified, the tolerance shall be assumed
to be Y, in. (0.40 mm) in addition to the specified depth of

Code.
hetra-
wable

seam

where cut. The requirements of para. 104.1.2(c) shall also apply.
Ng = number of cycles of the reference displacement . .
stress range. S 102.4.3 Weld Joint Efficiency Factors. The use of joint
N; = njumber of cycles associated with displacement efficiency factors for welded pipe is required by this
sfress range, S; The factors in Table 102.4.3-1 are based on full)pé€
q = Sl/Sk tion welds. These factors are included in the allo
Sg = rpference displacement stress range [see stress values given in Mandatory Appendix Al The
phra. 104.8.4(c)], psi (kPa) factors in Table 102.4.3-1 apply to beth straight
S; = ahy computed stress range other than the refer- ~ and spiral seam welded pipe.
ence displacement stress range, psi (kPa)

(2) Noncyclic Displacement Stress Ranges. Stress
ranges caused by noncyclic movements such as those
due to se}lement or uplift of pipe-supporting structures
or components such as buildings, pipe racks, pipe anchors,
or rigid syipports will not significantly influence fatigue
life. Stresf ranges caused by such movements may be
calculated using Figure 104.8-1, eq. (17), replacing S,
with an gllowable stress range of 3.0S¢ and replacing
M with the moment range due to the noncyclic move-
ment. The stress ranges due to noncyclic displacements
need not be combined with cyclic stress ranges in accor-
dance with (1).

102.3.3| Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Duging Operation. The sum of the longitudinal
stresses produced by internal pressure,Slive and dead
loads, anld such occasional loads as\the temporary
supporting of extra weight may exceed the allowable
stress values given in the Allowable Stress Tables by
the amounts and durations of time’given in para. 104.8.2.

(b) Dufing Test. During.pressure tests performed in
accordange with para. 137 the circumferential (hoop)
stress shall not exceed 90% of the yield strength
(0.2% offket) at test\femperature. In addition, the sum
of longitydinal stresses due to test pressure and live
and dead |loads+at the time of test, excluding occasional
loads, shall\irot exceed 90% of the yield strength at

102.4.4 Mechanical Strength, Where necessa
mechanical strength to prevent'damage, collapse, ¢
sive sag, or buckling of pipe/due to superimposed|loads
from supports or othek causes, the wall thickness pf the
pipe should be increased; or, if this is impractical or yvould
cause excessive Jocal stresses, the superimposed logds or
other causes<hall be reduced or eliminated by jother
design methieds. The requirements of para. 104.1.2(c)
shall also<apply.

'y for
Xces-

102:4:5 Bending. The minimum wall thickness :
point on the bend shall conform to (a) or (b).

{a) The minimum wall thickness at any point in a
completed bend shall not be less than requir¢d by
eq. (7) or eq. (8) of para. 104.1.2(a).

(1) Table 102.4.5-1 is a guide to the designe
must specify wall thickness for ordering pig
general, it has been the experience that when
shop practices are employed, the minimum thickrlesses
of straight pipe shown in Table 102.4.5-1 should be|suffi-
cient for bending and still meet the minimum thickness
requirements of para. 104.1.2(a).

(2) The bend thinning allowance in Table 102
may be provided in all parts of the cross section of th
circumference without any detrimental effects
produced.

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

PD,
2 + A 3

t any

* who
e. In
good

4.5-1
e pipe
being

test temperature.

102.4 Allowances

102.4.1 Corrosion or Erosion. When corrosion or
erosion is expected, an increase in wall thickness of
the piping shall be provided over that required by
other design requirements. This allowance in the judg-
ment of the designer shall be consistent with the expected
life of the piping.

22

Z(SEW/T+ Py)

or
_ Pd + 2SEWA/I + 2yPA 4)
"™ 2(SEW/I + Py —P)
where at the intrados (inside of bend)
_ 4R/D) — 1 )
4(R/D,) — 2
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Table 102.4.3-1
Longitudinal Weld Joint Efficiency Factors

No. Type of Joint Type of Seam Examination Factor E
1 Furnace butt weld, continuous weld Straight As required by listed specification 0.60
Q [Note (1)]
2 Electric resistance weld Straight or spiral As required by listed specification 0.85
Q [Note (1)]
3 Electric fusion weld
() Single butt weld Straight or spiral As required by listed specification 0{85
(without filler metal) Additionally 100% 100
volumetric examination [Note (2)]
(RT or UT)
(p) Single butt weld Straight or spiral As required by listed spegification 0]80
(with filler metal) Additionally 100% 1{oo
volumetric examination [Note (2)]
(RT or UT)
(¢) Double butt weld Straight or spiral As required.bylisted specification 0{90
(without filler metal] f Addltlonally 100% 1loo
I)’ volametric examination [Note (2)]
(RTyor UT)
(§1) Double butt weld Straight or spiral As required by listed specification 0]90
(with filler metal) Additionally 100% 1{00
volumetric examination [Note (2)]
(RT or UT)
4 | API 5L Submerged arc weld Straightiwith As required by specification 0{90
(SAW) one.or two
seans
Gas metal arc weld Spiral Additionally 100% 1/00
(GMAW) volumetric examination [Note (2)]

Combined GMAW, SAW

TED

(RT or UT)

NOTEY:

(1) Itfis not permitted to increase the Jongitudinal weld joint efficiency factor by additional examination for joint 1 or joint 2.
(2) RT (radiographic examination) shall‘be in accordance with the requirements of para. 136.4.5 or the material specification, as af

plicable. UT

(u]trasonic examination) shall.be in accordance with the requirements of para. 136.4.6 or the material specification, as applicable.

Table 102.4.5-1
Bend)Thinning Allowance

Minimum Thickness
Recommended Prior to

Radius of Bends Bending
6 pipe|diamnieters or greater 1.06¢,,
5 pipe diameters 1.08t,,
4 pipe diameters 1.14¢,
3 pipe diameters 1.25¢,

GENERAL NOTES:

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

(b) t,, is determined by eq. (7) or eq. (8) of para. 104.1.2(a).

(c) Pipe diameter is the nominal diameter as tabulated in ASME
B36.10M, Table 1 and ASME B36.19M, Table 1. For piping
with a diameter not listed in these tables, and also for tubing,
the nominal diameter corresponds with the outside diameter.
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Figure 102.4.5-1
Nomenclature for Pipe Bends

allowable stresses to be used as the design basis for
the component.

(b) For steel materials, a casting quality factor not
exceeding 1.0 may be applied when the following require-
ments are met:

(1) All steel castings having a nominal body thick-
ness of 4, in. (114 mm) or less (other than pipe
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or ASME

"\p
I
1
i End of bend
i (typ.)
-
I
III
R /
/
/l
//
Intrados—\ /
Q /// Extrados
and at the extrados (outside of bend)
_ 4®/D) +1 ©)
4(R/D,) + 2
and at th¢ sidewall on the bend centerline
I=10
where
R = bend radius of pipe bend
See pafa. 104.1.2 for the other nomenclature used
above.

W equals 1 for seamless pipe or for seam-welded pipe

operating
that do n

Thicknd
and at the
requiremg
intrados
Figure 10
of the ber
para. 104
to this parj

below the creep range and for'parts of the bend
t contain a weld.

ss variations from the/ntrados to the extrados
ends of the bend shall'be’gradual. The thickness
nts apply at the center of the bend arc and at the
, extrados, @nd bend centerline (see
2.4.5-1). The.minimum thickness at the ends
1ds shall/not be less than the requirements of
.1.2 forstraight pipe. For bends to conform
agraph; all thickness requirements must be met.

102.4.6

(a) General. Except for gray iron castings, the use of a

casting quality factor is required for all cast components
that use the allowable stress values of Mandatory Appen-
dix A as the design basis. This factor, 0.80 for castings and
0.85 for centrifugally cast pipe, isincluded in the allowable
stress values given in Mandatory Appendix A.

This required factor does not apply to component stan-
dards listed in Table 126.1-1, if such standards define
allowable pressure-temperature ratings or provide the

24

uuuuuu d-rsuallMSS-SP-55-may be
used for guidance) as follows:

(-a) All critical areas, including the junctieng of all
gates, risers, and abrupt changes in section|or dir¢ction
and area of weld end preparation, shall be'volumetrically
examined in accordance with ASME BPVC, Section V.
Radiographs shall conform to<thg¢ requirements of
ASTM E446, Reference Radiographs for Steel Castings
up to 2 in. (50 mm) in Thicknéss, or ASTM E186, Reference
Radiographs for Heavy Walled (2 to 4% in. [50 tp 114
mm]) Steel Castings, depending on the section thickness.
MSS SP-54 may be,used for guidance. The maximum ac-
ceptable severity-lével for a 1.0 quality factor shall|be as
listed in Tabled02/4.6-1. Where appropriate, radiogijaphic
examination\(RT) of castings may be supplemented or
replaced with ultrasonic examination (UT), provigled it
is performed in accordance with MSS SP-94.

(-b) All surfaces of each casting, inclyding
machined gasket seating surfaces, shall be exarpined
by the magnetic particle or dye penetrant method after
heat treatment. The examination techniques shall|be in
accordance with ASME BPVC, Section V, Articlg 6 or
Article 7, as applicable, and Article 9. MSS SP-58 and
MSS SP-93 may be used for guidance. Magnetic particle
or dye penetrant indications exceeding degreg 1 of
Type I, degree 2 of Type II, and degree 3 of Type III,
and exceeding degree 1 of Types IV and V of ASTM
E125, Standard Reference Photographs for Magnetic

Table 102.4.6-1
Maximum Severity Level for Casting Thickness
4% in. (114 mm) or Less

Severity Level

<1 in. (25 mm) >1 in. (25 mm)
Thick Thidk

Discontinuity
Category Designation

A 1 2
B 2 3
Types 1, 2, 3, and 4 of C 1 3
D,E F, and G None acceptable None acceptable

For E186 [Castings 2 in. to 4% in. (50 mm to 114 mm) Thickness]

A, B, and Types 1 and 2 of C 2 2
Type 3 of C 3 3
D,E and F None acceptable None acceptable
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Table 102.4.6-2
Maximum Severity Level for Casting Thickness
Greater Than 4% in. (114 mm)

Discontinuity
Category Designation Severity Level
A, B, and Types 1, 2, and 3 of C 2

D, E and F None acceptable

(-c) Any discontinuities in excess of the maximum
permitted in (-a) and (-b) shall be removed and may be
repaired by welding after the base metal has been
magnetic particle or dye penetrant inspected to ensure
complete removal of discontinuities. [Refer to para.
127.411(a).]

(-d) All weld repairs of depth exceeding 1 in. (25
mm) or 20% of the section thickness, whichever is the
lesser, shall be inspected by volumetric examination

Partigle Indications on Ferrous Castings, are not accept-
able gnd shall be removed.

(-c) Where more than one casting of a particular
desigh is produced, each of the first five castings shall be
inspected as above. Where more than five castings are
being produced, the examination shall be performed
on thp first five plus one additional casting to represent
each ffive additional castings. If this additional casting
provgs to be unacceptable, each of the remaining castings
in theg group shall be inspected.

(-d) Any discontinuities in excess of the maximum
permjtted in (-a) and (-b) shall be removed, and the casting
may Qe repaired by welding after the base metal has been
inspefted to ensure complete removal of discontinuities.
[Refer to para. 127.4.11(a).] The completed repair shall be
subjeft to reinspection by the same method as was used in
the otiginal inspection and shall be reinspected after any
requifed postweld heat treatment.

?) All steel castings having a nominal body thick:
creater than 4% in. (114 mm) (other than pipe
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.50r ASME
B16.34) shall be inspected visually (MSS $P-55 may be
used for guidance) as follows:

(-a) All surfaces of each casting including
machjned gasket seating surfaces $hall be examined by
the nmpagnetic particle or dye penetrant method after
heat freatment. The examination'techniques shall be in
accorjdance with ASME BRVC, Section V, Article 6 or
Article 7, as applicable,tand Article 9. Magnetic particle
or dyfe penetrant imdications exceeding degree 1 of
Type|l, degree 2 ©f\Type II, degree 3 of Type IlII, and
degree 1 of TypesV and V of ASTM E125, Standard Refer-
ence [Photographs for Magnetic Particle Indications on
Ferrous Gastings, shall be removed.

(=b)” All parts of castings shall be subjected to

ness

comp =
dance with ASME BPVC, Section V. Radiographs shall
conform to the requirements of ASTM E280.

The maximum acceptable severity level for a 1.0
quality factor shall be as listed in Table 102.4.6-2. MSS
SP-54 may be used for guidance. Where appropriate,
radiographic examination (RT) of castings may be supple-
mented or replaced with ultrasonic examination (UT),
provided it is performed in accordance with MSS SP-94.
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ard-byymagnetic
particle or dye penetrant inspection of thg finished
weld surface. All weld repairs of depthiless than 20%
of the section thickness or 1 in. (25 mm), whiichever is
the lesser, and all weld repairs of section thfat cannot
be effectively radiographed shallbe examined by magnetic
particle or dye penetrant inspection of the firgt layer, of
each ¥, in. (6 mm) thicknessof deposited weld etal, and
of the finished weld surfdce. Magnetic particle or{dye pene-
trant testing of the finnished weld surface shall be done
after postweld heat treatment.

(c) For castiron’and nonferrous materials, np increase
of the casting-quality factor is allowed except when special
methods éPexamination, prescribed by the matprial spec-
ificationy are followed. If such increase is specifically
permitted by the material specification, a flactor not
exééeding 1.0 may be applied.

102.4.7 Weld Strength Reduction Factors. At elevated
temperatures, seam welds on longitudinal-yelded or
spiral-welded pipe can have lower creep strength than
the base material. This reduction is a factor in dgtermining
the minimum wall thickness for longitudinal-velded or
spiral-welded pipe (i.e., not seamless), whether fabricated
in accordance with a material specification or fabricated in
accordance with the rules of this Code. The welf strength
reduction factor, W, is given in Table 102.4.7-1. The
designer is responsible to assess applicatioh of weld
strength reduction factor requirements for welds other
than longitudinal and spiral, as applicable (e.g., ¢ircumfer-
ential welds).

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

103 CRITERIA FOR PRESSURE DESIGN O
TS

F PIPING

The design of piping components shall consider the
effects of pressure and temperature, in accordance
with paras. 104.1 through 104.7, including the considera-
tion of allowances permitted by paras. 102.2.4 and 102.4.
In 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.
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Table 102.4.7-1

Weld Strength Reduction Factors (WSRFs) to Be Applied When Calculating the Minimum Wall Thickness

(o]

r Allowable Design Pressure of Components Fabricated With a Longitudinal Seam Fusion Weld

Weld Strength Reduction Factor for Temperature, °F (°C) [Notes (1)-(7)]

700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

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

CrMo [Notes (8)-(10)] 1.00 095 091 0.86 0.82 0.77 0.73 0.68 0.64

CSEF (N + T) [Notes (8), (11), (12)] .. 100 095 091 086 082 077

CSEF (Sub Crit) [Notes (8), (13)] 1.00 0.50 0.50 0.50 0.50 0.50 0.50

Austenitic stainless (incl. 800H and 800HT) [Notes (14), ... 1.00 0.95 091 0.86 0.82 0.77
(15)]

Autogenous]y welded austenitic stainless [Note (16)] 1.00 1.00 1.00 1.00 1.00 1.00

NOTES:

(1) NP = hot permitted.

(2) Longifudinal welds in pipe for materials not covered in this table operating in the creep regime are not permitted.For the purposeq of this
table, the start of the creep range is the highest temperature where the nonitalicized stress values end in Mandatory Appendix A for the base
materfal involved.

(3) All wdqld filler metal shall be a minimum of 0.05% C for CrMo and creep strength enhanced ferritic (CSEF) materials, and 0.04% C for
austenitic stainless in this table.

(4) Materjals designed for temperatures below the creep range [see Note (2)] may be used without considération of the WSRF or the ruleg of this
table. |All other Code rules apply.

(5) Longitudinal seam welds in CrMo and CSEF materials shall be subjected to, and pass, a 100%volumetric examination (RT or U[l'). For
materfals other than CrMo and CSEF, see para. 123.4(b).

(6) Attenpperatures below those where WSRFs are tabulated, a value of 1.0 shall be used{or the factor, W, where required by the ruleq of this
Code pection. However, the additional rules of this table and Notes do not apply:

(7) Carboh steel pipes and tubes are exempt from the requirements of para. 1024.7+and this table.

(8) Basicify index of SAW flux = 1.0.

(9) The CtMo steels include % Cr-"%Mo, 1Cr-%Mo, 1%,Cr-"%Mo-Si, 2%,Cr-1Mo{ 3Cr-1Mo, and 5Cr-Mo. Longitudinal welds shall be njormal-
ized, pormalized and tempered, or subjected to proper subcritical PWHT"for the alloy.

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

(11) The CBEF steels include Grades 91, 92, 911, 122, and 23.

(12) N + T|= normalizing + tempering PWHT.

(13) Sub Cfit = subcritical PWHT is required. No exemptions from PWHT are permitted. The PWHT time and temperature shall mget the
requijements of Table 132.1.1-1; the alternate PWHT requirements of Table 132.1.1-2 are not permitted.

(14) WSRFphave been assigned for austenitic stainless (ineluding 800H and 800HT) longitudinally welded pipe up to 1,500°F (816°C) as fpllows:

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

(15) Certain heats of théaustenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of t¢mper-
resistgnt carbides and carbo-nitrides, can suffer from an embrittlement condition in the weld heat-affected zone that can lead to premature
failurg of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area mitigafes this
suscepptibility:

(16) Autogknous stainless steel welded pipe (without weld filler metal) has been assigned a WSRF up to 1.500°F (816°C) of 1.00, provided that

the product is solution annealed after welding and receives nondestructive electric examination, in accordance with the material spec-
ification.
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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
minimum wall thickness calculated per para. 104.1.2.

104.1.2 Straight Pipe Under Internal Pressure —

Seam

less, Longitudinal Welded, or Spiral Welded

stock, the actual measured inside diameter
and actual measured minimum wall thick-
ness at the thinner end of the pipe may be
used to calculate this pressure.

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 calculating

(a)] Minimum Wall Thickness. The minimum thickness
of pipe wall® required for design pressures within the

presd

by pa
stren
(7) o

Desig]

wher

ribed temperature limits for materials permitted
ra. 123.1, including allowances for mechanical

bth, shall not be less than that determined by eq.
eq. (8), as follows:

-, %

2(SEW + Py)

tm

_ Pd + 2SEWA + 2yPA

m= (8)
2(SEW + Py —P)
h pressure shall not exceed
_ 2SEW(t,, — A) @
D, - Zy(tm - A)
2SEW(t,, — A) 10)

T d-2(t, —A) + 2,

7

A = additional thickness, i {hm)

(1) To compensate for material
removed in threading, grooving, etc.,
required toymake a mechanical joint,
refer to para,102.4.2.

(2) Toprovide for mechanical strength
of thépipe, refer to para. 102.4.4 (not
intended to provide for extreme conditions
ofmisapplied external loads or for mechan-
ical abuse).

(3) To provide for corrosion and/or

erosion, refer to para. 102.4.1.

SE or SF

tho " Hauahla vworling nracciirn f ipe on
the-allowable-werkingpressureof pip

hand or in stock, the actual jneasured
outside diameter and actual measured
minimum wall thickness-at thle thinner
end of the pipe may be used tq calculate

this pressure.
internal design‘pnéssure, psig [kPa (gage)]

NOTE: Whencéniputing the design gressure for
a pipe of-a definite minimum wall thickness by
eq. (9)-or-€q. (10), the value of P dbtained by
these formulas may be rounded fo the next
higher unit of 10. For cast iron pipf, see (b).

maximum allowable stress in mgterial due
to internal pressure and joint effjciency (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 listed materials
or as determined per para. 123{1.2(b) for
unlisted materials, for the respedtive mate-
rial and design temperature. These values
include the weld joint efficiency, E, or the
casting factor, F.
minimum required wall thicknes}, in. (mm)

(1) Ifpipeisordered by its nominal wall
thickness, the manufacturing tolerance on
wall thickness must be taken intp account.
After the minimum pipe wall thigkness, t,,,,
is determined by eq. (7) or eq. (8), this
minimum thickness shall be indreased by
an amount sufficient to provide the manu-
facturing tolerance allowed in tHe applica-
ble pipe specification or requirfed by the
process. The next heavier commercial
wall thickness shall then be|selected
from thickness schedules|such as
contained in ASME B36.10M or frjom manu-

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

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. A

values

must be converted to kilopascals when the design pressure is

in kilopascals.
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facturers’ schedules for other than stan-
dard thickness.

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

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

(4) Where ends are subject to forming
or machining for jointing, the wall thick-
ness of the pipe, tube, or component
after such forming or machining shall
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Table 104.1.2-1

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 alloyf UNS No. N0O6690 0.4 0.4 0.4 0.4 0.5 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
Cast iron 0.0
Other metals [Note (1)] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.44

GENERAL NOTES:

(a) The value of y may be interpolated between the 50°F (27.8°C) incremental values shown in the Table.
(b) For pipge with a D, /t,, ratio less than 6, the value of y for ferritic and austenitic steels designed for temperaturesof 900°F (482°C) and

shall bg taken as y = d/(d + D,).

NOTE: (1)

not be less than t,, minus the additional
thickness, 4, provided for removal.

W = weld strength reduction factor (see
para. 102.4.7)
= 1 for seamless pipe or for seam-welded
pipe operating below the creep range
y = coefficient having values as given in

Table 104.1.2-1

(b) Thjickness of gray and ductile iron fittings
conveyinlg liquids may be determined from ANSI/
AWWA C[110/A21.10 or ANSI/AWWA C153/A21.53.
The thickhess of ductile iron pipe may be'determined
by ANSI/AWWA C115/A21.15 or ANSI/AWWA C150/
A21.50. These thicknesses include jallowances for
foundry tplerances and water hammer.

(c) While the thickness determined from eq. (7) or eq.
(8) is theqretically ample foryboth bursting pressure and
material temoved in threading, the following minimum
requireménts are mandatory to furnish added mechanical
strength:

(1) Where ste€lpipe is threaded and used for steam
service atpressure above 250 psi (1750 kPa) or for water
service above.100 psi (700 kPa) with water temperature
above 2202 05< e-pipe—shattbeseamtess; hraving
the minimum ultimate tensile strength of 48,000 psi (330
MPa) and a weight at least equal to Schedule 80 of ASME
B36.10M.

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

Metals listed in Mandatory Appendix A that are not covered by the categories of materials/listed above.
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below

(3) Plainrend nonferrous pipe or tube shall| have
minimum wall*thicknesses as follows:

(-a).'For nominal sizes smaller than NPS 34, (DN
20), the>thickness shall not be less than that specified
for Type K of ASTM B88.

(-b) For nominal sizes NPS ¥, (DN 20) and larger,
the wall thickness shall not be less than 0.049 in.|(1.25
mm). The wall thickness shall be further increased, as

required, in accordance with para. 102.4.

104.1.3 Straight Pipe Under External Pressur¢. For
determining wall thickness and stiffening requirements
for straight pipe under external pressure, the procedures
outlined in ASME BPVC, Section VIII, Division 1, UG-2B, UG-
29, and UG-30 shall be followed.

104.2 Curved and Mitered Segments of Pipe

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

(a) The minimum wall thickness shall meet the re-
quirements of para. 102.4.5 and the fabrication require-
ments of para. 129.

(b) Limits on flattening and buckling at bends nlay be
specified by design, depending on the service, the magerial,
and the stress level involved. Where limits on flatflening
and buckling are not specified by design, the requirements
of para. 129.1 shall be met.

to the

104.2.2 Elbows. Elbows manufactured in accordance
with the standards listed in Table 126.1-1 are suitable
for use at the pressure-temperature ratings specified
by such standards, subject to the requirements of para.
106.

(22)
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104.2.3 Miters. Miter joints, and the terminology
related thereto, are described in ASME B31]. A widely

spaced miter with
tn
0 <9,|—deg
r

shall be considered to be equivalent to a girth butt-welded
joint, and the rules of this paragraph do not apply. Miter
joints, and fabricated pipe bends consisting of segments of

(-b) For widely spaced miters (see ASME B31] for
definition)

ts = ty(1 + 0.64,/r/t tan 0)

(The above equation requires an iterative or quadratic
solution for t;.)

104.3 Intersections and Attachments

104.3.1 Branch Connections

straight pipe welded together, with & equal to or greater
than this calculated value may be used within the limita-
tions |described below.

(a)| Pressure shall be limited to 10 psi (70 kPa) under
the fdllowing conditions:
7) The assembly includes a miter weld with 8> 22.5
r contains a segment that has a dimension

B < 6t,

deg, ¢

?) The thickness of each segment of the miter is not
less than that determined in accordance with para. 104.1.
3) The contained fluid is nonflammable, nontoxic,
and ihcompressible, except for gaseous vents to atmo-
sphere.
4) The number of full pressure cycles is less than
during the expected lifetime of the piping system.
5) Full penetration welds are used in joining miter
segments.

(b)] Pressure shall be limited to 100 psi (700 kPa) under
the cdnditions defined in (a)(2) through (a)(5), in additien
to th¢ following:

7) the angle 6 does not exceed 22.5 deg
) the assembly does not contain any,segment that
dimension

7,000

has a
B < 6t

(c)|Miters to be used in other sérvices or at design pres-
sureslabove 100 psi (700 kPa) shall meet the requirements
of para. 104.7.

7) When justificationinder para. 104.7 is based on
compprable service gonditions, such conditions must be
established as comparable with respect to cyclic as well as
static|loadings,

?) Whengustification under para. 104.7 is based on
an arfalysis,ithat analysis and substantiating tests shall
consifler;the discontinuity stresses that exist at the junc-

(a) This paragraph gives rules governing the design of
branch connections to sustain internal afnd)extdrnal pres-
sure in cases where the axes of the,brarich ard the run
intersect, and the angle between the axps of the
branch and of the run is betweer 45 deg and 90 fdeg, inclu-
sive.

Branch connections in which the smaller angle between
the axes of the branch-and' the run is less than(45 deg or
branch connections whete the axes of the branth and the
run do not intersectimpose special design and fpbrication
problems. Thesules given herein may be used @s a guide,
but sufficientyadditional strength must be prlovided to
ensure safe Service. Such branch connections shall be
designed o meet the requirements of para. 1p4.7.

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

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

(2) weld outlet fittings, such as cast pr forged
nozzles, couplings and adaptors, or similar items
where the attachment of the branch pipe to fhe fitting
is by butt welding, socket welding, threading, or a
flanged connection. Such weld outlet fittings arg attached
to the run by welding similar to that dhown in
Figure 127.4.8-5 or Figure 127.4.8-6, as applitable. The
minimum thickness of the weld attaching|a branch
weld-on fitting to the run pipe shall be the greater of

(-a) the nominal wall thickness of thg attached
branch pipe
(-b) the weld thickness required to fill the joint to
the manufacturer’s fitting weld line (or the weld thickness
required to fill the joint to the edge of the first bevel of the

ture between—segments-both-for-statie{inchding-brittle
fracture) and cyclic internal pressure.

(3) Thewallthickness, t;, of a segment of a miter shall
not be less than specified in (-a) or (-b), depending on the
spacing.

(-a) For closely spaced miter bends (see ASME
B31] for definition)

A 2—r/R
ST M1 = r/R)
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branch weld-on fitting where a weld line is not provided)

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
(DN 80).

(3) extruded outlets at right angles to the run pipe, in
accordance with (g), where the attachment of the branch
pipe is by butt welding.

(22)


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

ASME B31.1-2022

(4) piping directly attached to the run pipe by
welding in accordance with para. 127.4.8 or by socket
welding or threading as stipulated below.

(-a) socket welded right angle branch connections
may be made by attaching the branch pipe directly to the
run pipe provided

(-1) the nominal size of the branch does not
exceed NPS 2 (DN 50) or one-fourth of the nominal
size of the run, whichever is smaller.

unthreaded branch pipe. In no case shall the thickness
of the coupling be less than that of ASME B16.11, Class
3000.

(3) integrally reinforced fittings welded directly to
the run pipe when the reinforcements provided by the
fitting and the deposited weld metal meet the require-
ments of (d).

(4) integrally reinforced extruded outlets in the run
pipe. The reinforcement requirements shall be in accor-
d

50tk e—HeadSuarea—c1t

2)—the-depth-of-thesecketmeasure d-atits
minimum
that show
not have
depth of
be used.

depth in the run pipe is at least equal to
n in ASME B16.11. If the run pipe wall does
sufficient thickness to provide the proper
ocket, an alternate type of construction shall

-3) the clearance between the bottom of the

socket andl the end of the inserted branch pipe is in accor-

dance with Figure 127.4.4-3.

-4) thesize of the fillet weld is not less than 1.09

nominal wall thickness of the branch pipe.
threaded right angle branch connections may

y attaching the branch pipe directly to the run

times the
(-b
be made |
provided
-1) the nominal size of the branch does not
exceed NPS 2 (DN 50) or one-fourth of the nominal
size of th¢ run, whichever is smaller.
-2) the minimum thread engagement is six full
threads fofr NPS %, (DN 15) and NPS %, (DN 20) branches;
seven for [NPS 1 (DN 25), NPS 1%, (DN 32), and NPS 1%
(DN 40) branches; and eight for NPS 2 (DN 50) branches. If
the run pfpe wall does not have sufficient thickness to
provide the proper depth for thread engagement, an@lter-
native tyge of construction shall be used.

(c) Brapch Connections Not Requiring Reinforcement. A
pipe having a branch connection is weakened by the
opening tlEat must be made in it. Unless.the/'wall thickness
of the brapnch and/or run pipe is suffieiently in excess of
that requjred to sustain the pressure, it is necessary to
provide adlditional material to,meet the reinforcement re-

(5) partial penetration welded branch connegtions
NPS 2 (DN 50) and smaller, as shown in
Figure 127.4.8-7, illustration (a), provided t,, is not
less than the nominal wall thickness of*Schedul¢ 160
pipe of the branch size.

(6) partial penetration weldédjinstrument connec-
tions NPS 2 (DN 50) and<smaller, as shown in
Figure 127.4.8-7, illustration*(b), provided ¢, is not
less than P;/1.6S,, where P/is the design pressurp [psi
(kPa)], d is the nominal diameter [in. (mm)] qf the
hole into which the instrumentation is inserted, and S,
is the allowable~stress [psi (kPa)] of either thg run
pipe or branchyat’the design temperature, whicheyer is
lower. In addition, for welds made to instruments inderted
into the flow stream, the designer shall consider th¢ fluid
flow stdtic, dynamic, and vibration loads to which thgy will
be stbjected.

{d) Branch Connections Subject to Internal Prdssure
Requiring Reinforcement

(1) Reinforcement is required when it if not
provided inherently in the components of the branch
connection. This subparagraph gives rules covering the
design of branch connections to sustain internal prgssure
in cases where the angle between the axes of the byranch
and of the run is between 45 deg and 90|deg.
Subparagraph (e) gives rules governing the design of
connections to sustain external pressure.

(2) Figure 104.3.1-1 illustrates the notations uped in
the pressure-temperature design conditions of bfanch

quiremenits of (d) and (e). However, there are certain connections. These notations are as follows:

branch cqnnections for<which supporting calculations b = subscript referring to branch

are not rgquired. These are as follows: d; = inside centerline longitudinal dimensjon of
(1) Branch connections made by the use of a fitting the finished branch opening in the runfof the

(tee, laterpl, cross, ‘et branch weld-on fitting), manufac- pipe, in. (mm)

tured in[ acCerdance with a standard listed in = [Dop = 2(Tp - A)]/sin «

Table 126.1-15 and used within the limits of pressure- d, = “half width” of reinforcing zone, in. (mm)

temperature ratings specitied In that standard. = the greaterofd, or (I, -A) + (I, -4) +d1/2
(2) branch connections made by welding a coupling but in no case more than D, in. (mm)

or half coupling directly to the run pipe in accordance with D,, = outside diameter of branch, in. (mm)

Figure 127.4.8-6, provided the nominal diameter of the D,n = outside diameter of header, in. (mm)

branch does not exceed NPS 2 (DN 50) or one-fourth h = subscript referring to run or header

the nominal diameter of the run, whichever is less. The L, = altitude of reinforcement zone outside of

minimum wall thickness of the coupling anywhere in
the reinforcement zone (if threads are in the zone,
wall thickness is measured from the root of the thread
to the minimum 0.D.) shall not be less than that of the

30

run, in. (mm)
2.5(Tp - A) + t, or 2.5(Ty, — A), whichever is
smaller
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T, T, = actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
branch or header pipe, in. (mm)

required minimum wall thickness, in. (mm),
of the branch or header pipe as determined
by use of eq. (7) or eq. (8) in para. 104.1.2(a)
thickness of attached reinforcing pad, in
Example A, in. (mm); or height of the

tmb' tmh =

the run and
projected surfaces and lying completely
within the area of integral reinforcement,
in Example B, in. (mm)

a = angle between axes of branch and run, deg
(-a) If the run pipe contains a longitudinal seam
that is not intersected by the branch, the stress value
of seamless pipe of comparable grade may be used to
determine the value of t,,,;, for reinforcement calculations
only. Ifthe branch intersects alongitudinal weld in the run,
or if the branch contains a weld, the weld joint efficiency
for either or both shall enter the calculations. If the branch
and run both contain longitudinal welds, care shall be
taken to ensure that the two welds do not intersect
each pther.

(-b) The required reinforcement area in square
inchdgs (square millimeters) for branch connections
shall pe the quantity

Ay = Ag(2 —sina) = (t,,, — A)d; (2 —sina)

Forrightangle connections, the requiredxeinforce-

ment|becomes

A7 = Ag = (tmn — )

The required reinforcément must be within the
of the reinforcement(zone as defined in (-d).

(-c) The reinforeément required by (2) shall be
that provided by any ‘combination of areas A;, 4;, 43,
A4, and A4s, as definéd below and illustrated in Figure
104.3.1-1 where

limitd

gral reinforcement. For welding branch connec-
tions refer to para. 127.4.8.

As = area provided by a saddle on right angle connec-
tions
= (0.D. of saddle - D,p)t,

Ag = pressure design area expected at the end of

service life

= (tmh - A)dl
Portiers—efthereinfe areq may be
composed of materials other than those|gf the run

pipe, but if the allowable stress of theése/materials is
less than that for the run pipe, the corresponding calcu-
lated reinforcement area provided by this material shall
be reduced in the ratio of themallowable strfess being
applied to the reinforcement\apea. No additignal credit
shall be taken for materials having higher pllowable
stress values than the run pipe.

(-d) Reinforcement Zone. The reinforcement zone
is a parallelogram Whose width shall extend a distance, d5,
on each side of the centerline of the branch [pipe, and
whose altitude shall start at the inside surface of the
run pipe @nd”extend to a distance, L4, from the outside
surface of the run pipe.

(-e) Reinforcement of Multiple Open
préferred that multiple branch openings be ppaced so
that their reinforcement zones do not overlap. If closer
spacing is necessary, the following requirement shall
be met. The two or more openings shall be geinforced
in accordance with (2), with a combined reinforcement
that has a strength equal to the combined s{rength of
the reinforcement that would be required for the separate
openings. No portion of the cross section shall pe consid-
ered as applying to more than one opening, or belevaluated
more than once in a combined area.

When more than two adjacent ope
provided with a combined reinforcemn
minimum distance between centers of af
these openings should preferably be at least
their average diameter, and the area of rein
between them shall be at least equal to 5
total required for these two openings.

(-f) Rings, Pads, and Saddles. Reinf

ngs. It is

nings are
ent, the
y two of
11/2 times
orcement
% of the

brcement

he crotch.
g, pad, or

A i ?;Za r—)rc(;v)lziﬁd_by e;cess pipe wall in the run provided in the form of rings, pads, or sadfles shall
4= areazl in Zl(mrhnz) gﬁovided by excess pipe wall in not be appreciably narrower at the side than at
? the }t\r::.nr‘h for a‘ distance L. abhave the run A vent hole shall be prOVided at the i
= 2Ly (Ty - tp)/sin @ T saddle to provide venting during welding and heat treat-
= 2L4 (Tp = tmp
Az = area provided by deposited weld metal beyond ment. Re.fer to para. 127.4.8(e). .
the outside diameter of the run and branch Rings, pads, or saddles may be made in more than
and for fillet weld attachments of rines ads' one piece, provided the joints between pieces have full
and saddles §S, pads, thickness welds, and each piece has a vent hole.
A, = area provided by a reinforcing ring, pad, or inte- (-g) Other Designs. The adequacy of designs to

gral reinforcement. The value of A4, 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 inte-

31

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
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calculations previously substantiated by successful
service of similar design.

(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 — sina)

where t,,, is the required header wall thickness deter-

Dob =
= outside diameter of run
= corroded internal diameter of run

outside diameter of branch pipe

height of the extruded lip. This must be equal
to or greater than r,, except as shown in (b)
under the definition of r,.

altitude of reinforcement zone

0.7 /Dy T,

half width of reinforcement zone (equal to

mined foyrstraight pipe Under external pressure, USing
procedurgs outlined in ASME BPVC, Section VIII, Division
1, UG-28,|[UG-29, UG-30, and UG-31.

Procedpres established heretofore for connections
subject tg internal pressure shall apply for connections
subject to| external pressure provided that D,j,, D,p, and
t- are reduced to compensate for external corrosion, if
required by design conditions.

(f) Brapch Connections Subject to External Forces and
Moments. [The requirements of the preceding paragraphs
are intenfled to ensure safe performance of a branch
connectiopn subjected only to pressure. However, when
external forces and moments are applied to a branch
connectigdn by thermal expansion and contraction; by
dead weight of piping, valves, and fittings, covering
and contepnts; or by earth settlement, the branch connec-
tion shall [be analyzed considering the stress intensifica-
tion factoys as specified in ASME B31]. Use of ribs, gussets,
and clamps designed in accordance with para. 104.3.2 is
permissille to stiffen the branch connection, but their
areas canhot be counted as contributing to the required
reinforcemnent area of the branch connection.

(g) Extruded Outlets Integrally Reinforced

(1) The following definitions, modifications, nota-
tions, and requirements are specifically applicable to
extruded |outlets. The designer shall make“proper wall
thicknesp allowances in order that-the required
minimum|reinforcement is ensured over the design life
of the system.

(2) Definition. An extrudédyoutlet header is defined
as a headgr in which the extruded lip at the outlet has an
altitude apove the surfage™of the run that is equal to or
greater than the radius of curvature of the external
contoured portion’of\the outlet; i.e,, h, = r,. See nomen-
clature and Figure.104.3.1-2.

(3) Thesemules apply only to cases where the axis of
the outletfintérsects and is perpendicular to the axis of the

dc)
radius of curvature of external contpured
portion of outlet measuredin_the plane
containing the axes of th€ run and
branch. This is subject.to the follqwing
limitations:

(-a) Minimum Radius. This dimepnsion
shall not be lessythan 0.05D,;, excepf that
on branch diameters larger than NPS 30
(DN 750), itneed not exceed 1.50 ip. (38
mm).

(-b), Maximum Radius. For outlet pipe
sizesy6 in. (150 mm) nominal and larger,
this dimension shall not exceed 0.10D,; +
0.50 in. (0.10D,;, + 12.7 mm). For ¢utlet
pipe sizes less than NPS 6 (DN 150}, this
dimension shall be not greater than| 1.25
in. (32 mm).

(-c) When the external contour comntains
more than one radius, the radius of aly arc
sector of approximately 45 deg shall|meet
the requirements of (-a) and (-b). When
the external contour has a continupusly
varying radius, the radius of curvatyre at
every point on the contour shall megt the
requirements of (-a) and (-b).

(-d) Machining other than grinding for
weld cleanup shall not be employed to
meet the above requirements.
actual wall thickness (by measuremept) or
the minimum wall thickness permissible
under the purchase specification qf the
branch pipe minus the corrosion allowance,
in. (mm)
actual wall thickness (by measuremept) or
the minimum wall thickness permissible
under the purchase specification qf the

run. These rules do not apply to any nozzle in which addi-
tional nonintegral material is applied in the form of rings,
pads, or saddles.

(4) The notation used herein is illustrated in
Figure 104.3.1-2. All dimensions are in inches (milli-
meters).

d, = corroded internal diameter of branch pipe

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

34

ho
Lg
r
o
Tb—A =
Th—A =
tmp — A =
tmh—A =

header pipe minus the corrosion allowance,
in. (mm)

required thickness of branch pipe according
to wall thickness eq. (7) or eq. (8) in para.
104.1.2(a), but not including any thickness
for corrosion

required thickness of the run according to
eq. (7) or eq. (8) in para. 104.1.2(a), but
not including any allowance for corrosion
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Figure 104.3.1-2
Reinforced Extruded Outlets

(d) [Note (3)]

35
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Figure 104.3.1-2
Reinforced Extruded Outlets (Cont’d)

NOTES:

(1) Taper bore inside diameter (if required) to match branch pipe 1:3 maximum taper.
(2) Ilustration to show method of establishing T, when the taper encroaches on the crotch radius.

(3) Ilustration is drawn for condition where k = 1.00.

T, = corroded finished thickness of extruded

spacing is necessary, the following requirements shall

outlet measured at a height equal to r,
above the outside surface of the run

(5) The required area is defined as
A7 = K(tyy — A)d,

where K ghall be taken as follows:
For D,,/D,n greater than 0.60,

K = 1.00

For D,,/D,n greater than 0.15 and not exceeding 0.60,

K = 06 + %1%bu%h
For D,,/D,, equal to or less than 0.15,

K =10.70

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

(6) ReinforcementArea. The reinforcementaread shall
be the sum of areas

A+ Ay + Ay

as defined below.

(-a) Area A, is the area lying.within the reinforce-
ment zong resulting from any excess thickness available in
the run wall.

A mA(Th = typ)
(-b) Area Asisithe area lying within the reinforce-

ment zong resulting from any excess thickness available in
the branch pipe wall.

A — 21 (T

be met. The two or more openings shall be reinfprced
in accordance with (g) with a combined reinforegment
that has a strength equal to the combined, 'strength of
the reinforcement that would be required for separate
openings. No portion of the cross section shall be consid-
ered as applying to more than one opening, or be evaluated
more than once in a combined aread.

(8) In addition to the abdwes/the manufacturey shall
be responsible for establishing:and marking on the s¢ction
containing extruded outlets the design pressurg and
temperature. The manufacturer’s name or trademarks
shall be marked ofythe section.

104.3.2 Attachments. External and internal aftach-
ments to piping shall be designed so as not to causg flat-
tening of the'pipe, excessive localized bending stresges, or
harmfulthermal gradients in the pipe wall. It is impg¢rtant
that‘such attachments be designed to minimize $tress
cohcentrations in applications where the number of
stress cycles, due to either pressure or thermal ¢ffect,
is relatively large for the expected life of the equipment.

104.4 Closures

104.4.1 General. Closures for power piping syftems
shall meet the applicable requirements of this|Code
and shall comply with the requirements described in
(a) or (b). Closures may be made

(a) by use of closure fittings, such as threadgd or
welded plugs, caps, or blind flanges, manufactured in
accordance with standards listed in Table 126.1-1, and
used within the specified pressure-temperature
ratings, or

(b) in accordance with the rules contained in ASME
BPVC, Section I, PG-31 or Section VIII, Division 1, UG-
34 and UW-13, calculated from

ty=t+A

£ o)
/Bt AN S 171 74

(-c) Area A, is the area lying within the reinforce-
ment zone resulting from excess thickness available in the
extruded outlet lip.

Ay = ZVo[To —(T, - A)]

(7) Reinforcement of Multiple Openings. It is
preferred that multiple branch openings be spaced so
that their reinforcement zones do not overlap. If closer

where
t = pressure design thickness, calculated for the given
closure shape and direction of loading using appro-
priate equations and procedures in ASME BPVC,
Section I or Section VIII, Division 1

The symbol 4 and the symbols used in determining ¢ shall
have the definitions shown herein, instead of those given
in the ASME BPVC.
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Attachment of a welded flat permanent closure with
only a single fillet weld is not permitted.

104.4.2 Openings in Closures. Openings in closures
may be made by welding, extruding, or threading. Attach-
ment to the closure shall be in accordance with the limita-
tions 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

For certain specific applications, see the limitations of
paras. 122.1.1(f) through 122.1.1(h).

(b) These flange design rules are not applicable to flat
face designs employing full face gaskets that extend
beyond the bolts.

(c) Application of bolting materials for flanged joints is
covered in para. 108.5.

104.5.2 Blind Flanges

with para. 104.6.

OtHer openings in closures shall be reinforced in accor-
danc¢ with the requirements of reinforcement for a
brandh connection. The total cross-sectional area required
for rejnforcement in any plane passing through the center
of thg opening and normal to the surface of the closure
shall pot be less than the quantity of dst, where

ds |= diameter of the finished opening, in. (mm)

t |= as defined in para. 104.4.1(b)

104.% Pressure Design of Flanges and Blanks
104

(@)

.5.1 Flanges — General

Flanges of sizes NPS 24 (DN 600) and smaller that
are nmpanufactured in accordance with ASME B16.1 and
ASMHE B16.5 shall be considered suitable for use at the
primary service ratings (allowable pressure at service
temperature) except the slip-on flanges to ASME B16.5
shall |be limited in application to no higher than Class
300 jprimary pressure service rating. Refer-to
para.|127.4.4.

Foi flanges larger than NPS 24 (DN 600) and manufac-
tured|in accordance with the specifications asid'standards
listed|in Table 126.1-1, the designer is cautioned about the
dimensionally different designs that aréavailable, as well
as the limitations of their application,

Flahges not made in accordancé with the specifications
and standards listed in Table 126.1-1 shall be designed in
accor[dance with ASME BPV(, Section VIII, Division 1,
exceft that the requiremients for fabrication, assembly,
inspertion, and testing, and the pressure and temperature
limitq for materials-ef.this Code for Pressure Piping shall
goverln. Certainnotations used in the ASME Code, namely
P, Sa, S and Sg/shall have the meanings described below
instegd of-those given in the ASME Code. All other nota-

tions |shall be as defined in the ASME Code.

101.2.4)

S, = maximum allowable bolt stress at ambient
temperature, psi (kPa) (see Mandatory Appendix
A, Table A-10)

S, = maximum allowable bolt stress at design
temperature, psi (kPa) (see Mandatory Appendix
A, Table A-10)

Sy = 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)
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{a) Blind flanges manufactured in accordande with the
standards listed in Table 126.1-1 shall be lepnsidered
suitable for use at the pressure-temperatuyerating speci-
fied by such standards.

(b) The required thickness of blind'flanges
factured in accordance with stdndards in Tab
shall be calculated from eq. (13).

t =\EH A

hot manu-
e 126.1-1

(13)

where
t = pressure désign thickness as calculat¢d for the
given style of blind flange from the agpropriate
equations for bolted flat cover plateq in ASME
BPVC, Section I. Certain notations usedl in these
equations, namely P and SE [spe para.
104.1.2(a), footnote 3], shall be condidered to
have the meanings described in para. 104.1.2(a)
instead of those given in the ASME |Code. All
other notations shall be as defined in the ASME
Code.

104.5.3 Blanks
(a) The required thickness of permanent b
Figure 104.5.3-1) shall be calculated from the|

th =t + A

anks (see
equation

where
t = pressure design thickness as calculd

eq. (14)

ted from

(14)

3P
=96\ TesE

See para 104.1. 2(a) footnote 3.

face flanges or the gasket pltch diameter for
retained gasketed flanges, in. (mm)

(b) Blanks to be used for test purposes only shall have a
minimum thickness not less than the pressure design
thickness t specified above, except that P shall be not
less than the test pressure and SE [see para.
104.1.2(a), footnote 3] may be taken as the specified
minimum yield strength of the blank material if the
test fluid is incompressible.
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Figure 104.5.3-1
Types of Permanent Blanks
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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 manufacturédyin accordance
with the sfandards listed in Table 126(1-1 shall be consid-
ered suitdble for use at the specified, pressure-tempera-
ture ratings. Where butt welding reducers are made to a
nominal pipe thickness, the réducers shall be considered
suitable for use with pipe-ofithe same nominal thickness.

104.7 Other Pressure-Containing Components

104.7.1 Listed ‘Components. Pressure-containing
components manufactured in accordance with the stan-

dards liste¢d\in-Table 126.1-1 shall be considered suitable

calculations consistent with the design criteria df this
Code. These calculations shall be substantiated by one
or more of the means stated in (a) through (d).
(a) extensive, successful service experience yinder
comparable conditions with similarly proportjoned
components of the same or similar material
(b) experimental stress analysis, such as descriljed in
ASME BPVC, Section VIII, Division 2, Annex 5-F
(c) proof testin accordance with ASME B16.9; M
97; or ASME BPVC, Section [, A-22
(d) detailed stress analysis, such as finite eldment
method, in accordance with ASME BPVC, Section VIII} Divi-
sion 2, Part 5, except that the basic material allowable
stress from the Allowable Stress Tables of Mandatory
Appendix A or as calculated per para. 123.1.2(b)| shall
be used in place of S,

bS SP-

for use under normal operating conditions at or below the
specified pressure-temperature ratings. However, the
user is cautioned that where certain standards or manu-
facturers may impose more restrictive allowances for
variation from normal operation than those established
by this Code, the more restrictive allowances shall apply.

104.7.2 Specially Designed Components. The pres-
sure design of components not covered by the standards
listed in Table 126.1-1 or for which design formulas and
procedures are not given in this Code shall be based on

38

Forany of (a) through (d), itis permissible to interpolate
between sizes, wall thicknesses, and pressure classes and
to determine analogies among related materials.

Calculations and documentation showing compliance
with this paragraph shall be available for the owner’s
approval and, for boiler external piping, they shall be avail-
able for the Authorized Inspector’s review.
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104.8 Analysis of Piping Components

To validate a design under the rules in this paragraph,
the complete piping system must be analyzed for condi-
tions and criteria dealing with the effects of thermal
expansion, including movements of equipment,
anchors, guides, and restraints, weight and other
sustained loads, and applicable occasional loads such
as those described in para. 101. Each component in
the system must meet the limits in this paragraph. For

104.8.2 Stress Due to Occasional Loads. The effects of
pressure, weight, other sustained loads, and occasional
loads shall meet the requirements of Figure 104.8-1,
eq.(16). Theloads described in para. 101.5 may be consid-
ered as occasional loads if the time limitations of the term k
are met.

Terms for eq. (16) are as defined in para. 104.8.1, except

F, = longitudinal force due to weight, other
sustained loads (excluding pressure),

pipe and fittings, the pressure term in Figure 104.8-1,
eqgs. (|15) and (16) may be replaced with the alternative
term for S, as defined in para. 102.3.2(a)(3). The pressure
term |n eqgs. (15) and (16) may not apply for bellows and
exparjsion joints. When evaluating stresses in the vicinity
of expansion joints, consideration must be given to actual
crossisectional areas that exist at the expansion joint.

104.8.1 Stress Due to Sustained Loads. The effects of
pressure, weight, and other sustained mechanical loads
shall|meet the requirements of Figure 104.8-1, eq.
(15).[The nomenclature for the equation is as follows:

p = cross-sectional material area of the pipe
D, = nominal outside diameter of the pipe

F, = longitudinal force due to weight and other
sustained loads (excluding pressure)

.S
|

NOTE: Compressive forces are negative values.

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

I; = sustained in-plane moment index. ‘lo-the
absence of more applicable data, I; is
taken as the greater of 0.75#; and 1.00 (i;
taken from ASME B31], Table 1-1).

I, = sustained out-of-plane.moment index. In
the absence of more applicable data, I,
is taken as the gréater of 0.75i, and
1.00 (i, taken from°’ASME B31], Table 1-1).

I, = sustained torsional moment index. In the
absence of more applicable data, I, is taken
as the-greater of 0.75i, and 1.00 (i, taken
from™ASME B31], Table 1-1).

Mg Moy

M. =Mn-plane, out-of-plane, or torsional

moment, respectively, due to sustained
loads [see para. 104.8.4(a)]

and-ocecasionalloadstseenara 1
uuuuuuuuuuuuuuuuuuuu [see-para—04.8.4(b)]
NOTE: Compressive forces aremegafive values.

k = 1.15for occasionalloadsacting f¢r no more
than 8 hr at any one time and no more than
800 hr/yr [see para, 102.3.3(a)]
= 1.2 for occasional léads acting fgr no more
than 1 hr atahy one time and no more than
80 hr/yr [see’para. 102.3.3(a)]
M;p, Myp,

Mz = in-plante, out-of-plane, or gorsional
montent, respectively, due to pustained
foads plus occasional loads [see
para. 104.8.4(b)]

Py = pressure coincident with the gccasional
load being evaluated
S, = stresses due to pressure, weight)sustained
loads, and occasional loads

104.8.3 Stress Due to Displacement Load R3nges. The
effects of thermal expansion and other cyclic lpads shall
meet the requirements of Figure 104.8-1, eq. (17).

Terms are as defined in para. 104.8.1, except

F. = axial force range due to referenc¢ displace-
ment load range

NOTE: Compressive forces are negative values.

i, = axial force stress intensification| factor. In

the absence of more applicable data, i, = 1.0

for elbows, pipe bends, and miter bends

(single, closely spaced, anfl widely

spaced), and i, = i, (or i when|listed) in

ASME B31] for other componer]ts

i, i, I, = in-plane, out-of-plane, and torsignal stress
intensification factors, respectively, for

piping component as defined|by ASME

B31], Table 1-1

Mi{‘: Mn{‘:

el
I

illtcllldl C‘{caigu lJlebulC (DCC

para. 101.2.2)

Sp = basic material allowable stress at design
temperature [see paras. 101.3.2 and
102.3.2(b)]

S, = stresses due to pressure, weight, and other
sustained loads

t, = nominal wall thickness of pipe

Z = nominal section modulus of pipe

M,c = in-plane, out-of-plane, or torsional
moment, respectively, loading range on
the cross section due to the reference dis-
placement load range. For flexibility
analyses, the moments due to the
ambient to normal operating temperature
range and eq. (1A) are typically used [see
paras. 102.3.2(b), 104.8.4(a), and 119.7].

S, = allowable cyclic displacement stress range
[see para. 102.3.2(b)(1)]
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Figure 104.8-1
Equations (15), (16), and (17)

2 2
PD F, (I;M; )%+ (I, M, 4)? ItM¢g
(15) SL — Ia (] + a _I_\/ e oo + t™Mt S Sh
Atp, Ay z Z
Py Dy Fp JIiMig)2+(IoMop)? ? ItMip 2 -
(16)| Sy = || + + + (—) < k§y,
4ty Ap yA Z
iaFc \/(iiMiC)2+(ioMoC)2 2 itMtC 2
(17)| Sy = + +(25) <,
Ap yA VA
4 = reference displacement stress range [see PART 3
para. 104.8.4(c)] SELECTION AND LIMITATIONS OF PIPING
COMPONENTS

104.8.4 Application of Forces and Moments

(a) Fox Figure 104.8-1, eqgs. (15) through (17), for
moment ¢onvention to calculate stresses, the designer
may refer to ASME B31], Figure 1-1 for moments in
branch cpnnections and ASME B31], Figure~1-2 for
pipe bends or welding elbows.

(b) WHen combining forces and moments due to
weight, other sustained loads and forces, and occasional
loads, if tHe method of analysis forloccasional loads, such
as earthquake or other dynamicleads, is such that only the
force and moment magnitudes\without relative algebraic
signs are pbtained, the most\Conservative combination of
the signedl and unsignedforces and moments shall be
used.

(c) Figiire 10448<); eq. (17) shall be used to calculate S;
when confputingthe total number of equivalent reference
displacement stress range cycles, N [see para.

105 PIPE
105.1 General

Pipe conforming to the standards and specificgtions
listed in Mandatory Appendix A shall be used within
the range of temperatures for which allowable stiesses
are given within the limitations specified herein.

105.2 Metallic Pipe
105.2.1 Ferrous Pipe

(a) Furnace butt welded steel pipe shall not be usgd for
flammable, combustible, or toxic fluids.
(b) Ductile iron pipe may be used for design pregdsures
within the ratings established by the standards and peci-
fications listed in Tables 126.1-1 and A-5 and Notes

102.3.2 (¥t e When catcutating—S;;theforce
and moments associated with the i displacement range
cycle should be used rather than the reference displace-
ment range cycle.

40

thereto, and the limitations herein and in para. 124.6.
Ductile iron pipe shall not be used for flammable, combus-
tible, or toxic fluids. Temperature limits for the use of
ductile iron pipe are often determined by the type of elas-
tomeric gasket used in the pipe joints, or the lining mate-
rial used on the internal surface of the pipe. It is the
responsibility of the designer to determine whether
these components are suitable for use in the particular
application being considered. See para. 106.1(e).
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105.2.2 Nonferrous Pipe

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

(b) Copper and brass pipe for air may be used in accor-
dance with the allowable stresses given in the Allowable
Stress Tables.

(c) Copper tubing may be used for dead-end instru-
ment service with the limitations stated in para.

(c) Cast butt-welding steel fittings not covered by the
dimensional standards listed in Table 126.1-1 may be used
up to the manufacturer’s pressure and temperature
ratings, provided they are radiographed in accordance
with MSS SP-54. Fittings with discontinuities in excess
of those permitted by MSS SP-54 shall be rejected. The
purchaser may allow the repair of a rejected fitting
provided it is reexamined and accepted in accordance
with the requirements of MSS SP-54.

122.312(d).

(d)| Copper, copper alloy, or aluminum alloy pipe or
tube [may be used under the conditions stated in
para.|124.7. Copper, copper alloy, or aluminum pipe or
tube ghall not be used for flammable, combustible, or
toxic fluids except as permitted in paras. 122.7 and 122.8.

105.3

(a)] Rules and service limitations for plastic and elas-
tomer-based piping materials, with or without fabric or
fibroys material added for pressure reinforcement, are
givenl in Mandatory Appendix N. These materials
incluge thermoplastics and reinforced thermosetting
resing.

(b)
for fl
unpr

Nonmetallic Pipe

Metallic piping lined with nonmetals may be used
ids that would corrode or be contaminated by
btected metal. See para. 122.9 and Mandatory
Appendix N.

(c)| Reinforced concrete pipe may be used in accors
danc¢ with the specifications listed in Table 126.1-1
for water service up to 150°F (65°C).

(d)| A flexible nonmetallic pipe or tube assembly'may be
used [in applications where
1) satisfactory service experience exists
?) the pressure and temperature: conditions are
h the manufacturer’s recommendations
3) the conditions described.in paras. 104.7, 124.7,
24.9 are met

withi
and 1

106
106.]

(a)| Threaded, flanged, grooved and shouldered, socket-
welding, butts-welding, compression, push-on, mechanical
gland| and-solder-joint fittings made in accordance with
the applicable standards in Table 126.1-1 may be used in

FITTINGS, BENDS, AND INTERSECTIONS
Fittings

TaoTrreatea—enas>—T0oT Vet

(d) Eabhyicatad andce for ngCnnA and-shewldered type

joints are acceptable, provided they are attacled by full
penetration welds, double fillet welds, or threadiing. Fabri-
cated ends attached by single fillet welds are not accept-
able.

(e) Elastomeric gasket bell end.fittings compllying with
applicable standards listed in‘Fable 126.1-1 may be used
for water service. Temperature limits for gray and ductile
iron fittings using ANSIfAWWA C111/A21.11|joints are
150°F (65°C) for push-on joints and 120°F (49°C) for
mechanical joint§, based on standard watqr service
gasket and lining-materials. Fittings of this type using
alternative /materials, as allowed by AWWA (111, may
be used for Monflammable, nontoxic servicel to 212°F
(100°C),where suitability for the fluid and operating con-
ditions’has been established by test or exjperience.
Tefmperature limits for bell and spigot fittings jn nonme-
tallic pipe shall be per para. 105.3.

106.2 Bends and Intersections

Bends and extruded branch connections mdy be used
when designed in accordance with the proyisions of
paras. 104.2 and 104.3, respectively. Miters may be
used within the limitations of para. 104.2.3.

106.3 Pipe Couplings and Unions

(a) Castiron and malleable iron pipe couplings shall be
limited in application as referenced in paras. [L24.4 and
124.5, respectively.

(b) Straight thread couplings shall not be used.

(c) Class 3000 steel pipe unions constructed in accor-
dance with MSS SP-83 may be used, provided the system
design conditions are within the standard’s listed pres-
sure-temperature ratings.

106.4 Flexible Metal Hose Assembly

power piping systems within the material, size, pressure,
and temperature limitations of those standards, and
within any further limitations specified in this Code. Mate-
rial for fittings in flammable, combustible, or toxic fluid
systems shall, in addition, conform to the requirements of
paras. 122.7 and 122.8.

(b) Fittings not covered by the standards listed in
Table 126.1-1 may be used if they conform to para. 104.7.

41

(a) Flexible metal hose assemblies may be used to
provide flexibility in a piping system, to isolate or
control vibration, or to compensate for misalignment.
The design conditions shall be in accordance with
para. 101 and within the limitations of the assembly as
recommended by the manufacturer. The basis for their
application shall include the following service conditions:
thermal cycling, bend radius, cycle life, and the possibility
of corrosion and erosion. Installation shall be limited to a
single-plane bend, free from any torsion effects during
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service conditions and nonoperating periods. Type of end-
connector components shall be consistent with the re-
quirements of this Code.

(b) A flexible metal hose assembly, consisting of one
continuous length of seamless or butt welded tube
with helical or annular corrugations, is not limited as
to application in piping systems that are within the
scope of this Code, provided that the conditions described
in (a) are met. For application subject to internal pressure,
the flexibl

(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 SP-88, the designer shall specify the proper cate-
gory pressure-temperature rating for the system design
conditions, and should consider the expected in-service
and shelf lives of the diaphragm material.

e eSSt o - ot e oYWt B e80T

separate lpyers of braided metal permanently attached at
both coupling ends by welding or brazing. For application
in toxic flyid systems, it is recommended that the designer
also reviep the standards published by the relevant fluid
industry fpr any additional safety and materials require-
ments thqt may be necessary.

(c) Aflexible metal hose assembly consisting of wound
interlocking metal strips may be applied to atmospheric
vent systgms only and shall not be used in systems that
convey high-temperature, flammable, toxic, or searching-
type fluids. Where applicable, as determined by the
designer| and within the limitations described in
para. 122.6 and those imposed by the manufacturer,
this type [of hose assembly may be used at pressure-
relieving flevices.

107 VALVES
107.1 General

(a) Val
tions liste

ves complying with the standards and specifica&
1 in Table 126.1-1 shall be used within the spgci-
fied pressure-temperature ratings. Unless otherwise
required |n the individual standards and specifitations
listed in Thble 126.1-1, such steel valves shall be pressure
tested in fccordance with MSS SP-61.

(b) Valyesnotcomplying with (a) shall'be of a design, or
equal to the design, that the manufacturer recommends
for the service as stipulated in para:“102.2.2. Such valves
shall be pressure tested in accordance with MSS SP-61.

(c) Sonpe valves are capable of sealing simultaneously
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 heatedsa\dangerous rise in pressure can result.
Where thils condition is possible, the owner shall provide
means in gdesign, installation, and/or operation to ensure

{fePressure-reglatingvalvesmay have-pressure
ratings in accordance with ANSI/FCI Standard 79-1,Regu-
lators having two static pressure ratings, ice, linlet vs.
outlet, shall be installed with adequate oyerpressure
protection devices to prevent excessive downstream pres-
sure resulting from any systemfailure. Refler to

paras. 122.5 and 122.14.

107.2 Marking

Each valve shall bear therianufacturer’s name or
mark and reference symbol to indicate the service
tions for which thé, manufacturer guarantees the palve.
The marking shal} be in accordance with ASME B16.5
and ASME B16.34. MSS SP-25 may also be usgd for
guidance,

rade-
ondi-

107.3-Ends

Valves may be used with flanged, threaded
welding, socket welding, or other ends in accor
with applicable standards as specified in para. 107

butt
Hance
1(a).

107.4 Stem Threads

Where threaded stem valves are used, stem threadjs may
be internal or external with reference to the valve b¢nnet.
Outside screw and yoke design shall be used for valvgs NPS
3 (DN 80) and larger for pressures above 600 psi (4 135
kPa). This requirement is not applicable to quartey-turn
valves that comply with all other provisions of this|Code.

107.5 Bonnet Joints

Bonnet joints may be flanged, welded, pressure
union type, or other design, except that scrpwed
bonnet connections in which the seal depends|on a
steam-tight threaded joint shall not be permitted as
source valves in steam service at pressures abovge 250

seal,

that the pressure in the valve shall not exceed the rated
pressure for the attained temperature. A relief device used
solely for the overpressure protection from such
entrapped fluid and conforming to (a) or (b) need not
comply with the requirements of para. 107.8. Any pene-
tration of the pressure-retaining wall of the valve shall
meet the requirements of this Code.

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

42

psi (1750 kPa)
r AY J

107.6 Bypasses

Sizes of bypasses shall be in accordance with MSS SP-45
as a minimum standard. Pipe for bypasses shall be at least
Schedule 80 seamless, and of a material of the same
nominal chemical composition and physical properties
as that used for the main line. Bypasses may be integral
or attached.
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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 pressures 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 accor-

1 71

108.4 Gaskets

Gaskets shall be made of materials that are not injur-
iously affected by the fluid or by temperature. They shall
be in accordance with Table 112-1.

108.5 U.S. Customary Bolting
108.5.1 General

(a) Bolts, bolt studs, nuts, and washers shall comply

dancq-with-pare—+22-4-7td): with applicable standards and specificationg listed in
107.8.3 Pressure Relief Requirements on Nonboiler ~ Tables 112-1 and 126.1-1. Bolts and bglt studs shall
Exterpal Piping extend completely through the nuts.
(a)| Reheater safety valves on reheat piping shall (b) Washers, when used under nuts, shall bg of forged
confofrm to para. 122.1.7(d). or rolled material with steel washers being used under
(b)| Safety, safety relief, relief, and pilot-operated pres- steel nuts and bronze we'isher.s under bronze huts.
sure felief valves shall be in accordance with ASME BPVC, (¢) Nuts shall be provided fn’accordance with the re-
Sectign VIII, Division 1, UG-126. quirements of the specification for the bolts and polt studs.
(c)| Nonreclosing pressure relief devices, such as (d) Alloy stfael bolF studs shall be either threaded full
ruptyre disks, pin devices/valves, and spring-loaded  length or provided withTeduced shanks of a digmeter not

nonrgclosing devices, shall be in accordance with
ASMH BPVC, Section VIII, Division 1, UG-127.

(d) Valves and devices in (b) and (c) shall be
constfucted, manufactured, rated, and marked in accor-
dancg with the requirements of ASME BPVC, Section VIII,
Division 1, UG-128 through UG-132 and UG-136 through
UG-138.

(e)| Capacity certification and the ASME Certification
Mark|and Designator are not required for valves with
set pressures 15 psig [100 kPa (gage)] and lower.

107
rules
Nonny

.8.4 Nonmandatory Appendix. For nonmandatory
for the design of safety valve installations, see
andatory Appendix II

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

108.1 Flanges

Flahges shall conform¢to) the design requirements of
paraf 104.5.1 or tothé standards listed in Table
126.1-1. They may-be integral or shall be attached to
pipe py threading;“welding, brazing, or other means
withih the applicable standards specified in Table 126.1-1.

108.2 Blanks

less than that at the root of the threads. They shall have
ASME heavy héxagonal nuts. Headed alloy boltg shall not
be used with other than steel or stainless ste¢l flanges.

(e) All'alloy steel bolt studs and carbon steg¢l bolts or
bolt studs and accompanying nuts shall be threaded in
accordance with ASME B1.1 Class 2A for|external
threads and Class 2B for internal threads| Threads
shall be the coarse-thread series except that alloy steel
bolting 1% in. and larger in diameter shall [be the 8-
pitch-thread series.

(f) Carbon steel headed bolts shall have squdre, hex, or
heavy hex heads (ASME B18.2.1) and shall be jused with
hex or heavy hex nuts (ASME B18.2.2). For polt sizes
smaller than 3/4 in., square or heavy hex Heads and
heavy hex nuts are recommended. For bolt sigzes larger
than 11/2 in., bolt studs with a hex or heavy hex nut on
each end are recommended. For cast iron ¢r bronze
flanges using ¥, in. and larger carbon ste¢l headed
bolts, square nuts may be used.

108.5.2 For the various combinations of flange mate-
rials, the selection of bolting materials and relpted rules
concerning flange faces and gaskets shall be in afcordance
with para. 108 and Table 112-1.

108.5.3 Bolting requirements for compophents not
covered by para. 108.5.2 shall be in accordance with
para, 102.2.2

Blamksstrattcomnform to tire desigm TequiTements of
para. 104.5.3.

108.3 Flange Facings

Flange facings shall be in accordance with the applicable
standards listed in Tables 112-1 and 126.1-1. When
bolting Class 150 standard steel flanges to flat face
cast iron flanges, the steel flange shall be furnished
with a flat face. Steel flanges of Class 300 raised face stan-
dard may be bolted to Class 250 raised face cast iron.
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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. 108.5, but the following are allowed:

(a) Threads shall be in accordance with ASME B1.13M,
M profile, with tolerance Class 6g for external threads and
Class 6H for internal threads.
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(b) Threads shall be the coarse-thread series for size
M68 and smaller, and 6 mm fine-pitch for M70 and larger
sizes, except thatalloy 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 ASME
B18.2.3.6M, respectively. Heavy hex heads are recom-
mended for headed bolt sizes M18 and smaller.

(d) Bolgstuds-arerees inlie
for sizes M39 and larger.

108.6.2| Responsibilities When Specifying or Allowing
Metric Balting

(a) Th¢ piping designer is responsible for specifying
the metri¢ bolt size to be used with each class and size
of flange.

(b) Th¢ designer shall ensure that the selected metric
size will fit within the flange bolt holes, and that adequate
space exigts for bolt heads, nuts, and the assembly tool.

(c) In those instances where the selected metric bolt
size is smaller in root thread area than the corresponding
U.S. Custdmary size, the designer shall ensure that the
selected [size is capable of the required assembly
torque and of producing the required gasket loading to
adequatelly seal at design pressure. Further, the designer
shall ensyre sufficient contact area exists between the
flange metal and both the nut and bolt head to withstand
the requirfed bolt loading. If not, larger bolting or a higher
flange claps shall be selected.

PART 4
SELECTION AND LIMITATIONS OF PIPING JOINTS

110 PIPING JOINTS

The typge of piping joint used shall be suitable for the
design conditions and shall be selected with consideration
of joint tightness, mechanicalstrength, and the nature of
the fluid handled. The effects of using materials with
different doefficients ofthermal expansion shall be consid-
ered.

111 WELDED-JOINTS
111.1 Geheral

111.2 Butt Welds

111.2.1 Design of Butt Welds. The design of butt welds
shallinclude the evaluation of any expected joint misalign-
ment [para. 127.3(c)] that may result from specification of
joint geometries at variance with the recommendations of
this Code.

111.2.2 Backing Rings for Butt Welds. If backing rings
are used in services where their presence will result in
i ingtingshpll be
removed and the internal surface ground smtooth. In
such services, where it is impractical to_femove the
backing ring, consideration shall be given.to wqlding
the joint without a backing ring, or with*a consumable
type insert ring.

€O OSTOIT O OSTO1T; wre

111.3 Socket Welds

111.3.1 Restrictions on¢Size of socket welded cqgmpo-
nents are given in parasy104.3.1(b)(4), 122.1.1(h), and
122.8.2(c). Special consideration should be givien to
further restricting the use of socket welded pliping
joints where temperature or pressure cycling or severe
vibration is expected to occur or where the sqrvice
may accelerate crevice corrosion.

111.3:2 Dimensions for sockets of socket wdlding
components shall conform to ASME B16.5 for flanges
and ASME B16.11 for fittings. Assembly of spcket
welded joints shall be made in accordance|with
para. 127.3(e).

111.3.3 A branch connection socket welded difectly
into the wall of the run pipe shall be in accordance
with requirements of para. 104.3.1(b)(4).

111.3.4 Drains and bypasses may be attached to a
fitting or valve by socket welding, provided the gocket
depth, bore diameter, and shoulder thickness comform
to the requirements of ASME B16.11.

111.4 Fillet Welds

Fillet welds shall have dimensions not less than the
minimum dimensions shown in Figures 127.4.4-2,
127.4.4-3, and 127.4.8-4.

111.5 Seal Welds

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

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

Seat vvc}diug of LUllllCLtiUllb, iul.}udiug threaded oints,
may be used to avoid joint leakage, but the welding shall
notbe considered as contributing any strength to the joint.
Also see para. 127.4.5. Seal welded threaded joints are
subject to the limitations of para. 114.

112 FLANGED JOINTS

Flanged joints shall conform to paras. 108 and 110 and
Table 112-1.
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113 EXPANDED OR ROLLED JOINTS

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

114 THREADED JOINTS

Threaded joints may be used within the limitations

welded in accordance with para. 127.4.5. The design
and installation of insertion type instrument, control,
and sampling devices shall be adequate to withstand
the effects of the fluid characteristics, fluid flow, and vibra-
tion.

114.3 Threaded Pipe Wall

Pipe with a wall thickness less than that of standard
weight of ASME B36.10M steel pipe shall not be threaded,

speciftedtn para. 106 and withi the other Hmitattons regardless of service. See para. 104.1.2(C) (1)
specified herein. tional threading limitations for pipe usedrin
. . (a) steam service over 250 psi (1750.kPa)
114.3 Threads on Piping Components (b) water service over 100 psi (Z00%kPa) 4
All|threads on piping components shall be taper pipe (105°Q)

threa
in Ta

s in accordance with the applicable standards listed
ble 126.1-1. Threads other than taper pipe threads
may He used for piping components where tightness of the
joint depends on a seal weld or a seating surface other than
the threads, and where experience or test has demon-
stratdd that such threads are suitable.

114.2
114

(a)] Threaded joints are prohibited where any of the
following conditions is expected to occur:
1) temperatures above 925°F (496°C), except as
tted by paras. 114.2.2 and 114.2.3
?) severe erosion
3) crevice corrosion
4) shock
5) vibration
The maximum size limitations in Table'114.2.1-1
to threaded joints in the following' services:
7) steam and water at temperatures above 220°F
(10590)
?) flammable gases, toxic'gases or liquids, and
hmmable nontoxic gases\falso subject to the excep-
identified in paras.«122:8(b) and 122.8.2(c)(2)]

.2.2 Threaded Access Holes With Plugs. Threaded
5 holes with plugs, which serve as openings for radio-
graplic inspectien.of welds, are not subject to the limita-
tions jof para,dd4.2.1 and Table 114.2.1-1, provided their
design andiinstallation meet the requirement of para.
114.1. A.representative type of access hole and plug is
show! H-ESt6-

P
P v e wr up w =

Threaded Joints, Access Holes With Plugs
.2.1 Threaded Joints

perm

(b)
apply]

nonfl
tions

114
acces

for addi-

nd 220°F

115 FLARED, FLARELESS, AND COMPRE$SION
JOINTS, AND UNIONS

Flared, flareless, and-compression type tubi
and cast copper alloy fittings for flared copper
be used for tube ‘sizes not exceeding 2 in. (50
unions mayde used for pipe sizes not exceeding NPS 3 (DN
80) withi/the limitations of applicable stanglards and
specifications listed in Table 126.1-1. Pipe unlions shall
comply“with the limitations of para. 114.2.1.

Inthe absence of standards, specifications, or
stress values for the material used to manuf:
fitting, the designer shall determine that the
the material of the fitting selected is adequat
for the design conditions in accordance with the
requirements:

(a) The pressure design shall meet the requit
para. 104.7.

(b) A suitable quantity of the type, size, and material of
the fittings to be used shall meet successful performance
tests to determine the safety of the joint under[simulated
service conditions. When vibration, fatigue, cyglic condi-
tions, low temperature, thermal expansion, or{hydraulic
shock are expected, the applicable conditions shall be
incorporated in the test.

115.1 Compatibility

Fittings and their joints shall be compatibl¢ with the
tubing or pipe with which they are to be used and
shall conform to the range of wall thickng¢sses and
method of assembly recommended by the manufacturer.

hg fittings
fubes may
mm), and

allowable
cture the
type and
b and safe
following

ements of

114.2.3 Threaded Connections for Insertion Devices.
Threaded connections for insertion type instrument,
control, and sampling devices are not subject to the
temperature limitation stated in para. 114.2.1 nor the
pressure limitations stated in Table 114.2.1-1 provided
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
(10350 kPa), these threaded connections shall be seal

45

115.2 Pressure-Temperature Ratings

Fittings shall be used at pressure-temperature ratings
not exceeding the recommendations of the manufacturer.
Unions shall comply with the applicable standards listed
within Table 126.1-1 and shall be used within the specified
pressure-temperature ratings. Service conditions, such as
vibration and thermal cycling, shall be considered in the
application.


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

ASME B31.1-2022

(00¢g ssep)
9-T'% dIqBL ‘TZ'9Td ANSY
03 d1[[esowou a2ey [ng (z)(3)

BV E-ATAA)

[(5) ynoyy (1) saloN]
Jpduans moj,

ro—adusds—touSH—=z1)

RSN CPAR )

LT i NS ITEAN OPAE )

€-T'% 3qelL ‘12919 ANSY

sagueyj y1oq 1o

[(€) ySnoxyy (1) saloN]

Uo.r a[ionp 00€ SSed
10
‘[093s SSa[urels pue [9931S 00E SSB[D

03 o1fe3awuou Jutt yefq (1)(3) auo ubriejy.Jo pasiey (1)(3) JpSuans mo, (1)(3) ‘uodl Ised 0GZ Sse) L1011 3S€D (GZ SSe[D )
[(S) yBnoaw (g) ss10N] (15-dS SSW Surpnpxa) (15-dS SSIW Surpnpoxs) [oo1s
02919 AWSY 03 yutof Sury jutof Sury J8uans 19ygiy, [991S SSI[UIeIS pue [933S OGT SSe[D SS9[UIEe)S pue [991S OST SSE[D )
[ero3ewt e] dnoan
‘T-9 9Bl ‘S'91d ANSY [(S) ySnoua () saroN]
0} dI[[E32WUOU Jp8uans mor,
90¢j [Ind (€)(p) 3e1d (€)(p) Jo psuans 1oysiy, (€)(p)
[(r1) pue
(01) s910N]
q] pue e] sdnoun
‘T-d 9lqeL ‘S'91d NSV sagueyy yioq 10 [(s) ySrodp (g) saaoN]
01 a1fas 3ury (2)(p) auo uo jey 1o pastey (z)(p) p3uams 1ysiy, (2)(p)
[(01) @10N] uoar s[nonp QST SSep) uodt a[nonp QST SSep)
e] dnouan 10 1o
‘I-d 9[qel ‘G'91d ANSY sadueyy yroq 1o [(€) ySnoayy (1) sa16K] ‘(1S-dS SSIN Surpnpxa) [293s ‘(15-dS SSI Surpnpxa) [291s
03 o1jjesawuou Sutt 3efq (1)(p) auo uo jefj 1o pastey (1)(p) p8uans moT, L1)(p) SSa[ule)S pue [991S (OGT SSe[D SS9[UIe)S pue [991S OSGT SSB[D (p)
J1[[EISWUON
10 ‘uodr a[ndNp QST SSse[)
‘(15-dS SSW Sutpnpur) [2e3s JHIEIRUWUON
SSp[UIelS pue [991S OGT SSE[D 10 ‘[993s gso[urels 15-dS SSIW
[(6) pue (g) saroN] [(£) ySnoayy ) .
Z-T'¥ SIqeL ‘TZ'91d WSV (1) se10N] ,p3uans 9ZUOIq OST SSED azuoq 0ST Sse[)
0] DI[[E3SWUOU 30¥J [[N] e moy, 10 ,y3duans Joysiy,, ‘UO.I 1S€D GZT SSE[D [10.11 3SBD GZT SSe[) ®)
ueda spionp ST Ssep)
10
‘(15-dS SSW Suipnpxe) 9915
Z-T'¥ 91qeL ‘TZ'9Td ANSY [(€) uSnoayy (1) ser0N] SSSUIEIS PUE [9935-08T)5SP1)
03 o1f[e3swruou ‘SurI jef] e pp8uans mo, ‘Uo.I 1Sed GZILSSe[D {1011 3S€D GZT SSe[) (q)
[(5) ynoy (1) saloN]
T-T'% °lqel ‘1Z2'91d ANSY Jpduans moj,
01 dI[[elawuou 22y [[ng (Z)(e) 1e[d (2)(e) o psusns 1oydiy, (7)(e)
I-T'% dIqeL ‘TZ'91d NSV [(€) ySnoaw (1) se10N]
03 o1pesswuou Sutt ey (1)(e) e (1)(e) Jpduans mo, (1)(e) uoll ISed GZ Sse[) uoll ISed GZ Sse[) ()

s)oysen

sgupey a8ue[q

Sunjog

q 98ueryg

Vv pSuerq

g o5ue[d MM SUNER v a5uel]

way|

(ZIT pue ‘01T ‘80T ‘Sseied 03 J3J3Yy) syudwaJinbay 33ysen pue ‘bupeq ‘bunjog abueyy buidid

I-C11 @1qel

46


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

ASME B31.1-2022

Joysed

93 JO 19}9WEIP SPISINO 3} 03 pUSIXa [[eys Suneas 1axses aA1109y30 a3 ‘0 ueyj [993S SSA[UIEIS TG-dS SSIA 10 DI[[EISWUOU ‘DZU0.I ‘UO.ITISED B SUTEIU0D JUI0[ 93 218U A\ 'S3[0q .10 S3[0Y 3[0q 33 JO d3pa
[9S 99 [[eys 1oy ses a14)s Surt 1o SuLl Jej e ‘seue]j 90e] pasiel 10 jefj Jo,] ‘d3ue]] 93 Jo 23pa apISINO Y3 0} PUIXA [[eysS 19y Sed a0ej [[n] e jo Suneass aandaya ayl, (p)

Jouul a3 03 SUIpusIXa ‘GULISIUD-

$¥-dS SSW “8'9) payads saguey

pUE ‘SUORIPUOD JDIAISS ‘Sauey)

by JSULESE PaYy119A 9 p[noys suoisuawiip 39xsed ‘[0Sz sse[d ut (00€ Na) ZT SAN] (009 Na) ¥z SAN ueys 1od.xe[ sazis ul ‘T°91g

‘g pue y sa8ueyy yyoq 03 sarjdde paqriosap Suroej ague

‘Speo] Suipuaq [eUI93Xa 10 Juipeo] 3j0oq pajadxa a9y} wody sadueyy 1o 3oysed ay} Jo SuIssaIIsIano ou aq
U3 J0j 3[qeIINS 9q [[eys (230 ‘ssa11s Suneas “1030ej Jo3ses ‘Ssa4is 3[0q ‘SUOISUIWIP ‘S[eLIo}eW) UONII[S o3 sed pue ‘Guidey 3

"(S09 1dV pue
HINSVY 03 ueyl Jay3o saduepj o (2)
J 9U3 ‘pareas asimaayio ssaqun (q)
[[BYS 919y, "S1S9)} d1ILISOIPAY
Sueyy ‘(syinu Suipnpur) Sunjog (e)
‘SHLON TVYINID

¥-T'% 91q_L ‘TZ°91d NSV
03 dI[[e3oWUOU SULl Y]

J[ewdy
pue afewr 9818y x0’pasiey

[(€) ySnouyy (1) sa10N]
Jp8uans mom,

uoJ1 3sed 008 SSe[D

o1 1S 008 SSE[D 0

0Z'9Td ANSV
03 jurof Sury (g)(1)

utof Sury (€)(M)

[(S) ySnoay (g) se1oN]
8uans 1eysiy, (€)(1)

[(tT) pue (01) seloN]
1-9 9lqeL

pue 11°9 ‘ered ‘S'9Tg HNSY

01 3141 Sury (Z)(1)

240013 pue

anguo) [[ews 1o ad.1e|

‘9[ewd) pue S[eW [[EWS

10 a3xe[ ‘sadueyy yroq
10 auo uo ey} 10 pastey (z)(1)

[(§)yBnou (g) saroN]
Jpsuaas 1aysiy, (2)(1)

[(01) @10N]
[er1d3ew e] dno.xn

‘1-4 ®IqeL pue

29A0013 pue
anguo) [[ews 1o ag.1e|
‘9[ewa) pue a[ew [[BWS

11'9 ered ‘G919 NSV 10 a31e[ ‘sadueyy yjoq [(g) ySnoays (1)“Sa3eN] [993s SSa[ulels pue [931s [993s s§a[uIels pue [991s
03 o1fezowuou Junt yep (1)(1) 10 auo uo ey} 10 pastey (1)(1) JpSuans mex) (1)(1) ‘sasse]d JoySIy pue 0Qg SseD ‘sasse[d JolSIy pue 0Qg Sse[) M
[(o1) @20N]
[eL1ejew e] dnoun
‘T-9 9Bl ‘S'91d ANSY [(S) ySnoua () saroN]
0} dI[[E32WUOU Jp8uans mor,
90ej [Ind (€)(u) 3eld (€)(w) Jo p3usns 1aysiy, (€)(4)
[(11) pue (01) sa10N]
-4 2[qel ‘S'9Td FNSY saduey yioq [(5) ynoy (g) saloN]
03 o[£35 Bury (Z)(u) | 10 suo uo el J0 pastey (Z)(y) p8usns 1eydiy,, (2)(w)
[(01) @30N]
e] dnoun uo.1 3[3INpP 0QE SSerd
‘I-d 2[qel ‘S'9Td AWSY saduey yioq [(€) ySnoxyy (1) saloN] 19 ‘19918
03 o1jrespwuou Jutt 3ef (T)(y) | Jo suo uo yejy o pastey (T)(y) 8usns mo, (T)(y) SS[UIEIS PUE [99)S-()0€E,SSE[D UoJI 3[1PNP Q0E SSE[D C))
uo.r a[ionp 00E-SSeD
(6]
[(8) a10N] [(£) ySnoayy ‘[993s ssajuIe}s pue [991s 0QE SSE[)
1T 9qel ‘TZ°9Td HNSY (1) sa10N] ,yi8uaas ‘azuol1q 00€ SSe[)
0] DI[[E3SWUOU d0€J [[N] e moy, 10 ,p8uanys Joysiy,, ‘U0.I 1S€D ()GZ SSE[D azuo1q (00€ SSe[D 3
s)19ysen sSupey a8ue[q Sunjog q 98ueryg Vv pSuerq wa

g aSuer yum Sunepy v sSuey,

I-C11 @1qel

d

47


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

ASME B31.1-2022

$'9Td ANSY UBJOIey) Uey) 193eal

9y) 10 3[qeIINS [ELIS}EW DI[[EIOUW

3[qeL ‘S'9Td NSV Ul paIsi[sessa
‘pasn 9(

uoIsuedxa JO SJUSIDIJJ90I UI S9IUS.

‘Ume.p p[od ‘S0¥¥0N pue
‘POAdI[A SSBIIS PUB UME.IP D[

‘uoneoyads Sunjoq ay

Jo sapeusd Jayio ay3 03 Sunjoq 1o,
‘pasn aq [[eys ,yaduans moj, (1) §

L8

9[qeyns a.e s[eLIajew 1ayses ay |
"(D600%) 16052 SPa99xa aanjerady

‘e] dnoun ‘71-g 9[qel ‘S'91d ANSY 03 WI0JU0d [[eys [eliajeuwl }9ysed ayy ‘9oej pasiel paepuels e Suiaey aSueyy

B SI(Se8uepy a3 puejaysed ay3 y3oq SuLIapIsuod) Yapim Suneasoysesd ayl pueiurof e ur pasn a.e sagueyj aoej1e[j omy a19ym (z)(
JowW ale 9[qe) SIY} Jo sjuawaainbal ayy papiaoad solsaqgse Jo nalf ul pasn
fiou Aty suonyeoridde 1'1¢g NSV 03 Adde jou [[eys uoneywi| sIy3 ‘s'91g NSV Ul payioads st s193sed .10j [eL1arew I3[y 19

1s Suneas udisapwnwiruiur 19mo[ 8y} Suraey sferiajewr 193sed 03 uaAIS aq [[eys soua.taja.d ‘sadueyj o1[e3oWUOU .10J PUB TG-dS SS
jou [reys 1sd ‘(09T _uey 1a1eaid sassans Suneas Suiaey syaxses olfelowruou ‘pasn s1 Junjoq snodrsdjuou Jo ,yYIduans m

wnwixeuw (9,882) 4,055
‘ystuy 104 ‘S0¥¥ON Pue 00¥¥0ON SNN ‘¥9Td WLSY (0:092) 4,005 03

wnwixew (3,092) 4,005 03
pazijenbs ssaals pue umelp pjod .10 wnwixew (7

0 ‘ume.p p[od ‘00%¥ON SN ‘Y919 WLSV J1ey ‘00T99D PUe ‘00559)
:pasn aq At Suimorjoj a3 03 Sururiojuod 3unjoq sno.djuou ‘saduefj azuo.lq Surul
1 £q paambal se ‘p95Y LSV 10 ‘€9SV WLSY ‘€SP NLSY ‘LEVY WISV 6TV WLSY Jo apeld ay) 03 uLiojuod [[eys Sunid

099 aperd ‘€SyvY

ard 1o ‘O%9g ‘d¥d aperd ‘LEYV
184 10 ‘Weg ‘08g
914 10 ‘W.d ‘L9

'ALLSY 03 ULIojuod [y
'0ZEV LSV 03 wiojuol

0ZEV W.LSY Jo sjuswaainbar joedwt (aim /£ 9peud ‘46 TV WLSY 03 WI0JUod [[BYS SINWAY) ‘€T PUe ‘DL T ‘dLT VLT ‘LT SopeLD
hoN pue ,33uanis Jaysly, () aoN ul ‘A[panoadsad ‘paisi sape.isd pue sassep 0ZeV WIST.ay3 03 Sutuiojuod Sunjoq (D.62-) 4
‘uoneoyoads Sunjoq ayy Aq palmbal se €95y WISV 10 $6TV INILSV.J0 dpeld ay3 03 uLiojuod [[eys Su
'sjutof QOE SSe[D pue QG SSe[) 03 PaIWI| a1e Inq s[eLralew {Paisi| [[e YIIm pasn aq Aewl S[eLId)

189 10 ‘W8d ‘189 ‘D89 ‘89 apeIn ‘7 SSe[) ‘0ZEV

ag 1o Dg apely ‘ySeEV €FT 10 QLT ‘dLT/YLT ‘LT 9PRID ‘0ZEV

[(0.002)
1,00% ueyl Jo3ealsd saanjeradwa) Je pasn aq

J0U [[eys g ope1n ‘L0gY 03 Sunjoq] g spesn ‘LogY

184 10 ‘Weg ‘08g
V189 10 VN8

INESY 03 wiojuod

10 ‘W89 D89 ‘84 @peId ‘T SSB[D 0ZEV

/sdanye]
ap1ao.ad ‘aanjeradwal 1o aanssaad 0 Se paIWI[JOU d.IE SI9¥SES DI[[EISWIUOU PIUUOD PUE “IS[[]J DI[[BISWIUOU Y}IM [BISW JO SIFNS

Jpue(2)(w) ‘(2) (p) swarttog
bq Aewr suonipuod Junerado

‘19qQ ‘199Ys S01SaqSe 1Y
‘e] dnoan ‘1-g

01 saSue[j [99)S SSO[UTRIS 10,
I, @I9ym sadueyj azuo.iq 10,
"paIapIsuod aq [[eys

TP a3 (D67 T) d.008.8UIpasoxa aanjeradwa) udisap e sey pue (Sunjoq [993s Y3m sadueyy azuo.q “3-9) s[errayew Je[ruuIssIp qurejuod jurof padueyj e a1ayp

wnwixew
PO¥T9D SNN ‘0STd W.LSY

oLLT) do0SE 03 ‘pIey
‘001592 SNN ‘869 W.LSY

Piuod sjuiol .10y ‘A[[euonippy
q ,8uans 19ysiy,, J10j s;nN

‘89 ape1y ‘Z ssep) ‘€61V
X9d ‘94 ‘Sd 9pedd ‘€61V
ys Sunjoq ,yaduans J1oysiy,
P [[eYS sinu 3y} ‘0ZEY WLSY

ZEV WLSY 03 Sunjoq siyy 1o
0Z- Mo[aq saanjeradwal 10,

1]0q ,yaduaais moj, 10j SN

‘8d opeay ‘1 sse[) ‘€61V
‘v089 ‘v8d 9peld ‘€61V
[reys Sunjoq ,yiduans mor,

odwa) pinyy wnwixew ay3 10j
e3 punom [eaids ‘syoyses [el N
191 93 .10 (Bd¥ 0S6 ¥) 1sd 0Z £ Spaaoxa aanssaad Sunerado [euriou pajoadxa ay3 J1 SoSue[j 90 pasie. 10 Je[j U0 pasn aqIou [[eYS m_ﬁwxmmm JI[[elowuou pauyuodup ()

(1)
(om)

(6)
(8)

(£)

(9)
(<)

()

(€)
4]

pw Sunfoq 99yl ‘S'9Td TWSY 19d

(1)

‘SHLON

(pAuo)) :SHLON TVHANHD

(p.Juo)) (¢I1 pue ‘0TI ‘80T 'seded 0} 13j3Y) sjuawaainbay jjsen pue ‘bupey ‘buiog abuey4 buid

I-C11 @1qel

d

48


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

(22)

Table 114.2.1-1
Threaded Joints Limitations

Maximum Size

Maximum Pressure

NPS DN

psi MPa

3 80
2%, 65
2 50

400 3

500 3.5

600 4

900 6

ASME B31.1-2022

the joints at bends and dead ends, and to support
lateral reactions produced by branch connections 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-

1,000
1,200

clent for the intended Service. Brazing ailoy snail either be
end-fed into the socket or be provided in-the|form of a

<

/a <20 1,500 10
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comp|
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watet
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safe f
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AL NOTE: Forinstrument, control, and sampling lines, refer to
22.3.6(e).

Threads

para. 114.1 for requirements of threads on piping
onents.

Fitting and Gripping

Feless fittings shall be of a design in which the grip-
member or sleeve shall grip or bite into the outer
Ce of the tube with sufficient strength to hold the
igainst pressure, but without appreciably distorting
side tube diameter. The gripping member shall also
2 pressure seal against the fitting body.

en using bite-type fittings, a spot check shall be made
equate depth of bite and condition of tubing by disas-
ing and reassembling selected joints.

p-type fittings that are tightened in accordance with
anufacturer’s instructions needotbe disassembled
ecking.

BELL END JOINTS

Elastomeric-Gasket Joints

stomeric-gasket bell end joints may be used for
and other ‘noenflammable, nontoxic service where
ience or tests have demonstrated that the joint is
r the'operating conditions and the fluid being trans-
d..Provisions shall be made to prevent disengage-

ment

of the joints at bends and dead ends, and to

preinserted ring in a groove in the socket’THe brazing

alloy shall be sufficient to fill completely the ann

ular clear-

ance between the socket and the pipe or tube. The limita-

tions of paras. 117.3(a) and 117-3(d) shall ap

117.2 Soldered Joints

Soft soldered sockét<type joints made in a
with applicable standards listed in Table 12

bly.

rcordance
b.1-1 may

be used within their specified pressure-temperature
ratings. Th'e’ limitations in paras. 117.3 and
122.3.2(e)2)(-c) for instrument piping shall gpply. The

allowances. of para. 102.2.4 do not apply.

117.3"Limitations

(a) Brazed socket-type joints shall not b
systems containing flammable or toxic fluid
where fire hazards are involved.

e used on
5 in areas

(b) Soldered socket-type joints shall be limited to
systems containing nonflammable and nontoxic fluids.
(c) Soldered socket-type joints shall not he used in

piping subject to shock or vibration.
(d) Brazed or soldered joints depending s
fillet, rather than primarily on brazing or solde

blely on a
[ing mate-

rial between the pipe and sockets, are not ac¢eptable.

118 SLEEVE COUPLED AND OTHER PROP|
JOINTS

RIETARY

Coupling type, mechanical gland type, dnd other
proprietary joints may be used where expdrience or

tests have demonstrated that the joint is safe fo
ating conditions, and where adequate provision
prevent separation of the joint.

" the oper-
is made to

supportlateral reactions produced by branch connections
or other causes.

116.2 Caulked Joints

Caulked joints, if used, shall be restricted to cold water
service, shall not use lead as the caulking material in
potable water service, and shall be qualified as specially
designed components in accordance with para. 104.7.2.
Provisions shall be made to prevent disengagement of
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PART 5
EXPANSION, FLEXIBILITY, AND
PIPE-SUPPORTING ELEMENTS
119 EXPANSION AND FLEXIBILITY

119.1 General

In addition to the design requirements for pressure,
weight, and other sustained or occasional loadings (see

follow-up of the stiffer or lower stressed portions. Unba-
lance can be produced

(a) by use of small pipe runs in series with larger or
stiffer pipe, with the small lines relatively highly stressed

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

(c) in a system of uniform size, by use of a line config-
uration for which the neutral axis or thrust line is situated
close to the major portion of the line itself, with only a very

paras. 104.1 through 104.7, 104.8.1, and 104.8.2),
power piping systems subject to thermal expansion,
contractipn, or other displacement-stress-producing
loads shalll be designed in accordance with the flexibility
and displacement stress requirements specified herein.

119.2 Displacement Stress Range

Piping gystem stress ranges caused by thermal expan-
sion and piping displacements, referred to as displace-
ment stress ranges, when of sufficient initial
magnitudp during system startup or extreme displace-
ments, relax in the maximum stress condition as the
result of|local yielding or creep. A stress reduction
takes pladge and usually appears as a stress of reversed
sign when the piping system returns to the cold condition
for thermal loads or the neutral position for extreme dis-
placement loads. This phenomenon is designated as self-
springing|(or shakedown) of the piping and is similar in
effect to cold springing. The extent of self-springing
depends @n the material, the magnitude of the displace-
ment stre¢ss ranges, the fabrication stresses, the hot
service temperature, and the elapsed time. While the dis-
placement stresses in the hot or displaced condition tend
to diminish with time and yielding, the sum of the displace-
ment strajns for the maximum and minimumn stress con-
ditions during any one cycle remains/substantially
constant.|This sum is referred to_as.the strain range.
However,|to simplify the evaluatien’ process, the strain
range is [converted to a stress-range to permit the
more usupl association withyan allowable stress range.
The allowable stress range shall be as determined in
accordande with para.(102.3.2(b).

119.3 Local Overstrain

Most ofthe ecmmonly used methods of piping flexibility
and cycliq stfess analysis assume elastic or partly elastic

SthHchT— 156~

expansion strain

Conditions of this type should preferablyelaveoided,
particularly where materials of relatively low duftility
are used.

OO eSO o e oO5t

119.5 Flexibility

Power piping systems shalltbe-designed to have
cient flexibility to prevent piping displacements|from
causing failure from overstréss of the piping components,
overloading of anchors.and other supports, leakage at
joints, or detrimental distortion of connected equipjment.
Flexibility shall be provided by changes in direction in the
piping throughthe use of fittings, bends, loops, and offsets.
When piping‘bends, loops, and offsets are not able to
provide adequate flexibility, provisions may be made
to absorb piping displacements by using expansion,
swivel, or ball joints, or flexible metal hose assembplies.

suffi-

119.5.1 Expansion, Swivel, or Ball Joints, and Fl¢xible
Metal Hose Assemblies. Except as stated in para. 1(1.7.2,
these components may be used where experience of tests
have demonstrated that they are suitable for expected
conditions of pressure, temperature, service, and [cyclic
life.

Restraints and supports shall be provided, as reqpired,
to limit movements to those directions and magnitudes
permitted for the specific joint or hose assembly selpcted.

119.6 Piping Properties

The coefficient of thermal expansion and moduli of elas-
ticity shall be determined from Mandatory Appendjces B
and C, which cover more commonly used piping materials.
For materials not included in those Appendices, reference
shall be to authoritative source data, such as publications
of the National Institute of Standards and Technology.

behavior of the entire piping system. This assumption is
sufficiently accurate for systems where plastic straining
occurs at many points or over relatively wide regions, but
fails to reflect the actual strain distribution in unbalanced
systems where only a small portion of the piping under-
goes plastic strain, or where, in piping operating in the
creep range, the strain distribution is very uneven. In
these cases, the weaker or higher stressed portions
will be subjected to strain concentrations due to elastic

50

119.6-1€oefficient-of Thermat-Expansion—The—coeffi-
cient of thermal expansion shall be determined from
values given in Mandatory Appendix B. The coefficient
used shall be based on the highest average operating
metal temperature and the lowest ambient metal
temperature, unless other temperatures are justified.
Mandatory Appendix B values are based on the assump-
tion that the lowest ambient metal temperature is 70°F
(20°C). If the lowest metal temperature of a thermal
range to be evaluated is not 70°F (20°C), adjustment of
the values in Mandatory Appendix B may be required.
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119.6.2 Moduli of Elasticity. The cold and hot moduli
of elasticity, E. and Ej, shall be as shown in
Mandatory Appendix C, Table C-1 for ferrous materials
and Table C-2 for nonferrous materials, based on the
temperatures established in para. 119.6.1.

119.6.3 Poisson’s Ratio. Poisson’s ratio, when
required for flexibility calculations, shall be taken as
0.3 at all temperatures for all materials.

119.6.-4-Stresses—Calculationsfor-the-stresses-shall-be diameter thin-wall pipe, or where extraneous

based
using
eratid
range
room

on the least cross section area of the component,
nominal dimensions at the location under consid-
n. Calculation for the reference displacement stress
Sk, shall be based on the modulus of elasticity, E, at
temperature, unless otherwise justified.

119.7

119.7.1 Method of Analysis. All piping shall meet the
following requirements with respect to flexibility:

(a)| It shall be the designer’s responsibility to perform
an anplysis unless the system meets one of the following
criterjia:

7) The piping system duplicates a successfully oper-
installation or replaces a system with a satisfactory
e record.

?) The piping system can be adjudged adequate by
compprison with previously analyzed systems.

3) The piping systemis of uniform size, hasnotmore
than jtwo anchors and no intermediate restraints;.is
designed for essentially noncyclic service (less than

Flexibility Analysis

ating
servi

Y = resultantdisplacementbetween the anchors to be
absorbed by the piping system, in. (mm)

WARNING: No general proof can be offered that this equa-
tion will yield accurate or consistently conservative results.
It was developed for ferrous materials and is not applicable
to systems used under severe cyclic conditions. It should be
used with caution in configurations such as unequal leg U-
bends, or near straight “saw-tooth” runs, or for large
displace-
ments (not in the direction connecting anch¢r points)
constitute a large part of the total displac¢ment, or
where piping operates in the creep range-There is no assur-
ance that anchor reactions will be acceptablyEow, even
when a piping system meets the above requirements.

(b) Allsystemsnotmeetingtheabove criterid, or where
reasonable doubt exists as to,adéquate flexibility between
the anchors, shall be analyzed by simplified, approximate,
or comprehensive methods of analysis that qre appro-
priate for the specifi¢ case. The results of such analysis
shall be evaluatedyusing Figure 104.8-1, eq. (17).

(c) Approximate or simplified methods may pe applied
only if they are used for the range of configuiations for
which their adequate accuracy has been demg@nstrated.

(d) Acceptable comprehensive methods off analysis
include analytical methods, model tests, gnd chart
methods that provide an evaluation of the forces,
moments, and stresses caused by bending arnd torsion
from the simultaneous consideration of terTsinal and
intermediate restraints to thermal expansion of the
entire piping system under consideration, and| including

7,000 total cycles), and satisfies the following approxi- 3] external movements transmitted to the piging by its
mate criterion: terminal and intermediate attachments. Cprrection
i . factors shall be applied for the stress intensification of
(USS. fustomary Units) curved pipe and branch connections, as pr¢vided by
DY S& the details of these rules, and may be appli¢d for the
(L-uv)?~ (E increased flexibility of such component parts.

(SI Uhits) 119.7.3 Basic Assumptions and Require{wents. In
calculating the flexibility or displacement str¢ss ranges
<208 OOOS—A of a piping system between anchor points, the system
(L& U)2 - E, between anchor points shall be treated as a whole. The
significance of all parts of the line and of all festraints,
wherg¢ such as supports or guides, including intgrmediate
D |= nominal pipe size (NPS), in. (mm) restraints introduced for reducing moments gnd forces
E. |= medulus of elasticity at room temperature, psi on equipment or small branch lines, shall be c¢nsidered.
(kPa) Flexibility calculations shall take into accoynt stress-
L = developed length of pipe (total length of pipe intensifying conditions found in components and joints.
taken along the piping longitudinal axes), ft (m) Credit may be taken when extra flexibility exists in
S, = allowable displacement stress range determined such components. In the absence of more directly

in accordance with para. 102.3.2(b)(1), eq. (14),

psi (kPa)
U = anchor distance (length of straight line between

the anchors), ft (m)

51
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applicable data, the flexibility factors and stress intensi-
fication factors shown in ASME B31J* may be used.
Dimensional properties of pipe and fittings used in flex-
ibility calculations shall be based on nominal dimensions.
The total reference displacement range resulting from
using the coefficient of thermal expansion determined in
accordance with para. 119.6.1 shall be used, whether or
not the piping s cold sprung. Not only the expansion of the

line itself, but also linear and angular movements of the
equipment-te—-which-itis-attached—shal-be-considered:

R, = —CR, or
_[1 _ @.&]R (19)
(Sg) Ey
whichever is greater, and with the further condition that
(Sn) E
(Sp) Ey

where

tacnee—5>

Where §implifying assumptions are used in calculations
or model fests, the likelihood of attendant underestimates
of forces, moments, and stresses, including the effects of
stress int¢nsification, shall be evaluated.

119.8 Movements

Movemgpnts caused by thermal expansion and loadings
shall be d¢termined for consideration of obstructions and
design of [proper supports.

119.9 Cdld Spring

The beheficial effect of judicious cold springing in
assisting f system to attain its most favorable position
sooner is|recognized. Inasmuch as the life of a system
under cy¢lic conditions depends on the stress range
rather than the stress level at any one time, no credit
for cold sgring is allowed with regard to stresses. In calcu-
lating end|thrusts and moments acting on equipment, the
actual reactions at any one time, rather than their range,
are signifjcant. Credit for cold springing is accordingly
allowed In the calculation of thrusts and moments,
provided pn effective method of obtaining thedesigned
cold spring is specified and used.

119.10 Reactions

119.10.1 Computing Hot and Cold Reactions. In a
piping system with no cold spring-0ran equal percentage
of cold sp1finging in all directions;the reactions (forces and
moments) of R, and R, in.the’hot and cold conditions,
respectively, shall be obtained from the reaction, R,
derived from the flexibility calculations based on the
modulus |of elasticity at room temperature, E,, using
egs. (18) pnd (19).

R, = (1 - Ec\(&R] (18)

C = cold spring factor varying from zere for no
cold spring to 1.00 for 100% cold $pfing

E. = modulus of elasticity in the coldrconditign, psi

(MPa)

E, = modulus of elasticity in the.het conditign, psi

(MPa)

R = maximum reactionAfor*full expansion fange

based on E., which assumes the [most

severe condition (100% cold sp|ring,

whether such’is used or not), Ib and|in.-1b

(N and mm*N)

R., R, = maximum reactions estimated to occur fin the

cold\and hot conditions, respectively, b and

in4b (N and mm-N)

Sk = computed thermal expansion stress range, psi

(MPa)

S, = basic material allowable stress at maxjmum

(hot) temperature, without the 20 ksi l{mita-

tion as noted in para. 102.3.2(b)

Ifapiping system is designed with different percerjtages
of cold spring in various directions, eqs. (18) and (1p) are
not applicable. In this case, the piping system shpll be
analyzed by a comprehensive method. The calcylated
hot reactions shall be based on theoretical cold springs
in all directions not greater than two-thirds of th¢ cold
springs as specified or measured.

119.10.2 Reaction Limits. The reactions computed
shall not exceed limits that the attached equipment
can sustain. Equipment allowable reaction limits
(forces and moments) on piping connections are normally
established by the equipment manufacturer.

120 LOADS ON PIPE-SUPPORTING ELEMENTS
120.1 General

\ SIE )

* The stress intensification factors in ASME B31] have been developed
from fatigue tests of representative commercially available, matching
product forms and assemblies manufactured from ductile ferrous mate-
rials. The allowable stress range is based on tests of carbon and stainless
steels. Caution should be exercised when applying eqgs. (1A) through (1C)
and (13) for the allowable stress range for certain nonferrous materials
(e.g., copper and aluminum alloys) for other than low-cycle applications.

(a) The broad terms “supporting elements” or
“supports” as used herein shall encompass the entire
range of the various methods of carrying the weight of
pipelines, 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 deli-
neated as those that carry the weight from below, with
the supporting members being mainly in compression.
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In many cases a supporting element may be a combination
of both of these.

(b) In addition to the weight effects of piping compo-
nents, consideration shall be given in the design of pipe
supports 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 assembled to permit the free movement of piping
caused by thermal expansion and contraction. The

121 DESIGN OF PIPE-SUPPORTING ELEMENTS
121.1 General

Design of standard pipe-supporting elements shall be in
accordance with the rules of MSS SP-58. Allowable stress
values and other design criteria shall be in accordance
with this paragraph. Supporting elements shall be
capable of carrying the sum of all concurrently acting
loads as listed in para. 120. They shall be designed to

desigp-ef-elementsfor-supportingorrestraininspiping
systems, or components thereof, shall be based on all
the concurrently acting loads transmitted into the
suppgrting elements.

(c)|Where the resonance with imposed vibration and/
or shpck occurs during operation, suitable dampeners,
restrpints, anchors, etc., shall be added to remove

these| effects.
120.2
120
(a)

Supports, Anchors, and Guides
.2.1 Rigid-Type Supports

The required strength of all supporting elements
shall be based on the loadings as given in para. 120.1,
inclufling the weight of the fluid transported or the
fluid psed for testing, whichever is heavier. The allowable
stresg in supporting equipment shall be as specified in
para.|121.2.

(b)| Exceptions may be made in the case of supporting
elemgnts for large size gas or air piping, exhaust steam;
and relief or safety valve relief piping, but only under. the
conditions where the possibility of the line becomihgfull
of water or other liquid is very remote.

12(Q.2.2 Variable and Constant Supports. Load calcu-
lations for variable and constant supports, such as springs
or copinterweights, should be based-on-the design oper-
ating[conditions of the piping. They; shall not include the
weight of the hydrostatic test fluid-However, the support
shall pe capable of carryingthe-total load under test con-
dition}s, unless additionalsupport is provided during the
test geriod.

12Q.2.3 Anchors or Guides. Where anchors or guides

provide te required Supportmng effortand atfow pipeline
movement with thermal changes without-causing over-
stress. The design shall also prevent complete release
of the piping load in the event of springAailurg or misa-
lignment. All parts of the supporting equipment shall be
fabricated and assembled so thatthey will not be disen-
gaged by movement of the{supported piping. The
maximum safe loads forybolts, threaded harger rods,
and all other threaded members shall be based on the
root area of the threads. MSS SP-58 may bg used for
guidance with respect to selection and appllication of
pipe hangers and-supports.

121.2 Alowable Stress Values

(aj.-Allowable stress values tabulated in MSS §
Mandatory Appendix A of this Code Section ma
for the base materials of all parts of pipe-s
elements.

(b) Where allowable stress values for a mat
ification listed in Table 126.1-1 are not tal
Mandatory Appendix A or in MSS SP-58, allowable
stress values from ASME BPVC, Section If, Part D,
Tables 1A and 1B may be used, provided the reqpirements
of para. 102.3.1(b) are met. Where there are[no stress
values given in ASME BPVC, Section II, Part|D, Tables
1A and 1B, an allowable stress value of 23% of the
minimum tensile strength given in the material specifica-
tion may be used, for temperatures not exceeding 650°F
(345°0).

(c) Forasteel material of unknown specification, or ofa
specification not listed in Table 126.1-1 or MSY SP-58, an
allowable stress value of 30% of yield strength (0.2%
offset) at room temperature may be used at tenjperatures

P-58orin
y be used
hpporting

brial spec-
ulated in

are provided tosrestrain, direct, or absorb piping move-
ment$, their design shall take into account the forcesand ~ not exceeding 650°F (345°C). The yield strength shall be
moments-atithese elements caused by internal pressure ~ determined through a tensile test of a specimen of the
and thermdl expansion_ material and shall be the value Corresponding to 0.2%
— permanentstrain{offset-of the specimen—Thelallowable
120.2.4 Supplementary Steel. Where itis necessary to stress values for such materials shall not exceed 9,500 psi

frame structural members between existing steel
members, such supplementary steel shall be designed
in accordance with American Institute of Steel Construc-
tion specifications, or similar recognized structural design
standards. Increases of allowable stress values shall be in
accordance with the structural design standard being
used. Additional increases of allowable stress values,
such as allowed in para. 121.2(j), are not permitted.

53

(65.5 MPa).

(d) The allowable shear stress shall not exceed 80% of
the values determined in accordance with the rules of (a)
through (c).

(e) The allowable compressive stress shall not exceed
the value as determined in accordance with the rules of (a),
(b), or (c). In addition, consideration shall be given to
structural stability.
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Table 121.5-1
Suggested Steel Pipe-Support Spacing

Suggested Maximum Span

121.3 Temperature Limitations

Parts of supporting elements that are subjected princi-
pally to bending or tension loads and that are subjected to
working temperatures for which carbon steel is not rec-
ommended shall be made of suitable alloy steel, or shall be
protected so that the temperature of the supporting
member will be maintained within the appropriate
temperature limits of the material.

Nominal Diameter Wat_er Ste?m, Ga.s,
Pipe Size, Nominal, Service or Air Service
NPS DN ft m ft m
1 25 7 2.1 9 2.7
2 50 10 3.0 13 4.0
3 80 12 3.7 15 4.6
4 100 14 4.3 17 5.2
6 150 17 5.2 21 6.4
8 200 19 5.8 24 7.3
12 300 23 7.0 30 9.1
16 400 27 8.2 35 10.7
20 500 30 9.1 39 11.9
24 600 32 9.8 42 12.8

GENERAL NOTES:

(a) Suggesfted maximum spacing between pipe supports for hori-
zontal [straight runs of standard and heavier steel pipe at
maximym operating temperature of 750°F (400°C).

(b) Does ndtapply where span calculations are made or where there
are confentrated loads between supports, such as flanges, valves,
and sp4cialties.

(c) The spicing is based on a fixed beam support with a bending
stress pot exceeding 2,300 psi (15.86 MPa) and insulated
pipe filled with water or the equivalent weight of steel pipe
for stedm, gas, or air service, and the pitch of the line is such
that a sag of 0.1 in. (2.5 mm) between supports is permissible.

(f) Thejallowable bearing stress shall not excéed*160%
of the valye as determined in accordance with the rules of
(a), (b), o (c).

(g) Thg allowable stress in tension-determined from
(a), (b), pr (c) shall be reduced. 25% for threaded
hanger rods.

(h) Th¢ allowable stress inpartial penetration or fillet
welds in qupport assemblies'shall be reduced 25% from
those detdrmined in accotdance with (a), (b), (c), or (d) for
the weakgr of the two.metals joined.

(i) If materials for attachments have different allow-
able stregs valuesfrom the pipe, then the allowable
stress for [thedveld shall be based on the lower allowable
stress of the/materials being joined.

121.4 Hanger Adjustments

Hangers used for the support of piping, NPS2%/(DN 65)
and larger, shall be designed to permit adjustmeny after
erection while supporting the load. Screwed adjustients
shall have threaded parts conform te ASME B1.1.

Class 2 fit turnbuckles and adjusting nuts shall haye 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 akis in
approximately a horizontal position shall be spaded to
prevent excessive sag, bending, and shear stresges in
the pipinhg, with special consideration given where cqmpo-
nents; such as flanges and valves, impose concenfrated
loads. Where calculations are not made, suggpsted
maximum spacing of supports for standard and
heavier steel pipe are given in Table 121.5-1. Vdrtical
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 effor{ type
supports shall be designed and manufactured in accor-
dance with MSS SP-58.

121.7 Fixtures
121.7.1 Anchors and Guides

(a) Anchors, guides, pivots, and restraints shall be
designed to secure the desired points of piping in relative-
ly fixed positions. They shall permit the piping to expand

and contract F‘r'nnly in directions away from the anchored

(j) Increases in the allowable stress values shall be
permitted as follows:

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

(2) an increase to 80% of the minimum yield
strength at room temperature during hydrostatic
testing. Where the material allowable stress has been
established in accordance with the rules of (c), the allow-
able stress value during hydrostatic testing shall not
exceed 16,000 psi (110.3 MPa).

or guided point and shall be structurally suitable to with-
stand 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. Mate-
rials and lubricants used in sliding supports shall be
suitable for the metal temperature at the point of
sliding contact.
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Table 121.7.2-1
Carrying Capacity of Threaded
ASTM A36, ASTM A575, and ASTM A576
Hot-Rolled Carbon Steel

Max. Safe Load at Rod

(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

Nominal ; i ;
° o by the manufacturer for the design conditions at which the
Rod Root Area of __1emp- of 650°F (343°C) oy h blv i b g . If this is oth
Diameter, in. Thread, in.2 b kN ]ollnt or hose ass.em y is to be used. If this force is other-
% 0.0678 730 323 wise unknqwn, it .shall be taken .as the sum of. the product
1 of the maximum internal area times the design pressure
/2 0.126 1,350 5.98 . o .
’ plus—theforeerequired—to—deflectthejeint or hose
% 0.202 2,160 9.61 -’ NN A
8 ’ ’ : assembly. Where expansion joints or flexiple metal
¥, 0.302 3,230 14.4 : : P .
74 ’ hose assemblies are subjected to a combinatioh of longi-
/8 0.419 4,480 19.9 tudinal and transverse movements, both movements shall
1 0.551 5,900 26.2 be considered in the design and application of the joint or
hose assembly.
1Y, 0.890 9,500 424 Flexible metal hose assemblies; applied in afcordance
1Y% 1.29 13,800 61.6 with para. 106.4, shall be supported in such a mgnner as to
1%, 1.74 18,600 82.8 be free from any effects.dueto torsion and undue strain as
2 2.30 24,600 109 recommended by the manufacturer.
121.7.2 Other Rigid Types
2Y, 3.02 32,300 144
2Y, 3.72 39,800 177 (a) HangéryRods. Safe loads for threaded hgnger rods
2, 4.62 49,400 220 shall be based on the root area of the Fhreads ald.75% .Of
3 562 60,100 267 the allowable stress of the material as prpvided in
para:\121.2(g). In no case shall hanger rods|less than
1 3641. (9.5 mm) diameter be used for suppoft of pipe
37 6.72 71,900 320 1,] .
NPS 2 (DN 50) and smaller, or less than /4 in. (12.5
3% 7.92 84,700 377 ; . . 1
. ’ mm) diameter rod for supporting pipe NPY 27/, (DN
3% 921 98,500 438 65) and larger. See Table 121.7.2-1 for carbon pteel rods.
4 10.6 114,000 505 Pipe, straps, or bars of strength and effective irea equal
to the equivalent hanger rod may be used instead of
4Y, 121 129,000 576 hanger rods.
4, 13.7 146,000 652 Hanger rods, straps, etc., shall be designed to permit the
4%, 15.4 165,000 733 free movement of piping caused by thermal expansion and
5 17.2 184,000 819 contraction. .

GENEBAL NOTES: _(b] Welded link Chall’.l of 716 in. (5.0 mm)|or larger

(a) Tdbulated loads are based on a minimum tensile stress of 50 ksi d%amEter stock, _OI' equwé_llent area, may be use_d for
(35 MPa) divided by a saféty\factor of 3.5, reduced by 25%, pipe hangers with a design stress of 9,000 psi (62
repulting in an allowable §tress of 10.7 ksi. MPa) maximum.

(b) Rqot areas of thread are\based on the following thread series: (c) Castironinaccordance with ASTM A48 mhy be used
dipmeters 4 in. andpeldw — coarse thread (UNC); diameters for bases, rollers, anchors, and parts of supportsjwhere the
above 4 in. — 4 ryad (4-UN). _ _ ) loading will be mainly compression. Cast iron parts shall

(c) THe corresponding table for metric size rods is available in MSS . .

SH.s8 not be used in tension.
' (d) Malleable iron castings in accordance with ASTM
A47 may be used for pipe clamps, bean] clamps,
hanger flanges, clips, bases, swivel rings, anfl parts of
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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 antici-
pated.

(e) Brackets shall be designed to withstand forces and
moments induced by sliding friction in addition to other
loads.
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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 and rod) that will be
supported by the spring at the point of attachment to
the pipe.

(b) Variable spring supports shall be provided with
means to limit misalignment, buckling, and eccentric

(b) When clamps are used to support vertical lines, it is
recommended that shear lugs be welded to the pipe to
prevent slippage. The provisions of para. 121.8.2(b)
shall apply.

(c) Inaddition to the provision of (b), clamps to support
vertical lines should be designed to support the total load
on either arm in the event the load shifts due to pipe and/
or hanger movement.

121.8.2 Integral Type

loading, o to prevent overstressing of the spring.

(c) It if recommended that all hangers employing
springs b¢ provided with means to indicate at all times
the compression of the spring with respect to the approx-
imate hot|and cold positions of the piping system, except
where thejy are used to cushion against shock or where the
operating temperature of the piping system does not
exceed 250°F (120°C).

(d) Itidrecommended that the support be designed for
a maximujm variation in supporting effort of 25% for the
total travel resulting from thermal movement.

121.7.4| Constant Supports. On high-temperature and
critical sefvice piping at locations subject to appreciable
movemerlt with thermal changes, the use of constant
support hangers, designed to provide a substantially
uniform pupporting force throughout the range of
travel, is recommended.

(a) Comstant support hangers shall have a support
variation| of no more than 6% throughout the total
travel ranfge.

(b) Coynterweight type supports shall be provided
with stopg, and the weights shall be positively secured.
Chains, cgbles, hanger and rocker arm details{ or*other
devices used to attach the counterweight load to the
piping shall be subject to requirements ofipara. 121.7.2.

(c) Hydraulictype supports using a hydraulichead may
be installed to give a constant supporting effort. Safety
devices gnd stops shall be previded to support the
load in case of hydraulic failure:

(d) Bogsters may be used te'supplement the operation
of constant support hangers:

121.7.5| Sway Braces:-Sway braces or vibration damp-
eners shall be used tocontrol the movement of piping due
to vibratign.

121.7.6| Shock Suppressors. For the control of piping

(a) Integral attachments include ears, shoes; lug
lindrical attachments, rings, and skirts that ate fabrjcated
so that the attachment is an integral part of the piping
component. Integral attachments shall be used in conpjunc-
tion with restraints or braces where multiaxial restrgint in
a single member is to be maintained! Consideratior] shall
be given to the localized stresses induced into the piping
componentby 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 gart of
an assembly for the support or guiding of pipe mjy be
welded directly<to, the pipe, provided the materials are
compatible forywelding and the design is adequate for
the temperature and load using the allowable gtress
values of para. 121.2. The design of hanger lugs for aftach-
menttoPiping for high-temperature service shall b¢ such
as to'provide for differential expansion between th¢ pipe
and the attached lug.

S, Cy-

121.9 Loads and Supporting Structures

Considerations shall be given to the load-carrying ca-
pacity of equipment and the supporting structurel 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.

PART 6
SYSTEMS

[=)

122 DESIGN REQUIREMENTS PERTAINING T

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.
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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.
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122.1 Boiler External Piping; in Accordance With
Para. 100.1.2(a) — Steam, Feedwater,
Blowoff, and Drain Piping

122.1.1 General. The minimum pressure and tempera-
ture and other special requirements to be used in the
design for steam, feedwater, blowoff, and drain piping
from the boiler to the valve or valves required by
para. 122.1 shall be as specified in the following para-
Design require s eate

g connected to desuperheaters located in the
" proper and in main steam piping are provided
Fa. 122.4.

[tisintended that the design pressure and tempera-
pe selected sufficiently in excess of any expected
operating conditions, not necessarily continuous, to
permijt satisfactory operation without operation of the
overgressure protection devices. Also, since the operating
temperatures of fired equipment can vary, the expected
temperature at the connection to the fired equipment shall
inclugle the manufacturer’s maximum temperature toler-
ance.

(b)| In a forced-flow steam generator with no fixed
steam and waterline, it is permissible to design the
exterpal piping, valves, and fittings attached to the pres-
sure parts for different pressure levels along the path
through the steam generator of water-steam flow. The
values of design pressure and the design temperature
to be|used for the external piping, valves, and fittings
shall|be not less than that required for the expected
maximum sustained operating pressure and temperature
to which the abutted pressure part is subjected-except
wher one or more of the overpressure protection
devicgs covered by ASME BPVC, Section.l, PG-67.4 is in
operdtion. The steam piping shall comply.with the require-
ments for the maximum sustained operating conditions as
used In (a), or for the design pressure at the throttle valve
inlet plus 5%, whichever is greater.

(c)| Provision shall be.made for the expansion and
contijaction of pipingtcennected to boilers to limit
forces and moments transmitted to the boiler, by
providing substaitial anchorage at suitable points, so
that fhere shallsbe no undue strain transmitted to the
boiley. Steam feservoirs shall be used on steam mains
when|heavy-pulsations of the steam currents cause vibra-
tion.

(d)
purpose shall be attached by

(1) welding to a nozzle or socket welding fitting

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

(3) screwing each end into tapered flanges, fittings,
or valves with or without rolling or peening

(4) bolted joints including those of the Van Stone

type

pipi
boile
in pa

(a)

ture
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(5) blowoff piping of firetube boilers shall be
attached in accordance with (2) if exposed to products
of combustion or in accordance with (2), (3), or (4) if
not so exposed

(e) Nonferrous pipe or tubes shall not exceed NPS 3
(DN 80) in diameter.

(f) American National Standard slip-on flanges shall
not exceed NPS 4 (DN 100). Attachment of slip-on
flanges shall be by double fillet welds. The throats of

he-fillet-weldsshalln e -0 es the thick-
ness of the part to which the flange is attachdd.

(g) Hub-type flanges shall not be cut frent plate mate-
rial.

(h) American National Standard socket welded flanges
may be used in piping or boiler, hozzles proyvided the
dimensions do not exceed NRS3" (DN 80) for|Class 600
and lower, and NPS 21/2 (BN _65) for Class 1500.

(i) The use of expansion‘joints of all types, ywivel and
ball joints, and flexible metal hose assemblies as|described
in para. 101.7.2 istprohibited.

122.1.2 Steam Piping The value of P to be used in the
formulas in‘\para. 104 shall be as follows:

(a) For'steam piping connected to the steam ¢irum or to
the superheater inlet header up to the first stdp valve in
each connection, the value of P shall be not lesss than the
lowest pressure at which any drum safety valye is set to
blow, and the S value shall not exceed that permitted for
the corresponding saturated steam temperatufre.

(b) For steam piping connected to the superheater
outlet header up to the first stop valve in each cpnnection,
the design pressure, except as otherwise provigled in (d),
shall be not less than the lowest pressure at which any
safety valve on the superheater is set to bldw, or not
less than 85% of the lowest pressure at which any
drum safety valve is set to blow, whichever {s greater,
and the S value for the material used shall njot exceed
that permitted for the expected steam temperfature.

(c) For steam piping between the first stop[valve and
the second valve, when one is required by parp. 122.1.7,
the design pressure shall be not less than thed expected
maximum sustained operating pressure or 86% of the
lowest pressure at which any drum safety v4lve is set
to blow, whichever is greater, and the S value for the mate-
rial used shall not exceed that permitted for th¢ expected
steam temperature.

(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 pres-
sure at the throttle valve inlet plus 5%, or not less than
85% ofthe lowest pressure at which any drum safety valve
is set to blow, or not less than the expected maximum
sustained operating pressure at any point in the piping
system, whichever is greatest, and the S value for the mate-
rial used shall not exceed that permitted for the expected
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steam temperature at the superheater outlet. For forced-
flow steam generators with no fixed steam and waterline,
the design pressure shall also be no less than the expected
maximum sustained operating pressure.

(e) The design pressure shall not be taken at less than
100 psig [700 kPa (gage)] for any condition of service or
material.

122.1.3 Feedwater Piping

are primarily operated continuously to control the
concentrations of dissolved solids in the boiler water.
(a) Blowoff piping systems from water spaces of a
boiler, up to and including the blowoff valves, shall be
designed in accordance with (1) through (4). Two
shutoff valves are required in the blowoff system; specific
valve requirements and exceptions are given in para.
122.1.7(c).
(1) The value of P to be used in the formulas in
1+04—shat yable

nnnnnn tha maasyiaais 110y
tHe—Ht oY

(a) Thgvatueof PTo be used inthe formulas in para. 104
shall be af follows:

(1) Hor piping from the boiler to and including the
required gtop valve and the check valve, the minimum
value of P except as permitted in (4) shall exceed the
maximuny allowable working pressure of the boiler by
either 25% or 225 psi (1550 kPa), whichever is the
lesser. Folr an installation with an integral economizer
without yalves between the boiler and economizer,
this paragraph shall apply only to the piping from the
economizpr inlet header to and including the required
stop valve and the check valve.

(2) Hor piping between the required check valve and
the globg or regulating valve, when required by
para. 122|1.7(b), and including any bypass piping up to
the shutoff valves in the bypass, the value of P shall be
not less than the pressure required to feed the boiler.

(3) The value of P in the formula shall not be taken at
less than [L00 psig [700 kPa (gage)] for any condition of
service or|material, and shall never be less than the pres-
sure requjred to feed the boiler.

(4) Ih a forced-flow steam generator with no fixed
steam and waterline, the value of P for feedwater
piping from the boiler to and including the ‘required
stop valveg may be in accordance with the requirements
of para. 1£2.1.1(b).

(b) Th¢Svalueused, exceptas permitted in (a)(4), shall
not exceed that permitted for the-temperature of satu-
rated steam at the maximum allowable working pressure
of the boiler.

(c) The size of the feed piping between the boiler and
the first rpquired valve [para. 122.1.7(b)] or the branch
feed conngction [paras122.1.7(b)(4)] shall, as a minimum,
be the same as thé boiler connection.

122.1.4| Blowoff and Blowdown Piping. Blowoff and

blowdown piping are defined as piping connected to a

paras AN HAHR
working pressure of the boiler by either 25% jof 225
psi (1550 kPa), whichever is less, but shallbe/hdt less
than 100 psig [690 kPa (gage)]. The exception tp this
requirement pertains to miniature boilers as desdribed

in ASME BPVC, Section I, Parts PEB and PMB, where

the value of P to be used in the €ovmulas in pard. 104
shall be 100 psi [690 kPa (gage)].
(2) The allowable stress-value for the piping mate-

rials shall not exceed thatpéermitted for the temperature of
saturated steam at the fnaximum allowable working|pres-
sure of the boiler.

(3) All pipesshall be steel except as permitted H
Galvanized stéel'pipe and fittings shall not be usg
blowoff piping. When the value of P does not e
100 psig<[690 kPa (gage)], nonferrous pipe m
used and the fittings may be bronze, cast iron, mal
ironiductile iron, or steel.

elow.
d for
kceed
hy be
eable

Isteels
brtain

EAUTION: Nonferrous alloys and austenitic stainless
may be sensitive to stress corrosion cracking in c
aqueous environments.

When the value of P exceeds 100 psig [690 kPa (gage]], the
fittings shall be steel, and the thickness of pipe and fiktings
shall not be less than that of Schedule 80 pipe.
(4) The size of blowoff piping shall be not les§ than
the size of the connection on the boiler, and shall|be in
accordance with the rules contained in ASME BPVC,
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 accor-
dance with (1) through (4). Only one shutoff valve is
required in the blowdown system.
(1) The value of P to be used in the formulas in
para. 104 shall be not less than the lowest set prdssure
of any safety valve on the boiler drum.
(2) The allowable stress value for the piping
rials shall not exceed that permitted forthe temperat

mate-
1ire of

boiler and pT ovided—with—vatves—or—cocks—thr ngh
which the water in the boiler may be blown out under
pressure. This definition is not intended to apply to (i)
drain piping, 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 accumu-
lated sediment from equipment and/or piping, or to lower
boiler water level in a rapid manner. Blowdown systems
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saturated steam at the maximum allowable working pres-
sure of the boiler.

(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
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may be used and the fittings may be bronze, cast iron,
malleable 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 (gage)], the
fittings shall be steel and the thickness of pipe and fittings

shall not be less than that of Schedule 80 pipe.
(4) The size of blowdown piping shall be not less

less than 100 psig [690 kPa (gage)] and 220°F (105°C),
respectively.

122.1.6 Boiler External Piping — Miscellaneous
Systems

(a) Materials, design, fabrication, examination, and
erection of piping for miscellaneous accessories, such
as water level indicators, water columns, gage cocks,
and pressure gages, shall be in accordance with the ap-

than the size of the connection on the boiler, and shall
be inl accordance with the rules contained in ASME
BPV({| 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) are classified
as ndnboiler external piping. The requirements are
given|in para. 122.2.

122.1.5 Boiler Drains

(a)| Complete drainage of the boiler and attached piping
shall be provided to the extent necessary to ensure proper
operdtion of the steam supply system. The pipe, fittings,
and vplves of any drain line shall not be smaller than the
drain| connection. Double valving shall be required for
each poiler drain connection except as permitted in (c)
and (g).

(b)| If the drain lines are intended to be used both as
drainf and as blowoffs, then two valves are required and
all conditions of paras. 122.1.4,122.1.7(c), and 122.2 shall
be met.

(c)[Miniature boilers constructed in accordance with
the rjules contained in ASME BPVC, Section;-Parts
PMB pnd PEB may use a single valve where drain lines
are intended to be used for both blowoffand periodic auto-
matidor manual flushing prior to startup:The single valve
shall pe designed for blowoff service\but need not have
locking capability.

(d)] When a drain is intended for use only when the
boiler is not under pressure (pressurizing the boiler
for rapid drainage is amexception), a single shutoff
valve is acceptable-under the following conditions:
either the valve shall be a type that can be locked in
the closed positien, or a suitable flanged and bolted
conngction thatsaccepts a blank insert shall be located
on the downstream side of the valve. When a single
valvd is,used, it need not be designed for blowoff
SerViL. -: e—valves—eomrmintature-boters—eonstrueted
in accordance with the rules contained in ASME BPVC,
Section I, Parts PMB and PEB do not require locking
capability.

(e) Drain piping from the drain connection, including
required valves 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 conditions shall be considered.
In no case shall the design pressure and temperature be

piicable sections of this Code.

(b) The value of P to be used in the)formulas in
para. 104 shall be not less than the maximum|allowable
working pressure of the boiler exceptsas prpvided by
para. 122.1.1(b).

(c) Valve requirements for water level indjicators or
water columns, special gage glass and gage codk require-
ments, minimum line sizes,and special piping fonfigura-
tions required specifically for cleaning, dccess, or
reliability shall betin-accordance with ASME BPVC,
Section I, PG-60.

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

(a) Steam Stop Valves. Each boiler dischailge outlet,
except safety valve or safety relief valve comnections,
or reheater inlet and outlet connections shal| be fitted
with a stop valve located at an accessible pdint in the
steam-delivery line and as near to the boiler|nozzle as
is convenient and practicable.

(1) Boiler stop valves shall provide bidjirectional
shutoff at design conditions. The valve or vglves shall
meet the requirements of para. 107. Valves with resilient
(nonmetallic) seats shall not be used where the boiler
maximum allowable working pressure excdeeds 150
psig (1035 kPa) or where the system design teq
exceeds 366°F (186°C). Valves of the outside $crew and
yoke, rising stem style are preferred. Valves gther than

e ide 3 tsinmg-stem style
shall meet the following additional requirements:

(-a) Each valve shall be equipped with a position
indicator to visually indicate from a distance whether the
valve is open or closed.

(-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 automatic solenoid valve
may be used on miniature boilers constructed in accor-
dance with the rules contained in ASME BPVC, Section I,

OSt O ot c cW 0 YOKEC,
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Parts PMB and PEB. Manual quarter-turn valves shall be
provided with a handle or other position indicator to indi-
cate from a distance whether the valve is open or closed.

(2) In the case of a single boiler and prime mover
installation, the stop valve required herein may be
omitted provided the prime mover throttle valve is
equipped with an indicator to show whether it is open
or closed, and it is designed to withstand the required
boiler hydrostatic test. The limit of boiler external

the source of supply. A typical arrangement is shown in
Figure 100.1.2-3.

When there is a regulating valve located downstream
of the enconomizer as shown in Figure 100.1.2-4, illustra-
tion (2), an additional globe or regulating valve upstream
of the check valve is not required.

(6) A combination stop and check valve in which
there is only one seat and disk, and in which a valve
stem is provided to close the valve, shall be considered

onrPas-a-step—valve—and-a—checkvalveshall-bednstalled
O V-ar i e—a—-ereer—Varve-Sto—oe-tt

BEHR-e--O AL
PrIe—or

piping en
valves angl does not include the connection; the connec-
tion between the boiler external piping and prime mover
valves is nonboiler external piping.

(3) When two or more boilers are connected to a
common header, or when a single boiler is connected
to a headg¢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
between them. The preferred arrangement consists of
one stop-theck valve (located closest to the boiler) and
one valve|of the style and design described in (1). Alter-
natively, poth valves may be of the style and design
described|in (1).

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

(4) All valves and fittings on steam lines shall have'a
pressure fating of at least 100 psig [690 kPa (gag€)} in
accordande with the applicable ASME standard.

(b) Feelwater Valves

(1) The feedwater piping for all boilers; except for
high-temperature water boilers complying with the re-
quiremer]ts of (8) and forced-flow ‘steam generators
with no fixed steam and waterline.complying with the re-
quirements of (9), shall be proyided with a check valve and
a stop valve or cock betweenvthe check valve and the
boiler. The stop valve or{@ock shall comply with the re-
quirements of (c)(5).

(2) The relativelocations of the check and stop (or
cock) valyes, as te€quired in (1), may be reversed on a
single boiler-turbine unit installation.

(3) If a’boiler is equipped with a duplicate feed

y oS otop vC5

as otherwise provided.
(7) Where an economizer or other feedwaterh¢ating
device is connected directly to the boiler without finter-
vening valves, the feed valves and check valves redquired
shall be placed on the inlet of the ecomemizer or feedwater
heating device.
(8) The recirculating returirline for a high-tenjpera-
ture water boiler shall be previded with the samg stop
valve, or valves, required by (1) and (3). The us¢ of a
check valve in the recirculating return line is optional.
A check valve shall net be a substitute for a stop yalve.
(9) The feedwater boiler external piping for a fqrced-
flow steam gefierdtor with no fixed steam and watgrline
may terminate up to and including the stop valve or yalves
and omitting check valves, provided that a check|valve
having(a pressure rating no less than the boiler| inlet
desigh pressure is installed at the discharge of| each
boiler feed pump or elsewhere in the feedline befween
the feed pump and stop valves.
(10) Wherever globe valves are used within BEP
feedwater piping for either isolation or regulation, the
inlet shall be under the disk of the valve.
(c) Blowoff Valves
(1) Ordinary globe valves as show
Figure 122.1.7-1, illustration (a), and other tyq
valves that have dams or pockets where sedime
collect shall not be used on blowoff connections.
(2) Y-type globe valves as show
Figure 122.1.7-1, illustration (b), or angle valve§ may
be used in vertical pipes, or they may be used in|hori-
zontal 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.
(3) The blowoff valve or valves, the pipe between
them, and the boiler connection shall be of the|same

n in
es of
t can

n in

arrangement, each such arrangement shall be equipped
as required by these rules.

(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.

(5) Whentwo or more boilers are fed from a common
source, there shall also be a globe or regulating valve in the
branch to each boiler located between the check valve and

60

size except that a larger pipe for the return of condensate
may be used.

(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 (11) and (12)] with allowable working pressure in
excess of 100 psig [690 kPa (gage)], each bottom
blowoff pipe shall have two slow-opening valves, or
one quick-opening valve or cock, at the boiler nozzle
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Figure 122.1.7-1
Typical Globe Valves

followed by a slow-opening valve. All valves shall comply
with the requirements of (5) and (6).

5) When the value of P required by para.
122.1.4(a)(1) does not exceed 250 psig [1725 kPa
(gagd)], the valves or cocks shall be bronze, cast
iron, |ductile iron, or steel. The valves or cocks;~if
of cdst iron, shall not exceed NPS 2%, (DN(65)
and shall meet the requirements of the applicable
ASME standard for Class 250, as giveh\in Table
126.1-1, and if of bronze, steel, or ‘ductile iron
constfuction, shall meet the requirefnents of the ap-
plicable standards as given in Table~126.1-1 or para.
124.4
6) When the value ¢f ,P required by para.
122.1.4(a)(1) is higher than 250 psig [1725 kPa
(gage)], the valves or cgcks shall be of steel construc-
tion ¢qual at least to-the requirements of Class 300 of
the applicable ASME{standard listed in Table 126.1-1.
The minimum .pressure rating shall be equal to the
value| of P required by para. 122.1.4(a)(1).

7) 1f ablowoff cock is used, the plug shall be held in
place| by a-guard or gland. The plug shall be distinctly

markedin line with the passage

(b)

(10)  Two independent slow-opening valves, 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 independent
slow-opening valves or a slow-opening valve arjd a quick-
opening valve or cock, and provided furthe that the
failure of one to operate cannot affect the operation of
the other.

(11) Only one blowoff valve, which shall Be either a
slow-opening or quick-opening blowoff valve o} a cock, is
required on traction and/or portable boilers.

(12) Only one blowoffvalve, which shall bg of a slow-
opening type, is required for the blowoff piping|for forced
circulation and electric steam boilers having{a normal
water content not exceeding 100 gal (380 L). Electric
boilers not exceeding a normal water content of 100
gal (380 L) and a maximum MAWP of 100 psig [690
kPa (gage)] may use a quick-opening manual or slow-
opening automatic quarter-turn valve up to NPS 1 (DN
25). 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 usg either a

c]n\/\r-nppning manual or automatic valve regardless of

(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 open.

(9) Onaboiler having multiple blowoff pipes, a single
master valve may be placed on the common blowoff pipe
from the boiler, in which case only one valve on each in-
dividual blowoff is required. In such a case, either the
master valve or the individual valves or cocks shall be
of the slow-opening type.

size.

(d) Pressure-Relieving Valves. Safety, safety relief, and
power-actuated pressure-relieving valves shall conform
to the requirements of ASME BPVC, Section I, PG-67
through PG-73.
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Table 122.2-1
Design Pressure for Blowoff/Blowdown Piping
Downstream of BEP Valves

Design Pressure

(3) When the design pressure of Table 122.2-1 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 accordance
with paras. 122.1.4(a) and 122.1.7 for blowoff and para.

Boiler or Vessel Pressure [Note (1)] e
MAWP kPa (gage) psig kPa (gage) 122.1;;4(b13 forBl])Ell())vg;low; piping. ; o
Below 250 1725 [Note (2)] [Note (2)] (4) Non- owdown piping downstream of the
flow control valve shall not be smaller — and preferably
250-600 1725-4135 250 1725 . . .
will be larger — than the connection on the boiler [see
601-900 4136-6205 400 2760 e 197 4 AL AT
para—22--4bH4H-
901-1,500 6206-10340 s 4135 (b) From Pressure Vessels Other Than Boilerg The
1,501 and Higher 10341 and higher 900 6205 design pressure and temperature of the blawoff piping
NOTES: from the pressure vessel to and including/the blpwoff
(1) Thealldgwable stress value for the piping material need not exceed valves shall not be less than the vessel MAWP and ¢orre-

that pefmitted for the temperature of saturated steam at the

design pressure.

(2) For boiler or vessel pressures below 250 psig [1 725 kPa (gage)],
the dedign pressure shall be determined in accordance with
para. 1£2.1.4(b)(1), but need not exceed 250 psig [1725 kPa

(gage)]

122.2 Blpwoff and Blowdown Piping in Nonboiler
External Piping

Blowoff
possible,

and blowdown piping systems shall be, where
belf-draining and without pockets. If unavoid-
able, valyed drains at low points shall allow system
draining|prior to operation. To minimize pipeline
shock dufring the operation of blowoff systems, 3D
pipe bends (minimum) should be used in preference to
elbows, and wye or lateral fittings should be used-in
preferencp to tee connections.
(a) From Boilers

(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 redliced approximately
to atmospheric pressure and cafinot be increased by
closing a|downstream valve, shall be designed for the
appropriate pressure imaccordance with Table
122.2-1. [The provisionsyof*paras. 122.1.4(a)(3) and
122.1.7 shall applyThe size of non-BEP blowoff
header tp the safe-point of discharge shall not be
smaller than the Jargest connected BEP blowoff terminal
[see para|122.54(a)(4)].

(2) Hlowdown piping, in which the pressure cannot

notraqma valova chall bha
StFeait—Vvarve,—Stia—1B¢

sponding design temperature.

122.3 Instrument, Control,<and Sampling Piping

ed by
ment,
rfation

(a) Therequirements of’this Code, as supplement
para. 122.3, shall applyte the design of instru
control, and sampling piping for safe and proper ope
of the piping itself.

(b) The ternt “instrument piping” shall apply [to all
valves, fittings)¢ubing, and piping used to connect ipstru-
ments to main'piping or to other instruments or appdratus
or to measuring equipment as used within the classifica-
tion of\para. 100.1.

(c)”The term “control piping” shall apply to all valves,
fittings, tubing, and piping used to interconnect png¢uma-
tically or hydraulically operated control apparatuyg, also
classified in accordance with para. 100.1, as wellfas to
signal transmission systems used to interconnect instru-
ment transmitters and receivers.

(d) The term “sampling piping” shall apply to all vialves,
fittings, tubing, and piping used for the collection of
samples, such as steam, water, oil, gas, and chemitals.

(e) Paragraph 122.3 does not apply to tubing uged in
permanently closed systems, such as fluid-filled temjpera-
ture responsive devices, or the temperature respqnsive
devices themselves.

(f) Paragraph 122.3 doesnotapply to the devices,pppa-
ratus, measuring, sampling, signaling, transmifting,
controlling, receiving, or collecting instruments to
which the piping is connected.

122.3.1 Materials and Design. The materials us¢d for
valves, fittings, tubing, and piping shall meet the partjcular

be increased-by—elosinsa-dow
designed for the appropriate pressure and temperature
in accordance with Table 122.2-1. 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.
122.1.4(b) and the flow control valve shall not be smaller
than the BEP boiler shutoff valve [see para. 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.

oGOt
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conditions of service and the requirements of the appli-
cable specifications listed under general paras. 105
through 108 with allowable stresses in accordance
with the Allowable Stress Tables in Mandatory
Appendix A or as calculated per para. 123.1.2(b).

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 and
122.8.
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122.3.2 Instrument Piping

(a) Takeoff Connections

(1) Takeoff connections at the source, together with
attachment bosses, nozzles, and adapters, shall be made of
material at least equivalent to that of the pipe or vessel to
which they are attached. The connections shall be
designed to withstand the source design pressure and
temperature and be capable of withstanding loadings
induced by relative displacement and vibration. The

(1) Copper, copper alloys, and other nonferrous
materials may be used in dead-end steam or water
services up to the design pressure and temperature con-
ditions used for calculating the wall thickness in accor-
dance with para. 104 provided that the temperature
within the connecting lines for continuous services
does not exceed 406°F (208°C).

Where water temperature in the reservoir of conden-
sers is above 406°F (208°C), a length of uninsulated steel

nomipal size of the takeoff connections shall not be
less than NPS 4, (DN 15) for service conditions not in
excess of either 900 psi (6200 kPa) or 800°F (425°C),
and NPS %, (DN 20) (for adequate physical strength)
for d¢sign conditions that exceed either of these limits.
Wheile the size of the main is smaller than the limits
given| above, the takeoff connection shall not be less
than the size of the main line.
?) To prevent thermal shock to the main steam line
by contact with the colder condensate return from the
instryment, steam meter or instrument takeoff connec-
tions ghall be lagged in with the steam main. For tempera-
tured in excess of 800°F (425°C), they may also be
arranged to make metallic contact lengthwise with the
stean) main.
(b)| Valves

7) Shutoff Valves. Shutoff valves shall be provided at
takeofff connections. They shall be capable of withstanding
the d¢sign pressure and temperature of the pipe or vessel
to which the takeoff adapters or nipples are attached:
?) Blowdown Valves

(-a) Blowdown valves at or near the instrument
be of the gradual opening type. For subéritical pres-
steam service, the design pressure for'blowdown
5 shall be not less than the desigh, pressure of the
r vessel; the design temperature shall be the corre-
sponding temperature of saturated, steam. For all other
servig¢es, blowdown valves shall, meet the requirements
of (1)

shall
sure
valve

pipe

(-b) Whenblowdgwn valves are used, the valves at
the ifstrument as well-as any intervening fittings and
tubing between suel. blowdown valves and the meter
shall pe 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 rgting-of the blowdown valve.
(-r) When blowdown valves are not used _instru-

TOoTT S ot TEa St O Tt o O S ST e e

the condenser ahead of the connecting coppern
the instrument.

(2) The minimum size of the tubing or piping is a
function of its length, the volume of fluid rgquired to
produce full-scale deflectionscof ‘the instrument, and
the service of the instrurhent. When required to
prevent plugging as well as€e obtain sufficient mechanical
strength, the inside dianteter of the pipe or tube $hould not
beless than 0.36 in. (9.14'mm), with a wall thickhess of not
less than 0.049 in{(1}25 mm). When these reqpirements
do not apply, smaller sizes with wall thickngss in due
proportions-miay be used. In either case, wall|thickness
of the pipe or tube shall meet the requirements of (3).

(3)The piping or tubing shall be designed in accor-
danc¢e\with para. 104 with consideration for water
hafiimer.

(e) Fittings and Joints

(1) For dead-end steam service 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 the
header pressure and corresponding saturafed steam
temperature or water temperature, whichever applies.
For supercritical pressure conditions, the fit§ings shall
be suitable for the design pressure and tempgrature of
the main fluid line.

(2) For water, oil and similar instrumen
any of the following types may be used, within
sure-temperature limitations of each:

(-a) For main line hydraulic pressures above 500
psi (3450 kPa) and temperatures up to 150°F (65°C), steel
fittings of the flared, flareless, socket weld¢d, fusion
welded, or silver brazed socket type shall be ised.

(-b) For main line pressures up to 500 psi (3450
kPa) and temperatures up to 150°F (65°C), the fiftings may
be flared or silver brazed socket type, inverted flared or

tubing to

[ services,
the pres-

ment valves shall conform to the requirements of (-a).

(c) Reservoirsor Condensers. In dead-end steam service,
the condensing reservoirs and connecting nipples, which
immediately follow the shutoff valves, shall be made of
material suitable for the saturated steam temperature
corresponding to the main line design pressure.

(d) Materials for Lines Between Shutoff Valves and
Instruments
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tlareless compression type, all of brass or bronze.

(-c) For pressures up to 175 psi (1200 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.
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122.3.3 Control Piping

(a) Takeoff Connections. Takeoff connections shall be in
accordance with para. 122.3.2(a)(1).

(b) Valves. Shutoff valves shall be in accordance with
para. 122.3.2(b)(1).

(c) Materials. The same materials may be used for
control lines as for instrument lines, except that the
minimum inside diameter shall be 0.178 in. (4.52 mm)
with a minimum wall thickness of 0.028 in. (0.71 mm),

at the control apparatus, or at the discharge of the
sample cooler.

122.3.7 Special Safety Provisions

(a) Connecting piping subject to clogging from solids or
deposits shall be provided with suitable connections for
cleaning.

(b) Connecting piping handling air and gases
containing moisture or other extraneous materials

provided [that this wall thickness is not less than that
required py para. 122.3.2(d)(3). If a control device has
a connectfon smaller than %, in. (6.0 mm), the size reduc-
tion from fthe control tubing to the control device shall be
made as ¢lose to the control device as possible.

(d) Fitqings and Joints. Fittings and joints shall be in
accordande with para. 122.3.2(e)(2).

122.3.4| Sampling Piping

(a) TaKeoff Connections. Takeoff connections shall be in
accordande with para. 122.3.2(a)(1).

(b) Valpes

(1) Shutoff valves shall be in accordance with
para. 122]3.2(b)(1).

(2) Blowdown valves shall be of the gradual opening
type and ghall be suitable for main line design pressure
and tempgrature.

(c) Materials. The materials to be used for sampling
lines shalll conform to minimum requirements for the
main line|to which they connect.

(d) Fittings and Joints

(1) Hor subcritical and supercritical pressure steam,
and for wiater above 150°F (65°C), fittings of theflared,
flareless, ¢r socket welding type, or other suitable’type of
similar design shall be used. The fittings shall. be suitable
for main line design pressure and tempenature.

(2) Hor water below 150°F (65°C), fittings and joints
shall be suitable for main line design pressure and
temperatfure and shall be in'accordance with para.
122.3.2(e](2).

122.3.4 Fittings and‘Joints. All fittings shall be in
accordange with standards and specifications listed in

Table éZEl;l-l. ol hall 1vwith th . (3) Abypass valve around the power-operated
(a) Socket welded joints shall comply with the require- valve is prohibited.

ments of par&3311.3. (4) On a superheater or reheater desuperhed
(b) Flafed, flareless, and compression type fittingsand 4,0 o0 b onba i ot od batweon b o s

shall be provided witir Suitable drains or settiing ¢ham-
bers or traps.

(c) Connecting piping that may contain liguids sh
protected from damage due to freezing by,heating or
adequate means.

all be
other

122.3.8 Supports. Supports shalbbefurnished as gpeci-
fied in para. 121 not only for saféty but also to protect the
piping against detrimental sagging, external mechanical
injury abuse, and exposure+o unusual service conditions.

122.3.9 Installations

(a) Instrument; control, and sampling piping shall be
inspected and)tested in accordance with paras 136
and 137.

(b) Thelinside of all piping, tubing, valves, and fittings
shall bé’smooth, clean, and free from blisters, loose mill
scale,»sand, and dirt when erected. All lines shall be
cleaned after installation and before placing in segvice.

eon
heat

122.4 Spray-Type Desuperheater Piping for U
Steam Generators, Main Steam, and R
Steam Piping

(a) Valves and Piping Arrangement
(1) Each spraywater pipe connected to a deguper-
heater shall be provided with a stop valve and a regulating
(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 turbfne, a
power-operated block valve® shall be installed upsfream
of the regulating valve.
(2) A bypass valve around the regulating vallve is
permitted.
block

ter, a
rated

their joints shall comply with the requirements of
para. 115.

(c) Silver brazed socket type joints shall comply with
the requirements of paras. 117.1 and 117.3.

(d) Solder type joints shall comply with the require-
ments of paras. 117.2 and 117.3.

(e) The use oftaper threaded joints up to and including
NPS %, (DN 15) is permitted at pressures up to 5,000 psi
(34500 kPa) in dead-end service from outlet end and
downstream of shutoff valve located at the instrument,

64
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block valve and the regulating valve.

(5) If the spraywater supply is from the boiler feed-
water system and its source is not downstream of the feed-
water check valve required by para. 122.1.7, a check valve
shall be provided in the spraywater piping between the
desuperheater and the spraywater source.

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

Desuperheater

e

Stop valve
From spray

water source

Regulating valve
Block Valve

Drain valve —¢equired on superheater and
reheater desuperheaters

GENERAL NOTE: This figure is a schematic only and is not intended to show equipment layout or orientation.

6) It is recommended that the valves and piping.be
arranged to provide a head of water on the downstream
side ¢f the stop valve.

7) A typical arrangement is shown-in Figure
122.4-1.

8) Provisionsshall be made to both steam and water
systems to accommodate the operating‘conditions asso-
ciated with this service, including water hammer, thermal
shocK, and direct water impingement. The connection for
the spraywater pipe shouldbe-located per the require-
ment$ established by thecdmanufacturer so that complete
flow mixing is achieved\prior to any bends, elbows, or
other|flow directional-changes being encountered.

9) Insertable-type desuperheaters, which include
an infegral stép\and spraywater regulating valve, may
be used within*the limitations established by the manu-
facturer. Ifthis type is used, the individual stop and regu-
lating valves shown in Figure 122.4-1 may be omitted.

water flow conditions. The drainage system shall function
both manually and automatically.
(b) Design Requirements

(1) The value of P to be used in the fofmulas of
para. 104 shall be as follows:
(-a) For piping from the desuperheater back to the

stop valve required by (a)(1), the value of P sha]l be equal
to or greater than the maximum allowable working pres-
sure of the desuperheater.
(-b) For the remainder of the spraywater piping
system, the value of P shall be not less|than the
maximum sustained pressure exerted by the spraywater.
(2) The stop valve required by (a)(1] shall be
designed for the pressure requirement of (1)(-a) or the
maximum sustained pressure exerted by the spraywater,
whichever is greater.
(3) The S value used for the spraywater plping shall

not exceed that permitted for the expected temperature.

Insertable-type desuperheaters that have integral
valving internal to the desuperheater unit itself may be
used, provided that the manufacturer can demonstrate
that the internal valving is in compliance with the require-
ments of this Code. All other requirements described in
para. 122.4 shall apply.

(10) For Desuperheaters Located Within Main Steam
or Reheat Steam Piping. The steam system to be desuper-
heated shall be provided with proper drainage during all

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
determine 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 with-
stand the upstream design pressure. The pressure-
relieving valves or devices shall be located adjoining or
as close as practicable to the reducing valve. The combined

(5) Diverter or changeover valves shall be designed
for the most severe conditions of pressure, temperature,
and loading to which they are exposed, and shall be in
accordance with para. 107.

(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

relieving ¢apacity provided shall be such that the design
pressure of the low pressure system will not be exceeded if
the reducjng valve fails open.

122.5.2| Bypass Valves. Hand-controlled bypass valves
having a dapacity no greater than the reducing valve may
be installdd around pressure-reducing valves if the down-
stream piping is protected by pressure-relieving valves or
devices aq required in para. 122.5.1 or if the design pres-
sure of thg downstream piping system and equipmentis at
least as hjgh as the upstream design pressure.

122.5.3 Design of Valves and Pressure-Relieving
Valves apd Devices. Pressure-reducing and bypass
valves anfl pressure-relieving valves and devices shall
be designfed for inlet pressure and temperature condi-
tions. Prefsure-relieving valves and devices shall be in
accordande with the requirements of para. 107.8.

122.6 Pressure Relief Piping

Pressurile relief piping within the scope of this Code shall
be supported to sustain reaction forces, and shall conform
to the requirements of paras. 122.6.1 and 122.6,2.

122.6.]
Devices

(a) Thgre shall be no intervening stop valves between
piping being protected and the protective valve or device.
(b) Divierter or changeover valves designed to allow
servicing| of redundant protective valves or devices
without fystem depressutizdation may be installed
between the piping to be_protected and the required
protectivg valves or dévices under the following condi-
tions:
(1) Divertertot.changeover valves are prohibited on

boiler extprnal piping and reheat piping.
(2) Oneéylitndred percent (100%) of the required

Piping to Pressure-Relieving Valves and

(a) There shall be no intervening stop valve beiween
the protective valve or device and the point.0f'discharge.

(b) When discharging directly to the atmospghere,
discharge shall not impinge on other piping or equipment
and shall be directed away from platforms and otherfareas
used by personnel.

(c) It is recommended thatindividual discharge
be used, but if two or more reliefs are combinedl, the
discharge piping shall be,designed with sufficient flow
area to prevent blowout.of steam or other fluids. Secfional
areas of a discharge pipe shall not be less than the full area
of the valve or device outlets discharging thereintg, and
the discharge pipe shall be as shortand straight as pofsible
and so arranged as to avoid undue stresses on the valve or
device.

(d)Discharge lines from pressure-relieving valvegs and
devices within the scope of this Code shall be designed to
facilitate drainage.

(e) When the umbrella or drip pan type of connec
used, the discharge piping shall be so designed
prevent binding due to expansion movements.

(f) Drainage shall be provided to remove Water
collected above the seat of the pressure-relieving|valve
or device.

(g) Carbon steel materials listed in Mand
Appendix A may be used for discharge piping t
subjected to temperatures above 800°F (427°C)
during operation of pressure-relieving valves [see
107.8.3(b)] provided that

(1) the duration of the pressure-relieving v
operation is self-limiting

(2) the piping discharges directly to atmosphlere

(3) the allowable stresses for carbon steel materials
at temperatures above 800°F (427°C) shall be taken from
ASME BPVC, Section I, Part D, Table 1A for materiqls ap-
plicable to ASME BPVC, Section I and Section| VIII,

lines

ionis
as to

htory
hat is
only
para.

hlve’s

relieving capacity shall be continuously available any
time the system is in service.

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

(4) Positive locking mechanisms and seals shall be
provided on diverter or changeover valves to preclude
unauthorized or accidental operation.
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Division 1

122.7 Piping for Flammable or Combustible
Liquids
122.7.1 General. Piping for flammable or combustible
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.
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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 chil-
ling effect of aliquefied gas flashing to vapor during loss of
pressure. This is a factor for determining the lowest
expected service temperature relative to the possibility
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.

(b) Threaded joints in copper or brass pipe shall be
subject to the same limitations as for steel pipe in
(a)(1), (a)(2), and (2)(3).

(c) Copper tubing shall be assembled with flared, flare-
less, or compression type joints as prescribed in para. 115,
or brazed in accordance with para. 117. Soft solder type
joints are prohibited.

(d) RTR pipe shall be adhesive bonded in accordance

with the pipe manufacturer’s recommended procedures.
[a)

fe}-Pipejeints-dependentonthefrictioneharacteristics

122.7.2 Materials or resiliency of combustible materials for mechanical or
(a)| Seamless steel or nickel alloy piping materials shall leak tightness of piping shall not be useddnside[buildings.
be us¢d in all areas where the line is within 25 ft (7.6 m) of (f) Steel tubing shall be assembled with fittings in

equipment or other lines having an open flame or exposed
party with an operating temperature above 400°F
(2049C). Seamless steel or nickel alloy pipe shall also
be uded for fuel oil systems located downstream of
burner shutoff valves. Burner shutoff valves shall be
locat¢d 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 construction.
Copper tubing shall have a thickness not less than that
requifed by para. 104.1.2(c)(3), regardless of pressure.
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,
contrplled by remote valves.

(c)|Forlubricating oil systems, steel tubing is an acCept-
able alternative to steel pipe.

(d)| Polyethylene (PE) and reinforced thermosetting
resin|(RTR) pipe may be used for flammable or combus-
tible liquids, in buried installations only, in accordance
with Mandatory Appendix N.
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(@)
alloy

.7.3 Piping Joints

Welded joints shall b€ used between steel or nickel
piping components,where practicable. Where bolted
flanged joints are necessary, the gasket material shall be
suitaple for the service. Where threaded joints and
compfression fittings are unavoidable, the following re-
quirements shall*be met:

7) For-threaded joints, the pipe thickness shall be
not lefs.than extra strong regardless of pressure or type of
mate

ial

accordance with para. 115, or with secket weld fittings.

122.7.4 Valves and Specialties. Valves,
meters, and other specialties shall be of steel or nickel
alloy construction. As an alternative, ductile or|malleable
iron or copper alloy valves and specialties may be used,
subjectto the restrjctions in paras. 124.6 and 12#.7, where
metal temperatures do not exceed 400°F (204°C).

strainers,

t Fluids
ble

122.8 Piping for Flammable Gases, Toxi
(Gases or Liquids), or Nonflamma
Nontoxic Gases

(@) Although some gases are liquefied for
transport, they shall be considered as gase
Reid vapor pressure is greater than 40 psi
mm Hg (absolute)] at 100°F (37.8°C).

(b) Threaded joints and compression fittings may be
used subject to the limitations of para. 114.4.1(b) and
other specific limitations identified below, except they
are permitted at connections to refillable¢ storage
containers and associated pressure regulatots, shutoff
valves, pumps, and meters, to a maximum pressure of
5,000 psig [34475 kPa (gage)], provided the|size does
not exceed NPS ¥, (DN 20).

122.8.1 Flammable Gas

torage or
s if their
[2068.6

(a) Some of the common flammable gases pre acety-
lene, ethane, ethylene, hydrogen, methane,|propane,
butane, and natural or manufactured gas usef for fuel.
It shall be the designers’ responsibility to determine
the limiting concentrations (upper and lower|explosive
limits) and the properties of the gas under congideration.
The use of explosive concentrations shall be ayoided, or

(2) The requirements of para. 114 shall apply to all
threaded joints.

(3) Threaded jointsand 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 requirements 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.
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the piping shall be designed to withstand explosive forces.
Vent lines 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
requires owner approval. The hazard analysis shall
address

(1) dissipation of the flammable gases

(2) avoiding explosive concentrations

(3) mitigating possible ignition sources by stopping
hot work and other means
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(4) impingement of gases on nearby objects

(5) foreign objects propelled by venting

(6) chilling effect from the venting operation

(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 deter-
mining the lowest expected service temperature relative
to the possibility of brittle fracture of materials.

(-d) Copper tubing shall not be used if the fuel gas
contains more than 0.3 grains (19.4 mg) of hydrogen
sulfide per 100 ft*/min (47 L/s) of gas at standard con-
ditions.

(-e) Consideration shall be given in the design to
the lower strength and melting point of copper compared
to steel. Adequate support and protection from high
ambient temperatures and vibration shall be provided.

(-f) Tubing shall be installed in a guarded manner

(b) Materiets—Steelpipingsubjectto-the Hmitationsir——thatwilprevent-demage-duringeconstrrebion—eperation,
para. 105, shall be used for all flammable gases, except as and service.

otherwise permitted in (2) through (4).

(1) Welded joints shall be used between steel
components where practicable. Where bolted flanged
joints are [necessary, the gasket material shall be suitable
for the sefvice. Where threaded joints and compression
fittings arg unavoidable, the following requirements shall
be met:

(-a) Forthreaded joints, the pipe thickness shall be
notless than extra strong regardless of pressure or type of
material.

(-b
be used s

(-]
be asseml
joints sh
Compres
paras. 11
service, 9

Threaded joints and compression fittings may
ibject to the limitations of para. 122.8(b).
Threaded joints and compression fittings shall
led carefully to ensure leak tightness. Threaded
hll meet the requirements of para. 135.5.
ion fittings shall meet the requirements of
b and 135.6. A thread sealant, suitable for the
hall be used in threaded joints unless the
joint is to be seal welded or a gasket or O-ring is used
to provid¢ sealing at a surface other than the threads.
(2) Hor hydrogen systems, the following alternative
materials [may be used:
(-a) seamless steel tubing with welded joints.
(-b) seamless copper or brass pipetor tubing with
brazed, thireaded, or compression fitting,joints. Threaded
fittings shlall not exceed NPS ¥, (DN 20). For protection
against damage, tubing shall be-installed in a guarded
manner that will prevent damage during construction,
operatiom, or service. Valves’with suitable packing,
gages, rdgulators, and_other equipment may also
consist of copper alloy materials. Safety relief devices
shall be vented individually, and connected vent piping
shall be designed\te” convey the fluid, without pockets,
to the outside~-atmosphere; and then directed away
from equlipmrent ventilation systems and vents from

htural
b with

(4) Polyethylene (PE) pipe may be usedfor'n
gas service, in buried installations only, in accordanc
Mandatory Appendix N.

(c) Valves and Specialties. Valves, strainers, meterss, and
other specialties shall be of steel ot/nickel alloy conptruc-
tion. As an alternative, ductile iten or copper alloy yalves
and specialties may be used,subject to the restrictipns in
paras. 124.6 and 124.7, whére metal temperatures do not
exceed 400°F (204°C):

(d) Forin-plantfuel.gas distribution systems whejre the
use of a full-relievinig-capacity safety or safety relieflvalve
as described ify para. 107.8.3(b) could create an undue
venting hazard, an alternative pressure-limiting design
may be ‘substituted. The alternative design |shall
includéethe provisions in (1) through (3).

(1) Tandem Gas Pressure-Reducing Valves. To ptotect
the‘low pressure system, two gas pressure-reducing
valves capable of independent operation shall be insfalled
in series. Each shall have the capability of closing off
against the maximum upstream pressure, and of control-
ling the pressure on the low pressure side at or belgw the
design pressure of the low pressure system, if the |other
valve fails open. Control lines must be suitably protgcted,
designed, and installed so that damage to any one c¢ntrol
line will not result in overpressurizing the downsfream
piping.

(2) Trip Stop Valve. A fail-safe trip stop valve sH
installed to automatically close, in less than 1 sec,
below the design pressure of the downstream p
It shall be a manually reset design. The pre
switch for initiating closure of the trip stop valve shall
be hardwired directly to the valve tripping circuif. The
pressure switch shall be mounted directly on the lowjpres-
sure piping without an intervening isolation valve¢. The
trip stop valve shall be located so that it is accegsible

all be
at or
ping.
bsure

other systems.

(3) For fuel gas instrumentation and control, seam-
less copper tubing subject to the following restrictions
may be used:

(-a) The design pressure shall not exceed 100 psi
(690 kPa).

(-b) Tubing shall not exceed % in. (15.9 mm)
nominal outside diameter.

(-c) All joints shall be made with compression or
flared fittings.
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and protected from mechanical damage and from
weather or other ambient conditions that could impair
its proper functioning. 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 pres-
sure. The trip stop valve may also serve as the upstream
isolation valve of a double-block and vent gas supply isola-
tion system. Provision shall be made to safely bleed off the
pressure downstream of the trip stop valve.
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Table 122.8.2-1
Minimum Wall Thickness Requirements
for Toxic Fluid Piping

Stainless and
Nickel Alloy Steel
(Mandatory Appendix A,
Tables A-3 and A-4)

Schedule 10S

Carbon and
Low Alloy Steel
(Mandatory Appendix A,
Size Tables A-1 and A-2)

NPS 2 (DN 50) Extra strong
and
smaller

(2) In addition to the provisions of para. 122.8(bh),
threaded joints and compression fittings may be used
at connections to refillable storage containers and asso-
ciated pressure regulators, shutoff valves, pumps, and
meters to a maximum pressure of 50 psig [345 kPa
(gage)], provided the size does not exceed NPS 2 (DN 50).

(3) Threaded joints shall be assembled carefully to
ensure leak tightness. The requirements of para. 135.5
shall be met. A thread sealant, suitable for the service,

Larger [than Schedule 55
NPS R

(DN [50)

Standard weight

3) Safety Pressure Relief. The low pressure system
shall be protected from any leakage through the pressure-
redu¢ing valves, when closed, by a safety relief valve
constructed and designed in accordance with
para.|107.8.3(b), and sized for the possible leakage rate.

122.8.2 Toxic Fluids (Gas or Liquid)

(a)| For the purpose of this Code, a toxic fluid is one that
may pe lethal or capable of producing injury and/or
serioyis illness through contact, inhalation, ingestion, or
absorption through any body surface. It shall be the
desighers’ responsibility to adopt the safety precautions
published by the relevant fluid industry, which may be
more| stringent than those described in this Code fox
toxic [fluids. In addition, the piping shall be installed~in
such |a manner that will minimize the possibility of
damalge from external sources.

(b)| Preferably, pipe and pipe fittings should.be seam-
less gteel. Wall thickness shall not be less-than that in
Table] 122.8.2-1.

If the fluid is known to be corrgsive to the steels in
Table122.8.2-1, the materials and wall thickness selected
shall pe suitable for the service. (Refer to para. 104.1.2.)

(c)|Welded joints shall bé used between steel compo-
nents| where practicable.‘Backing rings used for making
girth |butt welds shall*be removed after welding. Miter
weld$ are prohibited. Fabricated branch connections
(shaped branch_pipe welded directly to run pipe) may
be uged only/f other types of branch connections
permfitted*by*para. 104.3.1 are not available. Socket
welded.joints shall be used only with steel materials
and dhall not be l:\rgnr than NPS 2% (DN F\"{) Where

shall-be-used-unless-thejointisto-be-seal-welded or a
gasket or O-ring is used to provide sealing af{ a surface
other than the threads.
(d) Steel valves shall be used. Bonnet jdints with
tapered threads are not permitted. Special confideration
shall be given to valve design toprevent stem |eakage to
the environment. Bonnet or coverplate closuredand other
body joints shall be one of the following types:
(1) union

(2) flanged withsuitable gasketing and sedured by at
least four bolts
(3) proprietary, attached by bolts, lugs| or other
substantial méans, and having a design that|increases
gasket comnpression as fluid pressure increases
(4) threaded with straight threads sufficient for
mechanical strength, metal-to-metal seats, dnd a seal
weld made in accordance with para. 127.4.5,[all acting
i series
(e) Tubing not larger than % in. (16 mm)|0.D. with
socket welding fittings may be used to conngct instru-
ments to the process line. An accessible rpot valve
shall be provided at the process lines to permif isolating
the tubing from the process piping. The ldyout and
mounting of tubing shall minimize vibration and exposure
to possible damage.
(f) The provisions of para. 102.2.4 are not permitted.
The simplified rules for analysis in para. 119.7.1(a)(3) are
not permitted. The piping system shall be dgsigned to
minimize impact and shock loads. Suitablel dynamic
analysis shall be made where necessary to avoid or mini-
mize vibration, pulsation, or resonance effects in the
piping. The designer is cautioned to consider [the possi-
bility of brittle fracture of the steel material selected
over the entire range of temperatures to which it may
be subjected.
(g) For dry chlorine service between -20°F (-29°C)
and 300°F (149°C), the pipe material shall npt be less

bolted flanged joints are necessary, socket weld or
welding neck flanges shall be used. Gasket materials
shall be suitable for the service. Compression fittings
are prohibited. Where the use of threaded joints is
unavoidable, all of the following requirements shall be
met:

(1) The pipe thickness shall be not less than extra
strong, regardless of pressure or type of material.

1n thickness than seamless extra strong steel.

(h) Toxic fluid piping shall be pneumatic leak tested in
accordance with para. 137.5. Alternatively, mass spectro-
meter or halide leak testing in accordance with para.
137.6, and a hydrostatic test in accordance with para.
137.3 may be performed.

(i) Where it is not possible to avoid venting toxic gases
(such as discharges from safety relief devices where
containment is impractical), vent lines shall be routed
in such a way as to avoid exposing personnel to hazardous
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concentrations while venting. Each toxic gas vent point
shall be subjected to a hazard analysis that requires
owner approval. The hazard analysis shall address the
following:

(1) dissipation of the toxic gases

(2) avoiding exposing personnel to toxic concentra-
tions by vent point location, by evacuation, by use of
appropriate personal protective equipment, or by
other means

(3) fereign

(c) The temporary systems shall be supported such
that forces and moments due to static, dynamic, and
expansion loadings will not be transferred in an unaccept-
able manner to the connected permanent piping system.
Paragraphs 120 and 121 shall be used as guidance for the
design of the temporary piping system’s supporting
elements.

(d) The temporary systems shall be capable of with-
standing the cyclic loadings that occur during the flushing

obiactcunropaled-bywvanting
9DjeetSPpropenea-By-—vVenthg

(4) chilling effect from the venting operation [see
para. 122]8.1(a)]

122.8.3

(a) Piplng for nonflammable and nontoxic gases, such
as air, oxyjgen, carbon dioxide, and nitrogen, shall comply
with the fequirements of this Code, except as otherwise
permittedin (b). The designer is cautioned of the extreme
chilling effect during rapid expansion. This is a factor for
determining the lowest expected service temperature
relative t¢ the brittle fracture of the material selected.

(b) Thijeaded joints and compression fittings may be
used subjgct to the conditions of para. 122.8(b).

Nonflammable Nontoxic Gas

122.9 Pi

Where |t is necessary to use special material, such as
glass, plastics, or metallic piping lined with nonmetals, not
listed in Table 126.1-1, for conveying corrosive or hazard-
ous liquids and gases, the design shall meet the require-
ments of para. 104.7.

ping for Corrosive Liquids and Gases

122.10 Tlemporary Piping Systems

Prior td test and operation of the power, plant and its
included giping systems, most power and auxiliary service
piping ar¢ subjected to flushing or chemical cleaning to
remove ifjternal foreign material such-as rust particles,
scale, welding or brazing residuejand dirt, which may
have accumulated within the piping during the construc-
tion peridd. This Code does ‘hot address the flushing or
cleaning [operations. Temporary piping, i.e., piping
attached to the permanernt piping system whose function
is to proyide meansifor introducing and removing the
fluids used in the.flashing or cleaning operations, shall
be designgd and constructed to withstand the operating
conditionp during flushing and cleaning. The following

and-eleaningoperations—Partielarattentionshall be
given to the effects of large thrust forces that mpy be
generated during high-velocity blowing cycles? Where
steam piping is to be subjected to high-velocity
blowing operations, continuous or automatic drdining
of trapped or potentially trapped)water within the
system shall be incorporated. Supports at the exhaust
terminals of blowdown piping shall provide for resftraint
of potential pipe whip.

(e) Where necessary,t€mporary systems contdining
cast iron or carbon steel material subject to chemical
cleaning shall be prewarmed to avoid the potential for
brittle failure of-thie material.

(f) Where témporary piping has been installed find it
does not comply with the requirements of this Cogle for
permanent\piping systems, it shall be physically removed
or separated from the permanent piping to which it is
attached prior to testing of the permanent pjiping
syStem and prior to plant startup.

122.11 Steam Trap Piping

122.11.1 Drip Lines. Drip lines from piping or dquip-
ment operating at different pressures shall npt be
connected to discharge through the same trap.

122.11.2 Discharge Piping. Trap discharge piping shall
be designed to the same pressure as the inlet piping ynless
the discharge is vented to atmosphere or is operated
under low pressure and has no stop valves. In nq 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 thé¢ trap
discharge line. A check valve is not required if ¢ither

minimum requirements shall apply to temporary
piping systems:

(a) Each such system shall be analyzed for compliance
with para. 103.

(b) Connections for temporary piping to the permanent
piping systems that are intended to remain shall meet the
design and construction requirements of the permanent
system to which they are attached.
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TiTe STOp valive or the Steam trap 15 designed to automat-
ically prevent reverse flow and is capable of withstanding
a reverse differential pressure equal to the design pres-
sure of the discharge piping.

122.12 Exhaust and Pump Suction Piping

Exhaust and pump suction lines for any service and
pressure shall have pressure-relieving valves or
devices of suitable size unless the lines and attached
equipment are designed for the maximum pressure to
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which they may accidentally or otherwise be subjected, or
unless a suitable alarm indicator, such as a whistle or free
blowing pressure-relieving valve, is installed where it will
warn the operator.

122.13 Pump Discharge Piping

Pump discharge piping from the pump up to and
including the valve normally used for isolation or flow
control shall be designed for the maximum sustained pres-

relieving valves or devices shall be located adjoining or
as close as practicable to the reducing valve. The combined
relieving capacity provided shall be such that the design
pressure of the low pressure system will not be exceeded if
the reducing valve fails open.

122.14.2 Alternative Systems. In district heating and
steam distribution systems where the steam pressure
does not exceed 400 psi (2750 kPa) and where the
use of pressure-relieving valves or devices as described

sure ¢xerted by the pump and for the highest coincident
fluid femperature, as a minimum. Variations in pressure
and t¢mperature due to occasional inadvertent operation
are permitted as limited in para. 102.2.4 under any of the
following conditions:

(a)| during operation of overpressure relieving valves
desighed to protect the piping system and the attached
equipment

(b)| during a short period of abnormal operation, such
as pump overspeed

(c)| during uncontrolled transients of pressure or
temperature

122.14 District Heating and Steam Distribution
Systems

122.14.1 General. Where pressure-reducing valves are
used,|one or more pressure-relieving valves or devices
shall|be provided on the low pressure side of the
system. Otherwise, the piping and equipment on the
low pfessure side of the system shall be designed to with-

stand the upstream design pressure. The pressure-

in para. 122.14.1 is not feasible (e.g., because tere is no
acceptable discharge location for the vent piping), alter-
native designs may be substituted for reliefvalves or
devices. In either case, it is recommended that alarms
be provided that will reliably warn the operator of
failure of any pressure-reducing valve.
(a) Tandem Steam Pressure-Reducing Valvgs. Two or
more steam pressure-redicing valves capable of indepen-
dent operation may b€ installed in series, each set at or
below the safe working pressure of the equigment and
piping system served. In this case, no relief valve or
device is required.
Each pressure-reducing valve shall have the|capability
of closing ‘6ff against full line pressure, and of dontrolling
the reduced pressure at or below the design pfessure of
thelow pressure system, if the other valve falls open.
(b) Trip Stop Valves. A trip stop steam valve det to close
ator below the design pressure of the low pressure system
may be used in place of a second reducing valvejor a relief
valve.
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Chapter Il
Materials

123 GENERAL REQUIREMENTS

Chapter III contains limitations and required qualifica-
tions for npaterials based on their inherent properties. Use
of these materials in piping systems is also subject to re-
quirements and limitations in other parts of this Code.

123.1 Materials and Specifications

123.1.1 Listed Materials. Material meeting the
following fequirements shall be considered listed and ac-
ceptable 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).

(b) A material conforming to a specification for which
allowable|stresses are not listed in Mandatory Appendix A
isacceptaple provided its use is not specifically prohibited
by this Cdde Section and it satisfies one of the following
requireme¢nts:

(1) 1t is referenced in a standard listed in
Table 12[6.1-1. Such a material shall be used only
within the scope of and in the product form covered
by the referencing standard listed in Table 126:1x1.

(2) ltisreferenced in other parts of this Cede Section
and shall|be used only within the scope.of-and in the
product form permitted by the referencing text.

(c) Theg ASME B31.1 Committee considers requests for
adoption of new materials desired\by the owner/user or
fabricator] manufacturer, installer,Jor assembler of piping
or piping gomponents constriicted to the Code. Where itis
desired to use materials that\are not currently acceptable
under the|rules of this(Code Section, written application
shall be made to the*Committee fully describing the
proposed |material‘the user need, and the contemplated
use.

(1) Details oflnformatlon that should be 1nc1uded in
such application C
D, Mandatory Appendlx 5.

(2) Ifitis desired that the material be permitted for
use in Boiler External Piping (BEP), this should be noted in
the request. The request should indicate whether the
material is currently permitted for use by ASME BPVC,
Section I or an ASME BPVC, Section I Code Case and
whether a request has been made or will be made to
the Section I Committee to consider permitting the use
of the material. The request shall indicate the intended
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application and range of service temperatures for the
material. In determining whether a materiakshoyld be
permitted to be used in BEP, the ASME B31.1 Comrpittee
will consider the following and other pértinent fagtors:
(-a) whether the material is permitted to bg used

by ASME BPVC, Section I
(-b) whether the material is essentially the|same

as a material permitted to be used by ASME BPVC, Se¢tion |
(-c) the experience hase for the use of the mdterial

(-d) whether the material is seam welded with

filler metal added ,(seam-welded pipe with filler metal
added is generally<not permitted)
(-e) whether the material is intended for gse in
water-wetted service and is austenitic stainless steel (aus-
tenitic stdinless steels are generally not permitfed in
water-wetted service)
(3) Such material shall not be considered listeld and
notbe used as a listed material until it has been appfoved
by the Committee and allowable stress values haveg been
published in Mandatory Appendix A.
(d) Materials conforming to ASME SA or ASME SB peci-
fications may be used interchangeably with malerial
specified to the listed ASTM A or ASTM B specifications
of the same number, except where the requiremepts of
para. 123.2.2 apply.
(e) Thetabulated stress values in Mandatory Applendix
Athatare showninitalics are at temperatures in the range
where creep and stress rupture strength govern the selec-
tion of stresses.

123.1.2 Unlisted Materials. Materials other than|those
meeting the requirements of para. 123.1.1 shall be c¢nsid-
ered unlisted materials. Such unlisted materials may only
be used for nonboiler external piping provided they datisfy
all of the following requirements:

(a) Unlisted materlals are certlfled by the material

J ere ecification
llsted in any Code Sectlon ofASME B31 Code for Pressure
Piping; ASME BPVC, Section II, Part D; or to a published
specification covering chemistry, physical and mechanical
properties, method and process of manufacture, 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(c).
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(c) Unlisted materials shall be qualified for service
within a stated range of minimum and maximum tempera-
tures based on data associated with successful experience,
tests, or analysis, or a combination thereof. See
para. 124.1.2 for minimum service temperature qualifica-
tions.

(d) The designer shall document the owner’s accep-
tance for use of unlisted material.

(e) All other requirements of this Code are satisfied.

123.2.2 Boiler External Piping

(a) Materials for boiler external piping, as defined in
para. 100.1.2(a), shall be specified in accordance with
ASME SA, ASME SB, or ASME SFA specifications. Material
produced under an ASTM specification may be used,
provided that the requirements of the ASTM specification
are identical or more stringent than the ASME specifica-
tion for the grade, class, or type produced. The material
manufacturer or component manufacturer shall certify,

.1.3 Unknown Materials. Materials of unknown
Fication shall not be used for pressure-containing
P components.

123
speci
pipin

123
of siz
speci
mate
of th
given

123
prody

than
multi

.1.5 Size or Thickness. Materials outside the limits
e or thickness given in the title or scope clause of any
ication listed in Table 126.1-1 may be used if the
ial is in compliance with the other requirements
e specification and no other similar limitation is
in the rules for construction.

.1.6 Marking of Materials or Products. Materials or
cts marked as meeting the requirements for more
ne grade, type, or alloy of a material specification or
ble specifications are acceptable provided

(a)| at least one of the multiple markings includes a
material specification, grade, class, and type or alloy of
the nlaterial selected by the designer; the selected mate-
rial i permitted by this Code; and the selected material
meetg all the requirements of that specification

(b)| only the appropriate design values, including allowz-
able stress, for the selected material from Mandatory
Appepdices A through C are used

(c)| the multiple markings meet the guidelinésset outin
ASMR BPVC, Section II, Part D, Mandatory‘Appendix 7

(d)] all other requirements of this Code are satisfied for
the s¢lected material

123.1.7 Materials Manufactured to Other Specifica-
tion Editions. Materials may.meéet the requirements 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 appli-
cable

(b)| the material tensile and yield strengths shall be
comppred’and any differences shall be evaluated. If the
matefial*has a lower strength than required by the

with evidence acceptable to the Authorized |nspector,
that the ASME specification requirements‘fjave been
met. Materials produced to ASME or ASTM.matgrial speci-
fications are not limited as to country of origin.

(b) Materials that are not fully lidentified shall comply
with ASME BPVC, Section I, PG-10.

(c) Inaddition to materials listed in Mandatgry Appen-
dix A without Note (1), matefials that are listef in ASME
BPVC, Section I may beyused in boiler exterral piping.
When such Section Pmaterials are used, the [allowable
stresses shall bethose listed in ASME BPVC, Bection I,
Part D, TableS/1A and 1B applicable to Sectfion I. For
these Section)I' materials, the applicable reqliirements
in Tables™ A and 1B, and Section I, PG-5 thfough PG-
13, PW<5, PWT-5, PMB-5, and PEB-5 shall be [met.

1233 Pipe-Supporting Elements

Materials used for pipe-supporting elements shall be
suitable for the service and shall comply with the require-
ments of para. 121.2(c), para. 121.7.2(c), para. 121.7.2(d),
para. 123.1, or MSS SP-58. When using MSS $P-58, the
allowable stresses for unlisted materials shalll be estab-
lished in accordance with the rules of para. 102.3.1(c)
of ASME B31.1 in lieu of MSS SP-58.

123.4 Longitudinal-Welded or Spiral-Wel
With Filler Metal Added

ded Pipe

(a) For the purposes of para. 104.1.1, the start of the
creep range is the highest temperature where| the noni-
talicized stress values end in Mandatory Appgndix A.
(b) All welds in longitudinal-welded or spirfal-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 accordqnce with
para. 136.4.5 or para. 136.4.6 and Table 136.4.1-1, or

the joint efficiency factor (used as a multiplier to the

edition 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
rules of para. 123.1 may be used for flared, flareless, and
compression type tubing fittings, provided that the re-
quirements of para. 115 are met.
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weld strength reduction factor) from Table 102.4.7-1
shall be used.

124 LIMITATIONS ON MATERIALS

124.1 Temperature Limitations

124.1.1 Upper Temperature Limits. The materials
listed in the Allowable Stress Tables,Tables A-1
through A-10, Mandatory Appendix A, shall not be
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used at design temperatures above those for which stress
values are given except as permitted by para. 122.6.2(g).

124.1.2 Lower Temperature Limits

(a) The designer shall give consideration to the possi-
bility of brittle fracture at low service temperature.
(b) The requirements of ASME B31T, Standard Tough-
ness Requirements for Piping, shall be met.
(1) For materials listed in ASME B31T, see

124.4 Gray Cast Iron

The low ductility of cast gray iron may result in sudden
failure if shock loading (pressure, temperature, or
mechanical) should occur. Possible shock loadings and
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-

it or

NOl’lmal’ld tory AppeHQIX VIII TOT gulaellnes 0 determine 278 and ASTM A278 Shall have maXimum llmltS Cf 250
if low-temperature service requirerr_lents apply. psig [1725 kPa (gage)] and 450°F (232°C).

_(2] for materlgls not listed in ASME B31_T‘ the The following referenced paragraphs)prohil
designer shall establish the T-number group using the

guidelinds provided in ASME B31T, Nonmandatory
Appendix B, and the requirements of ASME B31T for
that T-number group shall be met. To confirm the T-
number group assignment, impact tests shall be run on
three heats of the material. The test shall be in accordance
with the requirements of section 4 of ASME B31T, and the
test temperature shall be at or below the “Material
Minimum| Temperature Without Impacts” listed for the
T-numbei| group in Table 3.1-1 of ASME B31T.

124.2 Steel

(a) Upon prolonged exposure to temperatures above
800°F (437°C), the carbide phase of plain carbon steel,
carbon-molybdenum steel, plain nickel alloy steel,
carbon-manganese alloy steel, manganese-vanadium
alloy steel, and carbon-silicon steel may be converted
to graphite.

(b) Upgn prolonged exposure to temperatures above
875°F (468°C), the carbide phase of alloy steels, such
as manggdnese-molybdenum-vanadium, manganese-
chromium-vanadium, and chromium-vanadium, may
be converfted to graphite.

(c) Carpon or alloy steel having carbon content of more
than 0.35% shall not be used in welded construction or be
shaped by an oxygen cutting process or other thermal
cutting prfocesses.

(d) Whire low alloy 2%%:chromium steels are used at
temperatyres above 8 50°%F. (454°C), the carbon content of
the base rhaterial and-weld filler metal shall be 0.05% or
higher.

(e) Carpon,and:low alloy steels may be susceptible to
flow-accelerated corrosion (FAC, also referred to as flow-
assisted c i tHe ertatfeondith which-migh
include rapid or turbulent single- or two-phase flow, low
pH, low oxygen concentration, and temperatures in the
range of approximately 200°F (93°C) to 500°F (260°C).
Materials containing at least 0.1% chromium are consid-
ered to be less susceptible to FAC, and these steels will
exhibit increasing resistance to FAC as chromium
content is increased. Additional information regarding
FAC is provided in Nonmandatory Appendix IV.

OS16 v N
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restrict the use of gray cast iron for certain applications

or to certain pressure-temperature ratings:

121.7.2(c)

122/1.4(a)(3)
122.1.4(b)(3)

122.1.7

122.1.7(c)(5), 122.1.7(c
122.2(a)(1)

122.2(a)(2)

122.7.2(a), 122.7.2(b), 1p2.7.4
122.8.1(b), 122.8.1(c)
122.8.2(b), 122.8.2(d)

Pipe supports

BEP blowoff

BEP blowdown

BEP valves and fittings
Blowoff valves
Non-BEP blowoff
Non-BEP blowdowin

Flammable or eonibustible liquids

(6)

Flammablexgases

Toxic_gases or liquids

124.5 Malleable Iron

Certain types of malleable iron have low ductility|char-
acteristics and may be subject to brittle fracture. Malleable
iron may be used for design conditions not to exceed 350
psig [2415 kPa (gage)] or 450°F (232°C).

The following referenced paragraphs prohil
restrict the use of malleable iron for certain applic
or to certain pressure-temperature ratings:

it or
tions

Pipe supports

BEP blowoff

BEP blowdown
Non-BEP blowoff
Non-BEP blowdown

Flammable or combustible liquids

121.7.2(d)
122.1.4(a)(3)
122.1.4(b)(3)
122.2(a)(1)
122.2(a)(2)

122.7.2(a), 122.7.2(b)),
122.7.4

122.8.1(b), 122.8.1(c

Flammable gases

124.6 Ductile (Nodular) Iron

Ductile iron components complying with ANSI/AWWA
C110/A21.10, ANSI/AWWA C115/A21.15, ANSI/AWWA
C151/A21.51, or ANSI/AWWA C153/A21.53 may be
used for water and other nontoxic, nonflammable
service, with pressure limits as specified in those stan-
dards and temperature limits as specified in
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para. 106.1(e). These components may not be used for
boiler external piping.

Ductile (nodular) iron components conforming to ASME
B16.42 may be used for services including boiler external
piping under the following conditions:

(a) Components for boiler external piping shall be used
only within the following limitations:

(1) Only ASME SA-395 material may be used.
(2) Design pressure shall not exceed 350 psig [2415

(b) the cladding or lining is a material that in the judg-
ment of the user is suitable for the intended service, and
the cladding/lining and its method of application do not
detract from the serviceability of the base material.

(c) bending procedures are such that damaging or
detrimental thinning of the cladding material is prevented.

(d) welding and the inspection of welds is in accor-
dance with the provisions of Chapters V and VI of this
Code.
erpdited for

kPa (gage)t:
3) Design temperature shall not exceed 450°F
(23290).

(b)| Welding shall not be used, either in fabrication of
the cmponents or in their assembly as a part of a piping
system.

(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)

BEP blowdown 122.1.4(b)(3)

BEP blowoff valves 122.1.7(c)(5), 122.1.7(c)(6)

Non-B
Non-B

Flamnfable or combustible liquids

EP blowoff

EP blowdown

122.2(a)(1)
122.2(a)(2)

122.7.2(a), 122.7.2(b), 122.7.4
122.8.1(b), 122.8.1(c)
122.8.2(b), 122.8.2(d)

1233

Flamnfable gases
Toxic gases or liquids

Pipe syipports

124.7
No

Nonferrous Metals

hferrous metals may be used in piping systéms under
the fdllowing conditions:

(a)| The melting points of copper,scopper alloys,
aluminum, and aluminum alloys must be considered, par-
ticularly where there is a fire hazard.

(b)| The designer shall consider the possibility of
galvanic corrosion when.combinations of dissimilar
metals, such as copper,taluminum, and their alloys, are
used |in conjunction”with each other or with steel or
other| metals in the presence of an electrolyte.

(c)| Threaded<Gonnections. A suitable thread compound
shall pe used\ifvmaking up threaded joints in aluminum
pipe fo prevent seizing that might cause leakage and
perhaps-prevent disassembly. Pipe in the annealed

tHE—crr eI e S 5— o e—tcraatrtt

structural strength in the piping design.

124.9 Nonmetallic Pipe

This Code recognizes the existence of a wide|variety of
nonmetallic piping materials thatmay be used ir] corrosive
(either internal or external) or‘ether specializgd applica-
tions. Extreme care mustibestaken in their selection, as
their design properties.vary greatly and depend on the
material, type, and grade. Particular considergtion shall
be given to

(a) possible destruction where fire hazard i

(b) possible decrease in tensile strength
increase In_ temperature

(c) effects of toxicity

(d)“requirements for providing adequate s
flexible pipe

Rules and service limitations for plastic and ¢
based piping materials, including thermoplastic
forced thermosetting resins, are given in M
Appendix N.

5 involved
at slight

hpport for

lastomer-
5 and rein-
andatory

124.10 Deterioration of Materials in Seryice

materials
and infor-

Itis the responsibility of the designer to select
suitable for the intended application. Guidelines|
mation related to corrosion, corrosion proteftion, and
potential damage mechanisms other than cortosion are
provided in Nonmandatory Appendices IV and V.

124.11 Gaskets

Limitations on gasket materials are cg
para. 108.4.

vered in

124.12 Bolting

Limitations on bolting materials are cq
para 1085

vered in

temper—shoutd ot bethreaded:

124.8 Cladding and Lining Materials

Materials with cladding or lining may be used, provided
that

(a) thebase material is an approved Code material. The
allowable stress used shall be that of the base metal at the
design temperature.
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125 CREEP STRENGTH ENHANCED FERRITIC
MATERIALS

125.1 Requirements for ASTM A217, Grade C12A
and ASTM A1091, Grade C91 Castings

125.1.1 Required Examinations. The casting shall be
examined in accordance with the requirements of
para. 102.4.6(b).
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Alternatively, castings for valves may be examined in
accordance with the requirements of ASME B16.34 for
special class valves.

125.1.2 Heat Treatment Requirements

(a) The material shall be austenitized within the
temperature range of 1,900°F to 1,975°F (1040°C to
1080°C), followed by air or accelerated cooling® to a
temperature of 200°F (95°C) or below, followed by

125.1.3 Weld Repair Requirements

(a) Weld repairs to castings shall be made with one of
the following welding processes and consumables:
(1) SMAW, ASME SFA-5.5/SFA-5.5M E90XX-B9
(2) SAW, ASME SFA-5.23/SFA-5.23M EB9 + neutral
flux
(3) GTAW, ASME SFA-5.28/SFA-5.28M ER90S-B9
(4) FCAW, ASME SFA-5.29/SFA-5.29M E91T1-B9
In addition, the Ni + Mn content of all welding

tempering Withima Tange of 1,350°F 10 1,470°F (730°C " consumables shall not exceed 1.0%.
_tO 800°C). However, if a major weld repair, as defined (b) Weld repairs to castings as part of materialthanu-
in ASTM A217, para. 9.4 or ASTM A1091, para. 10.3.4, facture shall be made with welding procedure

as applidable, is made after the austenitizing and
tempering heat treatment, then a new austenitizing
and tempering heat treatment in accordance with the re-
quirements of this subparagraph shall be carried out.

(b) When heattreating single castings, compliance with
the speciffed temperature range shall be verified by ther-
mocouplef placed directly on the casting. For castings that
are heat treated in batches, compliance with the specified
temperatyire range shall be verified by thermocouples
placed o]: selected castings in each heat treatment
batch. Thle number and location of thermocouples to
be placed on each casting, or on each heat treatment
batch of fastings, for verification of heat treatment
shall be ps agreed between the purchaser and the
producer. A record of the final austenitizing and
tempering heat treatment, and any subsequent subcritical
heat treatmment, to include both the number and location of
thermocopples applied to each casting, or to each heat
treatmenft batch of castings, shall be prepared.and
made availlable to the purchaser. In addition, all hedttreat-
ment temperatures and cycle times for the final austeni-
tizing and|tempering heat treatment, and any subsequent
subcritical] heat treatment, shall be showaron the certifi-
cation report.

(c) Thehardness of the cast materialafter the final heat
treatment (including PWHT) shall-be Brinell hardness
number 185 to 248 or Rockwell"'B90 to C25. Hardness
testing shall be in accordance with Supplementary
Requirement S13 of ASTM-A217 or ASTM A1091, as ap-
plicable.

5 and
welders qualified in accordance with ASME BPVC,
Section IX.

(c) All weld repairs shall be recorded with respgct to
their location on the casting. Forall major weld repaiirs, as
defined in ASTM A217, para. 94’or ASTM A1091,|para.
10.3.4, as applicable, the record shall include a description
of the length, width, and depth of the repair. Suppl¢men-
tary Requirement S12.0fASTM A703 shall apply. For weld
repairs performed_as part of material manufacturg, the
documentation.shall be included with the Materia] Test
Report. For .weéld repairs performed on componenits for
boiler external piping by the Manufacturer, docunjenta-
tion shall*be included with the Manufacturer’s| Data
Report:

125.1.4 Overheating Requirements. If, durinlg the
manufacturing, any portion of the component is heated
to a temperature greater than 1,470°F (800°C)/| then
the component shall be reaustenitized and retempered
in its entirety in accordance with para. 125.1.2, of that
portion of the component heated above 1,470°F
(800°C), including the heat-affected zone creatgd by
the local heating, shall be replaced or shdll be
removed, reaustenitized, retempered, and then reglaced
in the component.

125.1.5 Certification Requirements. A manufactirer’s
test report meeting certification requirements of ASTM
A703 shall be provided.

1To facilitate complete transformation to martensite after the auste-
nitizing, cooling should be as uniform as possible.
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Chapter IV
Reference Specifications, Codes, and Standards

126 SPECIFICATIONS AND STANDARDS FOR

TANDARD AND NONSTANDARD PIPING
OMPONENTS

126.1 Standard Piping Components

Stajndard piping components shall comply with the

stand
accor

126.2

Wh
accor]
stand
when

126.3

Th
refer
listed

ards and specifications listed in Table 126.1-1 in
Hance with para. 100.

Nonstandard Piping Components

en nonstandard piping components are designed in
dance with para. 104, adherence to dimensional
ards of ANSI and ASME is strongly recommended
practicable.

Referenced Documents

e documents listed in Table 126.1-1 may contain
bnces to codes, standards, or specifications not
in this table. Such unlisted codes, standakds) or

specifications are to be used only in the contlext of the

listed documents in which they appear.

Where documents listed in Table 126.1-
design rules that are in conflict with this
design rules of this Code shall govern.

The fabrication, assembly, ekamination, insp4
testing requirements of CHapters V and VI ap
construction of pipingssystems. These requ
are not applicable to piping components man
in accordance withi the documents listed
126.1-1 unless specifically so stated.

126.4 Other’'Documents

Table\126.1-1 may contain references to cg
dards, or specifications not referenced elsq
this’Code. Compliance with these codes, stay
specifications is permissible when the rules don
with this Code.

1 contain
Code, the

ction, and
ply to the
irements
ufactured
in Table

des, stan-
where in
dards, or
ot conflict
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Table 126.1-1
Specifications and Standards

Designator Title
AISC Publication
Manual of Steel Construction Allowable Stress Design
American National Standard
7223.1 National Fuel Gas Code (ANSI/NFPA 54)
API Specifications
Seamless and Welded Pipe
5L Line Pipe
570 Piping Inspection Code: In-Service Inspection, Rating, Repair, and Alteration of Piping SystemshThird Edition
ASCE Standard
ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures
ASME Codes and Standards
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 Gray Iron Pipe Flanges and Flanged Fittings — Classes 25,125, and 250
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 Lecknuts 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‘Elanges — Ring Joint, Spiral Wound, and Jacketed
B16.21 Nonmetallic Flat Gaskets for Pipe Flanges
B16.22 Wrought Coppef 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
B16.26 Cast/Copper Alloy Fittings for Flared Copper Tubes
B16.34 Valves — Flanged, Threaded, and Welding End
B16.36 Orifice Flanges
B16.42 Ductile Iron Pipe Flanges and Flanged 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)
B18.2.3.5M Metric Hex Bolts
B18.2.3.6M Metric Heavy Hex 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 (1)]

Plain Washers
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASME Codes and Standards (Cont’d)
B18.31.1M Metric Continuous and Double-End Studs
B18.31.2 Continuous Thread Stud, Double-End Stud, and Flange Bolting Stud (Stud Bolt) (Inch Series)
B31.3 Process Piping
B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids
B31.8 Gas-Transnission-and-DistributionRiping Systems
B31E Standard for the Seismic Design and Retrofit of Above-Ground Piping Systems
B31] Stress Intensification Factors (i-Factors), Flexibility Factors (k-Factors), and Their Determination (for ‘Metgllic Piping
Components
B31P Standard Heat Treatments for Fabrication Processes
B31T Standard Toughness Requirements for Piping
B36.1(M Welded and Seamless Wrought Steel Pipe
B36.19M Stainless Steel Pipe
BPVC Boiler and Pressure Vessel Code
TDP-1 Recommended Practices for the Prevention of Water Damage to Steam Turbines Used for Electric Power G¢neration —
Fossil Fueled Plants
ASME Material Specification
SA/EN| 10028-2 Flat Products Made of Steels for Pressure Purposes Part 2: Non:Alloy and Alloy Steels With Specified Elevated Tlemperature
Properties
ASNT Specifications
CP-18 ASNT Standard for Qualification and Certification of Nondestructive Testing Personnel
SNT-T¢-1A ASNT Personnel Qualification and Certification’' in Nondestructive Testing
ASTM Ferrous Material Specifications
Bolts, [Nuts, and Studs
A193/A193M Alloy-Steel and Stainless Steel Bolting for High Temperature or High Pressure Service and Other Special |Purpose
Applications
A194/A194M Carbon Steel, Alloy Steelyand Stainless Steel Nuts for Bolts for High Pressure or High Temperature Service, or Both
A307 Carbon Steel Bolts; Studs, and Threaded Rod 60 000 psi Tensile Strength
A320/A320M Alloy-Steel and Stainless Steel Bolting for Low-Temperature Service
A354 Quenched and Tempered Alloy Steel Bolts, Studs and Other Externally-Threaded Fasteners
A437/M437M StainleSs and Alloy-Steel Turbine-Type Bolting Specially Heat Treated for High Temperature Service
A449 Hex €ap Screws, Bolts, and Studs, Steel, Heat Treated, 120/105/90 ksi Minimum Tensile Strength, Geneyal Use
A453/M453M High-Temperature Bolting, With Expansion Coefficients Comparable to Austenitic Stainless Steels
Castings
A47/ARTM Ferritic Malleable Iron Castings
A48/AU8BM Gray Iron Castings
A126 Gray Iron Castings for Valves, Flanges, and Pipe Fittings
A197/A197M Cupola Malleable Iron
A216/A216M Steel Castings, Carbon Suitable for Fusion Welding, for High Temperature Service
A217/A217M Steel Castings, Martensitic Stainless and Alloy, for Pressure-Containing Parts, Suitable for High-Temperature Service
A278/A278M Gray Iron Castings for Pressure-Containing Parts for Temperatures Up to 650°F (350°C)
A351/A351M Castings, Austenitic, for Pressure-Containing Parts
A389/A389M Steel Castings, Alloy, Specially Heat Treated for Pressure-Containing Parts, Suitable for High-Temperature Service
A395/A395M Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures
A536 Ductile Iron Castings
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Ferrous Material Specifications (Cont'd)
A1091/A1091M Steel Castings, Creep-Strength Enhanced Ferritic Alloy, for Pressure-Containing Parts, Suitable for High Temperature
Service
Forgings
A105/A105M— Carbon Steel Forgings for Piping Applications
A181/A181M Carbon Steel Forgings for General Purpose Piping
/A182M Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Température $ervice
A336/A336M Alloy Steel Forgings for Pressure and High-Temperature Parts
A350/A350M Carbon and Low-Alloy Steel Forgings Requiring Notch Toughness Testing for Piping Components
A965/A965M Steel Forgings, Austenitic, for Pressure and High Temperature Parts
Cast Pipe
A377 Ductile Iron Pressure Pipe
A426/A426M Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature Service
A451/A451M Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service
Seamless Pipe and Tube
A106/A106M Seamless Carbon Steel Pipe for High-Temperature Service
A179/A179 Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and*Cendenser Tubes
A192/A192 Seamless Carbon Steel Boiler Tubes for High-Pressure Service
A210/A210 Seamless Medium-Carbon Steel Boiler and Superheater ‘Tubes
A213/A213 Seamless Ferritic and Austenitic Alloy-Steel Boiler;;Superheater, and Heat-Exchanger Tubes
A335/A335 Seamless Ferritic Alloy Steel Pipe for High-Temperature Service
A369/A369 Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-Temperature Service
A376/A376] Seamless Austenitic Steel Pipe for High*Temperature Service

Seamless
A53/A53M

d Welded Pipe and Tube

Pipe, Steel, Black and Hot-Ripped, Zinc-Coated, Welded and Seamless

Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for General Service

Seamless, Welded and\Heavily Cold Worked Austenitic Stainless Steel Pipe

Seamless and Welded' Steel Pipe for Low-Temperature Service and Other Applications with Required Notch Tou|
General Requirements for Carbon and Low Alloy Steel Tubes

General Requirements for Specialized Carbon and Alloy Steel Pipe

Seamléss and Welded Ferritic/Austenitic Stainless Steel Tubing for General Service

Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe

Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)

bhness

A139/A139M
A178/A178M
A214/A214M
A249/A249M
A254

A358/A358M

A409/A409M
A587

Eleetrie-Resistance-Welded-Steel-Rip

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 Tubes

Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes

Copper Brazed Steel Tubing

Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature Service and General

Applications
Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature Service

Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical Industry
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Ferrous Material Specifications (Cont’d)
A671/A671M Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures
A672/A672M Electric-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures
A691/A691M Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-Pressure Service at High Temperatures
A928/A928M Ferritic/Austenitic (Duplex) Stainless Steel Pipe Electric Fusion Welded with Addition of Filler Metal
Fittian
A234/M234M Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature Sert{ice
A403/A403M Wrought Austenitic Stainless Steel Piping Fittings
A420/A420M Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service
A815/A815M Wrought Ferritic, Ferritic/Austenitic, and Martensitic Stainless Steel Piping Fittings
Plate, |Sheet, and Strip
A240/M240M Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Ptessure Vessels and General fpplications
A283/A283M Low and Intermediate Tensile Strength Carbon Steel Plates
A285/A285M Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Srength
A299/A299M Pressure Vessel Plates, Carbon Steel, Manganese-Silicon
A387/A387M Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum
A515/A515M Pressure Vessel Plates, Carbon Steel for Intermediate- and\Higher-Temperature Service
A516/A516M Pressure Vessel Plates, Carbon Steel, for Moderate- and“Lewer-Temperature Service
Rods, Bars, and Shapes
A276/A276M Stainless Steel Bars and Shapes
A322 Steel Bars, Alloy, Standard Grades
A479/M479M Stainless Steel Bars and Shapes for Use.in Boilers and Other Pressure Vessels
A564/A564M Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and Shapes
A575 Steel Bars, Carbon, Merchant-Quality, M-Grades
A576 Steel Bars, Carbon, Hot-Wrought, Special Quality
Structpiral Components
A36/AB6M Carbon Structural*Steel
A125 Steel Springs; Helical, Heat Treated
A229/A229M Steel Wirey Quenched and Tempered for Mechanical Springs
A242/M242M HighsStrength Low Alloy Structural Steel
A992/K992M Structural Steel Shapes
ASTM Nonferrous Material Specifications
Castings
B26/BR6M Aluminum-Alloy Sand Castings
B61 Steam or Valve Bronze Castings
B62 Composition Bronze or Ounce Metal Castings
B108 Aluminum-Alloy Permanent Mold Castings
B148 Aluminum-Bronze Sand Castings
B367 Titanium and Titanium Alloy Castings
B584 Copper Alloy Sand Castings for General Applications
Components
F1476 [Note (2)] Performance of Gasketed Mechanical Couplings for Use in Piping Applications
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)

F1548 Performance of Fittings for Use With Gasketed Mechanical Couplings Used in Piping Applications

Forgings

B247, B247M Aluminum and Aluminum-Alloy Die Forgings, Hand Forgings, and Rolled Ring Forgings

B283/B283M— Gopper-and-Gopper-Alloy Die Eorgings (Hot P &

B381 Titanium and Titanium Alloy Forgings

B462 Forged or Rolled UNSN06030,N06022,N06035,N06200,N06059,N10362, N06686, N08020, N08024, NO8026, NP8367,
N10276, N10665, N10675, N10629, N08031, and N06045 Pipe Flanges, Forged Fittings, and Valves and Pafts for
Corrosive High-Temperature Service

B564 Nickel Alloy Forgings

Seamless Pipe and Tube

B42 Seamless Copper Pipe, Standard Sizes

B43 Seamless Red Brass Pipe, Standard Sizes

B68/B68M Seamless Copper Tube, Bright Annealed

B75 Seamless Copper Tube

B88/B88M Seamless Copper Water Tube

B111/B111M Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock

B161 Nickel Seamless Pipe and Tube

B163 Seamless Nickel and Nickel-Alloy (UNS N06845) Condenseryand Heat-Exchanger Tubes

B165 Nickel-Copper Alloy (UNS N04400) Seamless Pipe andxTube

B167 Nickel-Chromium-Iron Alloys (UNS N06600, N06601,N06603, N06690, N06693, N06025, N06045, and N06696), Nickel-
Chromium-Cobalt-Molybdenum Alloy (UNS N06617) and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674)
Seamless Pipe and Tube

B210/B210M Aluminum and Aluminum Alloy Drawn Seamless Tubes

B234/B234M Aluminum and Aluminum-Alloy Drawn-Seamless Tubes for Surface Condensers, Evaporators, and Heat Exchangers

B241/B241M Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube

B251/B251M General Requirements for Wrought Seamless Copper and Copper-Alloy Tube

B280 Seamless Copper Tube for Air ‘€Conditioning and Refrigeration Field Service

B302 Threadless Copper Pipe,'Standard Sizes

B315 Seamless Copper Alloy~Pipe and Tube

B407 Nickel-Iron-Chremium Alloy Seamless Pipe and Tube

B423 Nickel-Iron-€hromium-Molybdenum-Copper Alloy (UNS N08825, N08221, and N06845) Seamless Pipe and Tybe

B466/B466M Seamless«€opper-Nickel Pipe and Tube

B622 Seamless$ Nickel and Nickel-Cobalt Alloy Pipe and Tube

B677 UNS.N08925, UNS N08354, and UNS N08926 Seamless Pipe and Tube

B690 Ifoh-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Seamless Pipe and Tube

B729 Seamless UNS N08020, UNS N08026, and UNS N08024 Nickel-Alloy Pipe and Tube

B861 Titanium and Titanium Alloy Seamless Pipe

Seamless and Welded Pipe and Tube

B338
B444

Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers

Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625 and UNS N06852) and Nickel-Chromium-Molybdenum-

Silicon Alloy (UNS N06219) Pipe and Tube

Welded Pipe and Tube

B464
B467
B468

Welded (UNS N08020, N08024, and N08026) Alloy Pipe
Welded Copper-Nickel Pipe
Welded (UNS N08020, N08024, and N08026) Alloy Tubes
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)
B546 Electric Fusion-Welded Ni-Cr-Co-Mo Alloy (UNS N06617), Ni-Fe-Cr-Si Alloys (UNS N08330 and UNS N08332), Ni-Cr-Fe-Al
Alloy (UNS N06603), Ni-Cr-Fe Alloy (UNS N06025), and Ni-Cr-Fe-Si Alloy (UNS N06045) Pipe
B608 Welded Copper-Alloy Pipe
B619 Welded Nickel and Nickel-Cobalt Alloy Pipe
B626 Welded Nickel and Nickel-Cobalt Alloy Tube
B673 UNS N08925, UNS N08354, and UNS N08926 Welded Pipe
B674 UNS N08925, UNS N08354, and UNS N08926 Welded Tube
B675 UNS N08367 Welded Pipe
B676 UNS N08367 Welded Tube
B704 Welded UNS N06625, N06219, and N08825 Alloy Tubes
B705 Nickel-Alloy (UNS N06625, N06219, and N08825) Welded Pipe
B804 UNS N08367 and UNS N08926 Welded Pipe
B862 Titanium and Titanium Alloy Welded Pipe
Fittings
B361 Factory-Made Wrought Aluminum and Aluminum-Alloy Welding Fittings
B366 Factory-Made Wrought Nickel and Nickel Alloy Fittings

Plate, |Sheet, and Strip

B168

B171/B171M
B209
B265
B409
B424
B435
B443

B463

B575

B625
B688

Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06
Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS NO|
Sheet, and Strip

Copper-Alloy Plate and Sheet for Pressure*Vessels, Condensers, and Heat Exchangers
Aluminum and Aluminum-Alloy Sheet andPlate

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-Molybdénum-Columbium Alloy (UNS N06625) and Nickel-Chromium-Molybdenum-Silico
N06219) Plate, Sheet, and Strip

UNS N08020 Alloy-Plate, Sheet, and Strip

Low-Carbon-Niekel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium-Molybdenum-Copper, Low-Ca
Chromium<Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Plat
Strip

UNS_N08925, UNS N08031, UNS N08932, UNS N08926, UNS N08354, and UNS R20033 Plate, Sheet, and
Chromium-Nickel-Molybdenum-Iron (UNS N08366 and UNS N08367) Plate, Sheet, and Strip

Rods, Bars,-and Shapes

96), Nickel-
6674) Plate,

h Alloy (UNS

bon Nickel-
t, Sheet, and

Strip

B16/B[L6M Free-Cutting Brass Rod, Bar and Shapes for Use in Screw Machines

B150/B156M Aturmimunr Bronze Rod; Bar;,amd-Shapes

B151/B151M Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel Rod and Bar

B166 Nickel-Chromium-Iron Alloys (UNS N06600,N06601, N06603,N06690, N06693, N06025,N06045, and N06696), Nickel-
Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674) Rod,
Bar, and Wire

B221 Aluminum and Aluminum Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes

B348/B348M Titanium and Titanium Alloy Bars and Billets

B408 Nickel-Iron-Chromium Alloy Rod and Bar

B425 Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Rod and Bar

83


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

ASME B31.1-2022

Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)
B446 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625), Nickel-Chromium-Molybdenum-Silicon Alloy (UNS
N06214), and Nickel-Chromium-Molybdenum-Tungsten Alloy (UNS N06650) Rod and Bar
B453/B453M Copper-Zinc-Lead Alloy (Leaded-Brass) Rod, Bar, and Shapes
B473 UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and Wire
B572 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Rod
B574 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Molybdenum-Chromium-Tantalum, Low-Caibn
Nickel-Chromium-Molybdenum-Copper, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloyl Ro¢l
B649 Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS N08925, UNS N08031, UNS N08354, and UNS N08926), Ct-Ni-Fe-N Low-
Carbon Alloy (UNS R20033) Bar and Wire, and Ni-Cr-Fe-Mo-N Alloy (UNS N08936) Wire
B691 Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Rod, Bar, and Wire
Solder
B32 Solder Metal
B828 Standard Practice for Making Capillary Joints by Soldering of Copper and Coppétr Alloy Tube and Fittings
ASTM Standard Test Methods
D323 Standard Test Method for Vapor Pressure of Petroleum Products (Reid Method)
E94 Standard Guide for Radiographic Examination
E125 Standard Reference Photographs for Magnetic Particle Indications on Ferrous Castings
E186 Standard Reference Radiographs for Heavy-Walled (2 to4%-in. [51 to 114-mm)]) Steel Castings
E280 Standard Reference Radiographs for Heavy-Walled (4% to 12-in. [114 to 305-mm]) Steel Castings
E446 Standard Reference Radiographs for Steel Castings’Up to 2 in. [51 mm] in Thickness
E1003 Standard Practice for Hydrostatic Leak Testing
E2930 Standard Practice for Pressure Decay LeakiTest Method
AWS Specifications
A3.0 Standard Welding Terms and\Definitions
D10.10 Recommended Practices(for Local Heating of Welds in Piping and Tubing
QC1 Standard for AWS Certification of Welding Inspectors
AWWA and ANSI/AWWA Standards
C110/A21.10 Ductile-Iren\and Gray-Iron Fittings, 3 in. Through 48 in. (76 mm Through 1200 mm), for Water and Other Liguids
C111/A21.11 Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings
C115/A21.15 Flanged Ductile-Iron Pipe With Threaded Flanges
C150/A21.50 Thickness Design of Ductile-Iron Pipe
C151/A21.91 Ductile-Iron Pipe, Centrifugally Cast, for Water
C153/A21.53 Ductile-Iron Compact Fittings, 3 in. Through 24 in. (76 mm Through 610 mm) and 54 in. Through 64 in. (1,400 mm Through
1.600 mm), for Water Service
C200 Steel Water Pipe—6 in. (150 mm) and Larger
C207 Steel Pipe Flanges for Waterworks Service—Sizes 4 in. Through 144 in. (100 mm Through 3,600 mm)
C208 Dimensions for Fabricated Steel Water Pipe Fittings
C300 Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids (Includes Addendum C300a-93)
C301 Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids
€302 Reinforced Concrete Pressure Pipe, Noncylinder Type, for Water and Other Liquids
C304 Design of Prestressed Concrete Cylinder Pipe
C500 Metal-Seated Gate Valves for Water Supply Service

C504 [Note (3)]

Rubber Seated Butterfly Valves
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator

Title

AWWA and ANSI/AWWA Standards (Cont’d)

C509

C516 [Note (3)]

Resilient-Seated Gate Valves for Water Supply Service
Large-Diameter Rubber-Seated Butterfly Valves, Sizes 78 in. (2,000 mm) and Larger

C600 Installation of Ductile-Iron Water Mains and Their Appurtenances
C606 Grooved and Shouldered Joints
Expansion Joint Manufacturers Association, Inc.
Standards of the Expansion Joint Manufacturers Association, Inc.
FCI Standard
79-1-2009 Proof of Pressure Ratings for Pressure Regulators
MSS Standard Practices
SP-6 Standard Finishes for Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings
SP-9 Spot-Facing for Bronze, Iron and Steel Flanges
SP-25 Standard Marking System for Valves, Fittings, Flanges and Unions
SP-42 [Note (3)] Corrosion Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends (Classes 150,300 & 600)
SP-43 Wrought and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications
SP-45 Bypass and Drain Connections
SP-51 Class 150 LW Corrosion Resistant Flanges and Cast Flanged Fittings
SP-53 Quality Standard for Steel Castings and Forgings for. Valves, Flanges, and Fittings and Other Piping Compgonents —
Magnetic Particle Examination Method
SP-54 Quality Standard for Steel Castings for Valyes,)Flanges, and Fittings and Other Piping Components — Ragliographic
Examination Method
SP-55 Quality Standard for Steel Castings for<Valves, Flanges, and Fittings and Other Piping Components — Visua] Method for
Evaluation of Surface Irregularities
SP-58 Pipe Hangers and Supports —"Materials, Design, Manufacture, Selection, Application, and Installation
SP-61 Pressure Testing of Valves
SP-67 [Note (3)] Butterfly Valves
SP-68 High Pressure Butterfly Valves with Offset Design
SP-75 High-Strength, Wrought, Butt-Welding Fittings
SP-79 Socket Welding Reducer Inserts
SP-80 Bronze Gate;”Globe, Angle and Check Valves
SP-83 Class.3000 and 6000 Pipe Unions, Socket Welding and Threaded (Carbon Steel, Alloy Steel, Stainless Steelq, and Nickel
Alloys)
SP-88 Diaphragm Valves
SP-93 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components — Liquid
Penetrant Examination Method
SP-94 Quality Standard for Ferritic and Martensitic Steel Castings for Valves, Flanges, and Fittings and Other Piping Components
— Ultrasonic Examination Method
SP-95 Swage(d) Nipples and Bull Plugs
SP-97 Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded and Buttwelding Ends
SP-105 Instrument Valves for Code Applications
SP-106 Cast Copper Alloy Flanges and Flanged Fittings: Class 125, 150, and 300
SP-128 Ductile Iron Gate Valves
SP-136 Ductile Iron Swing Check Valves
National Fire Codes
NFPA 85 Boiler and Combustion Systems Hazards Code
NFPA 1963 Standard for Fire Hose Connections
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Specifications and Standards (Cont’d)

Designator Title
PFI Standards

ES-16 Access Holes and Plugs for Radiographic Inspection of Pipe Welds

ES-24 Pipe Bending Methods, Tolerances, Process and Material Requirements

GENERAL NOTES:

(a) For boiler external piping application, see para. 123.2.2.

(b) Forall other piping, materials conforming to an ASME SA or ASME SB specification may be used interchangeably with material specified to an
ASTM A or ASTM B specification of the same number listed in this table.

(c) Theapproved year of issue of the specifications and standards is not given in this table. This information is given in Mandatory Appenglix F of
this Codle.

(d) The addiresses and phone numbers of organizations whose specifications and standards are listed in this table are given’at the|end of
Mandatjory Appendix F.

NOTES:
(1) ANSI B18.22.1 is nonmetric.
(2) This stgndard requires testing of couplings with bending moments applied that are equivalent to suppo¥rt spacings shorter thar those
recommended in para. 121.5. Couplings should be tested with bending moments applied that corréspond to support spacingg equal
to or gfeater than those to be used in the piping installation.
(3) See par. 107.1(d) for valve stem retention requirements.
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Chapter V
Fabrication, Assembly, and Erection

127 WELDING

127.1] General

Pipjing systems shall be constructed in accordance with
the r¢quirements of this Chapter and of materials that
have peen manufactured in accordance with the require-
ment$ of Chapter IV. These requirements apply to all fabri-
catiop, assembly, and erection operations, whether
performed in a shop or ata construction site. The following
appli¢s essentially to the welding of ferrous materials. The
welding of aluminum, copper, etc., requires different
prepdrations and procedures.

127.1.1 The welding processes that are to be used
undef this part of this Code shall meet all the test require-
ment$ of ASME BPVC, Section IX.

127.2 Material

127.2.1 Electrodes and Filler Metal. Welding elec*
trodes and filler metal, including consumable inserts,
shall|conform to the requirements of ASME_BPVC,
Sectipn II, Part C. An electrode or filleriameétal not
confqrming to the above may be used provided the
WPS pnd the welders and welding operators who will
folloyw the WPS have been qualified*as required by
ASME BPVC, Section IX. Unless otherwise specified by
the dpsigner, welding electrodes and filler metals used
shall produce weld metal thateomplies with the following:

(a)| The nominal tensile’strength of the weld metal shall
equallor exceed the mininium specified tensile strength of
the baise metals beihg-joined.

(b)] If base metals.of different tensile strengths are to be
joined, the noniinal tensile strength of the weld metal shall
equallor exeeed'the minimum specified tensile strength of
the weaker)of the two.

(c)| The nominal chemical analysis of the weld metal

(e) When austenitic steels are joined to_ferrjitic steels,
the weld metal shall have an austeniticstructpre.

(f) For nonferrous metals, the weld metal shfall be that
recommended by the manufacturerof the npnferrous
metal or by industry associations for that metal.

(g) Filler metals not meetifigythe requiremgnts of (a)
through (f) may be acceptéd by agreement befween the
fabricator/erector and_the‘designer. Exampleq of condi-
tions where this mayapply include (but may notfbe limited
to) where unusualgndterials or combinations of materials
are used, wheré highly corrosive environments may
require a more electrochemically noble w¢ld metal,
where dissimilar materials are welded, or where it is
desired.to achieve a weld with different mechanical prop-
erties from the base material.

127.2.2 Backing Rings. Backing rings, when {ised, shall
conform to the following requirements:
(a) Ferrous Rings. Ferrous metal backing fings that
become a permanent part of the weld shall be made
from material of weldable quality, compatibl¢ with the
base material and the sulfur content shall npt exceed
0.05%.
(1) Backingrings may be of the continuousfmachined

or split band type.
(2) If two abutting surfaces are to be welded to a
third member used as a backing ring and ohe or two
of the three members are ferritic and the other
member or members are austenitic, the safisfactory
use of such materials shall be determined by the (WPS qual-
ified as required in para. 127.5.
(3) Backing strips used at longitudinal welded joints
shall be removed.
(b) Nonferrous and Nonmetallic Rings. Backing rings of
nonferrous or nonmetallic materials may bg used for
backing provided they are included in a WPS a§ required
in para. 127.5. Nonmetallic or nonfusing rings shall be

shall be similar to the nominal chemical analysis of the
base metal, including consideration of both major and
essential minor alloying elements [e.g., 2Y4,% Cr, 1%
Mo steels should be joined using 2%/,% Cr, 1% Mo
filler metals; 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 inter-
mediate composition, except as specified in (e) for aus-
tenitic steels joined to ferritic steels.

removed.

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.
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Figure 127.3-1
Butt Welding of Piping Components
With Internal Misalignment

2 A\

T_ 1/4gin. (1.5 mm) or less

When the internal misalignment exceeds the allowable,
itis preferred that the component with the wall extending
internally be internally trimmed per Figure 127.3-1.
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
Figure 127.3-1).

(d) Spacing. The root opening of the joint shall be as
given in the WPS.

7

Radiys > 0.05¢,,
Greater than 1/;5in. (1.5 mm)

127.3 Preparation for Welding

(a) End Preparation

(1) Qxygen or arc cutting is acceptable only if the cut
is reasonaply smooth and true, and all slag is cleaned from
the flame [cut surfaces. Discoloration that may remain on
the flame [cut surface is not considered to be detrimental
oxidation,

(2) Butt-welding end preparation dimensions§
contained in ASME B16.25 or dimensions of any other
end prepdration that meets the WPS are acceptable:

(3) If piping component ends are bored, suel’boring
shall not result in finished wall thickness, after welding,
less than fthe minimum design thickness: Where neces-
sary, weld metal of the appropriate analysis may be depos-
ited on the inside or outside of thepiping component to
provide sufficient material for machining to ensure satis-
factory fitting of rings.

(4) Ifthe piping compénent ends are upset, they may
be bored to allow for a,eompletely recessed backing ring,
provided the remaininhg-net thickness of the finished ends
is not lesg than the/thinimum design thickness.

(b) Cle@ningsSurfaces for welding shall be clean and
shall be frlee_from paint, oil, rust, scale, or other material
that is detrimental to welding

(C) SocketIeld-Assembly—In-assembhx

................................... ef-the, joint
before welding, the pipe or tube shall be insefrted into
the socket to the maximum depth and then‘withdrawn
approximately %4 in. (1.5 mm) away friom contact
between the end of the pipe and the shoulder ¢f the
socket (see Figures 127.4.4-2 and 127.4.4-3). In sleeve-
type joints without internal shotldér, there shall be a
distance of approximately % in. (1.5 mm) between
the butting ends of the pipéser tube. The gap negd not
be present or verified aftef-welding.

The fit between the socket and the pipe shall confgrm to
applicable standards for socket weld fittings and in np case
shall the inside diameter of the socket or sleeve excegd the
outside diameter of the pipe or tube by more than 0.080 in.
(2.0 mm).

127.4 Procedure
127.4.1 General

(a) Qualification of the WPS to be used, and ¢f the
performance of welders and operators, is requiref and
shall comply with the requirements of para. 127.5

(b) No welding shall be done if there is impingemeent of
rain, snow, sleet, or high wind on the weld area.

(c) Tackwelds permitted to remain in the finished weld
shall be made by a qualified welder. Tack welds made by
an unqualified welder shall be removed. Tack welds that
remain shall be made with an electrode and WPS thatjis the
same as or equivalent to the electrode and WPS to bg¢ used
for the first pass. The stopping and starting ends shall be
prepared by grinding or other means so that they dan be
satisfactorily incorporated into the final weld. Tack welds
that have cracked shall be removed.

(d) Arc strikes outside the area of the intended| weld
should be avoided on any base metal. Arc strikes made
outside of the weld joint area shall be removeg and
the surface visually examined. The surface shall also be

(c) Alignment. The inside diameters of piping compo-
nents to be butt welded shall be aligned as accurately as is
practicable within existing commercial tolerances on
diameters, wall thicknesses, and out-of-roundness. Align-
ment shall be preserved during welding. The internal
misalignment of the ends to be joined shall not exceed
Y6 in. (1.5 mm) unless the piping design specifically
states a different allowable misalignment.

examnmed- by threHquid-pemetrant or mmagmeticparticle
method when the material is P-No. 4, P-No. 54, P-No.
5B, or P-No. 15E.

127.4.2 Girth Butt Welds

(a) Girth butt welds shall be complete penetration
welds and shall be made with a single vee, double vee,
or other suitable type of groove, with or without
backing rings or consumable inserts. The depth of the
weld measured between the inside surface of the weld
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preparation and the outside surface of the pipe shall notbe
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 contour of the
finished weld, the requirements of (1) through (4)
shall be met.

(1) When components with different outside
diameters or wall thicknesses are welded together, the
welding end of the component with the larger outside

which has been examined by radiography, is acceptable
only when there is a gradual change in the density, as indi-
cated in the radiograph. If a girth weld is not designated to
be examined by 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 126.1-1 shall meet the requirements
for girth butt welds in para. 127.4.2, except that undercut

diametershall-fall-within-the-envelope-defined-by-selid
lines|in Figure 127.4.2-1. The weld shall form a
gradfal transition not exceeding a slope of 30 deg
from|the smaller to the larger diameter component.
This ¢ondition may be met by adding welding filler mate-
rial, if necessary, beyond what would otherwise be the
edge jof the weld.

?) 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
surfage of the weld and the surface of either of the compo-
nentslshall notbeless than 150 deg. Refer to para. 119.3(b)
for additional concerns related to this design.

3) When welding pipe to pipe, the surface of the
shall, as a minimum, be flush with the outer
re of the pipe, except as permitted in (4).

1) For welds made without the addition of filler
metal, concavity shall be limited to %, in. (0.8 mm)
below the outside surface of the pipe, but shall not
encrgach upon the minimum required thickness.

(c)| As-welded surfaces are permitted; however;<the
surfare of welds shall be sufficiently free from coearse
ripplgs, grooves, overlaps, abrupt ridges, and ¥alleys to
meet [the following:

7) The surface condition of the finished welds shall
be suftable for the proper interpretatien*of radiographic
and gther nondestructive examinations when nonde-
structive examinations are required by Table 136.4.1-1.
In thgse cases where there.is.a’question regarding the
surfage condition on the jnterpretation of a radiographic
film, the film shall be compared to the actual weld surface
for interpretation and-determination of acceptability.
?) Reinforcements are permitted in accordance
[able 1277%4:2-1.

3) Underett on the surface of girth butt welds shall
not exceed-%; in. (0.8 mm) and shall not encroach on the
minimum-required section thickness.

weld
surfa

with

on the surface of longitudinal butt welds, fabricated in
accordance with the requirements of this (dde, is not
permitted. 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
102.4.7-1), any welding using the SAW profess shall
use a flux with a basicity index’> 1.0.

127.4.4 Fillet Welds.sln'making fillet welds} the weld
metal shall be depesitéd in such a way as fto secure
adequate penetration into the base metal at the root of
the weld.

(a) Filletweélds may vary from convex to comcave. The
size of a fillet weld is determined as ghown in
Figure 127.4.4-1

(b) Afillet weld, in any single continuous weld, may be
less’than the specified fillet weld dimension by not more
than % in. (1.5 mm), provided that the total yndersized
portion of the weld does not exceed 10% of the tptal length
of the weld or 2 in. (50 mm), whichever is legs.

(c) Typical minimum fillet weld details for slip-on
flanges and socket-welding components are|shown in
Figures 127.4.4-2 and 127.4.4-3.

127.4.5 Seal Welds. Where seal welding of threaded
joints is performed, threads shall be entirely covered
by the seal weld. Seal welding shall be done by qualified
welders.

127.4.8 Welded Branch Connections

(a) Welded branch connections shall be made with full
penetration welds, except as allowed in (f). Figures
127.4.8-1 through 127.4.8-3 show typical fdetails of
branch connections with and without added feinforce-
ment. No attempt has been made to show all acceptable
types of construction and the fact that a certdin type of
construction is illustrated does not indicate that it is rec-

4] 1t the surtace of the weld requires grinding to
meet the above criteria, care shall be taken to avoid re-
ducing the weld or base material below the minimum
required thickness.

(5) Concavity on the root side of a single welded
circumferential butt weld is permitted when the resulting
thickness of the weld is atleast equal to the thickness of the
thinner member of the two sections being joined and the
contour of the concavity is smooth without sharp edges.
The internal condition of the root surface of a girth weld,

89

ommended-over-other types ot tHustrated:
(b) Figure 127.4.8-4 shows basic types of weld attach-
ments used in the fabrication of branch connections. The
location and minimum size of these attachment 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
Figure 127.4.8-4.
The notations and symbols used in this paragraph and
Figures 127.4.8-4 and 127.4.8-5 are as follows:
t. = the smaller of % in. (6 mm) or 0.7,

(22)
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Figure 127.4.2-1
Welding End Transition — Maximum Envelope

/5t (min.) 1yt (min.)

Outside

| — Radius of at least 0.05%,,

45 deg max. / Radius not mandatory

30 deg max. See Note (2)
v
\
\
\\ ‘\\\/
\ D
Component or fitting /\\ r
See Note (1) \ / Maximum — See Note (3)
] ..
\ ! ¢ t Minimum — 1.0 t,,
\ |
\ 7
S -_/’
______________ e T SR A
\\—

Radius of at least0.05t,, —

Insifle | 2t,,(min.)

Transition region

GENERAL NOTES:

(a) The value of t,, is whichever ©of.the following is applicable:
(1) af defined in para. 104:1:2(a)

(2) the minimum orderedwall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when thefjoint is
betweeh two components

(b) The maximum enyélope is defined by solid lines.
NOTES:
(1) Weld iy shown for illustration only.

(2) The weld'transition and weld reinforcement shall comply with paras. 127.4.2(b) and 127.4.2(c)(2) and may be outside the mal(imum

envelope:

(3) The maximum thickness at the end of the component is

(a) the greater of [t,, + 0.16 in. (4 mm)] or 1.15¢,, when ordered on a minimum wall basis
(b) the greater of [t,, + 0.16 in. (4 mm)] or 1.10t, when ordered on a nominal wall basis

90
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Table 127.4.2-1
Reinforcement of Girth and Longitudinal Butt Welds

Maximum Thickness of Reinforcement for Design Temperature

Thickness of Base Metal,

>750°F (400°C) |

<750°F (400°C)

in. (mm) in. mm in. mm
Up to % (3), incl. Y6 1.5 Y2 2.5
Over " to %6 (3 to 5), incl. Y6 1.5 Y 3
Over ¥ to % (5 to 13), incl. Y6 1.5 a2 4
Over % to 1 (13 to 25), incl. 2 2.5 Y6 5
Over 1fto 2 (25 to 50), incl. Y% 3 A 6
Over 2[(50) a2 [Note (1)] [Note[(2)]

GENEHRAL NOTES:

(a) Fgrdouble-sided groove welds, the limitation on reinforcement given above shall apply separately to both inside and.outside sufrfaces of the

joint.

(b) Fqrsingle-sided groove welds with backing strips or bars that remain in place, the limitation on reinforcement given above shalllapply to the
oytside surface. For single-sided groove welds without backing strips or bars that remain in place, the limits shall apply to the outpide surface;

thpy also apply to the inside surface when the inside surface is readily accessible.
(c) THe thickness of weld reinforcement shall be based on the thickness of the thinner of the materials being joined.
(d) THe weld reinforcement thicknesses shall be determined from the higher of the abutting surfaces involved.

(e) WEId reinforcement may be removed if so desired.

NOTES:

(1) THe greater of %, in. or % times the width of the weld in inches.
(2) THe greater of 6 mm or % times the width of the weld in millimeters.

tmih = the smaller of ¢, or t,,
t,h) = nominal thickness of branch wall, in. (mm)
t,h = nominal thickness of header wall, in. (mm)

t,} = nominal thickness of reinforcing element (ring
or saddle), in. (mm)

(c)| Figure 127.4.8-6 shows branch connections made
by w¢lding half couplings or adapters directly'to the run
pipe.

Figlhire 127.4.8-5 shows branch contections using speci-
fically reinforced branch outlet fittings welded directly to
the rpun pipe. These branch connection fittings, half
couplings, or adapters, whieh-abut the outside surface
of the¢ run wall or are inserted through an opening cut
in the run wall, shall have“opening and branch contour
to prpvide a good fit-and shall be attached by means
of full penetration groove welds except as otherwise
permjtted in (f):

The¢ full penetration groove welds shall be finished with
coverlfillétwelds and meet the requirements of para. 104.
The cpverfillet welds shall have a minimum throat dimen-

added reinforcement to the run, shall be a fillet weld with a
minimum throat dimension of 0.5¢t,,,.
(2) Iftheweldjoiningthe added reinforcementto the
branch is a fillet weld, the throat dimension shall not be
less than 0.7t,,;,. The weld at the outer edge jpining the
outer reinforcement to the run shall also be a fillet weld
with a minimum throat dimension of 0.5¢,,.
(e) When rings or saddles are used, a vent hdle shall be
provided (at the side and not at the crotch) in the ring or
saddle to reveal leakage in the weld between the branch
and main run and to provide venting during w¢lding and
heat treating operations. Rings or saddles may e made in
more than one piece if the joints between the pjeces have
strength equivalent to the ring or saddle parentjmetal and
if each piece has a vent hole. A good fit shall bg provided
between reinforcing rings or saddles and thg parts to
which they are attached.
(f) Branch and instrument connections NPS[2 (DN 50)
and smaller welded with partial penetration we|ds that do
not require reinforcements (see para. 104.3) may be
constructed as shown in Figure 127.4.8-7. The groove

sion not less than that shown in Figure 127.4.8-5 or Figure
127.4.8-6, as applicable.

(d) In branch connections having reinforcement pads
or saddles, the reinforcement shall be attached by welds at
the outer edge and at the branch periphery as follows:

(1) Ifthe weld joining the added reinforcement to the
branchisa full penetration groove weld, it shall be finished
with a cover fillet weld having a minimum throat dimen-
sion notless than ¢.; the weld at the outer edge, joining the

welds shall be finished with cover fillet welds with a
minimum throat dimension not less than that shown
in Figure 127.4.8-7. If this construction is used at
design temperatures greater than 750°F (400°C) or at
design pressures greater than 1,025 psi (7075 kPa),
then surface examination [magnetic particle examination
(MT) in accordance with para. 136.4.3 or liquid penetrant
examination (PT) in accordance with para. 136.4.4] shall
be performed at the lesser of one-half of the weld thickness
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Figure 127.4.4-1
Fillet Weld Size

Size of
weld

F)\> \{\ Theoretical throat —Jﬁ)( {

(a) Convex Equal Leg
Fillet Weld

_+_

Leg
Iingth

9\’<_Leg

(c) Convex Unequal Leg
Fillet Weld

GENERAL NOTES:

(a) The “size” of an equal leg fillet weld shall be described\by the leg length of the largest inscribed isosceles triangle.
(b) The “sife” of an unequal leg fillet weld shall be described using both leg lengths and their location on the members to be joinefl.

Theoretical throat ——J< Leg "‘ {
Iength%.‘\g‘ 0> length

Size of
weld

(b) Concave Equal Leg
Fillet Weld

length
Y

(d) Concave Unequal Leg
Fillet Weld

(c) Angle 6] as noted in the above illustrations, may vary from the 90 deg angle as shown based on the angle between the surfaces to be welded.
(d) Forangqualleg fillet weld where the angle g betwieen the members being joined is 90 deg, the theoretical throat shall be 0.7 x leg length. For

other fillet welds, the theoretical throat shall\be based on the leg lengths and the angle g between the members to be joined.

(e) Forall flllet welds, particularly unequal leg fillet welds with angle 6 less than 90 deg, the theoretical throat shall lie within the cross se¢tion of

the degosited weld metal and shall riot, be less than the minimum distance through the weld.

or each %|in. (13 mm) of weld thickness and all accessible
final weld surfaces.

127.4.9| Attachment Welds

(a) Str:llctural attachments may be made by complete
penetratian,partial penetration, or fillet welds

nique of application; qualification of the welding proce-
dure is not required.
(2) The energy output of the welding procgss is
limited to 125 J.
(3) For P-No. 54, P-No. 5B, and P-No. 15E matgrials,
the maximum carbon content of the material is 0.[5%.

(b) Low-energy capacitor discharge welding may be
used for welding temporary attachments (e.g., thermocou-
ples) and permanent nonstructural attachments without
preheat above 50°F (10°C) or subsequent postweld heat
treatment on P-No. 1 through P-No. 5B and P-No. 15E
materials, provided that the following requirements
are met:

(1) A Welding Procedure Specification is prepared,
describing the low-energy capacitor discharge equipment,
the combination of materials to be joined, and the tech-

(4) Permanent thermocouple or strain gage attach-
ments or the surface from which temporary attachments
are removed shall require visual examination but are
exempt from further examination in accordance with
para. 136.4, whether or not the location was subjected
to postweld heat treatment.

127.4.10 Heat Treatment. Preheat and postweld heat
treatment for welds shall be in accordance with para. 131
or para. 132 as applicable except as exempted in para.
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Figure 127.4.4-2
Welding Details for Slip-On and Socket-Welding Flanges;
Some Acceptable Types of Flange Attachment Welds

Xmin Xmin
rxmln Xmm

Xmin
Xmm
|

s

k t,or Y, in. (6 mm), —/

whichever is smaller

(a) Front and Back Weld
[See Notes (1) and (2)]

Legend:
t,| = nominal pipe wall thickness
Xmin] = 1.4t, or thickness of the hub, whichever is smaller
NOTEY:

(1) Rdfer to para. 122.1.1(f) for limitations of use.
(2) Rdfer to para. 104.5.1 for limitations of use.
(3) Rdfer to para. 122.1.1(h) for limitations of use.

Figure 127.4.4-3
Minimum Welding Dimensions Required for
Socket Welding Components Other Than Flanges

t, = nominal pipe wall thickness

Cx '%—
C, (min.) = 1.09t,, or the thickness

of the socket.wall,
whichever/isismaller

[Approximately 146 in. (1.5 mm)

before welding

(b) Face and Back Weld
[See Notes (1) and (2)]

Approxnmately /46 in=
(1.5 mm) before(weldinig

(c) Socket Welding Flange
[See Notes(2) and (3)]

Figure 127.4.8-1
Typical Welded Branch Connection
Without Additional Reinforcement

i
J

surface checking or cracking adjacent to thq flame or

arc gouged surface When a defect is remjoved but
Ao ranaiy 1o i acacc oy tha ciinfo

127.4.9. Alternatively, the rules in ASME B31P may be
used in entirety.

127.4.11 Repair Welding

(a) Defect Removal. All defects in welds or base mate-
rials requiring repair shall be removed by flame or arc
gouging, grinding, chipping, or machining. Preheating
may be required for flame or arc gouging on certain
alloy materials of the air-hardening type to prevent

weldingrepairis—unnecessary—thesurfacé shall be
contoured to eliminate any sharp notches or corners.
The contoured surface shall be reinspected by the
same means originally used for locating the defect.

(b) Repair Welds. Repair welds shall be made in accor-
dance with a WPS using qualified welders or welding
operators (see para. 127.5), recognizing that the cavity
to be repair welded may differ in contour and dimension
from anormal joint preparation and may present different
restraint conditions. The types, extent, and methods of
examination shall be in accordance with Table
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Figure 127.4.8-2
Typical Welded Branch Connection
With Additional Reinforcement

(4) if the user of the WPS assumes specific respon-
sibility for the procedure qualification work done for him/
her by signing the records required by para. 127.6

All of the conditions in (1) through (4) shall be met
before a WPS thus qualified may be used.

(b) Welders and Welding Operators. Each employer
shall be responsible for qualifying all the welders and
welding operators employed by him/her.

However, to avoid duplication of effort, he/she may

LY

e

136.4.1-1{For repairs to welds, the minimum examination
shall be the same method that revealed the defect in the
original weld. For repairs to base material, the minimum
examination shall be the same as required for butt welds.

=

Vent hjji
l |
=1

127.5 Qualification

127.5.1| General. Qualification of the WPS to be used,
and of the|performance of welders and welding operators,
is requirgd and shall comply with the requirements of
ASME BPYC, Section IX, except as modified herein.

Certainjmaterials listed in Mandatory Appendix A do not
appear i} ASME BPVC, Section IX P-Number groups:
Where these materials have been assigned P-Numbers
in Mandafory Appendix A, they may be welded ander
this Code for nonboiler external piping only withouit sepa-
rate qualification as if they were listed intASME BPVC,
Section [X.

127.5.2| Welding Responsibility. Each employer (see
para. 100.2) shall be responsible’ for the welding
performed by his/her organization and the performance
of welders$ or welding operaters’employed by that organ-
ization.

127.5.3| Qualification“Responsibility

(a) ProgeduresyEach employer shall be responsible for
qualifying any”WPS that he/she intends to have used by
personne| of-his/her organization. However, to avoid

accepta—Welder/Welding OperatorPRerformanee-Qualifi-
cation (WPQ) made by a previous employer (subjectito 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 ASME BPVC,
Section IX. An employer accepting such qualificatior] tests
by a previous employer shall obtainna copy of the orfiginal
WPQ, showing the name of thé/employer by whom the
welders or welding operatorsiwere qualified, the [dates
of such qualification, and evidence that the welder or
welding operator has fnaintained qualification in gccor-
dance with ASME BPV()Section IX, QW-322. The eviflence
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 recordrequired in para. 127.6 accepting responsjbility
for the(dbility of the welder or welding operator.

127.5.4 Standard Welding Procedure Specifications.
Standard Welding Procedure Specifications published
by the American Welding Society and listed in ASME
BPVC, Section IX, Mandatory Appendix E are permitted
for Code construction within the limitations established
by ASME BPVC, Section IX, Article V.

127.6 Welding Records

The employer shall maintain a record (WPS apd/or
WPQ) signed by him/her, and available to the purdhaser
or his/her agent and the inspector, of the WPSs used and
the welders and/or welding operators employed byl him/
her, showing the date and results of procedure and perfor-
mance qualification.

The WPQ shall also show the identification symbol
assigned to the welder or welding operator employed
by him/her, and the employer shall use this symbol to
identify the welding performed by the welder or
welding operator. This may be accomplished by the pppli-

duplication of effort, and subject to approval of the
owner, a WPS qualified by a technically competent
group or agency may be used

(1) if the group or agency qualifying the WPS meets
all of the procedure qualification requirements of this
Code

(2) if the fabricator accepts the WPS thus qualified

(3) if the user of the WPS has qualified at least one
welder using the WPS

94

cation of te Symbot on the wWeld JoInt I a manmner speci-
fied by the employer. Alternatively, the employer shall
maintain records that identify welds made by the
welder or welding operator.
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Figure 127.4.8-3
Typical Welded Angular Branch Connection Without Additional Reinforcement

11

128 BRAZING AND SOLDERING

128.1 General

128.1.1 The brazing processes that are to be used
undef this part of the Code shall meet all the test require-
ments of ASME BPVC, Section IX.

12§.1.2 Soldering. Solderers shall follow the proce-
dure jn ASTM B828, Standard Practice for Making Capil-
lary Jpints by Soldering of Copper and Copper Alloy Tube
and Hittings.

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 dr controlled atmosphere, shall'wet and adhere to
the suirfaces to be joined.

128.2.2 Flux. A flux thatisfluid and chemically active at
brazing or soldering temperature shall be used when nec-
essary to eliminate oxidation of the filler metal and the
surfafes to be joined;-and to promote free flow of the
brazing alloy or selder.

128.3 Preparation
128.3.1 Surface Preparation. The surfaces to be brazed

or soldered shall be clean and free from grease, oxides,

128.4 Procedure
128.4.1 General

(a) Qualification of the brazing procedures fo be used
and of théerformance of the brazer and braz|ng opera-
tors is required and shall comply with the requitements of
para."128.5.

(b) No brazing shall be done if there is impingement of
rain, snow, sleet, or high wind on the area to be brazed.

128.4.2 Heating. To minimize oxidation, thefjoint shall
be brought to brazing or soldering temperature jn as short
a time as possible without localized underheating or over-
heating.

128.4.3 Flux Removal. Residual flux shall b¢ removed
if detrimental.

128.5 Brazing Qualification

128.5.1 General. The qualification of thf brazing
procedure and of the performance of brdzers and
brazing operators shall be in accordance with the require-
ments of ASME BPVC, Section IX, Part QB, excegt as modi-
fied herein.

128.5.2 Brazing Responsibility. Each employer (see
para. 100.2) shall be responsible for th¢ brazing
performed by his/her organization and the performance
of brazers or brazing operators employed by that organ-

paint, scale, dirt, or other material that is detrimental
to brazing. A suitable chemical or mechanical cleaning
method shall be used if necessary to provide a clean
wettable surface.

128.3.2 Joint Clearance. The clearance between
surfaces to be joined by brazing or soldering shall be
no larger than is necessary to allow complete capillary
distribution of the brazing alloy or solder.

ization.

128.5.3 Qualification Responsibility

(a) Procedures. Each employer shall be responsible for
qualifying any Brazing Procedure Specification (BPS) that
he/she intends to have used by personnel of his/her or-
ganization. However, to avoid duplication of effort, and
subject to approval of the owner, a BPS qualified by a tech-
nically competent group or agency may be used
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Figure 127.4.8-4
Some Acceptable Types

of Welded Branch Attachment Details Showing

Minimum Acceptable Welds
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(1) if the group or agency qualifying the procedures
meets all of the procedure qualification requirements of
this Code

(2) ifthe fabricator accepts the procedure thus qual-
ified

(3) if the user of the procedure has qualified at least
one brazer using the BPS

(4) if the user of the procedure assumes specific
responsibility for the procedure qualification work
para. 128.6

All of the conditions in (1) through (4) shall’bg met
before a procedure thus qualified may be ‘used.

(b) Brazers and Brazing Operators. Each'employer shall
be responsible for qualifying all thecbrazers and byazing
operators employed by him/her.

However, to avoid duplication, of effort, he/sh¢ may
accept a Brazer/Brazing Opetator Performance Qualifica-
tion (BPQ) made by a previous employer (subject fo the
approval of the ownerfor‘his/her agent) on piping|using
the same or an equivalent procedure wherein the essential
variables are within the limits established in ASME BPVC,
Section IX. An€mployer accepting such qualificatior] tests
by a previots employer shall obtain a copy (from the
previousxemployer) of the BPQ, showing the name of
the employer by whom the brazers or brazing operators
weréqualified, the dates of such qualification, and thg date
the'brazer last brazed pressure piping components finder
such qualification. The employer shall then prepare and
sign the record required in para. 128.6 accepting respon-
sibility for the ability of the brazer or brazing operator.

128.6 Brazing Records

The employer shall maintain a record signed by|him/
her and available to the purchaser or his/her agentand the
inspector, showing the date and results of proceduie and
performance qualification.

The BPQ shall also show the identification symbol
assigned to the brazer or brazing operator employed
by him/her, and the employer shall use this symbol to
identify the brazing performed by the brazpr or
brazing operator. This may be accomplished by the pppli-
cation of the symbol on the braze joint in a manner §peci-
fied by the employer. Alternatively, the employer| shall
maintain records that identify braze joints made by the
brazer or brazing operator.

N

t

\tc

(e)

GENERAL NOTE: Weld dimensions may be larger than the minimum
values shown here.

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
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Figure 127.4.8-5
Some Acceptable Details for Integrally Reinforced Outlet Fittings

Manufacturer’s
weld line
[Note (1)]
, < tnb
Manufacturer’s S| [Note (4)] Cover weld
weld line o [Note (3)]
| [Note (1)] S|
< 7288 N 4 Run pipe
S 7S
q / Bore may be straight LHEK <
9 i or tapered as shown - \ﬁ [
< | d  Angle [Note (2)] | [Note (2)]
t, Cover weld |
[Note (2)] [Note (3)]
1) Transverse View (2) Longitudinal View
(a) 90 deg Branch Fitting
Crotch area
Cover weld top
[Note (2)] \ [Note (4)]
T A\ \
[ N .
[Note (1)] Manufacturer's
\\ > weld line

4\ Cover weld
\\\ [Note (3)]
N

N\
[Note (2)]

v

C hranch

1) Transverse View

[Note (4)]

[Note (1)]
Cover wdld
|\§ [Notes {2), (3)]
\\ Angle
; [Note (2)]

Heel drea

\ Elf

(2) Longitudinal View

| ow
(b) Elbow Branch Fitting
Manufacturer’s Manufac_:turar’s
Manufacturer’s weld line tho weld line
weld line [Note (1)] [Note (4)] / [Note (1)]
_E (Note (1)] Crotch area N Heel area
qQ
4 Cover weld / / Ccr)’\\ller wells .
€, X HNetes{2),
Angte INote (271 INOTE 3T~ %4 N 7N
Cover weld )
[Note (3)] t, _%
& [Note (2)] > <ty
N
[Note (2)] [Note (4)]

(1) Transverse View

(c) Lateral Branch Fitting
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(2) Longitudinal View
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Figure 127.4.8-5
Some Acceptable Details for Integrally Reinforced Outlet Fittings (Cont’d)

OTES:

(a) 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.

(c) Thestressintensification 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) Whent
branch

(2) The mif
less tha
transiti

(3) Cover ¢

(4) tppshal
tnp in th
with pg

Cov

3/16 in. (5

(a)

NOTE: (1)

ypical Full Penetration Weld Branch Connections for NPS 3 (DN-80) and Smaller Half Couplings

he fitting manufacturer has not provided a visible scribe line on the branch fitting, the weld line shall be the edge of the first beve
fitting adjacent to the run pipe.

bn to nothing.
eld shall provide a smooth transition to the run pipe.
be measured at the plane that passes through the longitudinal centerline of the run pipe and the centerline©fthe branch fitting

ra. 132.4, and in determining the nondestructive examination in accordance with Table 136.4:3-"

Figure 127.4.8-6

or Adapters

Socket-welding or Socket-welding or
threaded half coupling / threaded adapter

m\\

- Full penetration -
er fillet weld p Cover fillet

Id
/ groove we weld
— Header orrun pipe _\
| /_ Header or run
I

pipe

groove we

mm) min.

-~

3/16 in. (5 mm) min.

Per \WPS Bore after welding

Refer to paranl04.3.1(c)(2) for branch connections not requiring reinforcement calculations.

98

o

onthe

limum cover weld throat thickness, t., applies when the angle between the branch fitting groove weld face and the run pipe sufface is
h 135 deg. For areas where the angle between the groove weld face and the run pipe surface is 135 deg or greater,the cover wdld may

When

e crotch area does not equal t,,, in the heel area, the thicker of the two shall govern in determining the/heat treatment in accopdance

Full penetratipn

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 Conditipns
Threaded Half Coupling [See Note (1)] Greater Than Permitted for ASME B16.11 Forged Steel Fit{

ings
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Figure 127.4.8-7
Typical Partial Penetration Weld Branch and Instrument Connections for NPS 2 (DN 50) and Smaller Fittings

Socket-welding or
/ threaded fitting

—/ Partial penetration
groove weld

Cover fillet weld —

; Header or run pipe
3/16 in. (5 mm) min. , / PiP

— ~——t,, [see para. 104.3.1(c)(5)]

(a) Branch Connection Typical Partial Penetration Weld

3/16 in. (5 mm)ymin. —\

Cover fillet weld

\

Partial penetration-groove weld

Header or run pipe \\

t,,[see para.
104.3.1 (c)(5)

(b) Instrument Connection Typical Partial Penetration Weld

99
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Table 129.3.1-1
Approximate Lower Critical Temperatures

129.3.2 A postbending or postforming heat treatment
atthe time and temperature cycles listed for postweld heat
treatmentin Table 132.1.1-1isrequired on all carbon steel
(P-No. 1) materials with a nominal wall thickness in excess
0f0.75in. (19.0 mm) unless the bending or forming opera-
tions are performed and completed at temperatures of
1,650°F (900°C) or greater.

129.3.3 A postforming or postbending heat treatment
as defined below is required for all ferritic alloy steel

Approximate

Lower Critical

Temperature,

°F (°C)

Material [Note (1)]
Carbon steel (P-No. 1) 1,340 (725)
Carbon-molybdenum steel (P-No. 3) 1,350 (730)
1Cr-Y4Mo (P-Ne—4—Greup-Ne—1} 13757453
1Y,cr-%4Mq (P-No. 4, Group No. 1) 1,430 (775)
2Y,Cr-1Mo) 3Cr-1Mo (P-No. 5A) 1,480 (805)
5Cr-%Mo (P-No. 5B, Group No. 1) 1,505 (820)

9Cr 1,475 (800)
9Cr-1Mo-V} 9Cr-2w (P-No. 15E) 1,470 (800)

NOTE: (1) These values are intended for guidance only. The user may
apply valueg obtained for the specific material in lieu of these values.

delineated in para. 104.2.1, manufacturing limits of PFI ES-
24 shall e met. When defaulting to PFI ES-24, mutual
agreemer]t between purchaser and fabricator beyond
the statedl manufacturing limits shall not be allowed
without the approval of the designer.

The usq of bends designed as creased or corrugated is
not prohibited.

129.2 Farming

Piping Jomponents may be formed (swedging, lapping,
or upsettipg of pipe ends, extrusion of necks, etc.).by ahy
suitable hot or cold working method, provided*such
processeg result in formed surfaces that are Uniform
and free pf cracks or other defects, as determined by
the methqdd of inspection specified in_the)design.

129.3 Heat Treatment of Bends ;and Formed
Camponents

The prpcesses and temperature control methods
described|in ASME B31P<@re recommended in addition
to any required heat‘treatment.

129.3.1{ Exceptdor creep strength enhanced ferritic
steels (PFNo~15E), hot bending or hot forming is
performefd at.a temperature equal to or above T —

(excluding P-No. 1 and P-No. 15E) materials\with a
nominal pipe size 4 in. (DN 100) and largerfor4yith a
nominal thickness of 0.50 in. (12.7 mm) or\greatef.

(a) If hot bending or hot forming isjperformeg, the
material shall receive a full anneal, normalizatiop and
temper, or tempering heat treatment as specified by
the designer.

(b) If cold bending or cold forming is performed, f heat
treatment is required at thie-time and temperature| cycle
listed for the material in\Table 132.1.1-1.

129.3.3.1 Creep strength enhanced ferritic steg¢ls (P-

No. 15E) subjeetsto forming or bending shall bg heat
treated in accordance with the following rules. When
the materialNis cold formed or cold bent, cold fofming
strains ‘shall be calculated in accordance |with
para. 129.3.4.1 or para. 129.3.4.2.
(@) If hot bending or hot forming is performed, ahd for
all*cold swages, flares, or upsets, normalizing and
témpering of the material is required in accordlance
with the requirements in the base material specifidation.
(b) If cold bending or cold forming is performef, the
material shall be heattreated aslisted in Table 129.33.1-1.

129.3.3.2 For materials with less than or equal fo 5%
strain or design temperatures less than 1,000°F (540°C),
heat treatment is neither required nor prohibited.

129.3.4 Postbending or postforming heat treatmient of
austenitic materials and nickel alloys shall be perfdrmed
as described in paras. 129.3.4.1 through 129.3.4.6

129.3.4.1 Cold-formed areas of components hanu-
factured of austenitic materials and nickel alloys shall be
heat treated after forming if they exceed both the design
temperatures and forming strains shown in
Table 129.3.4.1-1. Forming strains shall be calcylated

as follows:
{a) For cylinders formed from plate

100°F (56°€¥;where Fris thetowercriticat temperature
of the material. Cold bending or cold forming is performed
at a temperature below T¢.j - 100°F (56°C). (See
Table 129.3.1-1 for lower critical temperatures.) For
creep strength enhanced ferritic steels (P-No. 15E), hot
bending or hot forming is performed at a temperature
equal to or above 1,300°F (705°C). Cold bending or
cold forming is performed at a temperature below
1,300°F (705°C).

% strain = SOtn/Rf(l - Rf/Rg)

(b) For spherical or dished heads formed from plate
9% strain = 75tn/Rf(1 — Rf/Rg)

(c) For tube and pipe bends
% strain = 1007,4/R
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Table 129.3.3.1-1

Post-Cold-Forming Strain Limits and Heat Treatment Requirements for Creep Strength Enhanced Ferritic Steels

Limitations Required Heat
Limitations in Lower Temperature Range in Higher Temperature Range Treatment
: When Design
For Design Temperature :
g P For Design Temperature
. But Less Than Tempera_ture and Forming
UNS Exceeding or Equalto  ,4 Forming Exceeding And Forming Strain Limits
Grade Number  °F °C °F °C  Strains °F °C Strains Are Exceeded
91 K90901 1,000 540 1,115 600 >25% 1,115 600 >20% Normalize and temper
[Note (1)]
1,000 540 1,115 600 >5% to <25% 1,115 600 >50% to <20%  Postbend hedt treatment
[Notes"(2)] (3), and
“4)

GENERAL NOTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed from plate, and tybe and pipe

bends.|The forming strain limits tabulated in this table shall be divided by two if para. 129.3.4.2 is applied,

NOTESY:

(1) Ngrmalization and tempering shall be performed in accordance with the requirements in the base matefial specification, and|shall not be
pdrformed locally. The material shall either be heat treated in its entirety, or the cold-strained area/(including the transition to the¢ unstrained
pdrtion) shall be cut away from the balance of the tube or component and heat treated separatély or replaced.

(2) Pgstbend heat treatments shall be performed at 1,350°F to 1,425°F (730°C to 775°C) for 1 hr/in. (1 h/25 mm) or 30 mih minimum.
Alfernatively, a normalization and temper in accordance with the requirements in the base material specification may be performed.

(3) Fd
if

(4) If

r materials with greater than 5% strain but less than or equal to 25% strain, with desigiftemperatures less than or equal to 1,11
portion of the component is heated above the heat treatment temperature allowed'above, one of the following actions shall bg
(a) The component in its entirety must be renormalized and tempered.
(b) For BEP piping only, the allowable stress shall be that for Grade 9 material (ie., ASME SA-213 T9, ASME SA-335 P9, or equiv{
specification) at the design temperature, provided that the portion of the component that was heated to a temperature exceeding |
holding temperature is subjected to a final heat treatment within the temperature range and for the time required in Note (2) abo
this provision shall be noted on the Manufacturer’s Data Report.
h longitudinal weld is made to a portion of the material that is celd strained, that portion shall be normalized and tempere

b°F (600°C),
performed:
lent product
he maximum

e. The use of

i prior to or

following welding. This normalizing and tempering shall not be’performed locally.

where
R| = centerline radius of bend
R{ = mean radius after forming
Ry| = original mean radius (equal tovinfinity for a flat

plate)
= nominal outside radius of pipe or tube
nominal thickness of the plate, pipe, or tube
before forming

129.3.4.2 Whenforming strains cannotbe calculated
as shpwn in para. #29.3.4.1, the manufacturer shall have
the responsibility.to determine the maximum forming
strain.

129.3.4.3 For flares, swages, or upsets, heat treat-
ment|ingaccordance with Table 129.3.4.1-1 shall apply,

grade or UNS number material, provided th
ments of para. 129.3.4.5 are met.

e require-

129.3.4.5 The piping components being h¢at treated
shall be held at the temperatures given in
Table 129.3.4.1-1 for 20 min/in. (20 min/25 mnp) of thick-
ness, or for 10 min, whichever is greater.

129.3.4.6 Postbending or postforming Heat treat-
ment of materials not identified in Table 129,3.4.1-1 is
neither required nor prohibited. If a postbending or post-
forming heat treatment is to be performed, th¢ designer
shall fully describe the procedure to be used.

129.3.5 For ASMESA/EN 10028-2 15NiCuMpNb 5-6-4,
ASTM A335 P36, and ASTM F36, after either cold bending
to strains in excess of 5% or any hot bending ofthis mate-

regardless of the amount of strain, unless the finishing
forming temperature is equal to or greater than the
minimum heat treatment temperature for a given
grade or UNS number material, provided the require-
ments of para. 129.3.4.5 are met.

129.3.4.4 Heat treatment, in accordance with
Table 129.3.4.1-1, shall not be required if the finishing
forming temperature is equal to or greater than the
minimum heat treatment temperature for a given

101

rial, the full length of the component shall be heat treated
in accordance with the requirements specified in the
material specification.

129.3.6 For P-No. 10H materials, if heat treatment is
required after bending or forming, it shall be performed in
accordance with the heat treatment specified in the ap-
plicable material specification.

(22)

(22)
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Table 129.3.4.1-1
Post-Cold-Forming Strain Limits and Heat Treatment Requirements for Austenitic Materials
and Nickel Alloys

Limitations in Lower Temperature Range Limitations in Higher

Minimum Heat

For Design Temperature Temperature Range Treatment

Temperature When

Design Temperature

And For Design And and Forming Strain

. But Less Than Forming Tempera_ture Forming Limits Are Exceeded

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 Q40
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 331600 1,075 580 1,250 675 20% 1,250 675 0% 1,900 1040
316H 331609 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
316N 331651 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040
321 $32100 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 1,900 1040
321H $32109 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 2,000 1095
347 $34700 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
347H $34709 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
348 $34800 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1Q40
348H 334809 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
600 N06600 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
617 N06617 1,200 650 1,400 760 15% 1,400 760 10% 2,100 1150
690 N06690 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
800 N08800 1,100 595 1,250 675 15% 1,250 675 10% 1,800 980
800H N08810 1,100 595 1,250 675 15% 1,250 675 10% 2,050 1320
430815 1,075 580 1,250 675 15% 1,250 675 10% 1,920 1950
N06022 1,075 580 1,250 675 15% 2,050 1120

GENERAL NOTE: The limits shownareé for pipe and tube formed from plates, spherical or dished heads formed from plate, and pipe arld tube

bends. Whe

h the forming strain$ cannot be calculated as shown in para. 129.3.4.1, the forming strain limits shall be half those tabulated|

table (see para. 129.3.4.2).

NOTES:

(1) Rate of]

(2) Whilen
(85°C)

cooling from heat treatment temperature not subject to specific control limits.
linimumbheat treatment temperatures are specified, itis recommended that the heat treatment temperature range be limited td
hbove-that minimum and 250°F (140°C) for Grades 347, 347H, 348, and 348H.

(3) For si

pleshends of tuhes or pipes whose ontside diameter is less than 35 in (89 mm), this limit is 2004

102

in this

150°F
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129.3.7 Postbending or postforming heat treatment of
other materials is neither required nor prohibited. If a
postbending or postforming heat treatment is to be
performed, the designer shall fully describe the procedure
to be used.

130 REQUIREMENTS FOR FABRICATING AND
ATTACHING PIPE SUPPORTS

131.3 Preheat Temperature Verification

(a) The preheat temperature shall be checked by use of
temperature-indicating crayons, thermocouple pyrom-
eters, or other suitable methods to ensure that the
required preheat temperature is obtained prior to, and
uniformly maintained during, the welding operation.

(b) Thermocouples may be temporarily attached
directly to pressure-containing parts using the low-
energy capacitor discharge method of welding in accor-

130.1Pipe-Supports

Stahdard pipe hangers and supports shall be fabricated
in acfpordance with the requirements of MSS SP-58.
Welders, welding operators, and WPSs shall be qualified
in acgordance with the requirements of ASME BPVC,
Sectign IX.

130.2

Sp¢cial hangers, supports, anchors, and guides, not
defined as standard types of hanger components in
MSS $P-58, shall be welded in accordance with the re-
quirements of para. 127 (para. 132 is not applicable
except as required by the weld procedure used) and
insperted in accordance with the requirements of para.
136.42.

Alternate Pipe Supports

130.3 Pipe Support Welds

Wellds attaching hangers, supports, guides, and anchors
to the piping system shall conform to the requirements.of
Chapters V and VI of this Code.

131 I’ELDING PREHEAT
131

Th¢ preheat requirements listed herein are mandatory
minimum values.

The¢ base metal temperature.for the parts to be welded
shall be at or above the mipitnum temperature specified in
Table[131.4.1-1 in all directions from the point of welding
for a distance of the larger of 3 in. (75 mm) or 1.5 times the
nominal material thickness (as defined in para. 132.4.3).

The base metaltemperature for tack welds shall be at or
abovg the specified minimum temperature for a distance
not less than1 in. (25 mm) in all directions from the point

Minimum Preheat Requirements

dance with the requirements of para. 127.4:9(b).

131.4 Preheat Temperature

131.4.1 The minimum preheat temperature fhall be as
stated in Table 131.4.1-1.

131.4.2 Higher minimum preheat temperafures may
be required by the WPS ax by the designer.

131.6 Interruption of Welding

131.6.1 Interruption of Welding. Affer weld
commencemeiit, the interruption of preheat i discour-
aged prief)te’weld completion. The minimuip preheat
temperature shall be maintained until any|required
PWHT\Js performed on P-Nos. 3, 4, 5A, 5B, 6] and 15E,
except when all of the following conditions arg satisfied:

(a) A minimum of at least % in. (10 mm) thiickness of
weld is deposited or 25% of the welding grooye is filled,
whichever is less (the weldment shall be sufficiently
supported to prevent overstressing the weld if|the weld-
ment is to be moved or otherwise loaded). Caution is
advised that the surface condition prior tp cooling
should be smooth and free of sharp discontinjities.

(b) For P-Nos. 3, 4, and 5A materials (with a thromium
content of 3.0% maximum), the weld is allowgd to cool
slowly to room temperature.

(c) ForP-No.5B (withachromium content grieater than
3.0%), P-No. 6, and P-No. 15E materials, the weld is
subjected to a postweld hydrogen bakeout at 500°F to
750°F (260°C to 400°C) for 1 hr/in. (25 mm) of|deposited
weld thickness with a controlled rate of cooljng and is
maintained in a dry environment. The preheat tempera-
ture may be reduced to 200°F (95°C) (minimurn) for root
examination without performing a postweld |hydrogen
bakeout.

of welding: (d) After cooling and before welding is resuned, visual
ASME B3TPmay be used as an alternative in accordance €xamination of the weld shall be performed to ensure that

with para. 127.4.10.

131.2 Different P-Number Materials

When welding two different P-Number materials, the
minimum preheat temperature required shall be the
higher temperature for the material to be welded as
shown in Table 131.4.1-1.

no cracks have formed.
(e) Required preheat shall be applied before welding is
resumed.

131.6.2 Completion of Welding. After weld completion
and prior to PWHT, P-Nos. 5B, 6, and 15E shall satisfy the
following conditions:

(a) The weld shall undergo a postweld hydrogen
bakeout at 500°F to 750°F (260°C to 400°C) for 1 hr/
in. (25 mm) of deposited weld thickness with a controlled

(22)
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Table 131.4.1-1
Preheat Temperatures

Nominal Material

Thickness [Note (2)]

Required Minimum Temperature

Base Metal Base Metal
P-Number [Note (1)] Group in. mm Additional Limits °F °C
1 Carbon steel <1 <25 None 50 10
>1 525  9%C < 0.30 [Note (3)] 50 10
>1 >25  %C > 0.30 [Note (3)] 200 95
Alloy steel <% <13 SMTS < 65 ksi (450 MPa) 50 10
Cr= %% > >13  SMTS < 65 ksi (450 MPa) 200 95
All All SMTS > 65 ksi (450 MPa) 200 95
4 Alloy steel All All None 250 120
%% < Cr < 2%
5A Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
SMTS > 60 ksi (414 MPa) 400 205
5B Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
All All SMTS > 60 ksi (414 MPa) 400 205
A >13 %Cr > 6.0 [Note (3)] 400 205
q Martensitic All All None 400 205
stainless steel [Note (4)] [Note ()]
Nickel alloy steel All All None 250 120
9B Nickel alloy steel All All None 300 150
191 27Cr steel All All None 300 150
[Note (5)] [Note (p)]
13E 9Cr-1Mo-V CSEF All All None 400 205
steel
All other [materials None 50 10
GENERAL NOTE: SMTS = specified minimum tensile strength.
NOTES:
(1) P-Nos. and Group nos. from ASME BPVC, Section 1X, QW/QB-422.
(2) The nominal material thickness is defined in“para. 132.4.3.
(3) Compogition may be based on ladle pr product analysis or per specification limits.
(4) Maximym interpass temperature 600°F (315°C).
(5) Maintain interpass temperature-between 300°F and 450°F (150°C and 230°C).
rate of copling and be (maintained in a dry environment. after completion. Filler metal need not meet the H4 or
Postweld |hydrogen®bakeout for P-No. 5B or P-No. 15E lower diffusible hydrogen requirements of (1).
materials|may be omitted entirely when the following (-b) multiprocess welds incorporating a TAW
condition|applies: root and one or more hot passes not meeting the H4
(1) useopflow-hydrogen electrodes and filler metals or lower diffusible hydrogen requirements of (1),

classified by the Tiller metal specification with an optional
supplemental diffusible hydrogen designator of H4 or
lower (H5 designation on SAW flux) and suitably
controlled by maintenance procedures to avoid contam-
ination by hydrogen-producing sources. The surface of the

base metal prepared for welding shall be free of contami-

nants. The following additional exemptions shall apply:
(-a) GTAW welds with a thickness of '/ in.
(13 mm) or less that are wrapped in insulation and

allowed to cool slowly to the ambient temperature

104

when the remaining processes meet or exceed the elec-
trode and fill metal requirements of (1).

(-c) upon weld completion, preheat is reduced
below the approximate martensite finish (Mf) tempera-
ture [see (b)], followed by prompt PWHT per para.
132. A written procedure shall be provided to the
owner or his/her agent detailing the process used to mini-
mize hydrogen exposure and the time below 200°F (95°C)
prior to initiating the PWHT heating cycle.
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(b) P-No.15E materials are required to be cooled below
the approximate martensite finish (Mf) temperature of the
filler metals before PWHT is initiated. Approximate Mf
temperatures are as follows:

(1) P-No. 15E filler metal Ni + Mn < 1.2% = 375°F
(190°Q)

(2) P-No. 15E filler metal Ni + Mn > 1.2% = 200°F
(95°Q)

exceed the lower critical temperature of either material
(see Table 129.3.1-1).

(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
maximum temperature acceptable for the pressure-

132 POSTWELD-HEAT TREATMENT Fetatning-part

(c) When one of the parts in a joint is.exgmpt from
132.1 Minimum PWHT Requirements PWHT, the time and temperature shallbe that of the
132.1.1 Before applying the detailed requirements and part requiring PWHT. For a VYEId t.o be exempt, each
. . . R part must satisfy the exemptions in para. 132.3 and
exemptions in these paragraphs, satisfactory qualification the notes applicable to its resnective P-Number and

of thg WPS to be used shall be performed in accordance Grou numbpert)' P
with the essential variables of ASME BPVC, Section IX, (d)pWhen a .nonpressure part is welded to § pressure
includling the conditions of postweld heat treatment or part and PWHT is requifRed¥or either part, the naximum

lack of postweld heat treatment and including other
restrictions listed below. Except as otherwise provided
in paras. 127.4.9, 132.2, and 132.3, all welds in materials
included in the P-Numbers listed in Table 132.1.1-1 shall
be giyen a postweld heat treatment within the tempera-
ture 1fange specified in Table 132.1.1-1. (The range speci-
fiedin Table 132.1.1-1 may be modified by Table 132.1.1-2
for thp lower limit and para. 132.2 for the upper limit.) The
materials in Table 132.1.1-1 are listed in accordance with
the nmaterial P-Numbers and Group numbers of ASME
BPV({ Section IX, Table QW/QB-422. (Note that the P«
Numbers are also listed in Mandatory Appendix AY)
Weldfs of materials not included in Table 132:1.1-1
shall pe heat treated in accordance with the WPS-Auste-
nitizihg PWHTs may be performed but are required to be
addrgssed within the qualified WPS.

ASME B31P may be used as an alternative'in accordance
with para. 127.4.10.

132.1.2 Pressure part welds and attachment welds
using|ferritic filler metals thathave a specified chromium
content of more than 3%-shall receive a postweld heat
treatment. The postweld heat treatment time and
temperature range-used shall be that shown in
Table[ 132.1.1-1 for a base metal of similar composition.

132.1.3 FoftASME SA/EN 10028-2 15NiCuMoNb 5-6-4,
ASTM A335:P36, and ASTM F36, postweld heat treatment

is mandatory under all conditions. Postweld heat treat-
mentlshall be in accordance with Table 132 1 3-1

PWHT temperature_Shall not exceed the maximum
temperature acceptable for the pressure-retaiping part.

(e) Caution is\necessary to preclude metallurgical
damage to sente materials or welds not intendgd or qual-
ified to withstand the PWHT temperatures reqpired. The
use of miaterial transition joint designs may be required.

(f)<The designer may require PWHT even iff not man-
datory per Table 132.1.1-1 or Table 132.2-1.

132.3 Exemptions to Mandatory PWHT
Requirements

red for the
ified WPS

132.3.1 Postweld heattreatmentis notrequi
following conditions unless required by the qual
or the designer:

(a) welds in nonferrous materials

(b) weldsexemptedinTable132.1.1-1or Table 132.2-1

(c) welds subject to temperatures above the lower
critical temperature (see Table 129.3.1-1) during fabrica-
tion provided the WPS has been qualified with HWHT (see
para. 132.1) at the temperature range to b¢ reached
during fabrication

132.3.2 The postweld heat treatment exemptions of
Table 132.2-1 may be based on the actual chemigal compo-
sition as determined by a ladle or product analysis in
accordance with the material specification |in lieu of
the specified or maximum specified chemical composition
limits.

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,
temperature uniformity, and temperature control.

(a) The upper limit of the PWHT temperature range in
Table 132.1.1-1 is a recommended value that may be
exceeded provided the actual temperature does not

105

132.3.3 Thermocouples may be temporarily attached
directly to pressure-containing parts using the capacitor
discharge method of welding in accordance with the re-
quirements of para. 127.4.9(b).

132.4 Definition of Thicknesses for PWHT

132.4.1 The term control thicknesses as used in
Tables 132.1.1-1 and 132.2-1 and their Notes is the
lesser thickness of (a) or (b) as follows:

(22)
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Table 132.1.1-1
Postweld Heat Treatment

P-Number and Group Number
(ASME BPVC, Section IX,

Q

W/QB-420)

Holding Temperature Range,

°F (°C) [Note (1)]

Minimum Holding Time at Temperature
for Control Thickness [Note (2)]

<2 in. (50 mm)

>2 in. (50 mm)

P-No. 1, Groups 1-3

P-No. 3, Groups 1 and 2

1,100 to 1,200 (595 to 650)

1,100 to 1,200 (595 to 650)

1 hr/in. (25 mm),
15 min minimum

2 hr plus 15 min for each
additional inch (25 mm)
over 2 in. (50 mm)

hall be

on.

B mm).
e to be
kis and
ded or
I metal

ill be

P-No. 4, Grqups T and 2 1,200 to 1,300 (650 to 705)
P-No. 54, Gfoup 1 1,250 to 1,400 (675 to 760)
P-No. 5B, Gfoup 1 1,250 to 1,400 (675 to 760)
P-No. 6, Grqups 1-3 1,400 to 1,475 (760 to 800)
P-No. 7, Grqups 1 and 2 1,350 to 1,425 (730 to 775)
[Note (3)
P-No. 8, Grqups 1-4 PWHT not required unless
required by WPS
P-No. 94, Gjoup 1 1,100 to 1,200 (595 to 650)
P-No. 9B, Gfoup 1 1,100 to 1,175 (595 to 635)
P-No. 10H, fGroup 1 PWHT not required unless
required by WPS
[Note (4)]
P-No. 101, qroup 1 1,350 to 1,500 (730 to 815)
[Note (3)
P-No. 15E, roup 1 1,300 to 1,425 (705 to 775) 1 hr/im\(25 mm), 1 hr/in. (25 mm) up to
[Note (5) [Notes (6), (7)] 30 min minimum 5 in. (125 mm) plus
15 min for each
additional inch
(25 mm) over 5 in.
(125 mm)
All other mpterials PWHT as required by WPS Per WPS Per WPS
GENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 132.2-1.
NOTES:
(1) The holing temperature range is further defined in paras. 132.1.1 and 132.2.
(2) The control thickness is defined in para.~32.4.1.
(3) Cooling|rate shall not be greater than 100°F (55°C) per hour in the range above 1,200°F (650°C), after which the cooling rate s
sufficieptly rapid to prevent embrittlement.
(4) If PWHT is required, it shall be\performed in accordance with the heat treatment specified in the applicable material specificat
(5) See parja. 125.1.2(c) for hardness requirements for ASTM A217, Grade C12A and ASTM A1091, Grade C91 castings after PWHT
(6) The mipimum PWHT helding temperature may be 1,250°F (675°C) for nominal material thicknesses (see para. 132.4.3) <% in. (1
(7) The Ni 1 Mn content of the'filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum temperatus
reached during PWHT shall be the A; (lower transformation or lower critical temperature) of the filler metal, as determined by analy
calculation or by'test, but not exceeding 1,470°F (800°C). Ifthe 1,470°F (800°C) was not exceeded but the A, of the filler metal was exceg
ifthe composition of the filler metal is unknown, the weld must be removed and replaced. It shall then be rewelded with compliant fille
and subjectedto a compliant PWHT. If the 1,470°F (800°C) limit was exceeded, the weld and the entire area affected by the PWHT
removed-andifretsedshatt-berenormatizedand-temperedpriortoreinstaltation:

106
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Table 132.1.1-2
Alternate Postweld Heat Treatment
Requirements for Carbon and Low Alloy Steels,
P-Nos. 1 and 3

Minimum Holding Time at
Decreased Temperature,

Decrease in Specified
Minimum Temperature,

(d) material repair welds — the depth of the cavity to
be repaired

(e) branch welds — the weld thickness is the dimen-
sion existing in the plane intersecting the longitudinal axes
and is calculated as indicated for each detail using

t, = the smaller of Y, in. (6 mm) or 0.7t,,

°F (°C) hr [Note (1)]

50 (30) 2 (1) for welds described in Figure 127.4.8-4:
100 (55) 4 Detail (a)
150 (g5 [Note (2]] 10
200 (110) [Note (2)] 20 weld thickness = t,, +
NOTEY:
(1) Timesshown apply to control thicknesses <1 in. (25 mm). Add 15 Detail (b)

min/in. (25 mm) of thickness for control thicknesses >1 in. (25 weld thickness = Ey, + ¢

mm) (see para. 132.4). 1 ¢
(2) Adlecrease>100°F (55°C) below the minimum specified tempera- Detail (c)

tufe is allowable only for P-No. 1, Groups 1 and 2 materials.

Table 132.1.3-1
Postweld Heat Treatment
of 15NiCuMoNb 5-6-4/P36/F36

Holding
Temperature,
Class °F (°C) Holding Time
1 {1,100-1,200 2 in. (50 mm) and less thickness: 1 hr/in.
(595-650) (25 mm), 15 min minimum

Over 2 in. (50 mm): add 15 min for each
additional 1 in. (25 mm) of thickness

2 11,000-1,150

(540-620)

1 hr/in. (25 mm), % hr minimum

(a)| the thickness of the.weld

(b)| the thicker of the materials being joined at the weld
or th¢ thickness of{the'pressure-containing material if the
weld |s attaching-a*non-pressure-containing material to a
presspre-contdining material

132.4.2 For joints that contain more than one type of
weld,[thé thicknesses shall be added together to determine

weld thickness .=7greater of t,,, + t, or t,;, + t,

Detail (d)

weld thickness = t,;, + t,, + t.

Detail\(e)

weld thickness = t,;, + £,

T
vl

(2) for welds described in Figure 127.4.9
weld thickness = t,;, + t,

(3) for welds described in Figures 127.4.8-6 and
127.4.8-7:
weld thickness = depth of groove weld + throat thickness
of cover fillet

132.4.3 The term nominal material thicknessas used in
Tables 131.4.1-1 and 132.2-1 is the thicker off the pres-
sure-retaining materials being joined at the weld.

132.5 PWHT Heating and Cooling Requitements

Above 600°F (315°C), the rate of heating and cooling
shall not exceed 600°F/hr (335°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

the thickness of the weld. Thickness of the weld, which is a
factor in determining the control thickness, is defined as
follows:

(a) groove welds (girth and longitudinal) — the thicker
of the two abutting ends after weld preparation, including
.D. machining

(b) fillet welds — the throat thickness of the weld

(c) partial penetration welds — the depth of the weld
groove

(335°C/h)- (See Table 132.1.1-1 for cooling rate require-
ments for P-Nos. 7 and 101 materials.)

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

107
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as heating a section before assembly or applying local
heating in accordance with para. 132.7.

(b) An assembly may be postweld heat treated in more
than one heat in a furnace provided there is at least a 1 ft
(300 mm) overlap of the heated sections and the portion of
the assembly outside the furnace is shielded so that the
temperature gradient is not harmful. This method may not
be used for austenitizing heat treatments of ferritic mate-
rials.

+ Jma _on
t

135 ASSEMBLY
135.1 General

The assembly of the various piping components,
whether done in a shop or as field erection, shall be
done so that the completely erected piping conforms
with the requirements of the engineering design.

135.2 Alignment

<

(c) Dir
prohibited.

(d) Thg furnace shall be calibrated such that the PWHT
can be controlled within the required temperature range.

1327 L
PWHT

al Heating

may be performed locally by heating a circum-
ferential Hand around the entire component with the weld
located in the approximate center of the band. The width of
the band heated to the specified temperature range shall
be at least{three times the wall thickness at the weld of the
thickest gart being joined. For nozzle and attachment
weld, thg width of the band heated to the specified
temperatfure range shall extend beyond the nozzle
weld or attachment weld on each side at least two
times the fun pipe thickness and shall extend completely
around thle run pipe. Guidance for the placement of ther-
mocouplef on circumferential butt welds is provided in
AWS D10]10, Sections 5, 6, and 8. Special consideration
shall be gjven to the placement of thermocouples when
heating welds adjacent to large heat sinks, such a§
valves or fittings, or when joining parts of different thick-
nesses. Np part of the materials subjected to _the‘heat
source shall exceed the lower critical temperature of
the material. Particular care must be exexcised when
the applicpble PWHT temperature is closetothe material’s
lower critical temperature, such as for P<No. 15E mate-

135.2.1 Equipment Connections. When(m
connections to equipment, such as pumps @or [fur
or other piping components that are sensitiye to
nally induced loading, forcing the piping‘into aligy
is prohibited if this action introduces” end reag
that exceed those permitted by désign.

hking
bines
bxter-
Iment
tions

ats in
11 be
rtions
nt or
ap of
bt the

135.2.2 Cold Springs. Befote assembling joil
piping to be cold sprung,-ah examination shj
made of guides, supports;-and anchors for obstru
that might interfere-with the desired moveme
result in undesired movement. The gap or over
piping prior to<assembly shall be checked again
design specifications and corrected if necessary.

135.3 Bolted Flanged Connections

135.3.1 Fit Up. All flanged joints shall be fitted
that the gasket contact surfaces bear uniformly d
gasket and then shall be made up with relat
uniform bolt stress.

up so
n the
ively

keted
ed in
o the

135.3.2 Gasket Compression. When bolting gas
flange joints, the gasket shall be properly compres
accordance with the design principles applicable
type of gasket being used.

steel
all be

135.3.3 Cast Iron to Steel Joints. Cast iron to
flanged joints in accordance with para. 108.3 sh

.riials, or w.hen materials of diffeyentP-Nos. are'b.ei.ng assembled with care to prevent damage to thg cast
joined. This method may not bé used for austenitizing iron flan
ge.
heat treaments.
135.3.4 Bolt Engagement. All bolts shall be engaged so
133 STAMPING that there is visible evidence of complete threpding
through the nut or threaded attachment.

Stamping, if used, shall be performed by a method that L. . )
will not rpsult in\sharp discontinuities. In no case shall 135.3.5 .Non-meta.lll-c Lined Joints. Wh(?n gssemblmg
stamping|inffinge on the minimum wall thickness or n.onmetallllc lln-ed joints, SUC}-l as plast?c ll_n?d steel
result in|dimpling or denting of the material being pipe, consideration should be given to maintaining elec-

tricat l.uutiuuit_y between ﬂaugcd pipc sections here

stamped.

CAUTION: Detrimental effects can result from stamping of
material that will be in operation under long-term creep or
creep fatigue conditions.

110

required.

135.4 Packed Joints and Caulked Joints

Care shall be used to ensure adequate engagement of
joint members. Where packed joints are used to absorb
thermal expansion, proper clearance shall be provided at
the bottom of the sockets to permit movement.
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Figure 135.5.3-1
Typical Threaded Joints Using Straight Threads

GENEH

135.5

135
cant
servi
pipin

135
are i
para.
comp

135
using
than
be us|
such

’Q\’—\_§ CT— T
! Gasket or ! |
O-ring
‘\
X N
N7 ' !
Gasket or
O-ring
/\:ﬁ;,
(a) (b) (e)

[AL NOTE: Threads are ASME B1.1 straight threads.

Threaded Piping
.5.1 Thread Compound. Any compound or lubri-

ised in threaded joints shall be suitable for the
e conditions and shall be compatible with the
b material and the service fluid.

.5.2 Joints for Seal Welding. Threaded joints that

htended to be seal welded in accordance with

127.4.5 should be made up without any thread

ound.

.5.3 Joints Using Straight Threads~Some joints
straight threads, with sealing at a surface other

threads, are shown in Figure 135:5.3-1. Care shall
ed to avoid distorting the seal when incorporating

oints into piping assemblie§ by welding or brazing.

135.5.4 Backing Off. Backing off threaded
allow for@lighment is prohibited.

135.6 . Tubing Joints

135.6.1 Flared. The sealing surface shall
ifjurious defects before installation.

135.6.2 Flareless and Compression. Flay
compression joints shall be assembled in a
with the manufacturer’s recommendations.

135.7 Ductile Iron Bell End Piping

Assembly of ductile iron pipe, using ANS
C111/A21.11 mechanical or push-on joi
comply with AWWA C600.

joints to

be free of

eless and
cordance

I/AWWA
hts, shall
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Chapter VI
Inspection, Examination, and Testing

136 INS"ECTION AND EXAMINATION

136.1 Inspection

136.1.1| General. Inspection is the responsibility of the
owner andl may be performed by employees of the owner
or a party|authorized by the owner, except for Authorized
Inspection required by para. 136.2.

136.1.2| Verification of Compliance. Prior to initial
operatior], a piping installation shall be inspected to
ensure that the piping has been constructed in accordance
with the design, material, fabrication, assembly, examina-
tion, and festing requirements of this Code.

(a) For] boiler external piping (BEP), the Authorized
Inspector|shall verify, in accordance with ASME BPVC,
Section I,|PG-90, compliance with the requirements of
this Code [when the ASME Certification Mark and Desig-
nator are|to be applied. The quality control system re-
quiremern]ts of ASME BPVC, Section I, Nonmandatory
Appendix|A, A-301 and A-302 shall apply.

(b) For nonboiler external piping (NBEP), the owner
shall ensure that the design and construction documents
and the requirements of this Code have been €ohiplied
with in adcordance with the owner’s requirements.

136.1.3| Rights of Inspectors. Inspectors shall have
access to|any place where work concerned with the
piping is peing performed. This includes manufacture,
fabricatiop, heat treatment, assembly, erection, examina-
tion, and testing of the piping<They shall have the right to
audit any|examination, to‘inspect the piping using any
appropridte examination<dnethod required by the engi-
neering d¢sign or this'€ode, and to review all certifications
and recor|ds necessary to satisfy the owner’s responsi-
bility as sfated«n\para. 136.1.1.

136.1.4| Qualifications of the Owner’s Inspector

(1) have at least 10 yr of experience in thé)design,
manufacture, erection, fabrication, inspection; or exami-
nation of piping systems. Each year of satisfacforily
completed work toward an accredited engineering or
engineering technology degree shall be considered
equivalent to 1 yr of experience, Gpyto 5 yr total.

(2) have a professional ergineering registration or
nationally recognized equivalent with a minimum of 5
yr of experience in the deSign, manufacture, erection,
fabrication, inspectiongorfexamination of piping sygtems.

(3) beacertifiedWelding Inspector or a Senior|Certi-
fied Welding Inspector as defined in AWS QC1, or a nation-
ally recognized equivalent, with a minimum of 5|yr of
experience in the design, manufacture, erection, faprica-
tion, inspéection, or examination of piping systems

(4)7be an Authorized Piping Inspector as defiped in
API*570, Piping Inspection Code: In-service Inspefction,
Rating, Repair, and Alteration of Piping Systems, with a
minimum of 5 yr of experience in the design, manufacture,
erection, fabrication, inspection, or examination of piping
systems.

(c) In delegating the performance of inspections, the
owner is responsible for determining that a pergon to
whom an inspection function is delegated is qudlified
to perform that function.

136.2 Inspection and Qualification of Authotized
Inspector for Boiler External Piping

136.2.1 Piping for which Authorized Inspectiop and
stamping are required as determined in accordance
with para. 100.1.2(a) shall be inspected during conptruc-
tion and after completion and at the option of the Aythor-
ized Inspector at such stages of the work as he/sh¢ may
designate. For specific requirements see the applicable
parts of ASME BPVC, Section I, PG-104 through PG-
113. Each manufacturer, fabricator, or assembller is

(a) The owner’s Inspector shall be designated to
perform inspections on behalf of the owner and shall
be an employee of the owner, an engineering or scientific
organization, or a recognized insurance or inspection
company acting as the owner’s agent. The owner’s
Inspector shall not represent nor be an employee of
the piping manufacturer, fabricator, or erector unless
the owner is also the manufacturer, fabricator, or erector.

(b) The owner’s Inspector shall meet one of the
following requirements:

required to arrange for the services of Authorized Inspec-
tors.

136.2.1.1 The Authorized Inspection required by this
Code Section shall be performed by an Inspector employed
by an ASME-accredited Authorized Inspection Agency.

136.2.2 Certification by use of the ASME Certification
Mark and Designators, and Data Reports where required,
shall be as per ASME CA-1.
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136.3 Examination

136.3.1 General. Examination denotes the functions
performed by the manufacturer, fabricator, erector, or
a party authorized by the owner that include nondestruc-
tive examinations (NDE), such as visual, radiography,
ultrasonic, eddy current, liquid penetrant, and magnetic
particle methods. The degree of examination and the
acceptance standards beyond the requirements of this
Code shall be a matter of prior agreement between the

136.4.2 Visual Examination

(a) Visual examination as defined in para. 100.2 shall
be performed in accordance with the requirements
described in ASME BPVC, Section V, Article 9. Visual exam-
inations may be conducted, as necessary, during the fabri-
cation and erection of piping components to provide
verification that the design and WPS requirements are
being met. In addition, visual examination shall be
performed to verify that all completed welds in pipe

manulfacturer, fabricator, or erector and the owner.

136

(a)| Personnel performing nondestructive examination
to the requirements of this Code shall be qualified and
certified for the method to be utilized in accordance
with their employer's written practice. The written prac-
tice ghall be based on the training, examination, and
experjience requirements of one of the following:

7) ASME BPVC, Section V, Article 1

?) ASNT CP-189

3) ASNT SNT-TC-1A

4) 1SO 9712

5) other national or international central certifica-
tion grograms or standards

(b)] Also, personnel qualified to AWS QC1 may be used
for the visual examination of welds, provided they meet
the apnual visual acuity examination and the J1 visual
acuity requirements of ASME BPVC, Section V, Article 9.

.3.2 Qualification of NDE Personnel

136.4 Examination Methods of Welds

136.4.1 Nondestructive Examination. Nondestructive
exam|nations shall be performed in accordance with the
requifements of this Chapter. The types and extent of man-
datorly examinations for pressure welds and welds to
pressure-retaining components/are specified in
Tablg 136.4.1-1. For welds othér’ than those covered
by Table 136.4.1-1, only visual-examination is required.
Welds requiring nondestractive examination shall comply
with the applicable aceeptance standards for indications
as spe¢cified in parasi136.4.2 through 136.4.6. As a guide,
the detection capabilities for the examination method are
showh in Tablé 136.4.1-2. Welds not requiring examina-
tion (J.e., REUTyMT, or PT) by this Code or the engineering
desigh shall be judged acceptable if they meet the exam-
inatign Yequirements of para. 136.4.2 and the pressure

and piping components comply with the acceptpnce stan-
dards specified in (b) or with the limitations onlimperfec-
tions specified in the material specification under which
the pipe or component was furnished.
Records of individual examinations are not
except for the in-process examination sp
para. 136.4.7.
(b) Acceptance Standdrds! The following indications

are unacceptable:

(1) cracks —, external surface.

(2) undercuton the surface thatis greater than % in.
(0.8 mm) deep,or encroaches on the minimunp required
section thickness.

(3). undercut on the surface of longitu
welds,

(4) weld reinforcement greater than sp
Table 127.4.2-1.

(5) lack of fusion on surface.

(6) incomplete penetration (applies o
inside surface is readily accessible).

(7) any otherlinearindications greater thap %4 in. (5
mm) long.

(8) surface porosity with rounded indicati¢gns having
dimensions greater than % in. (5 mm) or four or more
rounded indications separated by % in. (1.5 mm) or less
edge to edge in any direction.

(9) arc strikes outside of the weld joint.

required,
pcified in

linal butt

ecified in

nly when

136.4.3 Magnetic Particle Examination. Whenever
required by this Chapter (see Table 136.4.1-1)| magnetic
particle examination shall be performed in agcordance
with the requirements of ASME BPVC, Section V,
Article 7.

(a) Evaluation of Indications

(1) Mechanical discontinuities at the surface will be
indicated by the retention of the examination mledium. All
indications are not necessarily defects; howevegr, certain

test requirements specified in para. 137. NDE for
P-Nos. 3, 4, 5A, 5B, and 15E material welds shall be
performed after postweld heat treatment unless directed
otherwise by engineering design. Required NDE for welds
in all other materials may be performed before or after
postweld heat treatment.

113

metallurgical discontinuities and magnetic permeability
variations may produce similar indications that are not
relevant to the detection of unacceptable discontinuities.

(2) Any indication that is believed to be nonrelevant
shall be reexamined to verify whether or not actual defects
are present. Surface conditioning may precede the reex-
amination. Nonrelevant indications that would mask indi-
cations of defects are unacceptable.

(3) Indications whose major dimensions are greater
than % in. (1.5 mm) shall be considered relevant.
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Table 136.4.1-2
Weld Imperfections Indicated by Various Types of Examination

Imperfection Visual Magnetic Particle Liquid 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 {13} (2}] X-[Notes (13,2} X
Slag irjclusion X [Note (2)] X [Note (2)] X [Note (2)] X X
Lack df fusion (on surface) X [Notes (1), (2)] X [Notes (1), (2)] X [Notes (1), (2)] X X
Incomplete penetration X [Note (3)] X [Note (3)] X [Note (3)] X X
NOTEY:

(1) Applies when the outside surface is accessible for examination and/or when the inside surface is readily ascessible.

(2) Dipcontinuities are detectable when they are open to the surface.
(3) Applies only when the inside surface is readily accessible.

4) An indication 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
dimepsions are greater than % in. (1.5 mm) shall be
consiflered relevant. The following relevant indications
are upacceptable:

1) any cracks or linear indications

?) rounded indications with dimensions greater
than /6 in. (5 mm)

3) four or more rounded indications in a line sepa-
rated|by %, in. (1.5 mm) or less, edge to edgé

4) ten or more rounded indications in*any 6 in.?
(3870 mm?) of surface with the major dimension of this
arearnotto exceed 6 in. (150 mm) with the area taken in the
most infavorable location relativetothe indications being
evalupted

136.4.4 Liquid Penetrant)Examination. Whenever
requ}ed by this Chapter (see Table 136.4.1-1), liquid
peneffrant examination‘shall be performed in accordance
with the requirements of ASME BPVC, Section V, Article 6.
(a)| Evaluation>ef Indications
7) Mechahical discontinuities at the surface will be
indicated by:bleeding out of the penetrant; however, loca-
lized [surface imperfections, such as may occur from

ining marks or surface conditions—mav-produce
machining —ay p

(4) An indicdtion of a discontinuity may|be larger
than the discontinuity that causes it; howevef, the size
of the indication and not the size of the dis¢ontinuity
is the basig of acceptance or rejection.

(b) Acceptance Standards. The following relgvant indi-
cations-are unacceptable:

(1) any cracks or linear indications

(2) rounded indications with dimensions greater
than % in. (5 mm)

(3) four or more rounded indications in afline sepa-
rated by % in. (1.5 mm) or less edge to edgg

(4) ten or more rounded indications in|any 6 in.?
(3870 mm?) of surface with the major dimensjon of this
areanotto exceed 6 in. (150 mm) with the area taken in the
most unfavorable location relative to the indications being
evaluated

136.4.5 Radiography

(a) When required by this Chapter (slee Table
136.4.1-1), radiographic examination shall be performed
in accordance with the requirements of ASME BPVC,
Section V, Article 2, except that the requiremjents of T-
274 are to be used as a guide but not for thqg rejection
of radiographs unless the geometrical unsharpness
exceeds 0.07 in. (2.0 mm).

(b) Acceptance Standards. Welds that are shown by
radiography to have any of the following typesjof discon-

similar indications that are nonrelevant to the detection
of unacceptable discontinuities.

(2) Any indication that is believed to be nonrelevant
shall be regarded as a defect and shall be reexamined to
verify whether or not actual defects are present. Surface
conditioning may precede the reexamination. Nonrele-
vant indications and broad areas of pigmentation that
would mask indications of defects are unacceptable.

(3) Indications whose major dimensions are greater
than % in. (1.5 mm) shall be considered relevant.

115

tinuities are unacceptable:
(1) any type of crack or zone of incomplete fusion or
penetration
(2) any other elongated indication that has a length
greater than
(-a) %, in. (6 mm) for t up to % in. (19 mm), inclu-
sive
(-b) “stfortover¥,in. (19 mm)to 2, in. (57 mm),
inclusive
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(-c) ¥, in.(19 mm) fortover 2% in. (57 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.

(3) any group of indications in line that have an
aggregate length greater than t in a length of 12¢,
except where the distance between the successive indica-
tions exceeds 6L where L is the longest indication in the

have demonstrated their ability to perform an acceptable
examination using test blocks approved by the owner.
(b) Acceptance Standards. Welds that are shown by
ultrasonic examination to have discontinuities that
produce an indication greater than 20% of the reference
level shall be investigated to the extent that ultrasonic
examination personnel can determine their shape, iden-
tity, and location so that they may evaluate each discon-

group tinuity for acceptance in accordance with (1) and (2).
(4) peresitrinexecess-ofthatshownasacceptablein {1} Disecentinunitiesevaluatedasbeingeraekstack of
ASME BPYC, Section I, Nonmandatory Appendix A, A-250. fusion, or incomplete penetration are unac¢eptable
(5) for circumferential groove welds, undercutting regardless of length.
adjacent tp the cover pass (EU) or undercutting adjacent (2) Otherdiscontinuities are unacceptableifth¢ indi-
to the rogt pass (IU) shall be considered unacceptable cation exceeds the reference level and theirlength exiceeds
should either of the following conditions exist: the following:
(-a) the aggregate length of EU and IU, in any (-a) %, in. (6 mm) for t up €%, in. (19 mm) jinclu-
combination, in any continuous 12 in. (300 mm) length sive.
of weld exceeds 2 in. (50 mm) (-b) Vst for t over ¥, in-{19 mm) to 2%, in. (57 mm)
(-h) the aggregate length of EU and IU, in any inclusive.
combination, exceeds one-sixth of the weld length (-c) ¥4in.(19 mm)¥or tover 2%, in. (57 mm) Wwhere
(6) undercut on the outside (0.D) or inside (I.D.) t is the thickness of the'weld being examined. If thg weld
surface off longitudinal butt welds is unacceptable joins two members having different thicknesses at the
(7) rpot concavity when the density or brightness of weld, t is the<hinnher of these two thicknesses.
the rootimage is darker than the density through the adja- (c) As amaltérnative to (b)(1) and (b)(2), the frgcture
cent basq metal. For digital radiography, brightness mechanies dltrasonic acceptance criteria in Mandatory
comparis¢n may be used. Appendix O may be used, provided all of the requirefnents
For thefradiography of welds, the area of interest shall of Mandatory Appendix O are met.
. R . L e 1, .
include thp weld and all adjacent areas within a'tle:flst ./4 in. 136.4.7 In-Process Examination. When requirkd by
(6 mm) from the toe of the weld. Relevant indications . . . L
. - . . this Chapter, in-process visual examination shall be
outside the area of interest shall be investigated and . .
o o . performed and/or witnessed by qualified perspnnel
their disppsition determined by the owner. . .
. L . other than those performing the production wdrk. It
For imdge quality indicator (IQI) selection for welds . . .
. .k . : shall also be in accordance with para. 136.4.2, yhich
with reinforcement, the thickness used shall be,either . R . .
. . . . comprises examination of the following, as applicgble:
the nomirfal wall thickness, t,, or the minimum required (a) joint preparation and cleanliness
thickness)| t,,,. In either case, the selected thickness shall J p .p
. . . (b) preheating
also include the allowable combined internal and external (¢) fit-up, joint clearance, and internal alignment| prior
reinforcement thicknesses, as specifiedin Table 127.4.2-1. to joining P ’ 8 p
136.4.6 Ultrasonic Examination. When required by (d) variables specified by the joining procedure,
this Chapter (see Table 136.4.1:1), ultrasonic examination including filler material
(UT) shall be performed in“accordance with the require- (1) for welding: position and electrode
ments of ASME BPVC, Section V, Article 4 and the addi- (2) for brazing: position, flux, brazing temperpture,
tional requirements_below. proper wetting, and capillary action
(a) The following' criteria shall also be met when (e) forwelding: condition of the root pass after cleganing
performirlg ultrasonic examinations: (external and, where accessible, internal) aided by |iquid
(1) The.egquipment used to perform the examination penetrant or magnetic particle examination when ppeci-
shall be capable of recarding the UT data to facilitate the fied in the engineering design

analysis by a third party and for the repeatability of subse-
quent examinations, should they be required. Where
physical obstructions prevent the use of systems
capable of recording the UT data, manual UT may be
used with the approval of the owner.

(2) NDE personnel performing and evaluating UT
examinations shall be qualified and certified in accordance
with their employer’s written practice and the require-
ments of para. 136.3.2 of this Code. Personnel, procedures,
and equipment used to collect and analyze UT data shall

116

(f) for welding: slag removal and weld condition
between passes

(g) appearance of the finished joint
NOTE: The method of examination is visual, in accordance with

para. 136.4.2, unless additional methods are specified in the
engineering design.
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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
piping subassemblies.

137
ture
sourq
test g

bf the test medium shall be that of the available
e unless otherwise specified by the owner. The
ressure shall not be applied until the system and
the gressurizing medium are approximately at the
same|temperature. When conducting pressure tests at
low njetal temperatures, the possibility of brittle fracture
shall pe considered.

137.1.3 Personnel Protection. Suitable precautions in
the eyent of piping system rupture shall be taken to elim-
inate hazards to personnel in the proximity of lines being
tested.

137.1.4 Maximum Stress During Test. At no time
during the pressure test shall any part of the piping
system be subjected to a stress greater than that permitted

by pdra. 102.3.3(b).

139.1.5 Testing Schedule. Pressure testing shall be
performed following the completion of postweld heat
treatment required by para. 132, nondestructive exami-
natiofis required by Table 136.4.1-1, and all other fabrica-
tion, 3ssembly, and erection activities required toprovide
the system or portions thereof subjected to-thepressure
test With pressure-retaining capability.

137.2

137
not p
and ¢
agred
subje

Preparation for Testing

.2.1 Exposure of Joints. All joints including welds
reviously pressure tested shall be left uninsulated
xposed for examinatien during the test. By prior
ment, the compléte/system or portions thereof
ct to test may)be insulated prior to the test
period, provided af eéxtended holding time pressurization
of the system jsvperformed to check for possible leakage
throuigh the {nsulation barrier.

137.2.2”Addition of Temporary Supports. Piping
systemsdesigned for vapor or gas shall be provided

137.2.4 Isolation of Equipment and Piping Not
Subjected to Pressure Test. Equipment that is not to
be subjected to the pressure test shall be either discon-
nected 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.
The owner shall be aware of the limitations of pressure
and temperature for each valve subject to test conditions
and as further described in para. 107.1(c). Isolated equip-

137.2.5 Treatment of Flanged Joints C¢ntaining
Blanks. Flanged joints at which blanks‘are ifserted to
blank off other equipment during the test need not be
tested after removal of the blankprovided the require-
ments of para. 137.7.1 are subsequently perfdrmed.

137.2.6 Precautions Against Test Medium Expansion.
If a pressure test is to bé&aintained for a peripd of time
during which the test. medium in the system is|subject to
thermal expansiofy, precautions shall be taken to avoid
excessive pressure. A pressure relief device fet at 1%
times the test\pressure is recommended during the pres-
sure test{provided the requirements of paras. 137.1.4,
137.4.5y;and 137.5.5 are not exceeded.

137:3 Requirements for Specific Piping Systems

137.3.1 Boiler External Piping. Boiler exterpal piping
[see para. 100.1.2(a)] shall be hydrostatically| tested in
accordance with ASME BPVC, Section I, PG-99. The test
shall be conducted in the presence of the Apthorized
Inspector.

137.3.2 Nonboiler External Piping. All ponboiler
external piping shall be hydrostatically tested in accor-
dance with para. 137.4. As an alternative, when specified
by the owner, the piping may be leak tested in apcordance
with para. 137.4.6, para. 137.5, para. 137.6, or para. 137.7.
Lines open to the atmosphere, such as vents|or drains
downstream of the last shutoff valve, need not|be tested.

Where the owner and the designer consider both hydro-
static and pneumatic testing impracticable, the glternative
specified in para. 137.8 may be used if both () and (b)
apply.

(a) A hydrostatic test would

(1) damage lining or internal insulation, pr
(2) contaminate a process that would be hazardous,

with additional temporary supports if necessary to
support 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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COITOSIVE, OT INOperative i The presence of moisture, or
(3) present the danger of brittle fracture due to low
metal temperature during the test and it is impossible to
test at a higher temperature.
(b) A pneumatic test would
(1) present an undue hazard of possible release of
energy stored in the system and it is impossible to
provide protection for personnel, or
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(2) present the danger of brittle fracture due to low
metal temperature during the test and it is impossible to
test at a higher temperature.

137.4 Hydrostatic Testing

137.4.1 Material. When permitted by the material
specification, a system hydrostatic test may be performed
in lieu of the hydrostatic test required by the material
specifications for material used in the piping subassembly

equipment or other piping during a test, need not be leak
tested in accordance with para. 137.3.2.

(c) The final welds (closure welds) connecting piping
systems or components that have been successfully tested
in accordance with para. 137 need not be leak tested
provided the owner and designer agree that the weld
not be leak tested. However, the weld shall be visually
examined in accordance with para. 136.4.7 and examined
volumetrically using 100% radiographic examination in
xam-

accordancasazith
o

wlEraconic
&

CCoTradce—vwrett TS O e

pnara 126 A0 ~x 1000,
P99~ ou 76

or systemf provided the minimum test pressure required b .
for the piping system is met. ination in aC(.:o_rd_ance w1_th para. 136.4.6. \
(d) When it is impracticable to visually examirie NBEP
137.4.2| Provision of Air Vents at High Points. Vents joints or connections during a leak test (elg., joimts or
shall be provided at all high points of the piping systemin  connections in buried pipe, joints o connections

the positipn in which the test is to be conducted to purge
air pockets while the component or system is filling.
Venting dfiring the filling of the system may be provided
by the loogening of flanges having a minimum of four bolts
or by the|use of equipment vents.

137.4.3
the test m
Test wate
minimize

Test Medium. Water shall normally be used as
edium unless otherwise specified by the owner.
- shall be clean and shall be of such quality as to
corrosion of the materials in the piping system.
Further r¢commended precautions on the quality of test
water usefl for hydrotesting of austenitic (300 series) and
ferritic (400 series) stainless steels are contained in
Nonmandptory Appendix IV, para. 1V-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.
Alllow-prssure fillinglines and all other items not subject
to the test pressure shall be disconnected or isolated by
valves or [other suitable means.

137.4.5
hydrosta
system sh
but shall 1}
of any non
valves, n

Required Hydrostatic Test-Pressure. The
ic test pressure at any point’in the piping
hll not be less than 1.5 times the design pressure,
ot exceed the maximurh allowable test pressure
isolated components, such as vessels, pumps, or
or shall it exceed the limits imposed by
para. 102.B.3(b). The pressure shall be continuously main-
tained forl a minimum time of 10 min and may then be
reduced to the design pressure and held for such time
as may be necessary to conduct the examinations for
leakage. Examinations for leakage shall be made of all
joints and_cennections. The piping system, exclusive of

embedded in concrete, double watl.carrier pipe|) and
when approved by the owner, NBEP joints and connec-
tions may be exempt from vistial examination for|leaks
when all of the following requirements are met:

(1) Welded joints shiall be 100% volumetrfically
examined, in accorddnce with para. 136.4.5 or[para.
136.4.6.

(2) The testpressure shall be held for a minimum of
1 hr to allow foy témperature stabilization. (ASTM §1003
or ASTM E2930 may be used as a reference.)

(3) Thepressure and atmospheric temperaturg
be continuously monitored during the test, recorde
then‘made a part of the record.

(4) Anylossin pressure during the course of the leak
test, not attributed to atmospheric changes, shall r¢quire
that the source of leakage be determined, repaired, and
reexamined and the system retested.

shall
, and

137.5 Pneumatic Testing

137.5.1 General. Except for preliminary testing in
accordance with para. 137.5.4, pneumatic testing shall
not be used unless the owner specifies pneumatic
testing or permits its use as an alternative. It is r¢com-
mended that pneumatic testing be used only wheh one
of 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 sel
where traces of the testing medium cannot be tole

they
vices
rated

137.5.2 Test Medium. The gas used as the test mg¢dium
shall be nonflammable and nontoxic. Since compressed

possible localized instances at pump or valve packing,
shall show no visual evidence of weeping or leaking.

137.4.6 Special Provisions for Testing

(a) Piping components and subassemblies may be
tested either separately or as assembled piping.

(b) Flanged joints used to connect piping components
and subassemblies that have previously been tested, and
flanged joints at which a blank or blind is used to isolate
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Tas May DE Nazardous witen used as a testng medium,
itis recommended that special precautions for protection
of personnel be observed when a gas under pressure is
used as the test medium.

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.
Allitems not subjected to the test pressure shall be discon-
nected or isolated by valves or other suitable means.


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

ASME B31.1-2022

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
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 pneu-
matic test pressure shall be notless than 1.2 nor more than
1.5 times the design pressure of the piping system. The test

137.6.2 When a mass-spectrometer or halide test is
performed, it shall be conducted in accordance with
the instructions of the manufacturer of the test equipment.
In all cases, a calibrated reference leak, with aleak rate not
greater than the maximum permissible leakage from the
system, shall be used. The equipment shall be calibrated
against the reference leak in such a way that the system
leakage measured by the equipment can be determined to
be not greater than the leak rate of the reference leak.

pressure shall not exceed the maximum allowable test
pressure of any nonisolated component, such as
vessells, pumps, or valves, in the system. The pressure
in the system shall gradually be increased to not more
than ¢ne-half of the test pressure, after which the pressure
shall pe increased in steps of approximately one-tenth of
the test pressure until the required test pressure has been
reachled. The pressure shall be continuously maintained
for a minimum time of 10 min. It shall then be reduced to
the lekser of design pressure or 100 psig [700 kPa (gage)]
and held for such time as may be necessary to conduct the
examlination for leakage. Examination for leakage
detected by soap bubble or equivalent method shall be
made| of all joints and connections. The piping system,
exclusive of possible localized instances at pump or
valve[packing, shall show no evidence of leaking.

137
(@)
testeq
()
and s
flangg
equip
testeq
(©
syste
in acq
teste
weld
shall
136.4
graph
1009
136.4,

.5.6 Special Provisions for Testing

Piping components and subassemblies may be
| either separately or as assembled piping.
Flanged joints used to connect piping components
ibassemblies that have previously been tested; and
d joints at which a blank or blind is used(te isolate
ment or other piping during a test, neéd;nhot be leak
| in accordance with para. 137.3.2.

The final welds (closure welds):connecting piping
ms or components that have been'successfully tested
ordance with para. 137 need-not be pneumatically
| provided the owner and/designer agree that the
not be pneumatically~tested. However, the weld
be visually examined in accordance with para.
.7 and examined.volumetrically using 100% radio-
ic examination)in accordance with para. 136.4.5 or
ultrasoni€ e€xamination in accordance with para.
6.

137.6 Mass-Spectrometer and Halide Testing

137.7 Initial Service Testing

137.7.1 When specified by the ownegr, an initjial service
test and examination is acceptable when othdr types of
tests are not practical or when leak tightness js demon-
strable due to the nature of the Service. One gxample is
piping where shutoff valves arenotavailable forfisolating a
line and where temporary‘closures are impractifal. Others
may be systems whereduring the course of checking out of
pumps, compressors,;er other equipment, ample oppor-
tunity is afforded for examination for leakage pijior to full-
scale operatiofi An initial service test is not applicable to
boiler external piping.

b test, the
to normal
eld for a
I leakage
he piping
tances at
evidence

137.7:2 *“When performing an initial servic
piping.system shall be gradually brought up
op@rating pressure and continuously h
mihimum time of 10 min. Examination fo
shall be made of all joints and connections. T
system exclusive of possible localized ins
pump or valve packing shall show no visual
of weeping or leaking.

137.8 Alternative to Hydrostatic and Pneumatic

Testing

under the
37.3.2(b).
sed in the
not been
5 in accor-
They shall

The following procedures may be used only
conditions stated in para. 137.3.2(a) or para. 1
Welds that must be examined include those u
manufacture of welded pipe fittings that havg
subjected to hydrostatic or pneumatic leak test
dance with paras. 137.4 and 137.5, respectively.
be examined as follows:

(a) All welds shall be visually examined in a
with para. 136.4.7.

(b) Circumferential, longitudinal, and spir
seam) groove welds, in addition to welded bran¢h connec-
tions over NPS 4, shall be 100% radiographed in accor-

ccordance

h] (helical

137.6.1 When specified by the owner, systems with
conditions of operation and design that require testing
methods having a greater degree of sensitivity than
can be obtained by a hydrostatic or pneumatic test
shall be tested by a method, such as helium mass-spectro-
meter test or halide test, which has the required sensi-
tivity.
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dance with para. 136.4.5 or 100% ultrasonically examined
in accordance with para. 136.4.6.

(c) All welds, including structural attachment welds,
notcovered in (b), shall be examined using theliquid pene-
trant method (para. 136.4.4) or, for magnetic materials,
the magnetic particle method (para. 136.4.3).
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137.9 Retesting After Repair or Additions

137.9.1 Repairs may be made to the pressure parts of
boiler external piping after the hydrostatic test required
by para. 137.3.1, provided the requirements of ASME
BPVC, Section I, PW-54.2 are met.

137.9.2 Nonpressure parts may be welded to the pres-
sure parts of boiler external piping after the hydrostatic
testrequired by para. 137.3.1, provided the requirements

insulation supports, nameplates, or other non-pressure-
retaining attachments provided

(a) the attachment fillet weld does not exceed ¥% in. (10
mm) thickness or, if a full penetration weld is used, the
material attached does not exceed the nominal thickness
of the pressure-retaining member or % in. (13 mm),
whichever is less

(b) welds shall be preheated as required by para. 131

(c) welds shall be examined as required by
Fable 336411

PO _Coadi I _DIAI 4 D 4
Of ASME pr vy, OCCLIVUIT I, T'VV™OT.0 dI'T IIITL.

137.9.3| If repairs or additions to nonboiler external
piping arg made following a test, the affected piping
shall be retested in accordance with the provisions of
para. 137|3.2. However, a system need not be retested
after seal welding or after attachments of lugs, brackets,

(d) seal welds shall be examined for leakdge|after
system startup

137.9.4 All weld defect repairs shall be madde in gccor-
dance with para. 127.4.11.

120
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Chapter VII
Operation and Maintenance

138 GENERAL

Safpty is the overriding concern in design, operation,
and maintenance of power piping. Managing safe
piping service begins with the initial project concept
and dontinues throughout the service life of the piping
system. The Operating Company is responsible for the
safe gperation and maintenance of its power piping.

Th¢ Code does not prescribe a detailed set of operating
and rpaintenance procedures that will encompass all
cases| Each Operating Company shall develop operation
and nmaintenance procedures for piping systems deemed
necegsary to ensure safe facility operations based on the
provigions of this Code, relevant industry experience, the
Operating Company’s experience and knowledge of its
facilitly, and conditions under which the piping systems
are operated. The additional requirements described in
subspquent paragraphs apply to covered piping
systems (CPS). At the owner’s discretion, other piping
systens may be included.

139 DPERATION AND MAINTENANCE
PROCEDURES

Forl CPS, this shall be accomplished by the issuance of
writtpn operation and maintenanee procedures. The
operdtion and maintenance progedures established by
the Operating Company for ensuring safe operation of
its CIPS may vary, but the/felowing aspects shall be
covered:

(a)| operation of piping system within design limits

(b)| documentation-of system operating hours and
modes of operation

(c)] documentation of actual operating temperatures
and gressures

(d)| doeumientation of significant system transients or
excurgsions including thermal hydraulic events (e.g., steam

(h) assessment of degradation mechanisms,[including,
but notlimited to, creep, fatigue, graphitization, corrosion,
erosion, and flow-accelerated corrosion [FAC)

(i) quality of flow medium (e.g., diSsolved oxygen, pH)

(j) documentation of the condition assessment (see
para. 140)

(k) other required maintenance

140 CONDITION ASSESSMENT OF CPS

A program shallbe established to provide for the assess-
ment and docmentation of the condition of a‘LCPS. The
documentation shall include a statement as to any actions
necessary.for continued safe operation. A fondition
assessment shall be performed at periodic inftervals as
determined by an engineering evaluation.
€ondition assessments shall be made of CP{ based on
established industry practices. The condition agsessment
may range from a review of previous inspection findings
and operating history since the previous inspection, to a
thorough nondestructive examination (NDE) [and engi-
neering evaluation. The extent of the asfessment
performed shall be established by the (perating
Company or its designee with consideration pf the age
of the CPS, the previous documented assessment, and
anticipated operating conditions.
The CPS condition assessment program shgll include
implementation of weld examination and hanger inspec-
tion methods necessary for evaluating the impact of the
applicable material degradation mechanism for the iden-
tified piping system.
The condition assessment documentation, [in a form
established by the Operating Company, should contain
(but not be limited to) as many of the following elements
as available:
(a) system name.

and their

hammers, liquid slugging)

(e) documentation of modifications, repairs, and re-
placements, including welding procedures used and
NDE results

(f) documentation of maintenance of pipe supports for
piping operating within the creep regime

(g) documentation of maintenance of piping system
elements such as vents, drains, relief valves, desuperhea-
ters, and instrumentation necessary for safe operation

(h) ]icfing of nrigina] material cpnriﬁrnﬁnn
editions.

(c) design diameters and wall thicknesses.

(d) design temperature and pressure.

(e) normal operating temperature and pressure.

(f) operating hours, both cumulative (from initial
operation) and since last condition assessment.

(g) actual modes of operation since last condition
assessment (such as the number of hot, warm, and
cold starts).

(22)
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(h) pipe support hot and cold walkdown readings and
observations of adverse conditions for piping systems that
are operating within the creep regime.

(i) modifications and repairs since last condition
assessment.

(j) description and list of any dynamic events, including
thermal hydraulic events, since the last condition assess-
ment (see Nonmandatory Appendix V, para. V-11 for
examples) that produced visual evidence of distortion

be traceable to specific components in a piping system.
Additional records may be included as deemed necessary.
(a) procurement documents, including specifications
(b) original service date and original operating param-
eters
(c) list of materials, both original and replacement,
with system location and material specification
(d) physical and mechanical properties from material
test reports, including the following as applicable:

or damage—Repetitive-dynramic-events{with-or-witheut - Manufacturer's Material Test Reports-or-Eertifi-
visual eviflence) should be included when identified by cate of Conformance
operators|or plant personnel (see para. 146). (2) chemical composition data
(k) acthal pipe wall thickness and outside diameter (3) impact test data
measurements taken since the last condition assessment (4) information regarding special processing, i.e.,
as approgriate based on service. welding, postweld heat treatment, mechanical wofking,
() sunpmary of pipe system inspection findings, bending including postbending héat)treatment, etq.
including [list of areas of concern. (e) wall thicknesses from construction or maintepance
(m) re¢ommendations for reinspection interval and records, including design minimum wall requirempents
scope. (f) records of alteratiens.or repairs
Guidanfe on condition assessment may be found in (g) summary of design requirements

Nonmandptory Appendix V of this Code.

141 CPS|RECORDS

The redords identified below, when available, shall be
maintaingd and accessible for the life of the piping
systems.

141.1 General

Covere
be limited

(a) any

(b) any
by para. 1

(c) orig
drawings

(d) ori
support drawings
(e) re;‘lﬁts from piping stress-er flexibility analysis
(f) piping system diagrams*{flow, piping and instru-
mentatior] (P&IDs), and fot-process diagrams]

(g) valye and othet inline equipment data used in
original pfping designi stress analysis

(h) additional ‘documentation requirements as identi-
fied in pafas.(141.2 through 141.5

(i) details’of specially designed components (refer

piping system records shall consist of, but not
to,

procedures required by para. 139

condition assessment documentation required
40
inal, as-built, as-modified, and_apdated piping

pinal, as-built, as-modified,"and updated pipe

main-
mpo-

(h) actual operating conditions recorded and
tained to facilitate-Creep and fatigue evaluations of cq
nents

(i) specialcoatings, linings, or other designs for
sion or erpsion resistance

orro-

141:3. Installation, Modification, and Repair
Records

Records for pressure-retaining welds in covered piping
systems shall include, but not be limited to, the following:

(a) original installation records

(b) repair and modification records

(c) welding procedures and qualification tests

(d) nondestructive examination reports (incl
radiographs and digital or electronically stored
reports)

(e) heat treatment performed, including t
temperature charts

iding
NDE

ime/

141.4 Failure Analysis

The owner is responsible for investigating all failures in
covered piping systems. A report of the results df this
investigation is to be included in the material history
file and, as a minimum, contain the following informption:

(a) record of any operating or test experience pf the

to para. 104.7.2), including details of the design, design
method, dimensions, weight, and materials; details of
the manufacture, fabrication, and welding; and details
of the component examinations

141.2 Materials

The owner shall establish a material history for each
CPS to the extent necessary to permit evaluation and
analysis of an existing condition. The records listed
below are to be included in the material history and

122

fatted compomnents or SUpports
(b) any previous failure history of the component
(c) any special conditions (corrosion, extraordinary
loads, thermal excursions, etc.) that may have contributed
to failure
(d) conclusions of damage mechanism and cause of
failure
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141.5 Restoration After Failure

The owner isresponsible for documenting actions taken
to restore failed components, including

(a) recommendations for actions that are intended to
minimize recurrence and documentation of satisfactory
implementation

(b) recommendations, if any, for similar action that
should be taken in other piping systems containing
similar conditions or components

144 CPS WALKDOWNS

The Operating Company shall develop and implement a
program requiring documentation of piping supportread-
ings and recorded piping system displacements. Guide-
lines for this program are provided in Nonmandatory
Appendix V, para. V-7. Piping system 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 assess-

142 PIPING AND PIPE-SUPPORT MAINTENANCE

PROGRAM AND PERSONNEL REQUIREMENTS

142.1 Maintenance Program

Thé¢ maintenance program shall adhere to the require-
ment$ of paras. 138 through 141 and 144. For further
guiddlines regarding the maintenance program, refer
to Nonmandatory Appendix V, para. V-5.1.

142.7

142
for ex
Comp
tenarn
Appe

Personnel

.2.1 Only qualified personnel shall be responsible
ecuting the maintenance program of the Operating
any. For further guidelines regarding typical main-
ce program responsibilities, see Nonmandatory
hdix V, para. V-5.2.

142.2.2 Review of records and failure reports, and
decisions concerning corrective actions or repairs;
shall pe carried out by or under the direction of qualified
personnel.

142

(a)| Welders shall be qualified to approved welding
procgdures. Qualification of weld procedures and the
qualification performance of the welder shall be in accor-
dancg with the requirements of para. 127.5.

(b)| Qualified personnelshall perform preheat and
postheat treatment operations as described in the re-
quirements of paras. 131*and 132.

142.2.4 Examination, Inspection, and Testing Per-
sonn¢l. Qualified-personnel shall perform nondestructive
exam|nations(NDE), including visual inspections and leak
tests[(LT),in accordance with the requirements of
para.|136.

.2.3 Welding and Heat Treatment Personnel

ment documentation (on paper or electronicmgdia) 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
system’s integrity and safety~Significant displacement
variations from the expected design displacements
shall be considered to assess'the piping system’s integrity.
An as-found piping system stress analysis can be used to
determine the influence of significant piping displacement
anomalies on thepiping system’s integrity. Siibsequent
evaluations and corrective actions may necessitate activ-
ities such as.detailed examinations of critical weldments
and support adjustments, repairs, and replacerment of in-
dividual'supports and restraints.

145 MATERIAL DEGRADATION MECHAN|SMS

Creep is stress-, time-, temperature-, and |material-
dependent plastic deformation. Stress allowables for
materials having time-dependent properties pre noted
with italics in Mandatory Appendix A. Matefial stress
rupture or creep properties govern the stress gllowables
within this temperature regime and may be imjportant in
the piping system evaluation.

The Operating Company shall develop and im
program requiring data collection and evaluati
priority areas for CPS materials operating in [the creep
range. Guidelines provided in Nonmandatory|Appendix
V, para. V-13 may be used for this program, which
may also include non-CPS piping operatipg in the
creep regime.

Although creep is a common mechanism o
degradation for many CPS, other damage msg
may also require consideration by the (perating
Company. Additional guidance on potential damage
mechanisms is provided in Nonmandatory Appendix V,

plementa
n of high-

f material
chanisms

143 REPAIR OF CPS

Repairs to CPS shall be performed in accordance with
the ASME B31.1 Code of record used for the original
construction or to a later edition of the ASME B31.1
Code as agreed on by the owner and the jurisdictional
authority if applicable.

123

paras. V-12 and V-13, as well as in ASME BPVC,
Section II, Part D, Nonmandatory Appendix A; ASME
BPVC, Section III, Nonmandatory Appendix W; API
570; and API 571.

146 DYNAMIC LOADING

For those dynamic events identified in para. 140(j),
document the following, as appropriate:

(22)
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(a) date, time, and preceding operating conditions (as
available)

(b) the nature and location of any damage

(c) the results of any investigation

(d) the results of any analysis or NDE performed

(e) the acceptability of any effects or any corrective
action taken, e.g., changes in operating procedure,
changes in system design or piping supports and
restraints, and any repairs or replacements

construction or a later edition/addenda of that Code,
as long as reconciliation of the differences in the Codes
is completed (in accordance with para. 123.1.7). Once
the specific Code is chosen for the uprating, it shall be
followed in its entirety, taking into consideration the
current condition of the piping system and the condition
itis projected to be in at the end of its life. Documents and
forms produced in support of uprating shall be preserved
for the service life of the piping system. The owner is

149 RER|ATING PIPING SYSTEMS

149.1 Uprating Piping Systems
A pipinlg system is uprated by increasing the design
pressure [and/or the design temperature. The piping

system uprating may be based on the original Code of

racnoncibla for varifuing that tha pynmpatad g in

FeSsp-eRsiore—ror—VverryRgthar—tae—uprateappling
Code

may

system meets all the requirements of the chosen
and the jurisdictions. Guidance on some aspects
be found in Nonmandatory Appendix V, para. V-13.
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MANDATORY APPENDICES

MANDATORY APPENDIX A
ALLOWABLE STRESS TABLES

Sed Tables A-1 through A-10.
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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
AS53 A S C 1 2) 48 30 1.00
B S C-Mn 1 (2) 60 35 1.00
A106 A C-Si 1 (2) 48 30 1.00
C-Si 1 (2) 60 35 1:00
C C-Si 1 (2) 70 40 100
A179 C 1 1) (2) (5 47 26 1.00
A192 C-Si 1 2) (5 47 26 1.00
A210 A-1 C-Si 1 (2) 60 37 1.00
C C-Mn-Si 1 (2) 70 40 1.00
A333 1 C-Mn 1 1) 55 30 1.00
6 C-Mn-Si 1 60 35 1.00
A369 FPA C-Si 1 (2) 48 30 1.00
FPB C-Mn 1 (2) 60 35 1.00
API 5L A C 1 (M'(2) (14) 48 30 1.00
B C-Mn 1 1) (2) (14) 60 35 1.00
Furnace Bytt Welded Pipe
A53 F C 1 4) 48 30 0.60
API 5L A25 [&11 C 1 (1) (4) (14) 45 25 0.60
Electric Repistance Welded Pipe and Tube
A53 A E G 1 (2) 48 30 0.85
B E C-Mn 1 2 60 35 0.85
A135 A C 1 1)@ 48 30 0.85
B C-Mn 1 1) (2 60 35 0.85
A178 A C 1 2) (5) 47 26 0.85
C C 1 2 60 37 0.85
A214 C 1 (1) (2) (5) 47 26 0.85
A333 1 C-Mn 1 1) 55 30 0.85
6 C-Mn-Si 1 60 35 0.85
API 5L A25 [&I1I C 1 (1) (14) 45 25 0.85
A C 1 1) (2) (14) 48 30 0.85
B C-Mn 1 1) (2) (14) 60 35 0.85
A587 C 1 1) (2) 48 30 0.85
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Table A-1
Carbon Steel

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Seamless Pipe and Tube
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A AS53
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 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 13.0 108 B
20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 120 C
134 13.4 134 13.4 134 13.3 12.8 12.4 10.7 9.2 Al179
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 17.1 171 17.1 171 15.6 13.0 108 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 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 13.7 12.5 10.7 9.0 API 5L
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 B
Furnace Butt Welded Pipe
8.2 8.2 8.2 8.2 8.2 8.2 8.2 7.5 A53
7.7 7.7 7.7 7.7 A25 API 5L
Electric Resistance Welded Pipe and Tube
11.7 11.7 11.7 11.7 117 11.7 11.7 10.6 9.1 77 A A53
14.6| 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 92 B
11.7 11.7 11.7 1107 11.7 11.7 11.7 10.6 9.1 79 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 11.4 114 11.4 11.3 10.9 10.5 9.1 7.7 A178
14.6) 14.6 14.6 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 14.6 14.6 14.6 14.6 14.6 14.6 13.3 6
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 10.6 9.1 77 A
14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 92 B
11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.8 A587
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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
Al134 A283A C 1 1) (™ 45 24 0.80
A283B C 1 1) (™ 50 27 0.80
A283C C 1 @) 55 30 0.80
A283D o 1 (@ 60 33 0.80
Al134 A285A C 1 (1) (2) (8) 45 24 0.80
A285B C 1 (1) (2) (8) 50 27 0.80
A285C C 1 1) (2) (8) 55 30, 0.80
A139 A C 1 1) (2 (14 48 30 0.80
B C-Mn 1 (1) (2) (14) 60, 35 0.80
API 5L A C 1 (1) (2) (14) 48 30 0.90
B C-Mn 1 (1) (2) (14) 60 35 0.90
A671 CA55 10, 13 o 1 (1) (2) (15) 55 30 0.90
CAS55 11, 12 C 1 (1) (22.(1%) 55 30 1.00
CAS55 20, 23, 30, 33 C 1 1) @) 55 30 0.90
CA55 21, 22, 31, 32 C 1 (. (2) 55 30 1.00
A671 CB60 10, 13 C-Si 1 (1) (2) (15) 60 32 0.90
CB60 11, 12 C-Si 1 (1) (2) (15) 60 32 1.00
CB60 20, 23, 30, 33 C-Si 1 1) (2 60 32 0.90
CB60 21,22,31,32  C-Si 1 1) @) 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) (2) (15) 65 35 1.00
CB65 20, 23,30,33  (C=Si 1 1@ 65 35 0.90
CB65 21, 22, 31, 32 C-Si 1 1)@ 65 35 1.00
A671 CB70 10, 13 C-Si 1 (1) (2) (15) 70 38 0.90
CB70 11, 12 C-Si 1 (1) (2) (15) 70 38 1.00
CB70 205323, 30, 33 C-Si 1 1)@ 70 38 0.90
CB70 21, 22, 31, 32 C-Si 1 1)@ 70 38 1.00
A671 CC60 10, 13 C-Mn-Si 1 (1) (2) (15) 60 32 0.90
CC60 11, 12 C-Mn-Si 1 (1) (2) (15) 60 32 1.00
CE6D 20, 23, 30, 33 C-Mn-Si 1 1) (2 60 32 0.90
€Coe0 21,22, 31, 32 C-Mn-Si 1 [HANA] 60 32 1.00
A671 CC65 10, 13 C-Mn-Si 1 (1) (2) (15) 65 35 0.90
CC65 11, 12 C-Mn-Si 1 (1) (2) (15) 65 35 1.00
CC65 20, 23, 30, 33 C-Mn-Si 1 1)@ 65 35 0.90
CC65 21,22,31,32  C-Mn-Si 1 1 @) 65 35 1.00
A671 CC70 10, 13 C-Mn-Si 1 (1) (2) (15) 70 38 0.90
CC70 11, 12 C-Mn-Si 1 (1) (2) (15) 70 38 1.00
CC70 20, 23, 30, 33 C-Mn-Si 1 M@ 70 38 0.90
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Table A-1
Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added

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 12.3 119 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 A13%
11.4 11.4 11.4 11.4 114 11.0 10.7 10.0 8.8 6.5 A285B
12.6| 12.6 12.6 12.6 12.6 12.3 119 11.5 10.4 86 A285C
11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.0 8.6 74 A A139
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 104 86 B
12.3 12.3 12.3 12.3 12.3 12.3 12.3 11.3 9.6 83 (A API 5L
15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0 11.7 97 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 CAS55
14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 11.7 9.7 CA55
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60 A671
17.1 17.1 17.1 17.1 171 16.4 15.8 15.3 13.0 10.8 CB60
15.4 15.4 154 15.4 15.4 14.7 142 13.7 11.7 9.7 CB60
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CB60
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65 A671
18.6) 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 114 CB65
16.7| 16.7 16.7 16.7 167 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 18.0 180 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 1Z.1 171 17.1 171 16.4 15.8 15.3 13.0 10.8 CC60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60
17.1 171 171 171 171 164 158 153 13.0 108 CC6O
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65 A671
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70 A671

20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CC70
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70
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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
CC70 21, 22, 31, 32 C-Mn-Si 1 1) (2 70 38 1.00
A671 CK75 10, 13 C-Mn-Si 1 (1) (2) (15) 75 42 0.90
CK75 11, 12 C-Mn-Si 1 (1) (2) (15) 75 42 1.00
CK75 20, 23,30,33  C-Mn-Si 1 (O 75 40 0.90
CK75 21, 22, 31, 32 C-Mn-Si 1 M@ 75 40 1,00
A671 CD70 10, 13 C-Mn-Si 1 (1) (2) (15) 70 50 0.90
CD70 11, 12 C-Mn-Si 1 (1) (2) (15) 70 50 1.00
CD70 20, 23, 30, 33 C-Mn-Si 1 1) 3 70 50 0.90
CD70 21, 22, 31, 32 C-Mn-Si 1 1) 3 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) (15) 80 60 1.00
CD80 20, 23 C-Mn-Si 1 13 80 60 0.90
CD80 21, 22 C-Mn-Si 1 (1) (3) 80 60 1.00
A672 A45 10, 13 C 1 (1) (2) (15) 45 24 0.90
A45 11, 12 C 1 (1) 2)'e5) 45 24 1.00
A45 20,23,30,33 C 1 €N 45 24 0.90
A45 21,22,31,32 C 1 1y (2) 45 24 1.00
A672 A50 10, 13 C 1 (1) (2) (15) 50 27 0.90
A50 11, 12 C 1 (1) (2) (15) 50 27 1.00
A50 20, 23, 30, 33 C 1 M@ 50 27 0.90
A50 21, 22, 31, 32 C 1 1) (2 50 27 1.00
A672 A55 10, 13 C 1 (1) (2) (15) 55 30 0.90
AS55 11, 12 C 1 (1) (2) (15) 55 30 1.00
AS55 20, 23, 30, 33 C 1 M@ 55 30 0.90
A55 21, 22, 31, 32 C 1 1) (2 55 30 1.00
A672 B55 10, 13 C 1 (1) (2) (15) 55 30 0.90
B55 11512 C 1 (1) (2) (15) 55 30 1.00
B55 20,23, 30, 33 C 1 1) (2 55 30 0.90
B55 21, 22, 31, 32 C 1 1) (2 55 30 1.00
A672 B60 10, 13 C 1 (1) (2) (15) 60 32 0.90
B60 11, 12 C 1 (1) (2) (15) 60 32 1.00
B60 20, 23, 30, 33 C 1 (1) (2) 60 32 0.90
B60 21,22,31,32 C 1 1) @) 60 32 1.00
A672 B65 10, 13 C 1 (1) (2) (15) 65 35 0.90
B65 11, 12 C 1 (1) (2) (15) 65 35 1.00
B65 20, 23, 30, 33 C 1 1@ 65 35 0.90
B65 21,22,31,32 C 1 1) @) 65 35 1.00
A672 B70 10, 13 C 1 (1) (2) (15) 70 38 0.90
B70 11, 12 C 1 (1) (2) (15) 70 38 1.00
B70 20, 23, 30, 33 C 1 M@ 70 38 0.90
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Carbon Steel (Cont’d)

Table A-1

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade ll\)lo.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 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 15.7 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 CD70 A671
20.0] 20.0 19.7 19.5 19.5 19.5 19.5 CD70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CD70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 CD70
20.6] 20.6 20.3 20.1 20.1 20.1 20.1 CR80 A671
229 229 22.6 22.3 22.3 22.3 22.3 €D80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CD80
22.9 229 22.6 22.3 22.3 22.3 22.3 CD80
11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 81 A45 A672
12.9 129 129 129 129 12.3 119 11.5 197 9.0 A45
11.6| 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 81 A45
12.9 129 12.9 129 129 12.3 119 115 10.7 9.0 A45
12.9 129 129 12.9 129 12.4 12.0 11.3 10.1 86 A50 A672
14.3 14.3 14.3 14.3 14.3 13.8 1373 12.5 11.2 9.6 A50
12.9 129 12.9 12.9 12.9 12.4 1270 11.3 10.1 86 A50
14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50
14.1] 14.1 14.1 14.1 14.1 13.8 13.3 129 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 14.1 141 14.1 141 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] 14.1 14.1 141 14.1 13.8 13.3 129 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 14.1 1471, 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55
15.7 15.7 157 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60 A672
17.1 171 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
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65 A672
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65
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 13.9 114 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
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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
B70 21, 22, 31, 32 C 1 1) (2 70 38 1.00
A672 €55 10, 13 C 1 (1) (2) (15) 55 30 0.90
C55 11, 12 o 1 (1) (2) (15) 55 30 1.00
C55 20, 23, 30, 33 C 1 1)@ 55 30 0:90
C55 21, 22, 31, 32 C 1 1)@ 55 30 1.00
A672 C60 10, 13 C 1 (1) (2) (15) 60 32 0.90
C60 11, 12 C 1 (1) (2) (15) 60 32 1.00
C60 20, 23, 30, 33 C 1 M@ 60 32 0.90
C60 21, 22, 31, 32 C 1 1)@ 60, 32 1.00
A672 €65 10, 13 o 1 1) (2) (15) 65 35 0.90
C65 11, 12 C 1 (1) (2) (15) 65 35 1.00
C65 20, 23, 30, 33 C 1 1)@ 65 35 0.90
C65 21 22, 31, 32 C 1 (1) (2 65 35 1.00
A672 C70 10, 13 C 1 (1) ) (15) 70 38 0.90
C70 11, 12 C 1 ().(2) (15) 70 38 1.00
C70 20, 23, 30, 33 C 1 1) (2) 70 38 0.90
C70 21,22,31,32 C 1 D@2 70 38 1.00
A672 D70 10, 13 C-Mn-Si 1 (1) (15) 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 13 70 50 0.90
D70 21, 22, 31, 32 C-Mn-Si 1 1) 3 70 50 1.00
A672 D80 10, 13 C>Mn-Si 1 (1) (15) 80 60 0.90
D80 11, 12 C-Mn-Si 1 (1) (15) 80 60 1.00
D80 20, 23 C-Mn-Si 1 1) @3 80 60 0.90
D80 21, 22 C-Mn-Si 1 (1) (3) 80 60 1.00
A672 N75 10733 C-Mn-Si 1 (1) (2) (15) 75 42 0.90
N75 11, 12 C-Mn-Si 1 (1) (2) (15) 75 42 1.00
N75 20, 23, 30, 33 C-Mn-Si 1 (1) (2 75 40 0.90
N75 21,22,31,32  C-Mn-Si 1 1 () 75 40 1.00
A691 CMSH-70 10, 13 C-Mn-Si 1 (1) (15) 70 50 0.90
CMSH-70 11,12 C-Mn-Si 1 (1) [as) 70 50 1.00
CMSH-70 20, 23, 30, 33 C-Mn-Si 1 M3 70 50 0.90
CMSH-70 21, 22, 31, 32 C-Mn-Si 1 1) @3 70 50 1.00
A691 CMSH-80 10, 13 C-Mn-Si 1 (1) (15) 80 60 0.90
CMSH-80 11, 12 C-Mn-Si 1 (1) (15) 80 60 1.00
CMSH-80 20, 23 C-Mn-Si 1 13 80 60 0.90
CMSH-80 21, 22 C-Mn-Si 1 13 80 60 1.00
A691 CMS-75 10, 13 C-Mn-Si 1 (1) (2) (15) 75 42 0.90
CMS-75 11, 12 C-Mn-Si 1 (1) (2) (15) 75 42 1.00
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Carbon Steel (Cont’d)

Table A-1

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70
14.1] 14.1 14.1 14.1 14.1 13.8 13.3 129 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 (55
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60 K672
17.1] 17.1 17.1 17.1 17.1 16.4 15.8 15.3 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 €60
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 15.6 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 1X4 C65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 70.3 C65
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 139 11.4 C65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 108 C70 A672
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.% 14.8 12.0 C70
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16:3 13.3 10.8 C70
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 X6 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 1776 17.6 D70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 D70
20.6 20.6 20.3 20.1 2071 20.1 20.1 D80 A672
22.9 229 22.6 22.3 22.3 223 22.3 D80
20.6] 20.6 20.3 20.1 20.1 20.1 20.1 D80
22.9 229 22.6 22.3 22.3 22.3 22.3 D80
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75 A672
21.4 214 214 214 21.4 20.4 19.8 19.1 15.7 12.6  N75
19.3 19.3 1973 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 20.4 19.8 19.1 15.7 12.6 N75
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CMSH-70 A691
20.0 20.0 197 19.5 19.5 19.5 19.5 CMSH-70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CMSH-70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 CMSH-70
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CMSH-80 A691
22.9 229 22.6 223 22.3 22.3 22.3 CMSH-80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CMSH-80
22.9 229 22.6 22.3 22.3 22.3 22.3 CMSH-80
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75 A691
21.4 214 21.4 214 21.4 20.4 19.8 19.1 157 12.6  CMS-75
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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
CMS-75 20, 23, 30, 33 C-Mn-Si 1 1) (2 75 40 0.90
CMS-75 21,22,31,32  C-Mn-Si 1 1 (2) 75 40 1.00
Copper Brazed Tubing
A254 C (1) (9) (10) 42 25 1100
Plate
A36 C-Mn-Si 1 1) (7) (11) 58 36 0.92
A283 A C 1 [N 45 24 0.92
B C 1 1) 50 27 0.92
C C 1 1™ 55 30 0.92
D C 1 )@ 60 33 0.92
A285 A C 1 (2) 45 24 1.00
B C 1 (2) 50 27 1.00
C C 1 (2) 55 30 1.00
A299 C-Mn-Si 1 29.613) 75 40 1.00
C-Mn-Si 1 (2) (12) 75 42 1.00
A515 60 C-Si 1 (2) 60 32 1.00
65 C-Si 1 (2) 65 35 1.00
70 C-Si 1 (2) 70 38 1.00
A516 55 C-Si 1 (2) 55 30 1.00
60 G=Mn-Si 1 (2) 60 32 1.00
65 C=Mn-Si 1 (2) 65 35 1.00
70 C-Mn-Si 1 (2) 70 38 1.00
Forgings
A105 C-Si 1 (2) 70 36 1.00
A181 60 C-Si 1 2) 60 30 1.00
70 C-Si 1 2) 70 36 1.00
A350 LF2 C-Mn-Si 1 (2) 70 36 1.00
LE2 C=Mn=Sj 1 {7) 70 36 1.00
Wrought Fittings (Seamless and Welded)
A234 WPB C-Si 1 (2) 60 35 1.00
WPC C-Si 1 (2) 70 40 1.00
A420 WPL6 C 1 (2) 60 35 1.00
Castings
A216 WCA C-Si 1 (2) (6) 60 30 0.80
WCB C-Si 1 (2) (6) 70 36 0.80
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Carbon Steel (Cont’d)

Table A-1

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
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 19.1 157 12.6 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 14.1 13.6 C
15.8 15.8 15.8 15.8 15.8 15.5 15.0 D
12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 83 A285
14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.0 94 B
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13:Q 108 C
21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 A299
21.4 21.4 21.4 21.4 21.4 21.4 20.8 19:6 157 12.6
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 108 60 A515
18.6 18.6 18.6 18.6 18.6 17.9 173 16.7 13.9 114 65
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 126 70
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 55 A516
17.1 17.1 17.1 17.1 174 16.4 15.8 15.3 13.0 108 60
18.6 18.6 18.6 18.6 186 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 12.0 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 17.1 174 17.1 16.3 15.3 14.8 14.3 13.0 10.8 A181
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2 A350
20.0 200 200 200 196 18.4 1728 172 14.8 120 LE2
Wrought Fittings (Seamless and Welded)
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 WPB A234
20.0 20.0 20.0 20.0 20.0 20.0 19.8 183 14.8 12.0 WPC
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 WPL6 A420
Castings
13.7 13.7 13.7 13.7 13.0 12.2 11.8 11.4 104 86 WCA A216
16.0 16.0 16.0 16.0 15.7 14.7 14.2 13.8 11.8 9.6 WCB
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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
Castings
wcc C-Mn-Si 1 (2) (6) 70 40 0.80
Bars and Shapes
A36 C-Mn-Si 1 (1) (2 58 36 1.00
A992 C-Mn-Si 1 (1) (2) 65 50 1100
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Table A-1
Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

100 200 300 400 500 600 650 700 750 800 Grade Sl;\;z.c
Castings (Cont’d)
16.0 16.0 16.0 16.0 16.0 16.0 15.8 14.6 11.8 9.6 WCC
Bars and Shapes
16.6) 16.6 16.6 16.6 16.6 16.6 16.6 156 13.0 108 .. A36
18.6) 18.6 18.6 18.6 18.6 18.6 18.6 16.9 13.9 114 .. A992
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Table A-1
Carbon Steel (Cont’d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or ASTM, except API 5L. For ASME BPVC applications, see related specifications in ASME BPVC,

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 ASME BPVC. Qualification of welding procedures, welders, and
welding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

e strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The mfaterials Iisted in this table shall not be used at design temperatures above those for which allowable stress values are given exkept as
permifted by para. 122.6.2(g).
The tapulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficiericy

own in Table 102.4.3-1.

re-temperature ratings of piping components, as published in standards referenced in this Code, may be used for comp
g the requirements of those standards. The allowable stress values given in this table are for use in designing pipirig compone
t manufactured in accordance with referenced standards.

materials listed are classified as ferritic (see Table 104.1.2-1).
bulated stress values that are shown in italics are at temperatures in the range where creep and stteSsfupture strength gov
on of stresses.

ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE-RETAINING PARTS OF BOILER EXTERNAL PIPING
ES 100.1.2-1 THROUGH 100.1.2-10.

lowable stress values given are for pipe fabricated from plate not exceediiig 2% in. in thickness.

haterial shall not be used for flammable fluids. Refer to para. 105.2.1(a):

e value in parentheses is expected minimum.

80 material quality factor for casting may be increased in accordafice with para. 102.4.6.

ress values for structural quality plate include a material quality factor of 0.92. The allowable stresses for ASTM A283 Gradg
A36 plate have been limited to 12.7 Ksi.

stress values are permitted only if killed or semikilled steels are used.

A254 is copper brazed (not welded) steel pipe.

turated steam at 250 psi (406°F), the values given for-400°F may be used.

owable stress values listed in MSS SP-58 for this material may be used for pipe-supporting elements designed in accordance wi

values apply to material less than or equal te-1 in. thick.

values apply to material greater than Inin. thick.

aterial is not listed in ASME BPVC, Seetion'IX. However, weld procedures shall be qualified in accordance with the P-Number
ra. 127.5.1.

haterial shall not be used in nominal wall thicknesses exceeding % in.

(a)
Section IL
(b)
(©
(d) Tensil
(e)
®
are sh
(g) Press
meeti
are n
(h) All th
(i) Thets
select
() Seep
NOTES:
(1) THIS
FIGUKR
(2) Upon
(3) Thea
(4) Thisn
(5) Tensil
(6) TheoO
(7) The st
ASTM
(8) These|
(9) ASTM
(10) For s
(11) Theal
SP-58
(12) These|
(13) These|
(14) This ny
See p
(15) This n
(16) These|

allowable stress values are.for pipe made using a butt-welded joint process. Pipe made by other processes shall not be

prolonged exposure to temperatures above 800°F (427°C), the carbide phas€ of ‘carbon steel may be converted to grapHi

factors

bnents
ts that

brn the

— SEE

D and

ith MSS

hown.

used.
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Table A-2
Low and Intermediate Alloy Steel
Specified Specified

Minimum Minimum E

Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F

Seamless Pipe and Tube

A213 T2 YCr-Y,Mo 3 60 30 1.00
T5 5Cr-"%4Mo 5B 60 30 1.00

T5b 5Cr-Y%Mo-1%Si 5B 60 30 1{oo

A213  T5c 5Cr-%Mo-Ti 5B 60 30 1jo0
T9 9Cr-1Mo 5B 60 30 1{00

T11 1Y,Cr-"%Mo 4 60 30 1{00

A213  T12 1Cr-%Mo 4 60 32 1{o0
T21 3Cr-1Mo 5A 60 30 1{00

T22 2Y%,Cr-1Mo 5A (5) 60 30 1{00

T91 Type 1 9Cr-1Mo-V 15E 85 60 1{00

T91 Type 2 9Cr-1Mo-V 15E 85 60 1{o0

A333 3%Ni 9B €)) 65 35 1{00
! %,Cr-%,Ni-Cu-Al 4 1) 60 35 1{00

y 2%Ni 9A () 65 35 1{00

) 2Ni-1Cu 9A €8] 63 46 1{o0

A335 P1 c-%Mo 3 2) 55 30 1{00
2 Y Cr-%Mo 3 55 30 1{oo

5 5Cr-"%Mo 5B 60 30 1|00

5b 5Cr-"%Mo-1%Si 5B 60 30 1{00

A335  P5c 5Cr-"%Mo-Ti 5B 60 30 1{00
9 9Cr-1Mo 5B 60 30 ]

11 1Y,Ge-%Mo-Si 4 60 30 1{oo

A335 P12 1Gr-"%,Mo 4 60 32 1{00
21 3Cr-1Mo 5A 60 30 1{00

22 2Y%,Cr-1Mo 5A (5) 60 30 1{o0

A335 P36 1 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1{oo
36 2 1.15Ni-0.65Cu-Mo-Cb (12) (13) 95.5 66.5 1{00

91 Type 1 9Cr-1Mo-V 15E 85 60 100

91 Type 2 9Cr-1Mo-V 15E 85 60 1{o0

A369 FP1 c-%Mo 3 (2) 55 30 1{00
P2 YCr-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

A369  FP12 1Cr-%Mo 4 60 32 1.00
FP21 3Cr-1Mo 5A 60 30 1.00

FP22 2Y%,Cr-1Mo 5A (5) 60 30 1.00

FP91 Type 1 9Cr-1Mo-V 15E 85 60 1.00

FP91 Type 2 9Cr-1Mo-V 15E 85 60 1.00
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Table A-2
Low and Intermediate Alloy Steel

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube

17.1 17.1 17.1 17.1 169 164 16.1 15.7 154 149 145 139 92 59 .. T2 A213
171 171 16.6 16,5 164 16.2 159 15.6 151 145 138 109 80 58 42 2.9 1.8 1.0 T5
17.1 171 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 2.9 1.8 1.0 T5b
17.1 17.1 16.6 165 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 T5c A213
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145 138 13.0 106 74 50 33 22 15 T9
17.1 17.1 171 168 16.2 15.7 154 15.1 148 144 14.0 136 93 6.3 42 28 .. Tl
17.1 16.8 16.5 16.5 16.5 163 16.0 15.8 15.5 153 149 145 113 72 45 28 .. T12 A213
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 9.0 70 55 40 .. T21
17.1 171 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 136 108 80 57 38 T22
243 24.3 243 242 24.1 23.7 234 229 222 213 203 19.1 178 161 122 87 5.7 35 TI1
24.3 243 24.3 242 241 23.7 234 229 222 213 203 19.1 178 163 126 9~ 61 37 T91
18.6 18.6 18.6 18.6 18.6 17.5 16.7 3 A333
171 17.1 171 171 171 171 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 15.7 154 149 145 .. P1 A335
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 139 92 59 .. P2
17.1 171 16.6 16,5 164 16.2 159 15.6 151 14.5 138<~109 80 58 42 29 18 10 P5
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 P5b
17.1 17.1 16.6 16,5 164 16.2 159 15.6 15.1 145’ 138 109 80 58 42 2.9 1.8 1.0 P5c A335
17.1 171 16.6 16,5 164 16.2 159 15.6 151 _145 138 13.0 106 74 50 33 22 15 P9
17.1 171 17.1 168 16.2 157 154 15.1 \14.8 144 14.0 136 93 63 42 28 .. P11
17.1 16.8 16.5 16.5 16,5 16.3 16.0~15.8 155 153 149 145 11.3 7.2 45 28 .. P12 A335
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 90 7.0 55 40 .. P21
17.1 17.1 16.6 16.6 16.6 16.6 166 16.6 16.6 16.6 16.6 136 108 80 57 38 .. P22
25.7 5.7 25.1 25.1 25.1.251 25.1 25.1 .. P36 IA335
27.3 27.3 26.6 26.6 266~26.6 26.6 26.6 .. P36
24.3 24.3 24.3 2427241 23.7 234 229 222 213 203 19.1 178 161 122 87 57 35 PI1
243 P43 243242 241 23.7 234 229 222 213 203 191 178 163 126 91 61 37 PI1
15.7 15.745y7 15.7 15.7 15.7 15.7 15.7 154 149 145 .. FP1 IA369
15.7 15.7°15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 139 92 59 .. FP2
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 FP5
171 171 16.6 16,5 164 16.2 159 15.6 151 145 138 13.0 106 74 50 33 22 15 FP9 A369
17.1 17.1 171 168 16.2 15.7 154 15.1 148 144 140 136 93 6.3 42 28 .. FP11
17.1 16.8 16.5 16.5 16.5 163 16.0 15.8 15.5 153 149 145 113 72 45 28 .. FP12 A369
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 9.0 70 55 40 .. FP21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 136 108 80 57 38 .. FP22

243 24.3 243 24.2 24.1 237 234 229 222 213 203 19.1 178 161 122 87 57 35 FPIl
24.3 24.3 243 24.2 24.1 237 234 229 222 213 203 19.1 178 163 126 9.1 61 37 FPIl
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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
Centrifugally Cast Pipe
M@ B @
A426  CP1 Cc-%4Mo 3 @) 65 35 0.85
[PZ 7 CT= 7, M0 3 (T BT AT (7] 60 30 U185
[P5 5Cr-%Mo 5B MB)M@ 90 60 0]85
[P5b 5Cr-,Mo-Si 5B 1 B) @ @) 60 30 o0l85
A426 (P9 9Cr-1Mo 5B OISIONG! 90 60 ol8s
[P11 1%,Cr-"4Mo 4 MEBM@ D 70 40 0J85
A426 (P12 1Cr-*4Mo 4 1 B) @ () 60 30 ol8s
[P21 3Cr-1Mo 5A 1M B)@ @) 60 30 ol8s
1M B)#® >3
[P22 2Y,Cr-1Mo 5A 7 70 40 0J85
Electric Refistance Welded Pipe
A333 3%Ni 9B @) 65 35 0J85
y 2% Ni 9A o) 65 35 0J85
D 2Ni-1Cu 9A €Y} 63 46 o0l85
Electric Fusion Welded Pipe — Filler Metal Added
A672 165 20, 23, 30,33 C-%Mo 3 1 (@) 65 37 o0[o0
65 21, 22,31,32 C-%Mo 3 1) 2 65 37 1]00
A672 170 20, 23, 30,33  C-%4Mo 3 1 () 70 40 0[o0
70 21, 22,31,32 C-%Mo 3 1 (2) 70 40 1joo
A672 175 20, 23, 30,33 C<¥%Mo 3 1 (2) 75 43 o0[oo
75 21, 22, 31, 32~ 'C=%,Mo 3 1 () 75 43 1{oo
A691  (M-65 20, 23,3033 C-%4Mo 3 1 (2) 65 37 0[o0
[M-65 21,22)31,32 C-"%Mo 3 1 (@) 65 37 1{oo
A691  (M-70 20, 23, 30,33 C-%Mo 3 @) 70 40 0J90
[M-70 21, 22,31,32 C-%Mo 3 1 () 70 40 1{oo
A691 €M-75 20, 23, 30,33 C-%Mo 3 1) (2) 75 43 0[o0
[M=75 21, 22,31,32 C-%Mo 3 1 (2 75 43 1{oo
A691  Y%CR 20, 23 YCr-"4Mo 3 (1) (8) 55 33 0.90
Y%CR 21, 22 Y Cr-Y%Mo 3 (1) (8) 55 33 1.00
20, 23, 30, 33,
Y%CR 40, 43 Y%Cr-%Mo 3 (1) (9) 70 45 0.90
21, 22, 31, 32,
Y%CR 41, 42 Y Cr-%Mo 3 (D 9) 70 45 1.00
A691 1CR 20, 23 1Cr-%Mo 4 1) (8) 55 33 0.90
1CR 21, 22 1Cr-%Mo 4 (1) (8) 55 33 1.00
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Centrifugally Cast Pipe

15.8 15.8 15.8 15.8 158 15.8 158 15.6 152 14.8 144 .. CP1 A426
145 35 145 145 144 139 13.7 133 13T 127 123 118 78 50 .. CPZ
219 21.8 21.2 21.0 209 20.6 203 199 193 185 122 93 68 49 36 25 15 0.85 CP5
14.6 14.5 141 14.0 14.0 13.8 13.5 133 129 124 118 93 68 49 36 25 15 085 CP5b

219 218 21.2 21.0 209 20.7 20.3 199 193 185 17.7 140 94 63 43 28 19 13 CP9 A426
17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.7 163 159 11.6 79 54 36 24 .. CP11
14.5 14.3 14.0 13.8 133 129 128 12.6 124 122 119 116 96 6.1 38 24 .. CP12 A426
14.5 14.5 141 141 141 141 141 141 141 141 136 102 7.7 60 47 34 _ .. CP21
17.0 17.0 16.7 16.5 164 163 16.2 16.0 15.7 152 146 134 9.7 66 43, 27 .. CP22

Electric Resistance Weld¢d Pipe

15.8 15.8 15.8 15.8 15.8 149 14.2 .. 3 A333
15.8 15.8 15.8 15.8 15.8 149 14.2 .. 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 .. L65 IA672
18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 184 17.9~. L65

18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.9°717.4 .. L70 A672
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.07199 19.3 .. L70

193 193 193 193 193 193 193 19.3.19.3 19.3 18.7 .. L75 IA672
214 P14 214 214 214 214 214,214 214 214 207 .. L75

16.7 16.7 16.7 16.7 16.7 16.7167 16.7 16.7 16.6 16.1 .. CM-65 A691
18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 186 184 179 .. CM-65

18.0 18.0 18.0 18.0 480 18.0 18.0 18.0 18.0 179 174 .. CM-70 A691
20.0 20.0 20.0 20.0,20.0 20.0 20.0 20.0 20.0 199 193 .. CM-70

19.3 19.3 29:3+19.3 19.3 19.3 19.3 19.3 19.3 193 187 .. CM-75 A691
21.4 214,214 214 214 214 214 214 214 214 20.7 .. CM-75

14.1 14.1 141 141 141 141 141 141 141 141 138 129 83 53 .. Y%CR A691
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 157 153 143 92 59 .. YCR

18.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 180 17.6 16.7 83 53 .. Y%CR
20.0

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 195 186 92 59 .. YCR

14.1 139 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.2 102 65 41 25 .. 1CR A691
15.7 154 15.1 151 151 15.1 15.1 151 151 151 151 147 11.3 72 45 28 .. 1CR
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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
20, 23, 30, 33,
1CR 40, 43 1Cr-"4Mo 4 1) (9) 65 40 0.90
21, 22, 31, 32,
CR 41, 42 1Cr-"%Mo 4 (1) (9) 65 40 1{oo
A691 1%CR 20, 23 1Y,Cr-Y%Mo-Si 4 (1) (8) 60 35 0]90
YCR 21, 22 1Y,Cr-Y%Mo-Si (1) (8) 60 35 1{oo
20, 23, 30, 33,
Y4CR 40, 43 1Y,Cr-%Mo-Si 4 (1) (9) 75 45 0J90
21, 22, 31, 32,
Y4CR 41, 42 1Y,Cr-%Mo-Si 4 (1) (9) 75 45 1{00
A691  2Y%CR 20, 23 2Y,Cr-1Mo 5A (1) (5) (8) 60 30 0J90
Y4CR 21, 22 2Y,Cr-1Mo 5A (1) (5) (8) 60 30 1{o0
20, 23, 30, 33,
YACR 40, 43 2Y,Cr-1Mo 5A 1 (5)19 75 45 0J90
21, 22, 31, 32,
.CR 41, 42 2%,Cr-1Mo 5A 1)) (9) 75 45 1{00
A691  BCR 20, 23 3Cr-1Mo 5A 1) (8) 60 30 0[o0
CR 21, 22 3Cr-1Mo 5A (1) (8) 60 30 1joo
20, 23, 30, 33,
CR 40, 43 3Cr-1Mo 5A 1) (9) 75 45 o0[o0
21, 22, 31, 32,
CR 41, 42 3Cr-1Mo 5A (1 (9) 75 45 1{oo
A691  $CR 20, 23 5Cr-%4M6 5B 1) (8) 60 30 0[o0
CR 21, 22 5Cr-%Mo 5B (1) (8) 60 30 1{oo
20, 23, 30, 33,
CR 40, 43 5Cr—Y,Mo 5B 1) (9) 75 45 0[o0
21, 22, 31, 32
CR 41, 42 5Cr-4Mo 5B 1) (9) 75 45 1{oo
Type; 40, 43,
A691 91 50, 53 9Cr-1Mo-V 15E 1 (9) 85 60 o0[o0
Type 1; 41, 42,
b1 51, 52 9Cr-1Mo-V 15E 1) (9) 85 60 1{oo
Type 2; 40, 43,
b1 50, 53 9Cr-1Mo-V 15E (1) (9) 85 60 o0[o0
Type 2; 41, 42,
1 o1 582 OCr—1Mao-\ 15E (1N (N 35 A0 1100
Plate
A387 2 1 Y%Cr-%Mo 3 55 33 1.00
2 2 YCr-%Mo 3 (1) 70 45 1.00
5 1 5Cr-"%Mo 5B 60 30 1.00
5 2 5Cr-%Mo 5B 10 75 45 1.00
A387 11 1 1%,Cr-"4Mo-Si 4 60 35 1.00
11 2 1Y,Cr-Y%Mo-Si 75 45 1.00
12 1Cr-%Mo 4 55 33 1.00
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
16.7 164 16.1 16.1 16.1 16.1 16.1 16.1 161 16.1 16.1 156 102 65 41 25 1CR
18.6 18.2 179 179 179 179 179 179 179 179 179 174 113 72 45 28 1CR
154 154 154 154 154 154 154 154 154 15.1 147 123 84 57 38 25 11/4CR 1A691
17.1 171 171 171 171 171 171 171 171 168 164 137 93 6.3 42 2.8 11/4CR
19.3 19.3 19.3 19.3 193 193 193 193 193 193 182 123 84 57 38 25 1/,CR
214 214 214 214 214 214 214 214 214 214 202 137 93 63 42 28 1Y,CR
154 154 15.0 149 148 14.6 144 142 140 13.7 134 130 103 70 46 2.9 214CR A691
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 108 80 57 38 2Y,CR
19.3 19.3 18.8 18.6 18.5 183 182 18.0 17.7 174 168 142 103 7.0 46 2.9 2Y,CR
214 214 209 20.6 20.5 20.4 20.2 20.0 19.7 19.3 187 158 114 7.8 5.1 3.2 2Y,CR
154 154 15.0 150 15.0 15.0 15.0 15.0 15.0 15.0 144 108 81 6.3 50 36 3CR ;A691
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 12.0 90 7.0 55 4.0 3CR
19.3 19.3 188 18.6 18.5 183 182 18.0 17.7 174 163 1K8 86 61 44 29 3CR
214 214 209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 6.8 49 32 3CR
154 154 149 148 14.8 146 143 14.0 13.67131 125 98 72 52 38 26 16 0.9 5CR :A691
17.1 17.1 16.6 165 164 16.2 159 156 151 145 138 109 80 58 42 29 18 10 5CR
19.3 19.2 18.7 185 185 182 179 _17.5 170 164 129 98 72 52 38 26 16 09 5CR
21.4 214 20.8 20.6 20.5 20.2_199°19.5 189 182 143 109 80 58 42 29 18 1.0 5CR
219 219 219 21.8 2r7-\214 21.0 20.6 20.0 19.2 183 17.2 16.0 145 11.0 78 51 32 91 A691
24.3 P4.3 243 2425241 23.7 234 229 222 213 203 191 178 161 122 87 57 35 91
219 219 2194218 21.7 21.4 21.0 20.6 20.0 19.2 183 17.2 160 147 113 82 55 33 91
243 243243 242 241 237 234 229 222 213 203 191 178 163 126 91 A1 37 9]
Plate

15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 153 143 9.2 59 2 A387
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 186 9.2 59 2
17.1 17.1 16.6 16.5 164 16.2 159 15.6 15.1 145 138 109 80 58 42 2.9 1.8 1.0 5
214 214 20.8 20.6 20.5 20.2 199 195 189 182 143 109 80 58 42 2.9 1.8 1.0 5
171 171 171 171 17.1 171 17.1 171 171 168 164 137 93 63 42 2.8 11 A387
214 214 214 214 214 214 214 214 214 214 202 137 93 63 42 2.8 11
15.7 154 15.1 15.1 151 15.1 151 151 151 15.1 151 14.7 113 72 45 2.8 12
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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
Plate
12 2 1Ccr-“%Mo 4 65 40 1.00
A387 21 1 3Cr-1Mo 5A 60 30 1{oo
1 2 3Cr-1Mo 5A 75 45 1{oo
2 1 2Y%,Cr-1Mo 5A (5) 60 30 1{oo
2 2 2Y%,Cr-1Mo 5A (5) 75 45 1{o0
A387 91 Type 1 9Cr-1Mo-1V 15E 85 60 1{00
b1 Type 2 9Cr-1Mo-1V 15E 85 60 1{00
SA/EN
10028-2 }5NiCuMoNb 5-6-4 ... 15NiCuMoNb (15) 88 67 1{o0
5NiCuMoNb 5-6-4 ... 15NiCuMoNb (16) 88 64 1{o0
5NiCuMoNb 5-6-4 ... 15NiCuMoNb (17) 87 62 1{00
5NiCuMoNb 5-6-4 ... 15NiCuMoNb (18) 86 61 1{00
Forgings
A182 F1 Cc-%Mo 3 ) 70 40 1{o0
2 YCr-4Mo 3 70 40 1{00
5 5Cr-“%Mo 5B 70 40 1{00
(5a 5Cr-"%Mo 5B 90 65 1|00
A182 11 Class 1 1Y,Cr-"%Mo-8i 4 60 30 1{00
F11 Class 2 1Y,Cr-Y4Mo=Si 4 70 40 1{00
F11 Class 3 1Y,Cr-,Mo-Si 4 75 45 1{00
F12 Class 1 1Ce~Y5Mo 4 60 30 1{00
12 Class 2 1Cr-%,Mo 4 70 40 1{o0
21 3Cr-1Mo 5A 75 45 1{o0
22 Class 1 2Y%,Cr-1Mo 5A (5) 60 30 1jo0
22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1{00
36 Class'1 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1{oo
36 Class 2 1.15Ni-0.65Cu-Mo-Cb (12) (13) 95.5 66.5 1{o0
F9 9Cr-1Mo 5B 85 55 1{o0
F91 Type 1 9Cr-1Mo-V 15E 90 60 1{o0
F91 Type 2 9Cr-1Mo-V 15E 90 60 1{00
A336 F1 C-%Ma 3 (2) 70 40 1100
F5 5Cr-"%4Mo 5B 60 36 1.00
F5A 5Cr-%Mo 5B 80 50 1.00
F11 Class 1 1Y,Cr-Y%Mo-Si 4 60 30 1.00
F11 Class 2 1Y,Cr-"%Mo-Si 4 70 40 1.00
F11 Class 3 1Y,Cr-"%Mo-Si 4 75 45 1.00
F12 1Cr-%Mo 4 70 40 1.00
F21 Class 1 3Cr-1Mo 5A 60 30 1.00
F21 Class 3 3Cr-1Mo 5A 75 45 1.00
F22 Class 1 2%,Cr-1Mo 5A (5) 60 30 1.00
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade lgo.
Plate (Cont’'d)
18.6 18.2 179 179 179 179 179 179 179 179 179 174 113 72 45 28 12
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 9.0 70 55 40 21 IA387
214 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 68 49 32 21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 108 80 57 38 22
21.4 214 209 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 158 114 78 51 32 22
24.3 P4.3 243 24.2 241 237 234 229 222 213 203 19.1 178 161 122 87 57 346/991 IA387
24.3 24.3 24.3 242 241 23.7 234 229 222 213 203 19.1 178 163 126 9.1 61,437 91
$A/EN
25.7 5.7 25.1 25.1 25.1 25.1 25.1 25.1 15NiCuMoNb 1p028-2
25.7 5.7 25.1 25.1 25.1 25.1 25.1 25.1 15NiCuMoNb
25.1 25.1 245 245 245 245 245 245 15NiCuMoNb
24.6 24.6 239 239 239 239 239 239 15NiCuMoNDb
Forgings
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 19.3 .. F1
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 19.3 186\ 92 59 .. F2
20.0 0.0 19.4 19.2 19.2 189 186 182 17.6 17.0 143 <109 80 58 42 29 1.8 1.0 F5
25.7 25.7 249 24.7 24.6 243 239 234 227 191 1437109 80 58 42 29 1.8 10 F5a
17.1 17.1 17.1 168 16.2 15.7 154 15.1 14.8 144140 136 93 63 42 28 F11
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7'19.2 18.7 137 93 63 42 28 F11
214 214 214 214 214 214 214 214 214 214 202 137 93 63 42 28 F11
17.1 16.8 16.5 16.5 16.5 16.3 16.0 158155 153 149 145 113 72 45 28 F12
20.0 19.6 19.2 19.2 19.2 19.2 19.2,19.2 19.2 19.1 18.6 180 113 72 45 28 F12
21.4 214 209 20.6 20.5 20.4 20.220.0 19.7 193 181 131 95 68 49 32 F21
17.1 17.1 16.6 16.6 16.6 16.6 166 16.6 16.6 16.6 166 13.6 108 80 57 3.8 F22
214 ?1.4 209 20.6 20.5 20.4 20.2 20.0 19.7 193 18.7 158 114 78 51 32 F22
25.7 $5.7 25.1 25.1 25.%25.1 25.1 25.1 F36
27.3 27.3 26.6 26.626:6 26.6 26.6 26.6 .. F36
243 P4.2 235 2345233 229 226 221 214 206 196 164 110 74 50 33 22 15 F9
25.7 $5.7 25.2.256 25.5 25.1 24.7 24.2 235 226 215 20.2 188 161 122 87 57 35 Fo1
25.7 5.7 25:7°25.6 255 25.1 24.7 242 235 22.6 215 20.2 188 167 126 9.1 61 37 FI1
20.0 200 200 200 200 200 200 200 200 199 193 7137 Q&K2 48 E1 336
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 F5
229 228221 22.0 219 21.6 213 208 202 19.1 143 109 80 58 42 29 18 1.0 F5A
17.1 171 17.1 168 16.2 157 154 151 14.8 144 140 136 93 63 42 28 F11
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 187 137 93 63 42 28 F11
214 214 214 214 214 214 214 214 214 214 202 137 93 63 42 28 F11
20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 180 113 72 45 28 .. F12
171 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 90 70 55 40 27 15 F21
214 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 68 49 32 24 13 F21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 136 108 80 57 38 F22
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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. Type or Class Composition P-No. Notes ksi ksi F
Forgings
F22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1.00
FI1 Type 1 9Cr-1Mo-V 15E 90 60 1.00
91 Type 2 9Cr-1Mo-V 15E 90 60 1loo
A350 LF3 3%Ni 9B €Y} 70 40 1{oo
| F4 %,Cr-%,Ni-Cu-Al 4 6)) 60 1|00
F5 Class 1 1%Ni 9A €Y} 60 30 1{00
F5 Class 2 1%Ni 9A €Y} 70 37 1joo
LF9 2Ni-1Cu 9A 1 63 46 1joo
Wrought Fittings (Seamless and Welded)
A234 WP1 C-"%Mo 3 (2) 55 30 1{oo
WP5 Class 1 5Cr-4Mo 5B 60 30 1{oo
wps Class 3 5Cr-"%Mo 5B 75 45 1{00
WpP9 Class 1 9Cr-1Mo 5B 60 30 1{00
WwP11 Class 1 1Y,Cr-%Mo 4 60 30 1{00
P11 Class 3 1Y,Cr-%Mo 4 75 45 1{00
Wp12 Class 1 1Cr-“4Mo 4 (6) 60 32 1{oo
WpP12 Class 2 1Cr-"4Mo 4 70 40 1{oo
A234  Wp22 Class 1 2Y,Cr-1Mo 5A (5) 60 30 1{oo
Wwp22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1joo
WP91 Type 1 9Cr-1Mo-V 15E 90 60 1{oo
WP91 Type 2 9Cr-1Mo-V 15E 90 60 1joo
Castings
A217 WC1 €=Y%Mo 3 (2) 3) (4) 65 35 o[so
wc4 INi-%,Cr-"4Mo 4 (3) (4) 70 40 0J80
wcs ¥,Ni-1Mo-%,Cr 4 (3) (4) 70 40 0J80
ce 1%,Cr-"4Mo 4 (3) (4) 70 40 0J80
A217  WC9 2Y,Cr-1Mo 5A (3) 4 70 40 o[so
5 5Cr-%,Mo 5B (3) 4 90 60 o[so
[12 9Cr-1Mo 5B (3) @) 90 60 o[so
[12A 9Cr-1Mo-V 15E 4) (14) 85 60 o[so
A1091 €91 1 9Cr-1Mo-V 15E (4) (14) 85 60 0[80
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade lgo.
Forgings (Cont’'d)
21.4 214 209 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 158 114 78 51 32 . F22
25.7 25.7 25.7 25.6 25.5 25.1 24.7 24.2 235 22.6 215 202 188 161 122 87 57 35 F91
25.7 25.7 25.7 25.6 25.5 25.1 24.7 242 235 22.6 215 20.2 188 167 126 9.1 61 37 FI1
20.0 20.0 20.0 20.0 20.0 18.8 179 LF3 IA350
17.1 171 171 171 171 171 171 LF4
17.1 16.5 15.7 15.3 15.3 LES
20.0 19.2 183 17.8 17.8 LF5
18.0 LF9
Wrought FEittings (Seamless and Welded)
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 .. WP1 A234
17.1 17.1 16.6 165 164 16.2 159 156 151 145 138 109 80 58 42 29, 18 1.0 WP5
214 214 20.8 20.6 20.5 20.2 199 195 189 182 143 109 80 58 42{,29 18 10 WP5
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145 138 13.0 106 74 _50) 33 22 15 WP9
17.1 171 17.1 168 16.2 157 154 151 14.8 144 140 13.6 93 63 <42 28 WP11
214 214 214 214 214 214 214 214 214 214 202 137 93 ¢63"° 42 28 WP11
17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 153 149 145 113>, 72 45 28 WP12
20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 180 143" 72 45 28 WP12
17.1 171 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 436 108 80 57 3.8 Wp22 A234
214 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 187 158 114 78 51 32 .. WP22
25.7 $5.7 25.7 25.6 25.5 25.1 24.7 24.2 235 22.6(215 20.2 188 161 122 87 57 35 WPIl
25.7 $5.7 25.7 25.6 25.5 25.1 24.7 24.2 235 22 215 20.2 188 167 126 9.1 61 37 WPI1
Chstings
149 149 149 149 149 149 149 14%\143 139 135 .. WC1 A217
16.0 16.0 16.0 16.0 16.0 16.0 16.0{ 160 16.0 16.0 154 120 74 47 .. wcC4
16.0 16.0 16.0 16.0 16.0 16.0 16.0°16.0 16.0 16.0 154 130 88 55 37 22 WC5
16.0 16.0 16.0 16.0 16.0 16.0, 16.0 16.0 158 154 150 11.0 74 50 34 22 WwcCe
16.0 16.0 15.8 15.5 154154 153 15.0 14.8 143 138 126 91 62 41 26 wCo A217
20.6 20.6 199 19.8(19.7 194 191 187 182 153 114 87 64 46 34 23 14 08 C5
20.6 20.6 199 19:8719.7 194 19.1 187 182 174 166 131 88 59 40 26 18 12 Cl12
194 19.4 189\18.2 17.6 17.1 16.8 16.5 16.2 158 153 148 142 114 91 70 52 34 Cl2A
19.4 194189 182 17.6 17.1 168 16,5 16.2 158 153 148 142 114 91 70 52 34 (91 A1091
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
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 ASME BPVC, Section IX, except as modified by para. 127.5.
Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”
The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.

The tabulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficiency factors

own in Table 102.4.3-1.
re-temperature ratings of piping components, as published in standards referenced in this Code, may be used for comp
pg the requirements of those standards. The allowable stress values given in this table are for use in designing piping coniponer
t manufactured in accordance with referenced standards.

materials listed are classifed as ferritic (see Table 104.1.2-1).
bulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gov
on of stresses.

ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-
prolonged exposure to temperatures above 800°F (427°C), the carbide phase of carbon-molybdenum steel may be conve
te.

allowable stress values apply to normalized and tempered material only.

e at temperatures above 850°F, the carbon content of the base material and, where applicable, weld filler metal shall be 0.
. See para. 124.2(d).
M A234 Grade WP12 fittings are made from ASTM A387 Grade 12 Class 1 plate, the allowable stress values shall be reduced by ti

utual quality factor for centrifugally cast pipe (0.85) is based on all surfacés being machined, after heat treatment, to a surface f
n. arithmetic average deviation or better.

allowable stress values are for pipe fabricated from ASTM A387 Class 1 plate in the annealed condition.

allowable stress values are for pipe fabricated from ASTM A387 Class 2 plate.

[ED

[ED

prdance with para. 132.1.3.

ONARY NOTE: Corrosion fatigue occurs by the-combined actions of cyclic loading and a corrosive environment. In piping sy
ion fatigue is more likely to occur in portiens of water systems with low strain rates (<1.0%/sec), higher temperatures [abov¢
L], and higher dissolved oxygen (>0.04.ppm), with a preference toward regions with increased local stresses. While the mech
k initiation and growth are complex and not fully understood, there is consensus that the two major factors are strain and wa
nment. Strain excursions of sufficient magnitude to fracture the protective oxide layer play a major role. In terms of the wa
nment, high levels of dissolyed oxygen and pH excursions are known to be detrimental. Historically, the steels applied in these|
bd components have had the minimum specified yield strengths in the range of 27 ksi to 45 ksi (185 MPa to 310 MPa) and mi
ed tensile strengths in thie range of 47 ksi to 80 ksi (325 MPa to 550 MPa). As these materials are supplanted by higher strength
have concern that thethigher design stresses and thinner wall thicknesses will render components more vulnerable to fail
ion fatigue. Thus;When employing such higher strength steels for water systems, it is desirable to use best practices in de
izinglocalizedsstrain concentrations, in control of water chemistry and during lay-up by limiting dissolved oxygen and pH excul
operation’ by, conservative startup, shutdown, and turndown practices.

ditional ‘requirements for this material, see para. 125.1.

allowable stress values apply to thicknesses less than or equal to 1% in. (40 mm).

allowzble stress values apply to thicknesses greater than 1'% in. (40 mm) and less than or equal to 2% in. (60 mm).

aterial quality factors and allowable stress values for these materials may be increased in accordance with para. 102.4.6.

divided by 60 in the temperature range -20°F through 850°F. At 900SF through 1,100°F, the values shown may be used.

bnents
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allowable stress values apply to thicknesses greater than 4 in. (100 mm) and less than or equal to 6 in. (150 mm).
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Table A-3

Stainless Steels

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F
Seamless Pipe and Tube: Austenitic

A213 TP304 S30400  18Cr-8Ni 8 (10) 75 30 1.00

TP304 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

TPP304H S30409  18Cr-8Ni 8 . 75 30 1.00

TPP304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A213 TPP304L S30403  18Cr-8Ni 8 (1) 70 25 1.00

TPP304L S30403  18Cr-8Ni 8 (1) (9) 70 25 1.00

TIP304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

TPP304N S30451  18Cr-8Ni-N 8 (9)(10) 80, 35 1.00

A213 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cr-11Ni-N 8 (1) 87 45 1.00

A213 TIP309H S30909  23Cr-12Ni 8 (9) 75 30 1.00

TIP309H S30909  23Cr-12Ni 8 .. 75 30 1.00

TPP310H S31009  25Cr-20Ni 8 (9) 75 30 1.00

TPP310H S$31009  25Cr-20Ni 8 75 30 1.00

A213 TP316 S$31600  16Cr-12Ni-2Mo 8-5(10) 75 30 1.00

TP316 S31600  16Cr-12Ni-2Mo 8 (9)(10) 75 30 1.00

TPP316H S31609  16Cr-12Ni-2Mo 8 . 75 30 1.00

TPP316H S$31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

A213 TIP316L S§31603  16Cr-12Ni=2Mo 8 (1) (29) 70 25 1.00

TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (9)(29) 70 25 1.00

TPP316N S31651  16Ct-12Ni-2Mo-N 8 (10) 80 35 1.00

TPP316N S31651 _16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A213 TIP316Ti S31635~ 16Cr-12Ni-2Mo-Ti 8 (10) 75 30 1.00

TPP316Ti §31635  16Cr-12Ni-2Mo-Ti 8 (9)(10) 75 30 1.00

TP317 S$31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 1.00

TP317 S$31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 1.00

TPP317L S$31703  18Cr-13Ni-3Mo 8 (1) 75 30 1.00

TP317L S§31703  18Cr-13Ni-3Mo 8 (1)) 75 30 1.00

A213 TP3ZT 532100 IQCr—10NI-T1 3 (10) 75 30 T.00

TP321 $32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00

TP321H §32109  18Cr-10Ni-Ti 8 .. 75 30 1.00

TP321H S$32109  18Cr-10Ni-Ti 8 (9) 75 30 1.00

A213 TP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

TP347H S34709  18Cr-10Ni-Cb 8 .. 75 30 1.00

TP347H S$34709  18Cr-10Ni-Cb 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

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube: Austenitic
20.0 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 TP304 A213

20.0 20.0 189 183 17.5 16.6 16.2 158 15.5 152 149 14.6 143 140 124 9.8 7.7 6.1 TP304
20.0| 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 77 61 TP304H
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 152 149 14.6 143 140 124 9.8 77 61 TP304H

16.7( 143 12.8 11.7 109 104 10.2 100 9.8 9.7 .. .. TP304L A213
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 .. .. MIP304L
229| 19.1 16.7 151 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6:/)TP304N
229| 229 21.7 203 189 179 17,5 17.2 169 16.6 16.3 16.0 15,6 152 124 9.8 7.7.5/6:1 TP304N

249| 247 22.0 199 185 17.7 174 17.2 17.0 16.8 16.6 164 16.2 149 11.6 9.0\~69 52 .. A213
249| 247 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 116 90. 69 52

20.0] 20.0 20.0 20.0 19.4 18.8 185 18.2 18.0 17.7 17.5 17.2 169 138 103 76 55 4.0 TP309H A213
20.0] 17.5 16.1 151 14.4 139 13.7 13.5 13.3 13.1 129 12.7 125 123\ 103 76 55 4.0 TP309H
20.01 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 169 16.7 438 103 76 55 40 TP310H
20.01 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 12.3/421 103 76 55 40 TP310H

20.0] 17.3 15.6 143 13.3 12.6 123 12.1 119 11.8 11.6 15114 113 11.2 111 98 74 TP316 A213
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7Z\15.6 154 153 151 124 98 74 TP316
20.0| 17.3 15.6 14.3 13.3 12.6 123 12.1 119 118,116 115 114 113 11.2 111 98 74 TP316H
20.01 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 98 74 TP316H

16.7( 14.1 127 11.7 109 104 10.2 10.0 .98 96 94 92 90 88 86 84 83 64 TP316L A213
16.7] 16.7 16.0 15.6 14.8 14.0 13.8 13.5\13.2 13.0 12.7 124 121 119 116 114 88 64 TP316L
229| 20.7 19.0 17.6 16.5 15.6 15.2( 149 14.5 14.2 139 13.7 134 13.2 129 123 98 74 TP316N
229| 229 22.0 21.5 21.2 21.0_20.5/20.0 19.6 19.2 188 18.5 181 178 158 123 98 74 TP316N

20.0] 17.7 15.8 14.3 13.2" 124 122 12.0 119 118 11.7 11.6 11.5 114 11.2 11.0 98 74 TP316Ti A213
20.0] 20.0 20.0 194 37.8+16.8 16.5 16.2 16.0 159 15.8 15.7 15,5 153 151 123 98 74 TP316Ti
20.0] 17.3 15.6 14.3¢13.3 12.6 123 12.1 119 11.8 11.6 11.5 114 113 11.2 111 9.8 74 TP317
20.01 20.0 20.0.'193 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP317

20.0| 17.0 15.2,14.0 13.1 12.5 12.2 12.0 11.7 115 113 .. .. TP317L
20.0| 20.0839.6 189 17.7 169 16.5 16.2 15.8 15.5 152 .. .. TP317L
20.0 — 180 165 I5.3 143 135 132 130 127 126 124 123 12T 120 9.6 5.9 5.0 306 1P321 213

20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 9.6 69 50 36 TP321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 TP321H
20.0 20.0 191 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 TP321H

20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 44 TP347 A213
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 TP347
20.0 184 171 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 7.9 TP347H
20.0 20.0 188 17.8 17.1 169 16.8 16.8 168 16.8 16.8 16.7 16.6 164 162 141 105 79 TP347H
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F
Seamless Pipe and Tube: Austenitic

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 $34809 18Cr-10Ni-Cb 8 .. 75 30 1.00.

TP348H $34809 18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 . N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00

TP304 S30400  18Cr-8Ni 8 (10) 75 B0 1.00

TP304 $30400 18Cr-8Ni 8 (9) (10) 75 30 1.00

TP304H $30409 18Cr-8Ni 8 .. 75 30 1.00

TPP304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A312 TPP304L S30403  18Cr-8Ni 8 (1) 70 25 1.00

TIP304L S30403  18Cr-8Ni 8 MO 70 25 1.00

TP304N S30451 18Cr-8Ni-N 8 (10) 80 35 1.00

TPP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A312 S30815  21Cr-11Ni-N @8] 87 45 1.00

S30815  21Cr-11Ni-N 1 © 87 45 1.00

A312 TIP309H S30909  23Cr-12Ni 8 (9 75 30 1.00

TPP309H S30909  23Cr-12Ni 8 .. 75 30 1.00

TPP310H S$31009  25Cr-20Ni 8 (9) 75 30 1.00

TPP310H 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

TPP316H S31609  16Cr-12Ni-2Mo 8 . 75 30 1.00

TPP316H S$31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

A312 TP316L S$31603 16Cr-12Ni-2Mo 8 (1) (29) 70 25 1.00

TP316L $316038_) 16Cr-12Ni-2Mo 8 (1) (9) (29) 70 25 1.00

TPP316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

TPP316N $31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A312 TP317LMN S31726 19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00

TP317LMN $31726  19Cr-15.5Ni-4Mo 8 (1) (9) 80 35 1.00

TPP316Ti S31635  16Cr-12Ni-2Mo-Ti 8 (10) 75 30 1.00

TP316Ti S§31635  16Cr-12Ni-2Mo-Ti 8 (9)(10) 75 30 1.00

A312 TP317 S31700 18Cr-13Ni-3Mo 8 (1) (10) 75 30 1.00

TP317 S31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 1.00

TP317L S31703  18Cr-13Ni-3Mo 8 . 75 30 1.00

TP317L S§31703  18Cr-13Ni-3Mo 8 (9) 75 30 1.00

A312 TP321 $32100  18Cr-10Ni-Ti 8 (10) (30) 75 30 1.00

TP321 $32100  18Cr-10Ni-Ti 8 (9) (10) (30) 75 30 1.00

TP321H $32109  18Cr-10Ni-Ti 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Seamless Pipe and Tube: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91 61 44 TP348 A213
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6.1 44 TP348
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 TP348H
20.01 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 162 141 105 79 TP348H
20.3| 16.7 15.1 13.8 12.7 119 116 114 .. .. .. .. . A312
20.0| 16.7 15.0 13.8 129 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 TR304
20.0| 20.0 189 18.3 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 143 14.0 124 9.8 7.7 64y _TP304
20.0| 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 / 6.17 TP304H
20.0| 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 14.6 143 14.0 124 98 ZZ\~'61 TP304H
16.7] 143 128 11.7 109 104 10.2 10.0 98 9.7 TP304L A312
16.7( 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 .. TP304L
229| 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 113 110 9.8 7.7 6.1 TP304N
229| 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 /124 98 77 6.1 TP304N
249 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 16.2 449" 11.6 9.0 69 52 A312
249| 247 233 224 218 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1»149 11.6 9.0 69 52
20.0| 20.0 20.0 20.0 19.4 18.8 185 18.2 18.0 17.7 17.5 17.2\169 138 103 7.6 55 4.0 TP309H A312
20.01 17.5 16.1 15.1 144 139 13.7 13.5 13.3 13.1 129:127 125 123 103 76 55 40 TP309H
20.0| 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.27169 16.7 138 103 7.6 55 40 TP310H
2001 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 1277 125 123 121 103 76 55 40 TP310H
20.01 17.3 15.6 14.3 13.3 12.6 123 12.1 119\11.8 11.6 115 114 113 112 111 9.8 74 TP316 A312
20.01 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 98 74 TP316
20.01 17.3 15.6 14.3 133 12.6 12.3 12.1°M19 118 11.6 11.5 114 113 112 111 98 74 TP316H
20.01 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 98 74 TP316H
16.7| 14.2 12.7 11.7 109 10.4 102 100 98 9.6 94 9.2 9.0 88 8.6 8.4 83 6.4 TP316L A312
16.7| 16.7 16.7 15.7 14.8-14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 6.4 TP316L
229 20.7 19.0 17.6 16:5M5.6 15.2 149 145 14.2 139 13.7 134 132 129 123 98 74 TP316N
229 229 22.0 21.5,21:2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 98 74 TP316N
229 20.0 17.9v16.3 153 14.6 TP317LMN A312
229 21.8 209720.5 20.3 19.7 .. .. TP317LMN
20.0| 17.7-15.8 14.3 13.2 124 12.2 12.0 119 11.8 11.7 11.6 11.5 114 112 11.0 98 74 TP316Ti
20.01 200 20.0 194 17.8 16.8 16.5 16.2 16.0 159 158 15.7 155 153 151 123 98 74 TP316Ti
20.0 17.3 15.6 14.3 13.3 12.6 123 121 119 118 11.6 115 114 113 112 111 9.8 74 TP317 A312
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP317
20.0 17.0 15.2 14.0 13.1 125 12.2 12.0 11.7 11.5 11.3 TP317L
20.0 20.0 19.6 189 17.7 169 16.5 16.2 158 15.5 15.2 TP317L
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 121 12.0 9.6 6.9 50 3.6 TP321 A312
20.0 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 9.6 6.9 50 3.6 TP321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 91 69 54 TP321H
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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: Austenitic

TP321H S$32109  18Cr-10Ni-Ti 8 (9)(30) 75 30 1.00

A312 TP321 S$32100 18Cr-10Ni-Ti 8 (10) (31) 70 25 1.00.

TP321 $32100  18Cr-10Ni-Ti 8 (9) (10) (31) 70 25 1.00

TP321H S$32109  18Cr-10Ni-Ti 8 (31) 70 25 00

TP321H $32109  18Cr-10Ni-Ti 8 (9) (31) 70 25 1.00

A312 TP347 $34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP347 $34700  18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00

TPP347H S34709  18Cr-10Ni-Cb 8 . 75 30 1.00

TPP347H S34709  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 TPP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TPP348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

TIP348H S34809  18Cr-10Ni-Cb 8 . 75 30 1.00

TP348H 534809 18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 TPXM-15 S$38100  18Cr-18Ni-2Si 8 (D 75 30 1.00

TPXM-15 $38100  18Cr-18Ni-2Si 8:(1) (9) 75 30 1.00

TPXM-19 S$20910  22Cr-13Ni-5Mn 8 (1) 100 55 1.00

TPXM-19 $20910  22Cr-13Ni-5Mn 8 (1) (9) 100 55 1.00

S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00

S31254  20Cr-18Ni-6Mo 8 (M) 95 45 1.00

A376 TPP304 S30400  18Cr-8Ni 8 (10) 75 30 1.00

TIP304 S30400  18Ck-8Ni 8 (9)(10) 75 30 1.00

TIP304H S30409 _ 18Cr-8Ni 8 . 75 30 1.00

TIP304H S30409~.18Cr-8Ni 8 (9) 75 30 1.00

TIP304N S$30451~ 18Cr-8Ni-N 8 (10) 80 35 1.00

TIP304N §30451  18Cr-8Ni-N 8 (9) (10) 80 35 1.00

A376 TPP316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

TP316 $31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00

TPP316H S$31609  16Cr-12Ni-2Mo 8 . 75 30 1.00

TPP316H S$31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

TP3T6N S3T65T  16Cr-1ZNi-ZMo-N B (10J 80 35 T.00

TP316N $31651  16Cr-12Ni-2Mo-N 8 (9) (10 80 35 1.00

A376 TP321 $32100 18Cr-10Ni-Ti 8 (10) 75 30 1.00

TP321 $32100  18Cr-10Ni-Ti 8 (9) (10) 75 30 1.00

TP321H $32109  18Cr-10Ni-Ti 8 . 75 30 1.00

TP321H $32109  18Cr-10Ni-Ti 8 (9) 75 30 1.00

A376 TP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube: Austenitic (Cont’d)
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 165 164 162 123 91 69 54 TP321H
16.7] 15.0 13.8 128 119 113 11.0 10.8 10.6 10.5 10.3 10.2 10.1 10.0 9.6 6.9 50 36 TP321 A312
16.7| 16.7 16.7 16.7 16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 135 9.6 6.9 50 36 TP321
16.7] 15.0 13.8 12.8 119 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 100 9.6 91 69 54 TP321H
16.7] 16.7 16.7 16.7 16.1 15.2 149 14.6 143 141 139 138 13.6 135 123 91 69 54 TP321H
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 )TP347 A312
20.0] 20.0 188 178 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6.10. {44 TP347
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 205> 7.9 TP347H
20.01 20.0 18.8 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 16.2 1415105 79 TP347H
20.01 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121, 91 61 44 TP348 A312
20.01 20.0 18.8 17.8 17.2 169 16.8 168 16.8 16.8 16.8 16.7 16.6 160 ,121) 91 61 44 TP348
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 TP348H
20.01 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 464" 162 141 105 7.9 TP348H
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 106 10.4 TPXM-15 A312
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 146.10.6 104 .. TPXM-15
28.6| 284 269 26.0 255 25.0 24.6 24.2 239 23.5 23.3\23.0 22.7 22.5 22.2 TPXM-19
28.6| 284 269 26.0 25.5 25.1 249 24.7 245 24.2.239 23.6 23.2 228 223 TPXM-19
27.1| 24.5 219 20.2 19.1 18.3 18.0 17.8 17.7
271 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
20.01 16.7 15.0 13.8 129 123 12.0 1d.7°\11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 TP304 A376
20.0| 20.0 189 183 17.5 16.6 16,2( 158 155 152 149 14.6 143 140 124 98 77 61 TP304
20.0| 16.7 15.0 13.8 129 12.3_120/11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 TP304H
20.0| 20.0 189 183 17.5 16:6~16.2 15.8 155 15.2 149 14.6 143 14.0 124 98 77 61 TP304H
229 19.1 16.7 151 14.07133 13.0 12.8 125 123 121 11.8 11.6 113 11.0 98 77 61 TP304N
229 229 21.7 203 ¥89+179 175 17.2 169 16.6 163 16.0 156 152 124 98 77 61 TP304N
20.0 17.3 15.6-.143 13.3 12.6 123 12.1 119 118 11.6 115 114 113 112 111 9.8 74 TP316 A376
20.0| 20.0 200-19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 9.8 74 TP316
20.0| 173\15.6 14.3 13.3 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 98 74 TP316H
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 98 74 TP316H
229 —Z20.7 I9.U0 I7.6 16.5 1I5.6 I5.2 149 145 147 139 13.7 134 132 129 1Z3 9.8 .4 TP316N
229 229 220 21.5 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 9.8 74 TP316N
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 121 12.0 9.6 6.9 50 36 TP321 A376
20.0 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 9.6 6.9 50 36 TP321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 91 69 54 TP321H
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 162 123 91 69 54 TP321H
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 TP347 A376
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6.1 4.4 TP347
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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: Austenitic
TP347H S34709  18Cr-10Ni-Cb 75 30 1.00
TP347H S34709  18Cr-10Ni-Cb 9) 75 30 1.00
A376 TP348 S34800  18Cr-10Ni-Cb (10) 75 30 190
TP348 S34800  18Cr-10Ni-Cb (9) (10) 75 30 1,00
Seamless Bipe and Tube: Ferritic/Martensitic
A268 TPP405 S40500  12Cr-Al 7 (3) 60 30 1.00
TPP410 S41000  13Cr 6 .. 60 30 1.00
TPP429 S42900  15Cr 6 (3) 60 35 1.00
TPP430 S43000 17Cr 7 (3) 60 35 1.00
TPXM-27 544627 26Cr-1Mo 101 (1) (2) 65 40 1.00
TPP446-1 S44600  27Cr 101 .. 70 40 1.00
TPXM-33 S44626  27Cr-1Mo-Ti 101 (2) 68 45 1.00
Seamless Pipe and Tube: Ferritic/Austenitic
A789 SB1803 $31803 22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
SB2101 S$32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23)(24) 94 65 1.00
2p05 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 10H«(1) (23) (24) 100 70 1.00
SB2101 S$32101  21Cr-5Mn-1.5Ni-Cu-N 108 (1) (23) (24) 101 77 1.00
$32550  25.5Cr-5.5Ni-3.5Mo-2Cu_ 10H (1) (25) (26) 110 80 1.00
SB2750 $32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
A790 SB1803 S$31803  22Cr-5.5Ni-3Mo<N 10H (1) (23) (24) 90 65 1.00
SB2101 $32101  21Cr-5Mn=15Ni-Cu-N  10H (1) (23) (24) 94 65 1.00
SB2003 $32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 1.00
2p05 §32205  22Ck-5'5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
SB2101 §$32101 _ 23¥Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00
§32550-\.25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00
SB2750 $32750~" 25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Centrifugally Cast Pipe: Austeénitic
A451 CPF8 192600 18Cr-8Ni 8 (1) (8) (10) (17) 70 30 0.85
CPF8 ]92600 18Cr-8Ni 8 (1) (8)(9) (10) (17) 70 30 0.85
CPF8C J92710  18Cr-10Ni-Cb 8 (1) (8) (10) (17) 70 30 0.85
CPF8C ]92710 18Cr-10Ni-Cb 8 (1) (8)(9) (10) (17) 70 30 0.85
CPF8M ]92900 18Cr-9Ni-2Mo 8 (1)(8) (13) @17 70 30 0.85
CPF8M ]92900 18Cr-9Ni-2Mo 8 (1) (8)(9) (13) (17) 70 30 0.85
A451 CPH8 J93400  25Cr-12Ni 8 (1) (8)(10) (17) 65 28 0.85
CPH8 J93400  25Cr-12Ni 8 (1) (8)(9) (10) (17) 65 28 0.85
CPH10 J93410  25Cr-12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85
CPH10 J93410  25Cr-12Ni 8 (1) (6) (8) (9) (10) (17) (70) 30 0.85
A451 CPH20 ]93402 25Cr-12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85
CPH20 ]93402 25Cr-12Ni 8 (1) (6) (8) (9) (10) (17) (70) 30 0.85
CPK20 ]94202 25Cr-20Ni 8 (1) (8) (10) (17) 65 28 0.85
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 TP347H
20.0 20.0 188 17.8 17.1 169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 162 141 10.5 79 TP347H
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 TP348 A376
20.0| 20.0 18.8 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 61 44 TP348
Seamless Pipe and Tube: Ferritic/Martensitic
17.1] 17.1 16.8 16.5 16.3 159 15.6 15.2 TP405 A268
17.1] 171 16.8 16.5 16.3 159 15.6 15.2 TP410
17.1] 171 16.8 16,5 16.3 159 15.6 15.2 TP429
17.1] 171 16.8 16,5 16.3 159 15.6 15.2 TP430
18.6] 18.6 183 18.1 18.1 18.1 18.1 TPXM-27
20.0] 20.0 19.3 18.8 184 179 17.7 TP446-1
19.4] 194 19.3 19.0 18.8 184 18.1 TPXM-33
Seamless Pipe and Tube: Ferritic/Austenitic
25.7| 25.7 24.8 239 233 23.1 $31803 A789
269 269 25.6 24.7 24.7 24.7 $32101
27.1| 27.1 26.2 25.2 246 243 .. 2205
28.6| 27.7 26.1 25.8 25.8 25.8 25.8 $32003
289 289 27.5 26.5 26.5 26.5 $32101
31.4| 31.3 29.5 28.6 282 S32550
33.1| 33.0 31.2 30.1 29.6 29.4 S32750
25.7| 25.7 24.8 239 233 231 $31803 A790
269| 269 25.6 24.7 24.7 24.7 .. $32101
27.1| 263 24.8 24.5 245 24.5 245 S32003
271 27.1 26.2 25.2 24.6 24.3 2205
289 289 27.5 26.5 26.5 26.5 $32101
31.4| 31.3 295 28.6 282 .« $32550
33.1] 33.0 31.2 30.1 29.67294 S32750
Centrifugally Cast Pipe: Austpnitic
17.0] 14.2 12.7 11.7) 11.0 10.5 102 99 98 95 94 92 90 88 81 64 51 41 CPF8 A451
17.0] 16.1 150\14.5 14.4 14.1 13.8 13.4 13.2 129 12.7 124 122 104 81 64 51 41 CPF8
17.0( 14.2_12.7 11.7 11.0 104 10.2 100 98 95 94 92 90 88 86 78 52 38 CPF8C
17.0] 164)15.0 145 144 141 13.8 13.5 13.2 129 126 124 121 119 103 78 52 38 CPF8C
17.0] _¥4.6 132 12.1 113 10.7 104 103 10.1 10.0 99 98 9.7 96 95 76 59 46 CPF8M
17.0 17.0 16.5 16.3 15.2 144 141 138 13.6 13.5 133 132 131 126 98 76 59 46 CPF8M
158 13.0 12.0 11.5 11.1 10.8 105 103 100 9.7 94 91 87 84 72 55 43 32 CPH8 A451
158 144 134 13.1 13.1 13.1 13.0 129 128 125 122 118 113 94 72 55 43 32 CPH8
17.0 139 128 123 119 115 11.3 11.0 10.7 104 10.0 9.7 78 50 32 21 13 0.85 CPH10
17.0 15.6 14.5 141 14.1 141 14.0 139 138 13,5 13.1 127 78 50 32 21 1.3 085 CPH10
17.0 139 128 123 119 115 11.3 11.0 10.7 104 10.0 9.7 94 9.0 72 55 43 32 CPH20 A451
17.0 15.6 14.5 14.1 141 141 14.0 139 13.8 13.5 13.1 127 121 94 72 55 43 32 CPH20
158 13.0 12,0 11.5 11.1 10.8 10.5 103 100 9.7 94 9.1 87 84 81 72 62 51 CPK20
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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
CPK20 ]94202 25Cr-20Ni 8 (1) (8)(9) (10) (17) 65 28 0.85
Welded Pippe and Tube — Without Filler Metal: Austenitic
A249 TP304 S$30400 18Cr-8Ni 8 (10) 75 30 0.85
TIP304 S30400  18Cr-8Ni 8 (9) (10) 75 30 0.85
TIP304H S30409  18Cr-8Ni 8 . 75 30 0.85
TIP304H S30409  18Cr-8Ni 8 (9) 75 30 0.85
A249 TP304L S30403 18Cr-8Ni 8 (1) 70 25 0.85
TIP304L S30403  18Cr-8Ni 8 (1)) 70 25 0.85
TIP304N S30451  18Cr-8Ni-N 8 (10) 80 35 0.85
TIP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 0.85
A249 . S30815 21Cr-11Ni-N 8 (1) 87 45 0.85
S30815  21Cr-11Ni-N 8 ()M 87 45 0.85
A249 TIP309H S30909  23Cr-12Ni 8 (9 75 30 0.85
TIP309H S30909  23Cr-12Ni 8 75 30 0.85
A249 TIP316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 0.85
TIP316 S31600  16Cr-12Ni-2Mo 8 (9)(10) 75 30 0.85
TIP316H S31609  16Cr-12Ni-2Mo 8 . 75 30 0.85
TIP316H S31609  16Cr-12Ni-2Mo 8 (9 75 30 0.85
A249 TP316L S$31603 16Cr-12Ni~2Mo 8 (1) (29) 70 25 0.85
TIP316L S31603  16€r=12Ni-2Mo 8 (1) (9 (29) 70 25 0.85
TIP316N S§31651 ,-~16€r-12Ni-2Mo-N 8 (10) 80 35 0.85
TIP316N S$31651~~16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 0.85
A249 TP317 S$31700 18Cr-13Ni-3Mo 8 (1) (10) 75 30 0.85
TIP317 S31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 0.85
TP321 §32100  18Cr-10Ni-Ti 8 (10) 75 30 0.85
TP321 §32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 0.85
TP321H $32109 18Cr-10Ni-Ti 8 .. 75 30 0.85
TP324H $32109 18Cr-10Ni-Ti 8 (9) 75 30 0.85
A249 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 . 75 30 0.85
TP347H S$34709 18Cr-10Ni-Cb 8 (9) 75 30 0.85
A249 TP348 S$34800  18Cr-10Ni-Cb 8 (10) 75 30 0.85
TP348 S$34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 0.85
TP348H S$34809  18Cr-10Ni-Cb . 75 30 0.85
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Centrifugally Cast Pipe: Austenitic (Cont’d)
158 144 134 13.1 13.1 13.1 13.0 129 128 125 122 118 113 96 83 72 62 51 CPK20
Welded Pipe and Tube — Without Filler Metal: Austenitic
17.01 14.2 127 11.7 11.0 104 10.2 100 98 96 94 92 9.0 88 8.6 83 6.6 52 TP304 A249
17.0] 17.0 16.1 155 14.8 14.1 13.8 13.5 13.2 129 126 124 121 119 105 83 6.6 52 TP304
17.0] 14.2 12.7 11.7 11.0 104 102 100 98 9.6 94 92 90 88 86 83 66 52 TP304H
17.0] 17.0 16.1 155 14.8 14.1 13.8 13.5 13.2 129 126 124 121 119 105 83 6.6 52 yIP304H
1421 121 109 99 93 88 86 85 83 82 TP304L A249
14.2] 142 142 134 125 119 11.7 114 113 111 .. .. .. .. TP304L
19.4] 16.2 142 128 119 11.3 11.0 10.8 10.6 10.5 10.3 100 98 96 94 83\ ~6.6 52 TP304N
19.4] 194 185 17.3 16.0 15.2 149 14.6 144 141 138 13.6 133 13.0 105 @83 66 52 TP304N
21.2| 21.0 18.7 169 15.7 15.0 14.8 14.6 14.5 143 14.1 139 138 12.7 99 7.7 59 44 A249
21.2| 21.0 19.8 19.0 185 182 18.0 179 17.7 17.5 173 17.0 16.2 127\ "99 7.7 59 4.4
17.0] 17.0 17.0 17.0 16.5 159 15.7 155 15.3 15.1 14.8 14.6 1440117 88 65 47 34 TP309H A249
17.01 149 13.7 128 12.2 118 11.6 115 11.3 11.2 11.0 10.8,10:6 10.4 88 6.5 4.7 34 TP309H
17.0] 14.7 13.2 12.1 11.3 10.7 10.5 103 10.1 10.0 99498 9.7 96 95 94 83 63 TP316 A249
17.0] 17.0 17.0 16.4 153 14.5 14.1 139 13.7 13.5%84 13.2 13.1 13.0 129 105 83 63 TP316
17.0] 14.7 13.2 12.1 11.3 10.7 105 10.3 10.1 10:0~ 99 98 97 96 95 94 83 63 TP316H
17.0] 17.0 17.0 16.4 153 14.5 14.1 139 137 3.5 134 132 13.1 13.0 129 105 83 63 TP316H
1421 121 108 99 93 88 87 9583 81 80 78 7.7 75 7.3 7.2 7.1 54 TP316L A249
14.2] 142 142 134 125 119 11.7\11.4 11.2 11.0 108 105 103 101 99 9.7 75 54 TP316L
19.4] 17.6 16.1 15.0 14.0 13.3-12:9"12.6 123 12.1 119 11.6 114 112 110 105 83 63 TP316N
19.4] 194 18.7 182 181 179174 17.0 16.7 163 16.0 157 154 151 134 105 83 63 TP316N
17.0|1 14.7 13.2 12.1.1%3°10.7 10.5 10.3 10.1 10.0 99 98 9.7 9.6 9.5 9.4 83 63 TP317 A249
17.0] 17.0 17.0 164°\15.3 14.5 14.1 139 13.7 13.5 134 13.2 131 13.0 129 105 83 63 TP317
17.0] 153 1431370 12.2 11.5 11.2 11.0 10.8 10.7 10.5 104 103 102 82 59 43 31 TP321
17.0] 17.0 462,159 159 15.5 152 149 14.6 144 142 141 139 138 82 59 43 31 TP321
17.01 15:3\14.1 13.0 12.2 115 11.2 11.0 10.8 10.7 10.5 104 10.3 10.2 10.1 77 59 46 TP321H
17.0] A0 16.2 159 159 155 152 149 14.6 144 142 141 139 138 105 7.7 59 46 TP321H
17.0 15.6 146 13.6 128 12.2 119 11.8 11.6 11.5 115 114 114 114 103 78 52 38 TP347 A249
17.0 17.0 16.0 15.1 14.6 14.3 143 143 143 143 143 142 141 136 103 78 52 3.8 TP347
17.0 15.6 14.6 13.6 128 12.2 119 118 11.6 11.5 11.5 114 114 114 114 113 89 67 TP347H
17.0 17.0 16.0 151 14.6 14.3 14.3 14.3 143 14.3 143 14.2 141 140 13.7 120 89 6.7 TP347H
17.0 15.6 14.6 13.6 128 12.2 119 11.8 11.6 11.5 115 114 114 114 103 78 52 38 TP348 A249
17.0 17.0 16.0 15.1 14.6 14.3 143 143 14.3 143 143 142 141 136 103 78 52 3.8 TP348
17.0 15.6 14.6 13.6 128 12.2 119 118 11.6 11.5 11.5 114 114 114 114 113 89 67 TP348H
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Table A-3
Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe and Tube — Without Filler Metal: Austenitic

TP348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 0.85

A249 S31254  20Cr-18Ni-6Mo 6} 94 44 0.85

S31254  20Cr-18Ni-6Mo (1) (9) 94 44 0.85

A312 . N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 0.85

TPP304 S30400  18Cr-8Ni 8 (10) 75 30 0.85

TP304 S30400  18Cr-8Ni 8 (9) (10) 75 30 0.85

TPP304H S30409  18Cr-8Ni 8 .. 75 30 0.85

TPP304H S30409  18Cr-8Ni 8 (9) 75 30 0.85

A312 TPP304L S30403  18Cr-8Ni 8 (1) 70 25 0.85

TPP304L S30403  18Cr-8Ni 8 (1) 70 25 0.85

TIP304N S30451  18Cr-8Ni-N 8 (10) 80 35 0.85

TP304N S30451  18Cr-8Ni-N 8 (9) (10) 80 35 0.85

A312 S30815  21Cr-11Ni-N 8 (1) 87 45 0.85

S30815  21Cr-11Ni-N 8 (™ 87 45 0.85

A312 TPP309H S30909  23Cr-12Ni 8>%(9) 75 30 0.85

TIP309H S30909  23Cr-12Ni 8 . 75 30 0.85

TP310H $31009  23Cr-20Ni 8 (9) 75 30 0.85

TP310H $31009  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

TPP316H S31609  16Cr-12Ni-2Mo 8 . 75 30 0.85

TP316H $31609 16Cr-12Ni-2Mo 8 (9) 75 30 0.85

A312 TPP316L S31603 ) 16Cr-12Ni-2Mo 8 (1) (29) 70 25 0.85

TPP316L S31603  16Cr-12Ni-2Mo 8 (1) 9)(29) 70 25 0.85

TPP316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 0.85

TP316N $31651  16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 0.85

TP317LMN $31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 0.85

TP317LMN $31726  19Cr-15.5Ni-4Mo 8 (1) (9) 80 35 0.85

A312 TP317 S31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 0.85

TP317 S§31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 0.85

TP321 $32100 18Cr-10Ni-Ti 8 (10) 75 30 0.85

TP321 $32100  18Cr-10Ni-Ti 8 (9) (10) 75 30 0.85

TP321H $32109 18Cr-10Ni-Ti 8 .. 75 30 0.85

TP321H $32109  18Cr-10Ni-Ti 8 (9) 75 30 0.85

A312 TP347 S$34700  18Cr-10Ni-Cb 8 (10) 75 30 0.85

TP347 $34700  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
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)
17.0 17.0 16.0 15.1 14.6 14.3 143 143 14.3 14.3 143 142 141 140 137 120 89 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

17.2( 14.2 129 118 108 10.1 99 9.7 .. A312
17.0] 14.2 12.7 11.7 11.0 104 102 100 98 9.6 94 92 90 88 86 83 66 52~IP304
17.0] 17.0 16.1 155 14.8 14.1 13.8 13.5 13.2 129 126 124 121 119 105 83 6.6 52°)TP304
17.0( 14.2 12.7 11.7 11.0 104 10.2 10.0 98 96 94 92 9.0 88 86 83 665752 TP304H
17.0( 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 121 119 10.5 83 ,6.6% 52 TP304H

14.2] 121 109 99 93 88 86 85 83 82 .. .. TP304L A312
14.2] 142 142 134 125 119 11.7 114 113 111 .. .. TP304L
19.4| 16.2 142 128 119 11.3 11.0 10.8 10.6 10.5 10.3 100 98 96 9.4 83 66 52 TP304N
19.4] 194 185 17.3 16.0 15.2 149 14.6 144 141 138 13.6 133 13.0 0.5 83 6.6 52 TP304N

21.2| 21.0 18.7 169 15.7 15.0 14.8 14.6 145 143 141 139 138 127 99 7.7 59 44 .. A312
21.2| 21.0 19.8 19.0 185 18.2 18.0 179 17.7 17.5 173 17.0 162~12.7 99 7.7 59 44

17.0] 17.0 17.0 17.0 16.5 159 15.7 155 153 15.1 14.8 14:6* 144 11.7 88 65 47 34 TP309H A312
17.0] 149 13.7 128 12.2 11.8 11.6 11.5 11.3 11.2 11.6.\10.8 10.6 104 88 65 47 34 TP309H
17.0( 17.0 17.0 169 16.4 15.7 15.5 15.2 15.0 14.8514.6 14.4 142 11.7 88 65 47 34 TP310H
17.0( 15.0 13.7 12.8 121 11.7 11.5 11.3 11.1 11:0-10.8 10.7 10.5 10.3 88 65 47 34 TP310H

17.0] 14.7 13.2 12.1 11.3 10.7 105 103 10:/10.0 99 98 97 96 95 94 83 63 TP316 A312
17.0] 17.0 17.0 16.4 153 14.5 14.1 139, 13.7 13.5 134 13.2 131 13.0 129 105 83 63 TP316
17.0] 14.7 13.2 12.1 11.3 10.7 10.5(10:3 10.1 10.0 99 98 97 96 95 94 83 63 TP316H
17.0( 17.0 17.0 16.4 153 14.5 14.1)139 13.7 13.5 134 13.2 13.1 13.0 129 105 83 63 TP316H

14.2( 121 108 99 93 88 87 85 83 81 80 78 77 75 73 72 71 54 TP316L A312
14.2] 14.2 142 134 125\)19 11.7 114 11.2 11.0 108 10.5 103 101 99 9.7 75 54 TP316L
19.4] 17.6 16.1 15.0714.0 13.3 129 12.6 123 121 119 11.6 114 112 110 105 83 63 TP316N
19.4] 194 18.7 18.218.1 179 174 17.0 16.7 163 16.0 157 154 151 134 105 83 63 TP316N

19.4( 17.0 15:2513.8 13.0 124 .. .. TP317LMN
19.4( 185 177174 17.2 16.7 .. .. TP317LMN
17.0( 14~ 13.2 121 11.3 10.7 10.5 10.3 10.1 100 99 98 97 96 95 94 83 63 TP317 A312

17.0 17.0 17.0 16.4 153 14.5 141 139 13.7 135 134 132 131 13.0 129 105 83 63 TP317
17.0 153 141 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 104 103 102 82 59 43 31 TP321
17.0 17.0 16.2 159 159 15.5 152 149 14.6 144 142 141 139 138 82 59 43 31 TP321
170 153 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 77 59 46 TP321H
17.0 17.0 16.2 159 159 15.5 15.2 149 14.6 144 142 141 139 138 105 77 59 4.6 TP321H

17.0 15.6 14.6 13.6 128 12.2 119 118 11.6 11.5 11.5 114 114 114 103 78 52 3.8 TP347 A312
17.0 17.0 16.0 15.1 14.6 14.3 143 143 14.3 143 143 142 141 136 103 78 52 3.8 TP347
17.0 15.6 14.6 13.6 128 12.2 119 11.8 11.6 11.5 115 114 114 114 114 113 89 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 14.2 141 140 137 120 89 6.7 TP347H
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe and Tube — Without Filler Metal: Austenitic
A312 TP348 S34800  18Cr-10Ni-Cb 8 (1) (10) 75 30 0.85
TP348 S34800 18Cr—1ONI=Cb (1 (o7 10y 75 30 085
TPP348H S34809  18Cr-10Ni-Cb 8 (1) 75 30 0:85
TPP348H S34809  18Cr-10Ni-Cb 8 (1) (9) 75 30 0:85
A312 TPXM-15 S$38100  18Cr-18Ni-2Si 8 (1) 75 30 0.85
TPXM-15 S$38100  18Cr-18Ni-2Si 8 (1) (9) 75 30 0.85
S31254  20Cr-18Ni-6Mo 8 (1) 95 45 0.85
S31254  20Cr-18Ni-6Mo 8 (MM 95 45 0.85
A409 S30815  21Cr-11Ni-N 8 (1) 87 45 0.85
S30815  21Cr-11Ni-N 8 (1) 87 45 0.85
Welded Pipe and Tube — Without Filler Metal: Ferritic/Martensitic
A268 TPP405 S40500  12Cr-Al 7 60 30 0.85
TPP410 S$41000  13Cr 6 60 30 0.85
TP429 S$42900 15Cr 6 60 35 0.85
TIP430 S43000 17Cr 7 S 60 35 0.85
TP446-1 S44600 27Cr 10V (1) 70 40 0.85
TPXM-27 S44627  26Cr-1Mo 101 (1) (2) 65 40 0.85
TPXM-33 S44626  27Cr-1Mo-Ti 101 (2) 68 45 0.85
Welded Pippe and Tube — Without Filler Metal: Ferriti¢/Austenitic
A789 SB1803 $31803  22Cr-5.5Ni—3Mo-N 10H (1) (23) (24) 90 65 0.85
SB2101 S$32101  21Cp=5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 0.85
2p05 §32205  22Cr=5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 0.85
SB2003 §32003 (21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 100 70 0.85
SB2101 $3210Q ) 21Cr-5Mn-15Ni-Cu-N  10H (1) (23) (24) 101 77 0.85
. $32550  25.5Cr-5.5Ni-3.5Mo0-2Cu 10H (1) (25) (26) 110 80 0.85
SB2750 S32750  25Cr-7Ni-4Mo-N 10H (1) (23) (24) 116 80 0.85
A790 SB1803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.85
SB2101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 0.85
SB2003 $32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 0.85
2p0% §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 0.85
$32101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 0.85
§32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 0.85
$32750 §32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 0.85
Welded Pipe — Filler Metal Added: Austenitic
A358 304 1&3 S30400 18Cr-8Ni 8 (1) (10) (11) 75 30 1.00
304 2 S30400  18Cr-8Ni 8 (1) (10) (11) 75 30 0.90
304 1&3 S30400 18Cr-8Ni 8 (1) (9) (10) (11) 75 30 1.00
304 2 $30400  18Cr-8Ni 8 (1) (9) (10) (11) 75 30 0.90
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Table A-3

Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)
17.0 15.6 14.6 13.6 128 12.2 119 11.8 11.6 11.5 11.5 114 114 114 103 78 52 3.8 TP348 A312
17.0 17U 16.U 15.1 14.0 145 145 14.5 145 145 14.5 14.Z4 14.1 15.0 1U.5 .0 Q.4 2.0 IF5406
17.0] 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 115 114 114 114 114 113 89 6.7 TP348H
17.0] 17.0 16.0 15.1 14.6 14.3 143 14.3 143 143 143 142 141 140 137 120 89 6.7 TP348H
17.0( 14.2 12.7 11.7 11.0 104 10.2 100 98 96 94 92 9.0 88 TRXM-15 A312
17.0( 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 12.1 119 TPXM-15
23.01 20.8 18.6 17.2 16.2 15.6 15.3 15.1 15.0
23.01 23.0 219 209 20.1 19.7 19.6 19.6 19.5
21.2| 21.0 18.7 169 15.7 15.0 14.8 14.6 145 143 141 139 138 12.7 99 79 ' 59 44 A409
21.2] 21.0 19.8 19.0 185 18.2 18.0 179 17.7 175 17.3 17.0 162 127 9.9/, 77 59 44
Welded Pipe and Tub€ — Without Filler Metal: Ferritic/Martensitic
14.6] 14.6 143 14.0 13.8 13.5 13.2 129 TP405 A268
14.6]| 14.6 143 14.0 13.8 13.5 13.2 129 TP410
14.6( 14.6 14.3 14.0 13.8 13.5 13.2 129 TP429
14.6( 14.6 14.3 14.0 13.8 13.5 13.2 129 TP430
17.0] 17.0 164 16.0 15.6 15.2 15.0 14.7 TP446-1
15.8] 15.8 155 154 154 154 154 TPXM-27
16.5| 16.5 16.4 16.2 16.0 15.7 15.4 TPXM-33
Welded Pipe and Tube — Without Filler Metal: Ferritic/Austpnitic
219 219 211 20.3 19.8 19.6 $31803 A789
22.8| 22.8 21.7 21.0 21.0 21.0 $32101
23.1| 23.1 223 214 209 207 [ 2205
24.3| 23.6 221 219 219 21.97219 $32003
24.5| 245 234 22.6 22.6 22.6 S$32101
26.7| 26.6 25.1 24.3 240\ .. S32550
28.2| 28.0 26.5 25.6-252 25.0 S32750
219 219 21L1520.3 19.8 19.6 $31803 A790
22.8| 228 21:7721.0 21.0 21.0 .. $32101
23.1| 22.4+21.0 20.8 20.8 20.8 20.8 S32003
23.1| 2371 223 21.4 209 20.7 2205
245 245 234 22.6 22.6 22.6 $32101
26.7 26.6 25.1 243 240 .. $32550
28.2 28.0 265 25.6 252 25.0 S32750
Welded Pipe — Filler Metal Added: Austenitic
20.0 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 304 A358
180 15.0 135 124 11.6 11.1 108 10.6 103 101 99 9.7 95 93 91 88 70 55 304
20.0 20.0 189 183 17.5 16.6 16.2 15.8 155 152 149 14.6 143 140 124 98 77 61 304
16.2 162 153 14.8 14.1 134 13.1 128 12.6 12.3 12.0 11.8 11.6 113 100 79 63 49 304
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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: Austenitic

A358 304L 1&3 S30403  18Cr-8Ni 8 (1) 70 25 1.00

3p4L 2 S30403  18Cr-8Ni 8 (1) 70 25 0.90

3p4L 1&3 S30403 18Cr-8Ni 8 (1)) 70 25 1.00

3p4L 2 S30403  18Cr-8Ni 8 (1) (9) 70 25 0.90

A358 3P4N 1&3 S30451 18Cr-8Ni-N 8 (1) (10) 80 35 1.00

3P4N 2 $30451  18Cr-8Ni-N 8 (1) (10) 80 35 0.90

3p4N 1&3 S30451  18Cr-8Ni-N 8 (1) (9) (10) 80 35 1.00

3P4N 2 S30451  18Cr-8Ni-N 8 (1) (9)(10) 80. 35 0.90

A358 1&3 S30815 21Cr-11Ni-N 8 (1) 87 45 1.00

2 S30815 21Cr-11Ni-N 8 (1) 87 45 0.90

1&3 S30815 21Cr-11Ni-N 8 (1) (9) 87 45 1.00

2 $30815  21Cr-11Ni-N 8 (1) (9) 87 45 0.90

A358 3p9 1&3 S30900 23Cr-12Ni 8 (1) (x0) 75 30 1.00

3p9 2 S30900  23Cr-12Ni 8 (1)(10) 75 30 0.90

3p9 1&3 S30900  23Cr-12Ni 8-3¢1) (9) (10) 75 30 1.00

3p9 2 S30900  23Cr-12Ni 8~ (1) (9) (10) 75 30 0.90

A358 310 1&3 S31000 25Cr-20Ni 8 (1) (10) (14) 75 30 1.00

310 2 $31000  25Cr-20Ni 8 (1) (10) (14) 75 30 0.90

30 1&3 S31000 25Cr-20Ni 8 (19 (10) (149 75 30 1.00

3110 2 $31000  25Cr-20Ni 8 (1) (9) (10) (14) 75 30 0.90

A358 310 1&3 S31000 25Cr-20Ni 8 (1) (10) (15) 75 30 1.00

30 2 $31000.\_25Cr-20Ni 8 (1) (10) (15) 75 30 0.90

310 1&3 S31000-/ 25Cr-20Ni 8 (1) (9) (10) (15) 75 30 1.00

3110 2 S31000  25Cr-20Ni 8 (1) (9) (10) (15) 75 30 0.90

A358 1 &3 S31600 16Cr-12Ni-2Mo 8 (1) (10) (11) 75 30 1.00

2 S$31600  16Cr-12Ni-2Mo 8 (1) (10) (11) 75 30 0.90

1&3 S31600 16Cr-12Ni-2Mo 8 (1) (9) (10) (11) 75 30 1.00

2 $31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (11) 75 30 0.90

A358 316L 1&3 S31603 16Cr-12Ni-2Mo 8 (1) (29) 70 25 1.00

316L 2 S$31603  16Cr-12Ni-2Mo 8 (1) (29) 70 25 0.90

316L 1&3 S31603 16Cr-12Ni-2Mo 8 (1) (9) (29 70 25 1.00

316L 2 $31603  16Cr-12Ni-2Mo 8 (1) (9) (29) 70 25 0.90

A358 316N 1&3 S31651 16Cr-12Ni-2Mo-N 8 (1) (10) 80 35 1.00

316N 2 S§31651  16Cr-12Ni-2Mo-N 8 (1) (10) 80 35 0.90

316N 1&3 S31651 16Cr-12Ni-2Mo-N 8 (1) (9) (10) 80 35 1.00

316N 2 $31651  16Cr-12Ni-2Mo-N 8 (1) (9) (10) 80 35 0.90
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe — Filler Metal Added: Austenitic (Cont’d)

16.7 143 12.8 11.7 109 10.4 10.2 10.0 9.8 9.7 .. .. 304L A358
15.0] 128 115 105 98 93 91 90 88 87 .. .. 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 12.6 123 12.1 119 11.7 .. .. 304L
229 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 ()304N A358

20.6] 17.2 15.0 13.,5 12.6 119 11.7 11.5 11.3 11.1 109 10.6 10.4 10.2 9.9 88 7.0 55 )304N
22.9| 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 156 152 124 9.8  7.746:1 304N
20.6| 20.6 19.6 183 17.0 16.1 15.8 15.5 15.2 149 14.7 144 140 13.7 11.2 88 70> 55 304N

249| 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 90. 69 52 .. A358
224 222 21.0 20.2 19.6 19.3 19.1 189 187 185 183 18.0 17.2 134 104, 81 6.2 4.7
249| 24.7 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 16.2 149 116 90 69 52
22.4| 222 21.0 20.2 19.6 19.3 19.1 189 187 185 183 18.0 17.2 134 104 81 6.2 47

20.0] 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129 12.7 1257, 99 71 50 36 25 309 A358
18.0] 15.8 145 13.6 13.0 12.5 123 12.1 12.0 11.8 11.6 115 ¥I'3 89 64 45 32 23 309
20.0] 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17:2%159 99 71 50 36 25 309
18.0( 18.0 18.0 18.0 17.5 16.9 16.6 16.4 16.2 159 157155 143 89 64 45 32 23 309

20.01 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123 9.9 7.1 50 36 25 310 A358
18.0] 159 145 13.6 129 124 121 12.0 11.8. 116 115 113 111 89 64 45 32 23 310
20.01 20.0 20.0 199 19.3 185 182 179 1AZ/'17.4 172 169 159 9.9 7.1 50 36 25 310
18.0( 18.0 18.0 179 174 16.7 16.4 164 159 15.7 155 152 143 89 64 45 32 23 310

20.01 17.6 16.1 15.1 143 13.7 13,5/13.3 13.1 129 12.7 125 123 9.9 7.1 50 36 25 310 A358
18.0] 159 145 13.6 129 124 12.1 120 11.8 11.6 115 113 111 89 64 45 32 23 310
20.01 20.0 20.0 199 19.3~18.5 18.2 179 17.7 174 172 169 159 9.9 7.1 50 36 25 310
18.0( 18.0 18.0 179 174.,16.7 164 16.1 159 15.7 155 152 143 89 64 45 32 23 310

20.0] 17.3 15.6_143 13.3 12.6 123 12.1 119 118 11.6 115 114 113 11.2 111 98 74 316 A358
18.0] 15.5 140,129 12.0 11.3 11.1 109 10.7 10.6 10.5 104 103 102 101 99 88 67 316
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 98 74 316
18.0( 48.0°18.0 17.4 16.2 15.3 15.0 14.7 14.5 14.3 14.1 14.0 139 138 136 11.2 88 6.7 316

16.7 14.2 12.7 11.7 109 104 10.2 100 98 96 94 92 90 88 86 84 83 64 316L A358
150 128 114 105 98 94 92 90 88 86 84 83 81 79 77 76 75 58 316L
16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 316L
15.0 15.0 15.0 14.2 133 12.6 124 12.1 119 116 114 11.2 109 10.7 104 103 79 58 316L

229 20.7 19.0 17.6 16.5 15.6 15.2 149 14.5 14.2 139 13.7 134 132 129 123 98 74 316N A358
206 186 17.1 15.8 14.8 14.0 13.7 134 13.1 128 12.6 12.3 12.1 119 116 11.1 88 6.7 316N
229 229 220 215 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 316N
20,6 20.6 19.8 19.3 19.1 189 185 18.0 17.7 17.3 169 16.6 163 16.0 142 111 88 6.7 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 Class No. Composition No. Notes ksi ksi F

Welded Pipe — Filler Metal Added: Austenitic

A358 321 1&3 S32100 18Cr-10Ni-Ti 8 (1) (10) (11) 75 30 1.00

3p1 2 $32100  18Cr-10Ni-Ti 8 (1) (10) (11) 75 30 0.90

3p1 1&3 S32100  18Cr-10Ni-Ti 8 (1) (9) (10) (11) 75 30 1.00

3p1 2 $32100  18Cr-10Ni-Ti 8 (1) (9) (10) (11) 75 30 0.90

A358 317 1&3 S34700 18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 1.00

317 2 S34700  18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 0.90

347 1&3 S34700  18Cr-10Ni-Cb 8 (1) (9) (10) (11) 75 30 1.00

337 2 S34700  18Cr-10Ni-Cb 8 (1) (9 (10) (11) 75 30 0.90

A358 348 1&3 S34800 18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 1.00

348 2 S34800  18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 0.90

348 1&3 S34800  18Cr-10Ni-Cb 8 (1) (9) (10) (B 75 30 1.00

3p8 2 S34800  18Cr-10Ni-Cb 8 (1) 9 (10.(1) 75 30 0.90

A358 1&3 S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00

2 S31254  20Cr-18Ni-6Mo 8 (1) 95 45 0.90

1&3 S$31254  20Cr-18Ni-6Mo 8-3f1) (9) 95 45 1.00

2 S31254  20Cr-18Ni-6Mo 87 (1) (9) 95 45 0.90

A358 1&3 S31254  20Cr-18Ni-6Mo 8 (1) 100 45 1.00

2 S31254  20Cr-18Ni-6Mg 8 (1) 100 45 0.90

1&3 S31254 20Cr-18Ni-6Mo 8 (1)) 100 45 1.00

2 $31254  20Cr-18Ni-6Mo 8 (1) (9) 100 45 0.90

A409 TPP304 S30400  18Cr=8Ni 8 (1) (10) (19) 75 30 1.00

TPP304 S30400 (18Cr-8Ni 8 (1) (10) (20) 75 30 0.90

TP304 S30400 ) 18Cr-8Ni 8 (1) (10) (21) 75 30 0.80

TP304 $30400  18Cr-8Ni 8 (1) (9) (10) (19) 75 30 1.00

TIP304 S30400  18Cr-8Ni 8 (1) (9) (10) (20) 75 30 0.90

TPP304 S30400  18Cr-8Ni 8 (1) (9) (10) (21) 75 30 0.80

A409 TP304L S30403 18Cr-8Ni 8 (1) (19 70 25 1.00

TP304L S30403  18Cr-8Ni 8 (1) (20) 70 25 0.90

TIP304L S30403  18Cr-8Ni 8 (1) (21) 70 25 0.80

TP304L S30403  18Cr-8Ni 8 (1) (9 (19) 70 25 1.00

TP304L S30403  18Cr-8Ni 8 (1) (9) (20) 70 25 0.90

TP304L S30403  18Cr-8Ni 8 (1) (21 70 25 0.80

A409 S30815 21Cr-11Ni-N 8 (1) (19) 87 45 1.00

S30815  21Cr-11Ni-N 8 (1) (20) 87 45 0.90

S30815  21Cr-11Ni-N 8 (1) (21) 87 45 0.80

S30815  21Cr-11Ni-N 8 (1) (9 (19 87 45 1.00

$30815  21Cr-11Ni-N 8 (1) (9) (20) 87 45 0.90

S30815  21Cr-11Ni-N 8 (1) 9 (21) 87 45 0.80
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe — Filler Metal Added: Austenitic (Cont’d)

20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 12.3 12.1 12.0 9.6 69 50 36 321 A358
18.0( 16.2 149 13.8 129 12.2 119 11.7 115 11.3 11.2 11.0 109 108 86 62 45 32 321
20.0] 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 16.4 16.2 9.6 69 50 36 321
18.0] 18.0 17.2 16.8 16.8 16.5 16.1 158 15.5 15.3 15.1 149 14.7 146 86 62 45 32 321

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 4417347 A358
18.0( 16.6 154 14.4 13.5 129 12.6 124 123 122 12.1 121 121 121 109 82 55 ,4.0. 347
20.0| 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1\\4.4 347
18.0] 18.0 169 16.0 154 15.2 15.1 15.1 15.1 15.1 15.1 15.0 149 144 109 82 (55 40 347

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91 6.1 44 348 A358
18.0( 16.6 154 14.4 13.5 129 12.6 124 123 122 12.1 121 121 121 109 82 55 4.0 348
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 121 9.1 6.1 44 348
18.0( 18.0 169 16.0 154 15.2 15.1 15.1 15.1 15.1 15.1 15.0 149 144 109 82 55 4.0 348

27.1| 245 219 20.2 19.1 183 18.0 17.8 17.7 .. A358
2441 221 19.7 182 17.2 16,5 16.2 16.0 159
27.1| 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
24.4| 244 23.2 221 21.3 209 20.8 20.7 20.6

28.6| 245 219 20.2 19.1 183 18.0 17.8 17.7 ., A358
25.7] 22.1 19.7 182 17.2 16.5 16.2 16.0 15.9
28.6| 28.6 27.2 259 25.0 24.4 243 24.1 239
25.7| 25.7 24.5 233 22.5 22.0 219 214 _21.5

20.01 16.7 15.0 13.8 129 123 12.0,11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 TP304 A409
18.0] 15.0 13.5 124 11.6 11.Y 108 10.6 103 101 99 97 95 93 91 88 70 55 TP304
16.0] 13.3 12.0 11.0 104 9.8 96 94 92 90 88 86 85 83 81 78 62 49 TP304
20.0] 20.0 189 183 175\16.6 16.2 15.8 15.5 152 149 14.6 143 140 124 98 77 61 TP304
18.0] 18.0 17.0 16.5715.7 149 14.6 143 139 13.7 134 13.1 128 126 11.2 88 7.0 55 TP304
16.0( 16.0 15.1 14.6,14.0 13.3 13.0 12.7 124 121 119 11.7 114 11.2 99 78 62 49 TP304

16.7( 14.3 1208711.7 109 10.4 10.2 100 9.8 9.7 .. .. TP304L A409
15.0] 1238.M15 105 98 93 91 90 88 87 .. .. TP304L
13.3( 114 102 94 87 83 81 80 79 77 .. .. TP304L
16.7 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 .. .. TP304L
15.0 15.0 15.0 14.2 13.3 12.6 123 12.1 119 11.7 .. .. TP304L
133 13.3 133 126 118 11.2 11.0 10.8 10.6 104 .. .. TP304L
249 247 22.0 199 185 17.7 174 17.2 17.0 16.8 16.6 16.4 16.2 149 11.6 9.0 69 52 .. A409

224 222 198 179 16.7 159 15.7 15,5 153 15.1 149 148 146 134 104 81 6.2 4.7
199 198 17.6 159 14.8 14.2 139 13.8 13.6 134 13.3 13.1 13.0 11.9 9.3 72 55 42
249 247 233 224 218 214 212 21.0 20.8 20.6 20.3 20.0 19.1 149 116 9.0 69 52
224 222 210 20.2 19.6 193 19.1 189 187 185 183 18.0 17.2 134 104 81 6.2 4.7
199 198 186 179 174 17.1 17.0 16.8 16.6 16.5 16.2 16.0 153 11.9 9.3 72 55 42
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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: Austenitic
A409 TP316 $31600  16Cr-12Ni-2Mo 8 (1) (10) (19) 75 30 1.00
P31 S3T600 TOCT=1ZN1=2M0 8 (1) (10) (20) 75 30 090
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (10) (21) 75 30 0:80
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (19) 75 30 1,00
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (20) 75 30 0.90
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (21) 75 30 0.80
A409 TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (19) (29) 70 25 1.00
TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (20) (29) 70 25 0.90
TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (21) (29) 70 25 0.80
TPP316L S$31603  16Cr-12Ni-2Mo 8 (1) (9 (19) (29) 70 25 1.00
TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (20) (29) 70 25 0.90
TP316L $31603  16Cr-12Ni-2Mo 8 (1) (9) (21) (29) 70 25 0.80
Welded Pippe — Filler Metal Added: Ferritic/Austenitic
A928 SB1803 1&3 S31803  22Cr-5.5Ni-3Mo-N 10H (1) (23%(24) 90 65 1.00
SB1803 2 S$31803  22Cr-5.5Ni-3Mo-N 10H (1)(23) (24) 90 65 0.90
2p05 1&3 S32205 22Cr-5.5Ni-3Mo-N 10H (19-(23) (24) 95 65 1.00
2p05 2 $32205  22Cr-5.5Ni-3Mo-N 10H(1) (23) (24) 95 65 0.90
Plate, Sheet, and Strip: Austenitic
A240 N08904 44Fe-25Ni-21Cr-Mé 45 (1) 71 31 1.00
2p1LN S20153 16Cr-4Ni-6Mn 8 (1) 95 45 1.00
2P1LN S20153  16Cr-4Ni-6Mn 8 (MM 95 45 1.00
A240 3p4 S30400  18Cr-8Ni 8 (10) (11) 75 30 1.00
3p4 S30400  18Cp-8Ni 8 (9)(10) (11) 75 30 1.00
3p4L S$30403_{_18Cr-8Ni 8 (1) 70 25 1.00
3p4L S30408./ 18Cr-8Ni 8 (1) 70 25 1.00
3p4N S30451  18Cr-8Ni-N 8 (1) (10) 80 35 1.00
3p4N $30451  18Cr-8Ni-N 8 (1) (9) (10) 80 35 1.00
A240 S30815 21Cr-11Ni-N 8 (1) 87 45 1.00
$30815  21Cr-11Ni-N 8 (1) (9) 87 45 1.00
A240 3p9H S30909  23Cr-12Ni 8 (9)(11) (18) 75 30 1.00
309H $30909 23Cr-12Ni 8 (11) (18) 75 30 1.00
309S S30908  23Cr-12Ni 8 (1) (10) 75 30 1.00
309S S30908  23Cr-12Ni 8 (1) (9) (10) 75 30 1.00
A240 310H S$31009  25Cr-20Ni 8 (9) 75 30 1.00
310H S$31009  25Cr-20Ni 8 .. 75 30 1.00
310S S$31008  25Cr-20Ni 8 (10) (11) (14) 75 30 1.00
310S S31008  25Cr-20Ni 8 (9)(10) (11) (14) 75 30 1.00
310S $31008  25Cr-20Ni 8 (10) (11) (15) 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Welded Pipe — Filler Metal Added: Austenitic (Cont’d)
200 17.3 156 14.3 13.3 12.6 12.3 12.1 119 118 11.6 115 114 113 112 111 9.8 7.4 TP316 A409
18.0 15,0 14U 129 1Z.U 11.5 11.1 1U.Y 1U./7 1U.6 1U.5 1U4 1U.5 1U.Z 1U. 1 7.9 0.0 0. IF516
16.0] 13.8 125 114 10.6 101 99 97 95 94 93 92 91 91 90 88 78 59 TP316
20.01 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 98 74 TP316
18.0] 18.0 18.0 17.4 16.2 153 15.0 14.7 14.5 143 14.1 14.0 139 138 136 11.2 88 6.7 TP3l6
16.0] 16.0 16.0 154 14.4 13.6 13.3 13.1 129 12.7 12.6 125 123 122 12.1 9.9 7.8 59 TR316
16.7| 14.2 12.7 11.7 109 104 102 100 98 9.6 94 92 90 88 86 84 83 ,64/TP316L A409
15.0] 128 114 105 98 94 92 90 88 86 84 83 81 79 77 76 75,58 TP316L
13.3] 114 102 93 87 83 81 80 78 7.7 75 74 72 70 69 67 (6666 51 TP316L
16.7] 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114\ 88 64 TP316L
15.0] 15.0 15.0 14.2 133 12.6 124 12.1 119 11.6 114 11.2 109 10.7 104 103 79 58 TP316L
13.3] 13.3 133 126 118 11.2 11.0 108 10.6 103 10.1 99 9.7 95 9.3 9.1 7.0 51 TP316L
Welded Pipe — Filler Metal Added: Ferritic/Austpnitic
25.7| 25.7 24.8 239 233 23.1 $31803 A928
23.1| 23.1 223 21.5 21.0 20.8 $31803
271 27.1 26.2 25.2 24.6 24.3 2205
244 244 23.6 22.7 221 219 2205
Plate, Sheet, and Strip: Austpnitic
20.3| 16.7 15.1 13.8 12.7 119 116 114 .. .» A240
27.1| 23.7 21.2 20.1 19.7 19.2 18.6 18.0 17.41677 201LN
27.1| 23.7 21.2 20.1 20.0 19.6 19.6 19.4 19:2/18.8 201LN
20.0| 16.7 15.0 13.8 129 12.3 12.0( 117 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 61 304 A240
20.0| 20.0 189 18.3 17.5 16.6 16.2)15.8 15.5 15.2 149 14.6 143 14.0 124 9.8 7.7 61 304
16.7] 143 128 11.7 109 104 102 100 98 9.7 304L
16.7] 16.7 16.7 158 14.7-14.0 13.7 13.5 133 13.0 .. .. .. .. 304L
2291 19.1 16.7 15.1 140.M3.3 13.0 12.8 125 123 12.1 118 11.6 113 11.0 98 77 61 304N
229 229 21.7 20.3.489 179 175 17.2 169 16.6 163 16.0 15.6 152 124 9.8 7.7 6.1 304N
249 24.7 22.0\199 185 17.7 174 17.2 17.0 16.8 16.6 164 162 149 116 9.0 69 52 A240
249| 247,233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 116 9.0 69 52
20.0|_20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 169 138 103 76 55 4.0 309H 4240
20.0 17.5 16.1 151 14.4 139 13.7 13.5 13.3 13.1 129 12.7 125 123 103 7.6 55 4.0 309H
200 175 161 15.1 144 139 13.7 13.5 133 13.1 129 12.7 125 99 71 50 36 2.5 309S
20.0 20.0 20.0 20.0 19.4 188 185 18.2 18.0 17.7 175 17.2 159 99 71 50 36 2.5 309S
20.0 20.0 20.0 199 193 185 18.2 179 17.7 174 17.2 169 16.7 138 103 76 55 4.0 310H A240
200 17.6 161 15.1 143 13.7 135 13.3 13.1 129 12.7 125 123 121 103 76 55 4.0 310H
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 7.1 5.0 3.6 2.5 310S
20.0 20.0 20.0 19.9 19.3 185 18.2 179 17.7 174 172 169 159 9.9 7.1 5.0 3.6 25 310S
200 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 7.1 5.0 36 25 310S
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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: Austenitic
310S S$31008  25Cr-20Ni 8 (9) (10) (11) (15) 75 30 1.00
A240 3116 S31600  16Cr-12Ni-2Mo 8 (10) (11) 75 30 1.00
36 S§31600  16Cr-12Ni-2Mo 8 (9)(10) (11) 75 30 1.00
3[L6L S31603  16Cr-12Ni-2Mo 8 (1) (29) 70 25 100
3|116L $31603  16Cr-12Ni-2Mo 8 (1) (9) (29) 70 25 1.00
3[L6N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
3[L6N S§31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00
A240 3117 S§31700  18Cr-13Ni-3Mo 8 (1) (10) (11) 75 30 1.00
317 $31700  18Cr-13Ni-3Mo 8 (1) (9) (10) (11) 75 30 1.00
3[IL7L S31703  18Cr-13Ni-3Mo 8 (1) 75 30 1.00
3[L7L S31703  18Cr-13Ni-3Mo 8 (1M 75 30 1.00
3p1 S$32100  18Cr-10Ni-Ti 8 (10) (11) 75 30 1.00
3p1 S$32100  18Cr-10Ni-Ti 8 (9)(10) (11) 75 30 1.00
A240 347 S34700  18Cr-10Ni-Cb 8 (10) (1) 75 30 1.00
317 S34700  18Cr-10Ni-Cb 8 (9(10) (11) 75 30 1.00
318 S$34800  18Cr-10Ni-Cb 8 (1).(10) (11) 75 30 1.00
318 S34800  18Cr-10Ni-Cb 8:(1) (9) (10) (11) 75 30 1.00
A240 XM-15 $38100 18Cr-8Ni-2Si 8 (1) 75 30 1.00
XM-15 S38100  18Cr-8Ni-2Si 8 ()M 75 30 1.00
3[L7LMN S§31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
3[L7LMN S§31726  19Cr-15.5Ni+4Mo 8 (1)) 80 35 1.00
A240 S31254  20Cr=18Ni-6Mo 8 (1) 95 45 1.00
S31254  20€r<18Ni-6Mo 8 ()M 95 45 1.00
S31254 ,~20Cr-18Ni-6Mo 8 (1) 100 45 1.00
S$31254 ™, ~20Cr-18Ni-6Mo 8 (1)) 100 45 1.00
S32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00
Plate, Sheet, and Strip: Ferritic/Martensitic
A240 4p5 S40500 12Cr-1Al 7 (3) 60 25 1.00
410 S$41000  13Cr 6 (1) 65 30 1.00
4110S S41008  13Cr 7 (D 60 30 1.00
4p9 S42900  15Cr 6 (1)(3) 65 30 1.00
A240 430 S$43000 17Cr 7 (1) @3) 65 30 1.00
XM-27 544627 26Cr-1Mo 101 (1) (3) 65 40 1.00
XM-33 544626 27Cr-1Mo-Ti 101 (2) 68 45 1.00
Plate, Sheet, and Strip: Ferritic/Austenitic
A240 $31803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
$32101 $32101  21Cr-5Mn-1.5Ni-Cu-N  10H (1) (23) (24) 94 65 1.00
$32003 $32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Plate, Sheet, and Strip: Austenitic (Cont’d)
20.0 20.0 20.0 199 193 185 182 179 17.7 174 17.2 169 159 99 71 50 36 25 310S
20.0] 17.3 15.6 14.3 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 316 A240
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 156 154 153 151 124 98 74 316
16.7| 14.2 12.7 11.7 109 104 10.2 100 98 96 94 92 9.0 88 8.6 8.4 83 64 316L
16.7| 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 316L
229| 20.7 19.0 17.6 16.5 15.6 152 149 14.5 14.2 139 13.7 134 132 129 123 98 74 ,.316N
229| 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 98 74~316N
20.0] 17.3 15.6 143 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98\\74 317 A240
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 98 74 317
20.0] 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 115 113 317L
20.0] 20.0 19.6 189 17.7 169 16.5 16.2 158 155 152 .. .. .. 317L
20.0] 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96N\ 69 50 36 321
20.01 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 165 164 162 </96 69 50 3.6 321
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 434 12.1 9.1 6.1 44 347 £A240
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6:16.0 12.1 9.1 61 44 347
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 91 61 44 348
20.0| 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 1674 16.6 160 12.1 91 61 44 348
20.0| 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 140 10.8 10.6 10.4 XM-15 A240
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 143 14.0 XM-15
229| 20.0 179 16.3 153 14.6 317LMN
229| 21.8 209 20.5 20.3 19.7 317LMN
27.1| 24.5 219 20.2 19.1 18.3 18.0 _1%817.7 A240
27.1| 27.1 25.8 24.6 23.7 23.2 23:1%\23.0 229
28.6| 245 219 20.2 19.1 18.3~18.0° 17.8 17.7
28.6| 28.6 27.2 259 250 244243 24.1 239
31.4| 31.3 29.5 28.6 282

Plate, Sheet, and Strip: Ferritic/Martensitic
16.7] 15.3 14.8.145 14.3 14.0 138 135 .. .. 405 A240
18.6| 184 4%8,-17.4 17.2 168 16.6 16.2 15.7 151 144 123 88 64 4.4 2.9 1.8 1.0 410
171 174N16.8 16.5 16.3 159 15.6 152 14.7 14.1 134 123 88 64 44 29 18 1.0 410S
18.6( 184 178 174 17.2 168 16.6 16.2 15.7 151 144 120 92 65 45 32 24 18 429
186 184 178 174 17.2 168 16.6 16.2 15.7 151 144 120 92 6.5 4.5 3.2 24 1.8 430 A240
186 18.6 183 18.1 18.1 18.1 18.1 XM-27
194 194 19.3 19.0 188 184 18.1 XM-33

Plate, Sheet, and Strip: Ferritic/Austenitic
25.7 25.7 24.8 239 233 23.1 $31803 A240
269 269 25.6 24.7 24.7 24.7 .. S$32101
271 263 24.8 24.5 24.5 24.5 245 S$32003
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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

Plate, Sheet, and Strip: Ferritic/Martensitic
2205 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
$32003 S$32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 100 70 1.00
sB2101 S32101 21Cr-5Mn-15Ni-Cu-N  10H (1) (23) (24) 101 77 1.00
SB2750 $32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Forgings: Austenitic

FPO4L N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00
F4 $31254  20Cr-18Ni-6Mo 8 (1) 94 44 1.00
Flt4 $31254  20Cr-18Ni-6Mo 8 (1) (9) 94 44 1.00
FB04 S30400  18Cr-8Ni 8 (10) (12) 70 30 1.00
FB04 S30400  18Cr-8Ni 8 (9) (10) (12) 70 30 1.00
FB04 S30400  18Cr-8Ni 8 (10) 75 30 1.00
FB04 S30400  18Cr-8Ni 8 (9) (10) 75 30 1.00
FB04H S30409  18Cr-8Ni 8 (12) 70 30 1.00
FB04H S30409  18Cr-8Ni 8 (9)(12) 70 30 1.00
FB04H S30409  18Cr-8Ni 8 . 75 30 1.00
FB04H S30409  18Cr-8Ni 8 _+9) 75 30 1.00
FBO4L S30403  18Cr-8Ni 8 (1) 65 25 1.00
FBO4L S30403  18Cr-8Ni 8 (MM 65 25 1.00
FB04N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00
FB04N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00
S30815  21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cf-1iINi-N 8 MM 87 45 1.00

FB10 $31000._\_25Cr-20Ni 8 (1) (10) (14) 75 30 1.00
FB10 $31000-/ 25Cr-20Ni 8 (1) (9) (10) (14) 75 30 1.00
FB10 S31000  25Cr-20Ni 8 (1) (10) (15) 75 30 1.00
FB10 $31000  25Cr-20Ni 8 (1) (9) (10) (15) 75 30 1.00
FB16 $31600  16Cr-12Ni-2Mo 8 (10) (12) 70 30 1.00
FB16 S$31600  16Cr-12Ni-2Mo 8 (9) (10) (12) 70 30 1.00
FB16 S$31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00
FB16 S$31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00
F316H S$31609 16Cr-12Ni-2Mo 8 (12) 70 30 1.00
F316H S$31609  16Cr-12Ni-2Mo 8 (9)(12) 70 30 1.00
F316H S31609  16Cr-12Ni-2Mo 8 . 75 30 1.00
F316H S$31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00
F316L $31603  16Cr-12Ni-2Mo 8 (1) (27) (29) 70 25 1.00
F316L $31603  16Cr-12Ni-2Mo 8 (1) (9) (27) (29) 70 25 1.00
F316N S§31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
F316N S§31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

174



https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

Stainless Steels (Cont’d)

ASME B31.1-2022

Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Plate, Sheet, and Strip: Ferritic/Martensitic (Cont’d)
271 27.1 26.2 252 24.6 243 .. 2205
28.6 27.7 26.1 25.8 25.8 25.8 25.8 $32003
289 289 27.5 265 26.5 26.5 S$32101
33.1] 33.0 31.2 30.1 29.6 294 S$32750
Forgings: Austpnitic
20.3| 16.7 15.1 13.8 12.7 119 11.6 114 .. E904L
269| 239 214 198 18.6 179 17.6 174 17.3 F44
269| 269 255 24.3 235 23.0 22.8 22.7 22.6 F44
20.0| 16.7 15.0 13.8 129 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 F304
20.01 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 14.6 143 14.0 124 98 ' 77 61 F304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.¥, 98 77 61 F304
20.01 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 14.6 143 14.0 124 98 77 61 F304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104\ 101 98 77 61 F304H
20.0] 189 17.7 171 169 16.6 16.2 158 15.5 152 149 14.6 143,140 124 9.8 7.7 6.1 F304H
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10,6~ 104 101 98 77 6.1 F304H
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6\143 14.0 124 98 77 61 F304H
16.7] 143 128 11.7 109 104 10.2 100 98 9.7 F304L
16.7( 16.7 16.2 15.6 14.7 14.0 13.7 13.5 13.3 13.0 % F304L
229| 19.1 16.7 151 14.0 13.3 13.0 12.8 12.5 1237121 11.8 11.6 113 11.0 98 77 6.1 F304N
229| 229 21.7 203 189 179 175 17.2 169 6.6 163 16.0 156 152 124 98 77 6.1 F304N
249 247 22.0 199 185 17.7 174 17.2,17.0 168 16.6 164 162 149 116 9.0 69 52
249| 247 233 224 218 21.4 21.2(21.0 20.8 20.6 20.3 20.0 19.1 149 11.6 9.0 69 52
20.0| 17.6 161 15.1 143 13.A 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 2.5 F310
20.0| 20.0 20.0 199 19.3~18.5 18.2 179 17.7 174 172 169 159 99 71 50 36 2.5 F310
200 17.6 16.1 15.1 14:3.1M3.7 135 13.3 13.1 129 12,7 125 123 99 71 50 36 2.5 F310
20.0| 20.0 20.0 19.9,19:3 185 182 179 17.7 174 172 169 159 99 71 50 36 2.5 F310
20.0| 17.3 156143 133 12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 98 74 F316
20.0| 20.0_194 19.2 180 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316
20.0| 17.3415.6 143 133 12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 98 74 F316
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 98 74 F316
200 17.3 15.6 14.3 133 12.6 123 121 119 118 11.6 115 114 113 112 111 9.8 74 F316H
20.0 20.0 194 19.2 180 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316H
20.0 17.3 15.6 143 133 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 98 74 F316H
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 157 15.6 154 153 151 124 98 74 F316H
16.7 14.1 12.7 11.7 109 104 10.2 100 9.8 96 94 92 9.0 88 8.6 8.4 83 64 F316L
16.7 16.7 16.7 156 14.8 14.0 13.8 13.5 13.2 13.0 12.7 124 121 119 116 114 88 64 F316L
229 207 19.0 17.6 16.5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 F316N
229 229 220 215 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 98 74 F316N
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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: Austenitic
F321 S$32100  18Cr-10Ni-Ti 8 (12) 70 30 1.00
FBZT 5327100 TSCr=1TONT=TT 8 (9) (12) 70 30 T00
FB21 S$32100  18Cr-10Ni-Ti 8 (10) 75 30 190
FB21 S$32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1,00
FB21H S§32109  18Cr-10Ni-Ti 8 (12) 70 30 1.00
FB21H S$32109  18Cr-10Ni-Ti 8 (9)(12) 70 30 1.00
FB21H S$32109  18Cr-10Ni-Ti 8 .. 75 30 1.00
FB21H S$32109  18Cr-10Ni-Ti 8 (9) 75 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 (9.12) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8\l 75 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8" (9) 75 30 1.00
FB48 S34800  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB48 S34800  18Cr-10Ni-Ch 8 (9)(12) 70 30 1.00
FB48 §34800  18Cr-10Ni=Cb 8 (10) 75 30 1.00
FB48 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
FB48H S$34809  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB48H $34809-\_18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
FB48H S34809~" 18Cr-10Ni-Cb 8 .. 75 30 1.00
FB48H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00
A965 FB04 S30400  18Cr-8Ni 8 (10) 70 30 1.00
FB04 S30400  18Cr-8NI 8 (9)(10) 70 30 1.00
FB04H S30409  18Cr-8Ni 8 . 70 30 1.00
FB04H S30409  18Cr-8NI 8 (9) 70 30 1.00
A965 F316 S$31600  16Cr-12Ni-2Mo 8 (10) 70 30 1.00
F316 S$31600  16Cr-12Ni-2Mo 8 (9)(10) 70 30 1.00
F316H S31609  16Cr-12Ni-2Mo 8 . 70 30 1.00
F316H S31609  16Cr-12Ni-2Mo 8 (9) 70 30 1.00
A965 F321 S$32100  18Cr-10Ni-Ti 8 (10) 70 30 1.00
F321 §32100  18Cr-10Ni-Ti 8 (9)(10) 70 30 1.00
F321H §32109  18Cr-10Ni-Ti 8 . 70 30 1.00
F321H S$32109  18Cr-10Ni-Ti 8 (9) 70 30 1.00
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Forgings: Austenitic (Cont’d)

20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 12.1 12.0 9.6 69 50 36 F321
200190178 175 175 175 175 175 17.2 169 16.7 165 164 162 90 6.9 50U 306 F321
20.0] 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 12.1 12.0 9.6 69 50 36 F321
20.0] 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 165 164 162 96 69 50 36 F321

20.0] 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 9.1 6.9 54 _F321H
20.0| 19.0 17.8 175 17.5 17.5 175 17.5 17.2 169 16.7 16,5 164 162 123 9.1 6.9 54)~F321H
20.0| 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 12.1 12.0 119 9.1 6.9 {54 F321H
20.01 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 165 164 16.2 123 9.1 6:9\" 5.4 F321H

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 F347
20.0] 19.1 17.6 16.6 16.0 158 15.7 15.7 157 15.7 15.7 15.6 155 153 121 9.1 6.1 44 F347
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 44 F347
20.0] 20.0 18.8 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0, 12.1 9.1 6.1 44 F347

20.01 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134134 134 133 105 79 F347H
20.01 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 155 153 151 141 105 7.9 F347H
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134,134 134 134 133 105 7.9 F347H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8\16.7 16.6 164 16.2 141 105 7.9 F347H

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13:6~13.5 134 134 134 121 9.1 6.1 44 F348
20.0] 19.1 17.6 16.6 16.0 158 15.7 15.7 157\15.7 15.7 15.6 155 153 121 9.1 6.1 44 F348
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7713.6 13.5 134 134 134 121 9.1 61 44 F348
20.0] 20.0 188 17.8 17.2 169 16.8 1.6.8\16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 61 44 F348

2001 184 17.1 16.0 15.0 14.3 14.0/13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 F348H
20.0] 19.1 17.6 16.6 16.0 15.A.15.7 15.7 15.7 15.7 15.7 15.6 15,5 153 151 141 105 7.9 F348H
20.01 184 17.1 16.0 15.07143 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 F348H
20.01 20.0 188 17.8 17.1\169 168 168 16.8 16.8 16.8 16.7 16.6 164 162 141 105 79 F348H

20.0| 16.7 15.0 {18.8' 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 61 F304 A965
20.01 20.0 189 8.3 17.5 16.6 16.2 158 155 152 149 14.6 143 14.0 124 98 77 61 F304
200 16.7:15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 77 61 F304H
200 189/17.7 17.1 169 16.6 16.2 158 155 152 149 14.6 143 140 124 98 77 61 F304H

200 173 15.6 143 133 12.6 123 12.1 119 118 116 11.5 114 113 11.2 111 98 74 F316 A965
20.0 20.0 194 19.2 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316
20.0 17.3 15.6 143 13.3 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 F31l6H
20.0 20.0 194 19.2 180 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316H

20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 121 120 96 69 50 3.6 F321 A965
20.0 19.0 178 17.5 17.5 17.5 175 17.5 17.2 169 16.7 16.5 164 16.2 9.6 69 50 36 F321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 F321H
200 19.0 178 17.5 17.5 175 175 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 F321H
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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: Austenitic
A965 F347 S34700  18Cr-10Ni-Cb 8 (10) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (9)(10) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 . 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 (9) 70 30 1:00
Forgings: Ferritic/Martensitic
FKM-27Cb S44627  27Cr-1Mo 101 (2) 60 35 1.00
A336 FKM-27Cb S44627  27Cr-1Mo 101 (2) 60 35 1.00
Forgings: Herritic/Austenitic
Fp1 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
FpO §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
Fp3 §32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Fittings (S¢amless and Welded): Austenitic
A403 WP304 S30400  18Cr-8Ni 8 (4)AA(10) (11) 75 30 1.00
WP304 S30400  18Cr-8Ni 8 (4)(7) (9) (10) (11) 75 30 1.00
WP304H S30409  18Cr-8Ni 8>,(4) (7) (11) 75 30 1.00
WP304H S30409  18Cr-8Ni 8 (™Mo 75 30 1.00
A403 WP304L S30403  18Cr-8Ni 8 (1) (@A 70 25 1.00
WP304L S30403  18Cr-8Ni 8 M@ O 1 70 25 1.00
WP304N S30451  18Cr-8Ni-N 8 (1) @) (™ (10) 80 35 1.00
WP304N S30451  18Cr-8NixN 8 (M@ (™ O@ao 80 35 1.00
A403 WP309 S30900  23Cr=12Ni 8 (1)(7)(10)(11) 75 30 1.00
WP309 S30900 (~23Cr-12Ni 8 (1) (7)) (9 (10) (11) 75 30 1.00
WP310 S$31000 ) 23Cr-20Ni 8 (1) (7) (10) (11) (14) 75 30 1.00
WP310 S31000  23Cr-20Ni 8 (M) (9 (10)(11)(14) 75 30 1.00
WP310 S31000  23Cr-20Ni 8 (1) (7) (10) (11) (15) 75 30 1.00
WP310 S$31000  23Cr-20Ni 8 (M) (9 (10)(11)(15) 75 30 1.00
A403 WPS31254 S31254  20Cr-18Ni-6Mo @™ 94 44 1.00
WPS3125% S31254  20Cr-18Ni-6Mo Mm@ 94 44 1.00
A403 P316 S31600 16Cr=12Ni=2Mo 8 (A.) (7) (1 {1) (1 1) 75 30 1.00
WP316 S31600  16Cr-12Ni-2Mo 8 (4) (79 (10) (11) 75 30 1.00
WP316H S$31609  16Cr-12Ni-2Mo 8 (4) (7@ 75 30 1.00
WP316H S$31609  16Cr-12Ni-2Mo 8 (™M O 75 30 1.00
A403 WP316L S31603  16Cr-12Ni-2Mo 8 (1) (7 (1) (29 70 25 1.00
WP316L S31603  16Cr-12Ni-2Mo 8 (1) (79 (11) (29) 70 25 1.00
WP316N S$31651  16Cr-12Ni-2Mo-N 8 (1) (7) (10) 80 35 1.00
WP316N S§31651  16Cr-12Ni-2Mo-N 8 (1) (7) (9 (10) 80 35 1.00
WPS31726 S§31726 ~ 19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Forgings: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 F347 A965
20.01 19.1 17.6 16.6 16.0 158 15.7 15.7 15.7 15.7 15.7 15.6 155 153 12.1 9.1 6.1 44 F347
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 F347H
20.0] 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 155 153 151 141 105 7.9 F347H
Forgings: Ferritic/Martensitic
17.1( 17.1 16.6 16.1 16.1 16.1 16.1 FXM-27Cb
17.1] 17.1 16.6 16.1 16.1 16.1 16.1 FXM-27Cb A336
Forgings: Ferritic/Austpnitic
25.7| 25.7 24.8 239 233 23.1 F51
271 27.1 26.2 25.2 24.6 24.3 F60
33.1| 33.0 31.2 30.1 29.6 29.4 F53
Fittings (Seamless and Welded): Austpnitic
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 1.0-6</104 101 98 77 61 WP304 A403
20.01 20.0 189 183 17.5 16.6 16.2 158 155 152 149 14.6,143 14.0 124 98 77 61 WP304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0,10:8* 10.6 104 101 98 77 61 WP304H
20.0] 20.0 189 183 17.5 16.6 16.2 158 15.5 15.2 14.9\14.6 143 140 124 98 77 6.1 WP304H
16.7] 143 12.8 11.7 109 104 10.2 10.0 98 9.7 WP304L A403
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 13,3430 .. .. .. .. WP304L
229 19.1 16.7 151 14.0 13.3 13.0 12.8 125/12.3 12.1 11.8 11.6 113 11.0 98 77 61 WP304N
229| 229 21.7 203 189 179 17.5 172,169 16.6 163 16.0 156 152 124 98 77 61 WP304N
20.01 17.5 16.1 15.1 14.4 139 137,13.5 13.3 13.1 129 12.7 125 99 71 50 36 25 WP309 A403
20.0| 20.0 20.0 20.0 19.4 18.8718:;5 18.2 18.0 17.7 17.5 17.2 159 99 71 50 36 25 WP309
20.01 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 2.5 WP310
20.01 20.0 20.0 19.9 193\18.5 18.2 179 17.7 174 172 169 159 99 71 50 36 2.5 WP310
20.0] 17.6 16.1 15.1~14,3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 25 WP310
20.0| 20.0 20.0 19.9,19.3 185 182 179 17.7 174 172 169 159 99 71 50 36 2.5 WP310
269 239 214,198 186 179 17.6 174 173 WPS31254 A403
269 269%25.5 24.3 23.5 23.0 22.8 22.7 22.6 WPS31254
20.0 173 156 143 133 126 123 121 119 118 116 115 114 113 112 111 98 Z4  NP316 403
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 98 74 WP31l6
20.0 17.3 15.6 143 133 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 98 74 WP316H
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 98 74 WP316H
16.7 14.1 12.7 11.7 109 104 102 100 98 96 94 92 90 88 86 84 83 64 WP316L A403
16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 124 121 119 116 114 88 64 WP316L
229 207 19.0 17.6 16.5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 WP316N
229 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 188 18.5 181 178 158 123 98 74 WP316N
229 200 179 16.3 153 14.6 WPS31726
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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): Austenitic
WPS31726 S31726  19Cr-15.5Ni-4Mo 8 (1) (9) 80 35 1.00
A403 WP317 S3T700 T8Cr=13NI=3M0o 8 (1 (7)o (Tt 75 30 T00
WP317 S31700  18Cr-13Ni-3Mo 8 (1) (7)(9) (10) (11) 75 30 100
WP321 $32100  18Cr-10Ni-Ti 8 (4) (7) (10) (11) 75 30 1,00
WP321 S$32100  18Cr-10Ni-Ti 8 (4)(7) (9) (10) (11) 75 30 1.00
WP321H S§32109  18Cr-10Ni-Ti 8 (4)(7) (A1 75 B0 1.00
WP321H S$32109  18Cr-10Ni-Ti 8 4 (™M O@an 75 30 1.00
A403 WP347 S34700  18Cr-10Ni-Cb 8 (4)(7)(10)(11) 75 30 1.00
WP347 S34700  18Cr-10Ni-Cb 8 (4)(7)(9) (10) (11) 75 30 1.00
WP347H S34709  18Cr-10Ni-Cb 8 (4) (M @an 75 30 1.00
WP347H S34709  18Cr-10Ni-Cb 8 4 (M M@an 75 30 1.00
A403 WP348 S34800  18Cr-10Ni-Cb 8 (4)(7) (10) f11) 75 30 1.00
WP348 S34800  18Cr-10Ni-Cb 8 (4)(7) (9910) (11) 75 30 1.00
WP348H S34809  18Cr-10Ni-Cb 8 (4) (7)) 75 30 1.00
WP348H S$34809  18Cr-10Ni-Cb 8 (Y (11 75 30 1.00
Fittings (Sdamless and Welded): Ferritic/Austenitic
A815 SB1803 S$31803  22Cr-5.5Ni-3Mo-N IOH (1) (23) (24) 90 65 1.00
SB2101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
SB2205 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
SB2101 §32101  21Cr-5Mn-1.5Ni<Cu-N 10H (1) (23) (24) 101 77 1.00
Castings: Ajstenitic
A351 CF3 ]92500 18Cr=8Ni 8 (1) (B)@A7N 70 30 0.80
CF3 ]92500 18€r-8Ni 8 (M)(B)O (7 70 30 0.80
CF3A ]92500 18Cr-8Ni 8 (1)(5) (17 77.5 35 0.80
CF3A ]92500 18Cr-8Ni 8 MB)YO N 77.5 35 0.80
CF3M ]92800 18Cr-12Ni-2Mo 8 (M)(()@A3)@an 70 30 0.80
CF3M ]92800 18Cr-12Ni-2Mo 8 (1) (5) (9 (13) (17) 70 30 0.80
A351 CF8 ]92600 18Cr-8Ni 8 (5)(10) (17) 70 30 0.80
CF8 ]92600 18Cr-8Ni 8 (5) (9 (10) 17) 70 30 0.80
CF8C ]92710 18Cr-10Ni-Cb 8 (1) (5 (10) 17 70 30 0.80
CF8€ ]92710 18Cr-10Ni-Cb 8 (1) (5)(9) (10) (17) 70 30 0.80
CFeMt 192966 H6Er=12Ni=2Mo B— 535 70 36 686
CF8M ]92900 16Cr-12Ni-2Mo 8 (5)(9 (13) (17 70 30 0.80
A351 CH8 J93400 25Cr-12Ni 8 (1) (5 (10) (17) 65 28 0.80
CH8 ]93400 25Cr-12Ni 8 (1) (5 (9) (10) (17) 65 28 0.80
CH20 ]93402 25Cr-12Ni 8 (1) (5 (10) (17) 70 30 0.80
CH20 ]93402 25Cr-12Ni 8 (1)(5) (9 (10) (17) 70 30 0.80
CK20 194202 25Cr-20Ni 8 (1) (5 (10) (17) 65 28 0.80
CK20 ]94202 25Cr-20Ni 8 (1) (5) (9) (10) (17) 65 28 0.80
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Fittings (Seamless and Welded): Austenitic (Cont’d)
229 218 209 20.5 203 19.7 WPS31726
2001731506 &3 133126 123 12T 1o 118116 5 14 113 12— It 98 4 WP3t7 403
20.01 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 74 WP317
20.0] 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 9.6 69 50 36 WP321
20.0] 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 9.6 69 50 36 WP321
20.0] 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 9.1 6.9 54 WP321H
20.0| 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16,5 164 162 123 9.1 6.9 54 WP321H
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1\ \4.4 WP347 A403
20.0| 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6:1 44 WP347
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 \10.5 79 WP347H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 162 1% 10.5 7.9 WP347H
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 13.4 /127 9.1 6.1 44 WP348 A403
20.0| 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16:0\ 12.1 9.1 6.1 44 WP348
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 WP348H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6£16.4 162 141 10.5 79 WP348H
Fittings (Seamless and Welded): Ferritic/Austpnitic
25.7| 25.7 248 239 233 23.1 $31803 A815
269| 269 25.6 24.7 24.7 24.7 S$32101
27.1| 27.1 26.2 252 24.6 243 $32205
289| 289 27.5 26,5 26,5 265 S$32101
Castings: Austpnitic
16.0] 13.3 12.0 11.0 104 98 96,94 92 9.0 CF3 A351
16.0( 15.2 14.1 13.7 13.5 13.3 13:02.7 124 12.1 CF3
17.7( 15.6 14.0 129 12.1 11.5~11.2 109 CF3A
17.7( 16.8 15.6 15.1 15.0 15.0,"15.0 14.8 ... CF3A
16.0] 138 124 114 106, 10.1 98 9.7 95 94 93 CF3M
16.0( 16.0 15.5 15.4,.-143 13.6 13.3 13.0 12.8 12.7 125 CF3M
16.0( 13.3 12.0 130 104 98 96 94 92 90 88 86 85 83 76 60 48 38 CF8 A351
16.01 15.2 144 ,13.7 135 13.3 13.0 12.7 124 121 119 11.7 114 98 76 60 48 38 CF8
16.0] 13.3%12:0 11.0 104 98 96 94 92 90 88 86 85 83 81 73 49 36 CF8C
16.0( @527 14.1 13.7 13.5 13.3 13.0 12.7 124 121 119 11.7 114 112 9.7 73 49 36 CF8C
16.0 —13:8— 1244106 16+—98—97F—95—94—93—92—9+—9+—9¢6 7t 5 5—43—CF8M
16.0 16.0 155 154 14.3 13.6 13.3 13.0 12.8 12.7 125 124 123 11.9 9.2 7.1 55 43 CF8M
149 12.2 113 108 105 101 99 9.7 94 91 88 85 82 79 68 52 40 30 CHS8 A351
149 13.6 127 123 123 123 123 12.2 120 11.8 115 111 106 89 68 52 40 3.0 CHS8
160 13.1 12.1 11.6 11.2 10.8 10.6 104 101 98 95 91 88 85 68 52 40 30 CH20
16.0 14.6 13.6 133 13.2 13.2 13.2 13.1 13.0 12.7 124 119 114 89 68 52 40 3.0 CH20
149 122 11.3 108 105 101 99 97 94 91 88 85 82 79 76 68 58 48 CK20
149 13.6 127 123 123 123 123 12.2 120 11.8 11.5 11.1 106 9.0 78 68 58 48 CK20
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade Class No. Composition No. Notes ksi ksi F
Castings: Ferritic/Martensitic

A217 CA15 J91150 13Cr-"Mo 6 (1)B3)®) 90 65 0.80

Bar: Austenitic

A479 . N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00

3p4 S30400  18Cr-8Ni 8 (10) 75 30 00

3p4 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

3p4H S30409  18Cr-8Ni 8 . 75 30 1.00

3p4H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A479 3p4L S30403  18Cr-8Ni 8 (16) 70 25 1.00

3p4L S30403  18Cr-8Ni 8 (9)(16) 70 25 1.00

3P4N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

3P4N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A479 S30815  21Cr-11Ni-N 1 87 45 1.00

S§30815  21Cr-11Ni-N MmO 87 45 1.00

A479 3fL0S S31008  25Cr-20Ni 8 (10) (1) (15) 75 30 1.00

3[L0S S$31008  25Cr-20Ni 8 (10)\(11) (14) 75 30 1.00

3[L0S S31008  25Cr-20Ni 8 «[9) (10) (11) 75 30 1.00

S31254  20Cr-18Ni-6Mo 8 (1) 95 44 1.00

S31254  20Cr-18Ni-6Mo 8 (MM 95 44 1.00

A479 316 S$31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

316 S$31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00

3[L6H S31609  16Cr-12Ni=2Mo 8 . 75 30 1.00

3[L6H S31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

A479 3[L6L S31603  16Cp-12Ni-2Mo 8 (1) (16) (28) (29) 70 25 1.00

3[L6L S§31603 ( 16Cr-12Ni-2Mo 8 (1) (9) (16) (28) (29) 70 25 1.00

3[L6N S31651 ) 16Cr-12Ni-2Mo 8 (10) 80 35 1.00

3[L6N S31651  16Cr-12Ni-2Mo 8 (9)(10) 80 35 1.00

3[L7LMN S$31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00

3[L7LMN S§31726  19Cr-15.5Ni-4Mo 8 (19 80 35 1.00

A479 3p1 $32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00

3p1 S$32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00

3R1H S$32109  18Cr-10Ni-Ti 8 . 75 30 1.00

321H §$32109  18Cr-10Ni-Ti 8 (9) 75 30 1.00

§32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00

A479 347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

347H S34709  18Cr-10Ni-Cb 8 . 75 30 1.00

347H S$34709  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A479 348 S$34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

348H S34809  18Cr-10Ni-Cb 8 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Castings: Ferritic/Martensitic
20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.1 120 74 47 30 19 12 0.8 CA15 A217
Bar: Austpnitic
20.3] 16.7 15.1 13.8 12.7 119 11.6 114 .. A479
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 304
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6 143 14.0 124 98 77 61 304
20.01 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 6.1 ~304H
20.0] 20.0 189 183 17.5 16.6 16.2 158 15.5 152 149 14.6 143 140 124 98 7.7 6i1/y304H
16.7( 143 12.8 11.7 109 104 10.2 10.0 9.8 9.7 304L A479
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 .. .. 304L
229| 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 118 116 113 11.0 98 Y 77 6.1 304N
229| 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 156 152 124, 98 77 6.1 304N
249| 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 AKN6' 9.0 69 52 A479
249| 247 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149, 116 90 69 52
20.0] 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12,5 123 9.9 310S A479
20.0] 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123+ 9.9 310S
20.01 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 16.9\159 9.9 3108
269| 239 21.4 198 186 179 17.6 17.4 17.3
26.9| 269 25.5 243 23.5 23.0 22.8 22.7 22.6
20.01 17.3 15.6 14.3 133 12.6 123 12.1 119 118~11.6 11.5 114 113 112 111 98 74 316 A479
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 164159 15.7 156 154 153 151 124 98 74 316
20.0] 17.3 15.6 143 13.3 12.6 123 12.1 119118 11.6 115 114 113 11.2 111 98 74 316H
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.37\16.1 159 15.7 15.6 154 153 151 124 98 74 316H
16.7( 14.1 12.7 11.7 109 104 10.2y10.0 98 96 94 92 90 88 86 84 83 64 316L A479
16.7( 16.7 16.0 15.6 14.8 14.0 13:8 13.5 13.2 13.0 12.7 124 121 119 116 114 88 64 316L
229| 20.7 19.0 17.6 16.5.15.6 152 149 14.5 14.2 139 13.7 134 132 129 123 98 74 316N
229 229 22.0 21.5 21%2\21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 316N
229| 20.0 179 16.3 153 14.6 317LMN
229 21.8 20.9 20.5 20.3 19.7 317LMN
20.0] 18.0 4657153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 321 A479
20.0] 200.M9.1 187 18.7 183 179 17.5 172 169 16.7 16,5 164 149 96 69 50 3.6 321
20.0| 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 321H
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 69 54 321H
314 31.3 29.5 28.6 28.2
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 44 347 A479
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 347
20.0 184 171 16.0 150 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 347H
20.0 20.0 188 17.8 17.1 169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 16.2 141 105 7.9 347H
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 44 348 A479
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 348
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 134 133 105 7.9 348H
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Bar: Austenitic
348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00
Bar: Ferritjc/Martensitic
A479 XM-27 S44627 27Cr-1Mo 101 (2) 65 40 100
Bar: Ferritjc/Austenitic
A479 SB1803 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
SB2101 $32101  21Cr-5Mn-1.5Ni-Cu-N  10H (1) (23) (24) 94 65 1.00
2p05 §32205  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 95 65 1.00
SB2750 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

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Bar: Austenitic (Cont’d)
200 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 162 141 105 79 348H

BarT Ferritc/Martepnsitic
186| 18.6 183 181 181 181 181 .. .. .. . XM-27 A479

Bar: Ferritic/Austpnitic

25.7| 25.7 24.8 239 233 231 .. .. S$31803 A479
269| 269 25.6 24.7 24.7 24.7 .. ..t /532101

27.1| 27.1 26.2 25.2 24.6 243 .. ./ 2205

33.1] 33.0 31.2 30.1 29.6 294 .. L. S32750
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Table A-3
Stainless Steels (Cont’d)

GENERAL NOTES:

(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.

(c) The P-Numbers indicated in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and
welding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given herein or in
Table A-8.

(f) Thetabplated stress values are S x E (weld joint efficiency factor) or § x F (material quality factor), as applicable. Weld joint efficiencyfactors
are shown in Table 102.4.3-1.

(g) Pressure-temperature ratings of piping components, as published in standards referenced in this Code, may be used for components nmpeeting
the reqfiirements of those standards. The allowable stress values given in this table are for use in designing piping components that fire not
manufafctured in accordance with referenced standards.

(h) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress pupture strength govern the
selection of stresses.

(i) See parja. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES/100.1.2-1 THROUGH 100.1.2-]10.

(2) Use of this material at temperatures above 650°F is not approved because of the possibility-0f temper embrittlement.

(3) Thissfeel may be expected to develop embrittlement at room temperature after service at tefhperatures above 700°F. Consequently)its use

at higher temperatures is not recommended unless due caution is observed.

(4) Forfitfings made from ASTM forgings over 5 in. in thickness, the allowable stress values tabulated shall be reduced by the ratio of 70 divided
by 75

(5) The material quality factors and allowable stress values for these materials mayybe increased in accordance with para. 102.4.¢.

(6) Tensile strengths in parentheses are expected minimum values.

(7) See M}S SP-43 for requirements for lightweight stainless steel fittings. MSS'SP-43 Schedule 5S fittings shall not be used for design tempera-
tures pbove 400°F. MSS SP-43 Schedule 10S fittings shall not be used\for’ design temperatures above 750°F.

(8) The mpaterial quality factor for centrifugally cast pipe (0.85) is based on all surfaces being machined after heat treatment. The surfacq finish,
after fnachining, shall be 250 pin. arithmetic average deviation_orSmoother.

(9) Duetdtherelatively low yield strength of these materials, these-higher allowable stress values were established at temperatures where the
short fime tensile properties govern to permit the use of thesexalloys where slightly greater deformation is acceptable. These stress|values
exceedl 67% but do not exceed 90% of the yield strength attemperature. Use of these stress values may result in dimensional changeqd due to
permdnent strain. These values should not be used forthéflanges of gasketed joints or other applications where slight amounts of disfortion
can cduse leakage or malfunction.

(10) The allowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% or higher.

(11) The allowable stress values tabulated for temperatures over 1,000°F apply only if the material is heat treated by heating to a mipimum
tempgrature of 1,900°F and quenchingrin\water or rapidly cooling by other means.

(12) These|allowable stress values apply.to‘fergings over 5 in. in thickness.

(13) The allowable stress values tabulated for temperatures over 800°F apply only if the carbon content of the material is 0.04% or higher.

(14) These|allowable stress values, shall'be used only when the grain size of the material is ASTM No. 6 or coarser.

(15) Theselallowable stress values.shall be used when the grain size of the material is finer than ASTM No. 6 or when the grain size has n¢t been
detertpined.

(16) Use of external pressuréeicharts for material in the form of barstock is permitted for stiffening rings only.

(17) Atthelferrite levels tabulated below, these materials will have significant reductions in Charpy V-notch toughness values at room tejpera-
ture apd below following service exposure at the indicated temperatures. This reduction indicates the potential for brittle fracture with high
rate lgading in\the presence of sharp notches or cracks.

Ferrite Content, % Service Temperature, °F
5 and less 1,100 and abaove

10 900 and above

15 800 and above

20 700 and above

25-30 600 and above

35-40 500 and above

(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, without radiography.

(21) These allowable stress values apply for single butt welded pipe, without radiography.
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Table A-3
Stainless Steels (Cont’d)

NOTES: (Cont'd)

(22)
(23)

(29)

(25)
(26)

(27)
(28)
(29)
(30)
(1

Any heat treatment applied to this material shall be performed at 1,880°F to 2,060°F, followed by a rapid cool.
The use of this material is limited to 600°F (315°C). This material may exhibit embrittlement at room temperature after moderately elevated
temperature service. Cold work (strain hardening) such as that introduced during tube bending and certain manufacturing and assembly
processes can make UNS S32750 more susceptible to embrittlement when exposed to temperatures in excess of 480°F (250°C).
Exceptfor UNS No.S32003 material, any heattreatment applied shall be performed at 1,870°F to 2,010°F, followed by a rapid cool. For ASTM
,ASTM A240,and ASTM A479 material, thisis more restrictive than the material specification and shall be met. For UNS No. S32003 material,
any heat treatment applied shall be performed at 1,850°F to 2,050°F, followed by rapid cooling in air or water.

..... 4 onfo -1

shall not be

sed.
his steel may be expected to develop embrittlement after exposure to temperatures above 500°F for prolonged times. See ASME BPVC,
ection I, Part D, Appendix A, A-207 and A-208.

hese allowable stress values apply only to forgings 5 in. in thickness and under.

he stress values at temperatures above 1,000°F apply only if Supplementary Requirement S1 has been specified.
he material shall have an ASTM grain size of 7 or coarser for use at 1,000°F (550°C) and above.

hese allowable stress values apply to seamless pipe <% in. wall thickness.

hese allowable stress values apply to seamless pipe >% in. wall thickness.

e (L]
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Table A-4
Nickel and High Nickel Alloys
Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No Notes ksi ksi F

Seamless Pipe and Tube

B161 N02200 Annealed Ni 41 1) (5) 55 15 1.00
N02200 Annealed Ni 41 (1) (6) 55 12 1.00
N02200  Str. rel. Ni 41 (D 65 40 1{00
B161 N02201 Annealed Ni-Low C 41 1) (5) 50 12 1/00
N02201 Annealed Ni-Low C 41 (1) (6) 50 10 1/00
N02201  Str. rel. Ni-Low C 41 (€9)] 60 30 1/00
B163 N08800 Annealed Ni-Cr-Fe 45 N 75 30 1/00
N08800 Annealed Ni-Cr-Fe 45 2) (7 75 30 1/00
N08810 Annealed Ni-Cr-Fe 45 65 25 1/00
N08810 Annealed Ni-Cr-Fe 45 (2) 65 25 1j00
B165 N04400 Annealed Ni-Cu 42 (O] 70 28 1/00
N04400 Annealed Ni-Cu 42 (1) (6) 70 25 1/00
N04400  Str. rel. Ni-Cu 42 (1) (2) (3) 85 35 1/00
B167 N06600 H.F./ann. Ni-Cr-Fe 43 (5) 80 30 1{00
N06600 H.F./ann. Ni-Cr-Fe 43 (2) (5) 75 30 1/00
N06600 H.F./ann. Ni-Cr-Fe 43 (6) 75 25 1100
N06600 H.F./ann. Ni-Cr-Fe 43 (2) (6) 80 25 1/00
B167 N06600 C.D./ann. Ni-Cr-Fe 43 (5) 80 35 1{00
N06600 C.D./ann. Ni-Cr-Fe 43 2) (5) 80 35 1/00
N06600 C.D./ann. Ni-Cr-Fe 43 (6) 80 30 1100
N06600 C.D./ann. Ni-Cr-Fe 43 (2) (6) 80 30 1/00
B167 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (7 95 35 1{00
N06617  Annealed 52Ni-22Cr-13Co-9Mo 43 (2)(7) 95 35 1{oo
06690 C.W./ann. 58Ni-29Cr-9Fe 43 (7) (23) 85 35 1/00
N06690 C.W./ann. 58Ni-29Cr-9Fe 43 (2) (7) (23) 85 35 1100
B407 N08800 C.D./anps Ni-Cr-Fe 45 (7) 75 30 1{00
N08800  C.D./anih Ni-Cr-Fe 45 (2) (7) 75 30 1{oo
08810 Annealed Ni-Cr-Fe 45 (7) 65 25 1/00
N08810 ¢ ‘Amnealed Ni-Cr-Fe 45 2) (7 65 25 1/00
B423 N08825 C.W./ann. Ni-Fe-Cr-Mo-Cu 45 (7 85 35 1{00
NOBBR5—E e Ni—Fe—Er—to—Ex 45— 237} 85 35 +00
B444 N06625  Sol. ann. Ni-Cr-Mo-Cb 43 (14) (18) 100 40 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) 120 60 1.00
B622 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 1.00
N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1.00
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1 (2) 100 45 1.00
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Table A-4
Nickel and High Nickel Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS

Alloy Spec

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Seamless Pipe and Tube

10.0 10.0 10.0 10.0 10.0 10.0 .. N02200 B161
80 80 80 80 80 80 .. N02200
18.6 | 18.6 186 18.6 183 17.7 .. NO22p0

8o | 77 75 75 75 75 75 74 74 72 58 45 37 30 24 2.0 1.5 1.2-\N022p1 Ble61
67| 64 63 62 62 62 62 62 61 60 58 45 37 30 24 2.0 1.5 1.2 ¥ N022p1
17.1 1 17.1 17.0 17.0 168 163 .. N022p1

20.0 | 185 178 17.2 168 163 16.1 159 157 155 153 151 149 147 145 130 9.8 6.6 N088D0 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 20.0 199 17.0 13.0 9.8 6.6 N088PO
16.7 | 154 144 13.6 129 122 119 116 114 111 109 10.7 10.5 104 102 @10.0 9.3 7.4 N088EO

16.7 | 16.7 16.7 16.7 16.7 16.7 16.1 15.7 153 15.0 14.7 145 142 14.0 13.8 /116 9.3 7.4  NO88JLO
18.7 | 16.4 15.2 14.7 14.7 147 147 14.6 145 143 11.0 80 .. N044p0 B165
16.7 | 146 13.6 13.2 13.1 13.1 131 13.0 129 12.7 11.0 80 .. N044p0
243 | 243 243 243 243 .. N044p0

20.0 | 191 183 17.5 168 16.2 159 157 155 152 151 149 106~ 7.0 4.5 3.0 2.2 2.0 N066p0 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 N066p0
16.7 | 159 15.2 14.6 14.0 13.5 133 13.1 129 12.7 125 124 106 7.0 4.5 3.0 2.2 2.0 N066p0
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 N066p0

229|213 208 20.5 20.2 199 198 19.6 194 194)18.7 160 106 7.0 4.5 3.0 2.2 2.0 N066p0 B167
229|229 229 229 229 229 229 229 229\229 224 160 106 7.0 4.5 3.0 2.2 2.0 N066p0
20.0 [ 19.1 183 17.5 168 16.2 159 15.7 557152 151 149 106 7.0 4.5 3.0 2.2 2.0 N066p0
20.0 | 20.0 20.0 20.0 20.0 20.0 20.0 20.0 “20.0 20.0 20.0 16.0 106 7.0 4.5 3.0 2.2 2.0 N066p0

2331208 19.2 181 17.2 16.6 164~16.2 16.0 159 158 15.7 15.6 155 154 154 153 153 NO66[l7 B167
233|233 233 233 233 225 @24 219 217 215 213 21.2 21.0 209 209 208 20.7 181 NO66[L7
233 (211 199 19.1 186 184 184 184 184 184 184 183 165 116 9.0 6.5 4.5 3.0 N066P0
233 (233 233 233 23.1_R29 229 228 227 226 225 222 165 116 9.0 6.5 4.5 3.0 N066P0

20.0 | 185 17.8 17.2.168 163 16.1 159 157 155 153 151 149 14.7 145 130 9.8 6.6  N088D0 B407
20.0 | 20.0 20.0 20:0,520.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 130 9.8 6.6  N088PO

16.7 | 154 14.4«18.6 129 122 119 116 114 111 109 10.7 105 104 102 10.0 9.3 7.4  NO88JLO
16.7 | 16.7 167,167 16.7 165 16.1 15.7 153 15.0 14.7 145 142 14.0 138 116 9.3 7.4 NOSSEO

23.3 | 21.4-/20.3 194 185 178 17.5 173 172 17.0 NO88R5 B423
23.3 '233—233—233—233—233—233—233—232—236 NOBE2

26.7 249 23.6 22.6 218 21.1 20.8 20.6 203 20.1 20.0 19.8 19.7 19.5 194 194 N06625 B444
343 343 343 33.6 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 N06625

28.6 26.7 24.6 229 21.5 204 20.0 19.6 193 19.0 .. N06022 B622
28.6 28.6 282 272 265 260 258 25.6 254 253 .. N06022

273 249 23.0 213 199 188 182 178 174 17.1 169 16.7 16.6 16.5 N10276

273 273 273 273 269 252 246 24.0 235 231 228 226 224 223 N10276

28.6 256 231 213 20.1 193 189 187 184 182 18.0 178 17.6 175 173 171 169 136 R30556
28.6 28.6 28.0 27.1 264 26.0 25.6 252 249 24.6 243 241 238 236 233 212 170 13.6 R30556
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Table A-4
Nickel and High Nickel Alloys (Cont’d)
Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or

No. No. Condition Composition No. Notes ksi ksi F

Seamless Pipe and Tube
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 (1) (2) 87 43 1|oo
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 1loo
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 1/00
B690 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (8) (22) 95 45 1/00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (2) (8) (22) 95 45 1/00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (21) 100 45 1/00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (2) (21) 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 1) (2 80 35 1/00
Welded Pipe and Tube

B464 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 80 35 0[85
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 2) 80 35 0{85
B468 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1 80 35 0J85
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 M@ 80 35 0[85
B546 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 1@ 95 35 0[85
N06617 Annealed 52Ni-22Cr-13Co=9Mo 43 1) (2) (7M) 95 35 0[85
B619 N06022  Sol. ann. Ni-Mo-Cr«Low C 44 (12) 100 45 0J85
N06022  Sol. ann. Ni-Mo=CrsLow C 44 (2) (12) 100 45 0[85
N10276 Sol. ann. Low CG=Ni-Mo-Cr 43 (12) 100 41 0[85
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 0[85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1 100 45 0J85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (D) (2) 100 45 0J85
B626 06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 0[85
N06022 Sel-ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 0[85
N10276 \\Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 0|85
N10Z76~ Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 olss
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1 100 45 0J85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1)@ 100 45 0.85
B673 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (€))] 87 43 0.85
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) 2 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 (1) (2) 87 43 0.85
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Seamless Pipe and Tube (Cont’d)

249 232 213 198 183 173 17.0 169 169 169 .. N08925 B677
249 1249 239 23.0 221 214 211 208 204 201 .. NO89R5
269 | 241 21.5 19.7 18.7 18.0 17.7 175 174 .. NO089p6
269 | 269 26.2 24.8 23.7 228 224 220 216 .. N089R6
271 (26.2 238 219 205 194 19.0 18.6 183 18.0 .. N083p7 B690
27.1 | 271 25.7 24.6 238 233 23.1 229 228 226 .. N083p7
28.6 | 26.2 238 219 20.5 194 19.0 186 183 18.0 .. N083p7
28.6 | 28.6 27.0 258 25.0 24.5 243 241 24.0 238 .. N083p7
229 (206 19.7 189 182 17.7 175 174 172 168 .. NO80ORO  B729
2291229 226 222 221 221 22.0 219 218 218 .. NO80RO0

Welded Pip¢ and Tube

19.4 | 17.5 16.7 16.1 155 15.0 149 148 146 143 .. NO8ORO  B464
194 |1 194 19.2 188 188 188 187 186 185 185 .. NO080RO0
194 | 17.5 16.7 16.1 155 150 149 148 146 143 .. NO8ORO  B468
19.4 | 19.4 19.2 188 188 188 18.7 18.6 185 185 . NO80RO

198 | 17.7 163 154 146 141 139 138 13.6, 135 134 133 133 132 131 131 13.0 13.0 NO66|l7 B546
198 | 19.8 198 198 198 19.1 188 186 184,183 181 180 179 178 178 177 176 154 NO66[7

24.3 | 22.7 209 194 183 174 17.0 16.7.164 162 .. NO060R2  B619
24.3 | 22.7 209 194 183 174 17.0~16.7 164 162 .. NO060R2
23.2 (212 19.6 181 169 16.0 @A557151 14.8 145 144 142 141 14.0 N1026
23.2 | 23.2 232 232 229 214 ,209 204 20.0 19.6 194 19.2 19.0 19.0 N102f6

243|218 19.6 181 17.1 @64 16.1 159 157 155 153 152 150 148 147 145 144 11.6 R305p6
24.3 | 243 23.8 23.0 225\ ,22.1 217 214 211 209 20.7 20.5 20.2 200 198 180 144 11.6 R305p6

24.3 (243 239 2381226 221 219 218 21.6 215 .. NO60R2  B626
24.3 | 243 239%23.1 226 221 219 218 216 215 .. NO060R2
23.2 1212 19567181 169 16.0 155 151 148 145 144 142 141 14.0 N102[6
23.2 | 232~23.2 232 229 214 209 204 200 19.6 194 19.2 19.0 19.0 N102[6

243 | 218 19.6 181 17.1 164 16.1 159 157 155 153 152 15.0 148 147 145 144 11.6 R305p6
243 243 238 23.0 225 221 217 214 211 209 20.7 205 20.2 200 198 180 144 11.6 R30556

21.1 19.7 181 16.8 15.6 14.7 144 144 144 144 .. N08925 B673
21.1 211 204 195 188 182 179 17.7 174 17.0 .. N08925
229 205 183 16.7 159 153 150 149 148 .. N08926
229 229 223 211 201 194 19.0 187 184 .. N08926
211 19.7 181 16.8 156 14.7 144 144 144 144 .. N08925 B674
21.1 211 204 195 188 182 179 17.7 174 17.0 .. N08925
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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
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
B675  N08367 Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 0l85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (21) 100 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (21) 100 45 0[85
B676 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 0|85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 085
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (21) 100 45 olss
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (21) 100 45 0[85
B704 N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 0[85
B705 N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 085
B804 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 @) (8) 95 45 085
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 1) (2) (8) 95 45 0[85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) 8) (21) 100 45 0|85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (21) 100 45 olss
Plate, Sheeft, and Strip
B168 N06600 Annealed Ni-Cr-Fe 43 80 35 1/00
N06600 Annealed Ni-Cr-Fe 43 2) 80 35 1/00
N06600 Hot rolled Ni-Cr-Fe 43 4) 85 35 1100
N06600 Hot rolled Ni-CrfFe 43 2)4) 85 35 100
B168 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 @) 95 35 1/00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (2) (7) 95 35 1{00
N06690 Annealed 58Ni-29Cr-9Fe 43 7N 85 35 1100
N06690 Annealéd 58Ni-29Cr-9Fe 43 2) (7N 85 35 1/00
B409 N08800 Aniealed Ni-Cr-Fe 45 “4) (7 75 30 1/00
N08800 “\Afnealed Ni-Cr-Fe 45 2@ ™ 75 30 1j00
N08810" Annealed Ni-Cr-Fe 45 4 (7 65 25 100
N08810 Annealed Ni-Cr-Fe 45 (2) (4) (7) 65 25 1{oo
B424 N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 (7 85 35 1.00
N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 2) (7 85 35 1.00
B435 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (€8] 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1) (2) 100 45 1.00
B443 N06625  Sol. ann. Ni-Cr-Mo-Cb 43 (14) (18) 100 40 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 110 55 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) (15) 120 60 1.00
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Welded Pipe and Tube (Cont’d)
229 205 183 16.7 159 153 15.0 149 148 .. N08926
229 229 223 211 201 194 19.0 18.7 184 .. N08926
2311222 202 187 174 165 16.1 158 155 153 .. NO083p7 B675
23.1 (231 21.8 209 202 198 19.6 19.5 194 192 .. N083p7
243 (222 202 187 174 165 161 158 155 153 .. N083p7
24.3 | 243 23.0 22.0 21.3 20.8 20.7 20.5 204 202 .. N083p7
23.1 | 22.2 202 187 174 165 16.1 158 155 153 .. N083p7 B676
2311231 218 209 202 198 19.6 195 194 192 .. NO083p7
2431222 202 187 174 165 16.1 158 155 153 .. NO083p7
24.3 | 243 23.0 22.0 21.3 20.8 20.7 20.5 204 202 .. N083p7
29.1 [ 29.1 291 285 280 275 273 27.0 268 26,5 263 26.0 25.7 254™\\25.1 247 NO66R5 B704
29.1 [ 29.1 291 285 280 27.5 273 27.0 268 26.5 263 26.0 257254 251 247 NO66R5 B705
231 (222 202 187 174 165 161 158 155 153 .. N083p7 B804
231 (231 21.8 209 202 198 19.6 19.5 194 192 .. N083p7
2431222 202 187 174 165 16.1 158 155 153 .. NO083p7
243 | 243 23.0 22.0 21.3 208 20.7 20.5 204 20.2 ~.\. NO083p7

Plate, Sheet, and Strip
229|213 20.8 205 20.2 199 19.8 19.6 194-19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N066P0 B168
229|229 229 229 229 229 229 229 229 229 224 160 106 7.0 4.5 3.0 2.2 2.0 N066p0
2331221 215 213 213 212 21.1_2n0 208 20.5 20.1 19.7 193 145 103 7.2 5.8 55 NO066p0
233|233 233 233 233 233 233233 233 233 233 233 233 145 103 7.2 5.8 55 NO066p0

233 (208 19.2 181 17.2 166 j164 162 16.0 159 158 15.7 156 155 154 154 153 153 NO66[l7 B168
233|233 233 233 233.225 221 219 217 215 213 21.2 21.0 209 209 208 20.7 181 NO66[L7
23.3 | 23.3 233 233 23WWV229 229 228 227 226 225 222 165 116 9.0 6.5 4.5 3.0 N066P0
233 (211 199 19K 186 184 184 184 184 184 184 183 165 116 9.0 6.5 4.5 3.0 N066P0

20.0 [ 185 178°17.2 168 163 16.1 159 157 155 153 151 149 147 145 130 9.8 6.6  N088D0O B409
20.0 | 20.0 _20.0M 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 130 9.8 6.6 N088P0
16.7 | 154144 13.6 129 122 119 116 114 111 109 10.7 10.5 104 102 10.0 9.3 7.4 NOSBEO

16.7 | 167 16.7 16.7 16.7 16.5 16.1 15.7 153 15.0 14.7 145 142 140 138 116 9.3 7.4  NO88|LO
233 214 203 194 185 178 175 173 172 17.0 .. N08825 B424
233 233 233 233 233 233 233 233 232 230 .. N08825

28.6 25.6 231 213 201 193 189 187 184 182 180 178 176 175 173 171 169 136 R30556 B435
28.6 28.6 28.0 27.1 264 260 25.6 252 249 24.6 243 241 238 236 233 212 170 136 R30556

26.7 249 236 22.6 218 21.1 208 20.6 203 20.1 20.0 19.8 19.7 19.5 194 194 N06625 B443
314 314 314 308 30.2 29.7 294 29.1 289 286 283 28.0 27.7 274 270 266 N06625
343 343 343 336 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 N06625
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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

Plate, Sheet, and Strip
B463 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1) 80 35 1.00
N08020  Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1) (12) 80 35 1loo
B575 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 1/00
N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 1/00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1/00
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1{00
B625 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) 87 43 1/00
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (D (2) 87 43 1{00
N08926  Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 100
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 1{00
B688 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (7) (1) (22) 95 45 1/00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) () (1) (22) 95 45 1{oo
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (19(A)(10) (21) 100 45 1/00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (7) (10) (21) 100 45 1/00
Bars, Rods| Shapes, and Forgings

B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (7) 95 35 1{00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (M) 95 35 1/00
N06690 Annealed 58Ni-29Cr-9Fe 43 (7 85 35 1/00
N06690 Annealed 58Ni-29Cr-9Fe 43 2) (7N 85 35 1/00
B408 N08800 Annealed Ni-Cr-Fe 45 (7N 75 30 1/00
N08800 Annealed Ni-Cr-Fe 45 2) (M) 75 30 1100
N08810 Annealed Ni-CréFe 45 (7) 65 25 1/00
N08810 Annealed Ni+Cr#Fe 45 (2) (7) 65 25 1{00
B425 N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 (7) 85 35 1100
N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 (2) (7) 85 35 1{00
B446 N06625  Sol. anf, Ni-Cr-Mo-Cb 43 (14) (18) 100 40 1/00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (16) 110 50 1/00
N06625 <Annealed Ni-Cr-Mo-Cb 43 (2) (14) (15) (17) 120 60 1{oo
B462 N08020" Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1) 80 35 1100
NO8020  Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1) (2) 80 35 1{oo
B473 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1) 80 35 1.00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1) (2) 80 35 1.00
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (7 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (7 95 35 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (16) 110 50 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (15) (17) 120 60 1.00
B564  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 (1) (2) (8) (22) 95 45 1.00
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Plate, Sheet, and Strip (Cont’d)

229 206 19.7 189 182 17.7 175 174 172 168 .. N08020 B463
2291229 229 22.6 222 221 221 220 219 218 .. NO80ORO0
28.6 | 28.6 28.2 272 265 260 258 25.6 254 253 .. NO060R2  B575
28.6 | 28.6 28.2 27.2 265 260 25.8 25.6 254 253 .. NO060R2
273 (249 23.0 213 199 188 182 178 174 171 168 16.7 16,5 16.5 N102f6
273|273 273 273 269 252 24.6 24.0 235 231 228 22.6 224 223 N102[6
249|232 213 198 183 173 17.0 169 169 169 .. NO89R5 B625
249 | 249 239 23.0 221 214 211 208 204 201 .. NO089R5
269 | 241 21.5 19.7 18.7 18.0 17.7 175 174 .. NO89R6
269 | 269 26.2 24.8 23.7 228 224 220 216 .. NO089p6
271 (26.2 238 219 205 194 19.0 186 183 18.0 .. N083p7 B688
27.1 | 271 25.7 24.6 238 233 23.1 229 228 226 .. NO083p7
28.6 | 26.2 238 219 20.5 194 19.0 186 183 18.0 .. N083p7
28.6 | 28.6 27.0 258 25.0 245 243 241 240 238 .. N083p7

Bars, Rods, Shapes, anjd Forgings
2331208 19.2 181 17.2 16.6 164 16.2 16.0 159 15@;157 156 155 154 154 153 153 NO66[l7 B166
233 (233 233 233 233 225 221 219 217 215 213 21.2 21.0 209 209 208 20.7 181 NO66|L7
233 (233 233 233 23.1 229 229 228 227 2267225 222 165 116 9.0 6.5 4.5 3.0 N066pP0
233 (211 199 191 186 184 184 184 184184 184 183 165 116 9.0 6.5 4.5 3.0 N066pP0

20.0 (185 17.8 17.2 168 163 16.1 159 \M5.7 155 153 151 149 147 145 13.0 9.8 6.6  N088D0O B408
20.0 | 20.0 20.0 20.0 20.0 20.0 20.0_20.0 °20.0 20.0 20.0 20.0 20.0 199 17.0 130 9.8 6.6 N088PO0
16.7 | 154 144 13.6 129 122 119\1r.6 114 111 109 10.7 10.5 104 102 10.0 9.3 7.4 NOSSEO

16.7 | 16.7 16.7 16.7 16.7 16.5 164 15.7 153 15.0 14.7 145 142 140 138 116 9.3 7.4  NO88JLO
233 (214 203 194 185 A78" 175 173 172 17.0 .. NO088R5 B425
233 | 233 233 233 233 233 233 233 232 230 .. N088R5
26.7 | 249 23.6 22.6,218 21.1 20.8 20.6 203 20.1 20.0 198 19.7 19.5 194 194 NO66R5 B446
314 | 314 314 30.8 30.2 29.7 294 29.1 289 286 283 28.0 27.7 274 270 266 NO66R5
34.3 | 343 343 '33.6 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 NO66R5
229 [ 206+19.7 189 182 17.7 175 174 172 168 .. NO80R0O  B462
229 | 229 22.6 222 221 221 22.0 219 218 218 .. NO080RO0
229 206 19.7 189 182 17.7 175 174 172 168 .. N08020 B473
229 229 226 222 221 221 220 219 218 218 .. N08020

233 208 19.2 181 17.2 166 164 162 16.0 159 158 157 156 155 154 154 153 153 NO06617 B564
233 233 233 233 233 225 221 219 217 215 213 21.2 21.0 209 209 208 207 181 N0O6617

314 314 314 308 30.2 29.7 294 291 289 286 283 28.0 27.7 274 270 26.6 N06625
343 343 343 33.6 329 324 321 318 315 312 309 30.6 303 299 295 29.0 N06625
27.1 262 238 219 20.5 194 19.0 186 183 18.0 .. N08367 B564
27.1 271 25.7 24.6 238 233 231 229 228 226 .. N08367
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No. Notes ksi ksi F

Bars, Rods, Shapes, and Forgings

N08800 Annealed Ni-Cr-Fe 45 75 30 1.00
N08800 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 25 100
B572 R30556  Annealed Ni-Fe-Cr-Co-Mo-W 45 @8] 100 45 1j00
R30556  Annealed Ni-Fe-Cr-Co-Mo-W 45 1) @) 100 45 1100
B574 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 1{00
N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 1{00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1/00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1/00
B649 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (D 87 43 1{00
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (1) (2) 87 43 1{00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C (B 94 43 1/00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C &) (2) 94 43 1/00
B691  N08367 Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45\ (1) (8) (22) 95 45 100
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 1/00

Seamless Fittings

B366 N06022  Sol. ann. Low C-Ni-Mo-Cr; 44 (12) 100 45 100
N06022  Sol. ann. Low C-Ni-Mo{Cr 44 (2) (12) 100 45 100
N06625 Annealed Ni-Cr-Mo<Cb 43 (14) 110 50 1{00
B366 N08020 Annealed Cr<Ni-Fe-Mo-Cu-Cb 45 (€))] 80 35 1j00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1) (@) 80 35 1/00
N08367 Annealed Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 1{00
N08367 Annealed Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 100
B366 N08925 Annéaled Low C-Ni-Fe-Cr-Mo-Cu 45 (€))] 87 43 100
N08925 Amnnealed Low C-Ni-Fe-Cr-Mo-Cu 45 1) 87 43 1j00
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 (1) (2) 94 43 100
B366 N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1D (2) 100 45 1.00
B462 N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 1.00
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 1.00

196


https://asmenormdoc.com/api2/?name=ASME B31.1 2022.pdf

ASME B31.1-2022

Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Bars, Rods, Shapes, and Forgings (Cont’'d)
200 185 178 17.2 168 163 161 159 157 155 153 151 149 147 145 130 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 20.0 199 170 13.0 9.8 6.6  N08800
16.7 | 154 144 13.6 129 122 119 116 114 111 109 10.7 105 104 102 10.0 9.3 7.4 N088E0
16.7 | 16.7 16.7 16.7 16.7 16,5 16.1 157 153 15.0 14.7 145 142 140 138 116 9.3 7.4 NO88[L0

28.6 | 25.6 23.1 213 20.1 193 189 187 184 182 180 178 176 175 173 171 169 136 R30566 B572
28.6 | 28.6 28.0 27.1 264 260 25.6 252 249 24.6 243 241 238 23.6 233 212 170 36 R305p6

28.6 | 229 229 22.6 222 221 221 220 219 218 .. NO60R2 B574
28.6 | 28.6 28.2 27.2 265 26.0 258 25.6 254 253 .. NO060R2
27.3 [ 249 23.0 213 199 188 182 178 174 171 169 16.7 16.6 16.5 N102f6
27.3 (273 273 273 269 252 246 24.0 235 231 228 226 224 223 N102f6
249 | 232 213 198 183 173 17.0 169 169 169 .. NO89R5 B649
249 | 249 239 23.0 221 214 211 208 204 201 .. NO089R5
269 | 241 21.5 19.7 18.7 18.0 17.7 175 174 .. N089R6
269 | 269 26.2 248 23.7 228 224 220 216 .. N089R6
271 (26.2 238 219 205 194 19.0 186 183 18.0 .. N083p7 B691
27.1 | 271 25.7 24.6 238 233 23.1 229 228 22,6 . N083p7

Seamlgss Fittings

28.6 | 26.7 24.6 229 215 204 20.0 19.6 19.3.,19.0 .. NO60R2  B366
28.6 | 28.6 28.2 27.2 265 26.0 258 25.6 (254 253 .. NO60R2
314 | 314 314 308 30.2 29.7 29.4 29.1.289 28.6 283 28.0 27.7 274 27.0 26.6 NO066R5
229 (206 19.7 189 182 17.7 757174 172 168 .. NO8ORO  B366
229|229 226 222 221 224 ,22.0 219 218 218 .. NO080RO0
271 (26.2 238 219 205 194 19.0 186 183 18.0 .. N083p7
27.1 | 27.1 25.7 24.6 238\ 233 23.1 229 228 226 .. N083p7
249 | 232 213 10.8)*183 173 17.0 169 169 169 .. NO89R5 B366
249 | 249 23,0523.0 221 214 211 208 204 201 .. NO89R5
269 (241 21.5719.7 187 180 17.7 175 174 .. N089R6
269 | 260.~26.2 24.8 23.7 228 224 220 216 .. NO089R6
273 249 23.0 213 199 188 182 178 174 17.1 169 16.7 16.6 16.5 N10276 B366
273 273 273 273 269 252 246 24.0 235 231 228 22.6 224 223 N10276

28,6 25.6 231 213 20.1 193 189 187 184 182 180 178 176 175 173 171 169 136 R30556
28.6 28.6 28.0 27.1 264 26.0 25.6 252 249 24.6 243 241 238 236 233 212 170 136 R30556

27.1 262 238 219 205 194 19.0 186 183 18.0 .. N08367 B462
271 271 25.7 24.6 238 233 231 229 228 226 .. N08367
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Table A-4
Nickel and High Nickel Alloys (Cont’d)
Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No. Notes ksi ksi F

Welded Fittings

B366 N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (12) 100 45 0.85
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (12) (13) 100 45 1.00
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (2) (12) 100 45 0lss
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (2) (12) (13) 100 45 1loo
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 110 50 085
N06625 Annealed Ni-Cr-Mo-Cb 43 (13) (14) 110 50, 1/00
B366 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (€9)] 80 35 0[85
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1) (13) 80 35 1/00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1) (2 80 35 0[85
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1) (2) (13) 80 35 1/00
B366 N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 0|85
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (13) (22) 95 45 1{oo
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 0[85
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (19(2):(8) (13) (22) 95 45 1/00
B366 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 (1) (13) 87 43 1/00
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (D) (2) 87 43 0J85
08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (2) (13) 87 43 1/00
B366 N08926 Annealed Low C-Ni-Fe-CrzMo+Cu-N 45 (1) (19) (20) 94 43 0[85
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (13) 94 43 1{00
N08926  Annealed Low C-NisFe-Cr-Mo-Cu-N 45 (1) (2) (19) (20) 94 43 olss
N08926 Annealed Low C-NisFe-Cr-Mo-Cu-N 45 (1) (2) (13) 94 43 1100
B366 N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 0[85
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (12) (13) 100 41 1{00
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 olss
N10276 Sol. anp: Low C-Ni-Mo-Cr 43 (2) (12) (13) 100 41 1/00
B366 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1) 100 45 0[85
R30556 \\ Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (13) 100 45 1/00
R30556% Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (2) 100 45 0]85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (2) (13) 100 45 1100
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Welded Fittings
243 22.7 209 194 183 174 17.0 16.7 164 162 .. N06022 B366
28.6 26.7 24.6 229 215 204 20.0 19.6 193 19.0 .. N06022
243|243 239 231 226 221 219 218 21.6 215 .. NO6OR2
28.6 | 28.6 282 272 265 260 258 256 254 253 .. NOG60R 2
26.7 | 26.7 26.7 262 25.7 252 25.0 247 24.6 243 241 238 235 233 23.0 226 NO66R5
314 (314 314 308 302 29.7 294 291 289 286 283 28.0 27.7 274 27.0 266 NO66R5
194 (175 168 16.1 15,5 15.0 149 148 14.6 143 .. NO80OR0O  B366
229 (206 19.7 189 182 17.7 175 174 172 168 .. NO80RO
19.4 |1 194 19.2 188 188 188 187 186 185 185 .. NO80RO
229 (229 22,6 222 221 221 220 219 218 218 .. NO80RO
23.1 | 222 202 187 174 165 16.1 158 155 153 .. NO083p7 B366
27112622 238 219 205 194 19.0 186 183 18.0 .. NO083p7
23.1 (231 21.8 209 202 198 19.6 19.5 194 192 .. N083p7
271 (271 25.7 24.6 238 233 231 229 228 226 .. N083p7
211 119.7 181 16.8 15.6 14.7 144 144 144 144 .. NO089R5 B366
2491232 213 198 183 173 17.0 169 169 169 .. NO89R5
21.1 (211 204 19.5 188 182 179 17.7 174 17.0 N089R5
249 (249 239 23.0 221 214 211 208 204 20.1 .. NO89R5
229 (205 183 16.7 159 153 15.0 149 148 .. NO89R6 B366
269 | 241 215 19.7 187 180 17.7 175 (174 .. NO89p6
229 (229 223 211 201 194 19.0 18.7.184 .. NO89p6
269 (269 26.2 248 23.7 228 224~220 216 .. NO089R6
23.2 (212 19.6 181 169 160 ,155 151 14.8 145 144 142 141 14.0 N102f6 B366
273 | 249 23.0 21.3 199 (88 182 178 174 171 169 16.7 16.6 16.5 N102[6
23.2 1232 232 232 229214 209 204 20.0 19.6 194 19.2 19.0 19.0 N102[76
273 (273 273 2737269 252 246 24.0 235 23.1 228 22.6 224 223 N102f76
243 (218 19,6181 17.1 164 16.1 159 157 155 153 152 150 148 147 145 144 11.6 R30566 B366
28.6 | 25.6 (2317213 20.1 193 189 187 184 182 180 178 176 175 173 171 169 136 R305p6
243 | 2483.~23.8 23.0 22,5 221 217 214 211 209 20.7 205 202 200 198 180 144 116 R305p6
28.6 | 2860 28.0 27.1 264 26.0 25.6 252 249 24.6 243 241 238 23.6 233 212 170 13.6 R305p6
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

GENERAL NOTES:

(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.

(c) The P-Numbers indicated in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and
welding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) Thematerialslisted in this table shall not be used at design temperatures above those for which allowable stress values are given herein orin
Table[A-8.

(f) Thetabulated stress valuesare S x E (weld joint efficiency factor) or § x F (material quality factor), as applicable. Weld joint efficiencyfactors
are sjown in Table 102.4.3-1.

(g) Pressyre-temperature ratings of piping components, as published in standards referenced in this Code, may be used’ for comppnents
meetihg the requirements of those standards. The allowable stress values given in this table are for use in designing piping components that
are ngt manufactured in accordance with referenced standards.

(h) The y|coefficient = 0.4 except where Note (7) applies (see Table 104.1.2-1).

(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern the
select]on of stresses.

(j)  See para. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-[10.

(2) Duetdtherelatively lowyield strengths of these materials, these higher allowable stress valués were established at temperatures where the
short fime tensile properties govern to permit the use of these alloys where slightly greatendeformation is acceptable. These stress|values
exceedl 67% but do not exceed 90% of the yield strength at temperature. Use of these/values may result in dimensional changes|due to
permgnent strain. These values should not be used for flanges of gasketed joints or other applications where slight amounts of distortjon can
cause [leakage or malfunction.

(3) The maximum temperature is limited to 500°F because harder temper adversely affects design stress in the creep rupture tempgrature
range

(4) These|values may be used for plate material only.

(5) These|values apply to sizes NPS 5 and smaller.

(6) These|values apply to sizes larger than NPS 5.

(7) See Table 104.1.2-1 for y coefficient value.

(8) Heat treatment after forming or welding is neither required ner prohibited. However, if heat treatment is applied, the solution anpealing
treatmpent shall consist of heating to a minimum temperature of 2,025°F and then quenching in water or rapid cooling by other means.

(9) These|values apply to thickness less than % in.

(10) These|values apply to thickness from ¥ in. up to‘and including ¥, in.

(11) These|values apply to thickness more than ¥in.

(12) All filler metal, including consumable insert material, shall comply with the requirements of ASME BPVC, Section IX.

(13) These|values (E = 1.00) apply only to €lass/WX or Class WU fittings (all welds radiographed or ultrasonically examined).

(14) This alloy is subject to severe loss of impact strength at room temperature after exposure in the range of 1,000°F to 1,400°F.

(15) The mlinimum tensile strength of reduced tension specimens in accordance with ASME BPVC, Section IX, QW-462.1 shall not be le§s than
110,000 psi.

(16) These|values apply to material with a thickness of greater than 4 in. prior to machining or fabricating.

(17) These|values apply to material with a maximum thickness of 4 in. prior to machining or fabricating.

(18) For sqrvice at 1,200°F-or, higher, the deposited weld metal shall be of the same nominal chemistry as the base metal.

(19) Heattfeatment afterfabrication and forming is neither required nor prohibited. If heat treatment is performed, the material shall be heated
for a jufficient time,in the range of 2,010°F to 2,100°F followed by quenching in water or rapid cooling by another means.

(20) Weldipg electrodes or filler metal used for welding UNS N08926 shall conform to ASME SFA-5.11 ENiCrMo-3 or ENiCrMo-4, or ASME SFA-
5.14 HRNi€CtMeo-3 or ERNiCrMo-4.

(21) These|values apply to thicknesses ¥4 in. or less.

(22) Theselvatres-apply—to-thickmessesgreater—tham Az

(23) These values apply to seamless pipe and tubing with outside diameter 5 in. and under.
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Table A-5
(22) Cast Iron
Specified Specified E
Minimum Minimum or
Spec. No. Class Notes Tensile, ksi Yield, ksi F
Gray Cast Iron
A48 20 MmEABW 20
25 M@ E)@®W 25
30 233343 30
35 1)@ 6@ 35
40 MEBMW 40
45 MEEBMW 45
50 MmEBW 50
55 1@ 6@ 55
60 1@ 6@ 60
A126 A 2)B)Y@® ™ 21
B 2)B) & (™M 31
C 2)B)@® ™ 41
A378 20 2y (@) (5) 20
25 2y (@) (5) 25
30 2y (@ (5) 30
35 2y (@) (5) 35
40 2y (@) (5) 40
45 2y (@ (5) 45
50 2y (@) (5) 50
55 2y (@) (5) 55
60 2y (@) (5) 60
Ductile Cagt Iron
A395 60-40-18 ©)\(8) 60 40 0.80
65-45-15 (6) (8) 65 45 0.80
A336 60-42-10 (1) (8 60 42 0.80
70-50-05 (1) 8 70 50 0.80
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Table A-5
Cast Iron

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

400 450 500 600 650 Class Spec. No.
Gray Cast Iron

2.0 20 A48

2.5 25

30 30

3.5 35

4.0 40

45 45

5.0 50

5.5 55

6.0 60

2.1 A A126

31 B

4.1 C

2.0 2.0 20 A274

2.5 2.5 25

3.0 3.0 30

35 3.5 35

4.0 4.0 40

4.5 4.5 45

5.0 5.0 50

5.5 55 55

6.0 6.0 60

Ductile €ast Iron

9.6 9.6 9.6 9.0 8.5 60-40-18 A395
10.4 10.4 65-45-15

9.6 9.6 9.6 9.0 8.5 60-42-10 A534
11.2 11.2 11.2 10.5 10.0 70-50-05
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Table A-5
Cast Iron (Cont’d)

GENERAL NOTES:
(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(b) The str

ess values in this table may be interpolated to determine values for intermediate temperatures.

(c) Cast iron components shall not be welded during fabrication or assembly as part of the piping system.

(d) Tensile

strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.
(f) Thetabulated stress values for ductile castiron materials are S x F (material quality factor). Material quality factors are not applicable to other

types (;r cast iron.
(g) Pressuile-temperature ratings of piping components, as published in standards referenced in this Code, may be used for components njeeting

the req

irements of those standards. The allowable stress values given in this table are for use in designing piping components,that

manufactured in accordance with referenced standards.
(h) See parja. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH/100.1.2-10.
(2) Materiql quality factors are not applicable to these materials.

(3) For sat
(4) For lim

hirated steam at 250 psi (406°F), the stress values given at 400°F may be used.
tations on the use of this material, see para. 124.4.

(5) This material shallnotbe used where the design pressure exceeds 250 psig[1 725 kPa (gage)] or where the design temperature exceed

(230°C].

(6) This mgterial shall not be used for boiler external piping where the design pressure exceeds 350 psig [2 415 kPa (gage)] or where the

temper

(7) Pipingd

the par
(8) For lim

hture exceeds 450°F (230°C).

ficular standard.
tations on the use of this material, see para. 124.6.

are not

450°F

design

omponents conforming to either ASME B16.1 or ASME B16.4 may be used for boiler external piping, subject to all the requiremlents of
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Table A-6
Copper and Copper Alloys
Size or Specified Specified E
Spec. Temper or  Thickness, P- Minimum Minimum or
No. UNS Alloy No. Condition in. No. Notes Tensile, ksi  Yield, ksi F
Seamless Pipe and Tube
B42 C€10200, C12000, C12200 Annealed 31 (2) 30 9 1.00
C€10200, C12000, C12200 Drawn 2 & under 31 (2)4) 45 40 1.00
10200, C12000, C12200 Drawn Over 2to 12 31 (2) (4) 36 30 1.00
B43 £23000 Annealed 31 (2) 40 12 1.00
£23000 Drawn 31 (2)4) 44 18 1.00
B68 £10200, C12000, C12200 Annealed 31 (1) 30 9 1.00
B75 £10200, C12000, C12200 Annealed 31 (2) 30 9 1.00
£10200, C12000, C12200 Light drawn 31 (2)4) 36 30 1.00
£10200, C12000, C12200 Hard drawn 31 (2)4) 45 40 1.00
B88 £12000, C12200 Annealed 31 (1) 30 9 1.00
£12000, C12200 Drawn 31 (@) 36 30 1.00
B111 £10200, C12000 Light drawn 31 (1) 3) 36 30 1.00
£10200, C12000 Hard drawn 31 (1) 3) 45 40 1.00
£12200, C14200 Light drawn 31 (1)%3) 36 30 1.00
£12200, C14200 Hard drawn 30N (3) 45 40 1.00
B111 £23000 Annealed 32 (1) 40 12 1.00
£28000 Annealed 32 (2) 50 20 1.00
£44300, C44400, C44500 Annealed 32 (2) 45 15 1.00
£60800 Annealed 35 (1) 50 19 1.00
B111 £68700 Annealed 32 (1) 50 18 1.00
£70400 Annealed 34 (1) 38 12 1.00
£70400 Light drawn 34 (1@ 40 30 1.00
B111 £70600 Arinealed 34 (2) 40 15 1.00
£71000 Annealed 34 (2) 45 16 1.00
£71500 Annealed 34 (2) 52 18 1.00
B280 £12200 Annealed 31 (1) 30 9 1.00
£12200 Drawn 31 (@) 36 30 1.00
B302 £12200 Drawn 31 (1) (3) 36 30 1.00
B315 [61300,_CA1400 Annealed 35 1) [o%) 28 1.00
B466 C70600 Annealed 34 (1) 38 13 1.00
C71500 Annealed 34 (1) 52 18 1.00
Welded Pipe and Tube
B467 C70600 Annealed 41/2 & under 34 (1) 40 15 0.85
C70600 Annealed Over 4% 34 (1) 38 13 0.85
C71500 Annealed 4% & under 34 (1) 50 20 0.85
C71500 Annealed Over 4% 34 (1) 45 15 0.85
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Table A-6
Copper and Copper Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 UNS Alloy No. No.
Seamless Pipe and Tube
60 51 49 48 47 40 30 .. ... €10200, C12000, C12200 B42
129 129 129 129 125 118 43 .. ... €10200, C12000, C12200
10.3 103 103 10.3 10.0 9.7 9.4 .. ... €10200, C12000, C12200
80| 80 80 80 80 70 50 20 @ .. ... €23000 B43
80| 80 80 80 80 70 50 20 .. ... €23000
60| 51 49 48 47 40 30 .. ... €10200, €12000, C1220p B68
60| 51 49 48 47 40 30 .. ... €10200, C12000, C1220p B75
103 | 103 103 103 100 9.7 94 .. ... 1€10200, C12000, C1220p
129 | 129 129 129 125 118 43 .. ~~C10200, C12000, C1220p
6.0 5.1 4.9 4.8 4.7 4.0 3.0 .. ... €10200, C12000, C1220p B88
103 | 103 103 103 100 9.7 94 .. ... €10200, C12000, C1220p
103 | 103 103 103 100 9.7 94 .. ... €10200, C12000 B111
129 (129 129 129 125 118 4.3 .. .. €10200, C12000
10.3 {103 103 103 10.0 9.7 94 .. .. €12200, C14200
129 | 129 129 129 125 11.8 43 .. ... C€12200, C14200
80| 80 80 80 80 70 50 20 @ .. ... €23000 B111
133|133 133 133 133 108 53 .. .. €28000
10.0 { 10.0 10.0 10.0 10.0 9.8 3.5 20 .. .. (C44300, C44400, C4450p
12.7 | 122 122 122 120 100 60 40 20 .. ... €60800
12.0 | 119 118 11.7 11.7 65 33 18 .. .. €68700 B111
80| 80 .. ... C70400
114 | 114 .. .. C70400
100 97 95 93 90 (88 87 85 80 70 60 .. ... C70600 B111
10.7 | 106 105 104 102\.101 99 96 93 89 84 77 70 .. ... C71000
12.0 [ 11.6 113 11.0_ 708 105 103 101 99 98 96 95 94 .. .. C71500
6.0 5.1 4.9 48 4.7 4.0 3.0 .. .. €12200 B280
103 | 10.3 10.3v=10.3 100 9.7 94 .. ... C12200
10.3 | 10.3-%10.3 103 100 9.7 94 .. ... €12000, C12200 B302
186 L186 185 183 182 181 179 175 170 C61300, CA1400 B315
87 84 82 80 78 77 75 74 73 70 60 .. ... C70600 B466
120 116 113 11.0 108 105 103 101 99 98 96 95 94 . ... C71500

Welded Pipe and Tube

85 83 81 79 77 75 74 72 63 57 43 . .. C70600 B467
74 72 70 68 67 65 64 63 62 57 43 .. .. C70600

11.3 109 107 104 102 100 97 96 94 92 91 .. ... C71500
85 82 80 78 76 75 73 72 70 69 68 .. ... C71500
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Table A-6
Copper and Copper Alloys (Cont’d)
Size or Specified Specified E
Spec. Temper or  Thickness, P- Minimum Minimum or
No. UNS Alloy No. Condition in. No. Notes Tensile, ksi  Yield, ksi F
Welded Pipe and Tube
B608 C€61300, C61400 Annealed 35 (1) (6) 70 30 0.80
Plate
B171 70600 Annealed 2% & under 34 (1) 40 15 1,00
£70600 Hot rolled 2% & under 34 (1) 40 15 1.00
£71500 Annealed 2% & under 34 (1) 50 20 1.00
71500 Annealed Over2%to5 34 (1) 45 18 1.00
Rod
B16 £36000 Annealed 1 & under 2)(3) (M) ) 48 20 1.00
£36000 Annealed Over 1 to 2 2)B3) ™ ®) 44 18 1.00
£36000 Annealed Over 2 2)(3) (M) (8 40 15 1.00
B151 £71500 Annealed Over 1 34 (1) 45 18 1.00
B453 £35300 Annealed Under % 233 (7) (8) 46 16 1.00
£35300 Annealed Yto1 2) (3) (7) (8) 44 15 1.00
£35300 Annealed Over 1 2 3) (1) (8 40 15 1.00
Bar
B16 £36000 Annealed 1 & under 2)3) (M) 3 44 18 1.00
£36000 Annealed Over_1 2)3) ™ @) 40 15 1.00
Die Forgings (Hot Pressed)
B283 £37700 As forged 1Y% & under (3N E))] 50 18 1.00
£37700 As forged Over 1% M3 46 15 1.00
Castings
B61 £92200 As cast 34 16 0.80
B62 £83600 As cast 30 14 0.80
B148 £95200 As cast 35 (1) 65 25 0.80
£95400 As cast 35 (1) (5) 75 30 0.80
B584 £92200 As cast 34 16 0.80
C€93700 As cast 3) 30 12 0.80
C€97600 As cast (3) 40 17 0.80
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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

100 150 200 250 300 350

400 450 500 550 600 650 700 750 800

UNS Alloy No.

Spec.
No.

16.0

10.0
10.0
13.3
12.0

13.3
12.0
10.0

10.7
10.0
10.0

12.0
10.0

12.0

10.0

7.8

6.9

13.4
16.0

7.8
6.4
6.0

Welded Pipe and Tube (Cont’d)

159 158 157 156 155 154 151 146 €61300, C61400 B608
Plate
97 95 93 90 88 87 85 80 70 60 C70600 B171
97 95 93 90 88 87 85 80 70 60 .. C70600
129 126 123 120 11.7 115 112 11.0 108 10.7 106 104 C71500
11.6 113 11.0 108 105 103 101 99 98 96 95 94 C71500
Rod
126 120 115 111 107 53 20 €36000 B16
11.3 108 104 100 9.7 53 20 C36000
94 90 87 83 81 53 20 C36000
11.6 113 11.0 108 105 103 101 99 98 96 95 94 C71500 B151
101 96 92 89 86 53 20 C35300 B453
94 90 87 83 81 53 20 C35300
94 90 87 83 81 53 20 C35300
Bar
11.3 108 104 100 9.7 53 20 C36000 B16
94 90 87 83 81 53 20 C36000
Die Forgings (Hoft Pressed)
11.3 108 C37700 B283
94 9.0 C37700
Castings
78 78 78 78..J78 66 62 58 40 €92200 B61
69 69 69,66 65 55 54 €83600 B62
12.6 122\,11.8 116 114 114 114 114 94 59 €95200 B148
15.2 . 150 14.8 148 148 148 128 111 88 68 €95400
78 78 78 78 78 66 62 58 40 €92200 B584
59 55 53 53 52 51 93700
58 56 55 54 €97600
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Table A-6
Copper and Copper Alloys (Cont’d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
The stress 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 ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(a)
(b)
©

(d)
(e)

®
(8)
(h)
)
0)
(k)

NOTES:

1
2

(3)
(4)

(5)

(6
(7
(8)

Tensil

e strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given. However,

for sa;tlrated steam at 250 psi (406°F), the allowable stress values given for 400°F may be used.
The tabulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficiency

are sh
Press
meeti
are n
For li
The y
The t4
select
See p

THIS M|
This mg
exceed
copper

nominal size.

Weldin,
When t|

materigl in the annealed condition.

Casting|
temper;
(a) 1
®) 7
Welds
Materig
Materig
crackin

own in Table 102.4.3-1.

re-temperature ratings of piping components, as published in standards referenced in this Code, may be used' for comp)
g the requirements of those standards. The allowable stress values given in this table are for use in designing piping compone
t manufactured in accordance with referenced standards.

coefficient = 0.4 (see Table 104.1.2-1).

bulated stress values that are shown in italics are at temperatures in the range where creep and stteSs/fupture strength gov
on of stresses.

ra. 124.1.2 for lower temperature limits.

ATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURES 100.1:2-1 THROUGH 100.1.2-10.

terial may be used for boiler external piping provided that the nominal size does notéxceed 3 in. and the design temperature d
106°F. This material shall not be used for blowoff or blowdown piping except aspermitted in para. 122.1.4. Where threaded b}
pipe is used for feedwater piping, it shall have a wall thickness not less thanthat required for Schedule 80 steel pipe of th

b or brazing of this material is not permitted.
his material is used for welded or brazed construction, the allowablé stress values used shall not exceed those given for th

5 that are welded or repair welded shall be heat treated at 1,150°F to 1,200°F, followed by moving-air cooling. The required
hture is based on the cross-section thicknesses as follows:

[/, hr for the first inch or fraction thereof

b hr for each additional inch or fraction thereof

must be made by an electric fusion welding process;involving the addition of filler metal.

| conforming to ASTM B16 alloy C36000 shall'net’be used in primary pressure relief valve applications.

Is shall be tested to determine the presence of'residual stresses that might result in failure of individual parts due to stress co
b. Tests shall be conducted in accordance with ASTM B154 or ASTM B858. The test frequency shall be as specified in ASTM

nitations on the use of copper and copper alloys for flammable liquids and gases, refer to paras. 122:7, 122.8, and 124.7.

factors

bnents
ts that

brn the

pes not
rass or
£ same

£ same

fime at

rosion
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 (1) 14 5 1.00
A93003 H14 0.010 to 0.500 21 (1) (3) 20 17 1.00
Alclhd A93003 0 0.010 to 0.500 21 (1) (4) 13 4.5 1.,0p
Alclhd A93003 H14 0.010 to 0.500 21 (1) (3) 4) 19 16 1t0p
B210 A95/050 0 0.018 to 0.500 21 (1) 18 6 1.0p
Alclhd A95050 0 0.018 to 0.500 21 (1) (8) (13) 17 1.0p
A9e661 T4 0.025 to 0.500 23 (1) (6) 30 16 1.0p
A9661 T6 0.025 to 0.500 23 (1) (6) 42 35 1.0p
A9661 T4, T6 welded 0.025 to 0.500 23 (D)™ 24 1.0p
Seamless Hipe and Seamless Extruded Tube
B241 A93003 0 All 21 (1) 14 5 1.0p
A93003 H18 Less than 1.000 21 (1) (3) 27 24 1.0p
B241 A93)003 H112 [Note (20)] 21 (1) (3).20) 14 5 1.0p
Alclhd A93003 0 All 21 (1) 4) 13 4.5 1.0p
Alclhd A93003 H112 All 21 @9.63) (4) 13 4.5 1.0p
B241 A95)083 0 All 257 (1) 39 16 1.0p
A95083 H112 All 25 (1) (3) 39 16 1.0p
A95¢54 0 Up thru 5.000 22 (1) 31 12 1.0p
A95¢54 H112 Up thry-5(000 22 (1) 31 12 1.0p
B241 A96061 T4 All 23 (1) (6) (9) 26 16 1.0p
A9661 T6 Pipe < NPS 1 23 M 2)OB) 42 35 1.0p
A9661 T6 [Note (10)] 23 (1) (6) (9) (10) 38 35 1.0p
A9661 T4, T6 welded All 23 M@ O 24 1.0p
A96063 T6 Up thru 1.000 23 (1) (6) 30 25 1.0p
A96063 T5, Towelded Up thru 1.000 23 (1) (7) 17 1.0p
Drawn Seamless Condenserjand Heat Exchanger Tube
B234 A93)003 H14 0.010 to 0.200 21 (1) (2) 20 17 1.0p
Alclhd A93003 H14 0.010 to 0.200 21 (2@ 19 16 1.0p
A95§54 H34 0.010 to 0.200 22 (1) (2) 39 29 1.0p
B234 A96061 T4 0.025 to 0.200 23 (1) (6) 30 16 1.00
A96061 T6 0.025 to 0.200 23 (1) (6) 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.200 23 (D) (™) 24 1.00
Sheet and Plate
B209 A93003 0 0.006 to 3.000 21 (D 14 5 1.00
A93003 H112 0.250 to 0.499 21 (1) (3) 17 10 1.00
A93003 H112 0.500 to 2.000 21 (1) (3) 15 6 1.00
B209 Alclad A93003 0 0.006 to 0.499 21 (1) 4) 13 4.5 1.00
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Table A-7
Aluminum and Aluminum Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. lgo.
Drawn Seamless Tube
3.3 3.3 3.3 3.2 2.4 1.8 14 A93003 B210
5.7 5.7 5.7 5.5 43 3.0 2.4 A93003
.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003
4 5.4 5.4 5.2 3.9 2.7 2.1 Alclad A93003
.0 4.0 4.0 4.0 4.0 2.8 14 A95050 B2[L0
3 3.3 3.3 3.3 3.3 2.8 14 Alclad A95050
6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Seamléss Pipe and Seamless Extruded Tube
3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B2p1
.7 7.7 7.4 6.9 5.4 3.5 2.5 A93003
3 3.3 3.3 3.2 2.4 18 14 A93003 B2p1
.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003
.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003
10.7 10.7 A95083 B2p1
10.7 10.7 A95083
.0 8.0 8.0 7.5 55 4.1 3.0 A95454
.0 8.0 8.0 7.5, 55 4.1 3.0 A95454
(.4 7.4 7.4 7.4 6.0 58 4.5 A96061 B2p1
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
.6 8.6 8.6 7.5 5.0 34 2.0 A96063
4.9 4.9 4.9 4.9 3.9 3.0 2.0 A96063
Drawn Seamless Condenser and Heat Exchanger Tube
7 57 5.7 5.5 43 3.0 2.4 A93003 B2B4
4 5.4 5.4 5.2 3.9 2.7 2.1 Alclad A93003
11.1 11.1 11.1 10.8 55 4.1 3.0 A95454
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B234
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Sheet and Plate
3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B209
4.9 48 4.4 4.1 3.6 3.0 2.4 A93003
4.0 3.9 3.7 3.6 2.4 1.8 14 A93003
3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B209
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Table A-7
Aluminum and Aluminum Alloys (Cont’d)
Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Sheet and Plate
Alclad A93003 0 0.500 to 3.000 21 (1) (18) 14 1.00
Alclad A93003 H112 0.250 to 0.499 21 B3 @ 16 1.00
Alclhd A93003 H112 0.500 to 2.000 21 (1) (3) (19) 15 1.0p
B209 0 0.051 to 1.500 25 (1) 40 18 1.0p
0 0.020 to 3.000 22 (1) 31 12 1.0p
H112 0.250 to 0.499 22 ()3 32 18 1.0p
H112 0.500 to 3.000 22 ()3 31 12 1.0p
B209 T4 0.006 to 0.249 23 (1) (6) (9) 30 16 1.0p
T451 0.250 to 3.000 23 (1) (6) (9) 30 16 1.0p
T4 welded 0.006 to 0.249 23 (D)™ O 24 1.0p
T451 welded 0.250 to 3.000 23 ()™ O 24 1.0p
B209 T6 0.051 to 0.249 23 (1) (6) (9) 42 35 1.0p
T651 0.250 to 4.000 23 (1) (6) (9 42 35 1.0p
T651 4.001 to 6.000 23 (1) (6)'9) 40 35 1.0p
T6 welded 0.051 to 0.249 23 (WD) (9) 24 1.0p
T651 welded 0.250 to 6.000 23 N1 (™9 24 1.0p
Die and Hqnd Forgings
B247 A93003 H112 Up thru 4.000 21 (1) (11) 14 5 1.0p
H112 welded Up thru 4,000 21 (D) (7 @Ay 14 5 1.0p
B247 H111 Up thru 4.000 25 (1) (6) 39 20 1.0p
H112 Up.thru 4.000 25 (1) (6) 39 16 1.0p
H111, H112 welded ) Up thru 4.000 25 () () 38 16 1.0p
B247 T6 Up thru 4.000 23 (1) (6) (11) 38 35 1.0p
T6 Up thru 4.000 23 (1) (6) (12) 37 33 1.0p
T6 4.001 to 8.000 23 (1) (6) (12) 35 32 1.0p
Té-welded Up thru 8.000 23 () (™) 24 1.0p
Rods, Bars,
B221 A91 0 All 21 (1) (21) (22) 8.5 2.5 1.0p
H112 All 21 (1) (3) (21) (22) 8.5 2.5 1.0p
B221 A91100 0 All 21 (1) (21) (22) 11 1.00
A91100 H112 All 21 (1) (3) (21) (22) 11 1.00
B221 A93003 0 All 21 (1) (21) (22) 14 1.00
A93003 H112 All 21 (1) (3) (21) (22) 14 1.00
B221 A92024 T3 Up thru 0.249 (1) (2) (9) (21) (22) 57 42 1.00
A92024 T3 0.250-0.749 (1) (2) (9) (21) (22) 60 44 1.00
A92024 T3 0.750-1.499 (1) (2) (9) (21) (22) 65 46 1.00
A92024 T3 1.500 and over (1) (2) 9) (21) (22) 68 48 1.00
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Table A-7
Aluminum and Aluminum Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. lgo.
Sheet and Plate (Cont’'d)
3.3 3.2 3.1 3.0 2.2 1.6 1.3 Alclad A93003
4.6 4.5 4.2 3.9 3.3 2.7 21 Alclad A93003
.0 3.9 3.8 3.6 2.2 1.6 1.3 Alclad A93003
11.4 11.4 A95083 B2p9
.0 8.0 8.0 8.0 55 4.1 3.0 A95454
.1 9.1 9.1 9.1 55 4.1 3.0 A95454
.0 8.0 8.0 8.0 55 4.1 3.0 A95454
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B2p9
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
9 6.9 6.9 6.9 5.5 4.6 35 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B2p9
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
11.4 11.4 11.4 11.1 8.2 6.3 4.4 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061

Die and Hand Forgings

3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B2j7
3 33 3.3 3.2 2.4 1.8 14 A93003

111 111 A95083 B2j7
10.7 10.7 A95083
10.9 10.9 A95083

10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061 B2j7
10.6 10.6 10.6 10.5 7.7 6.3 4.5 A96061
10.0 10.0 10.0 9.9 7.4 6.1 4.5 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061

Rods, Bars, and $hapes

1.7 1.6 1.4 1.3 1.1 0.8 A91060 B2p1
1.7 1.6 1.4 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

3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B221
33 3.3 33 3.2 2.4 1.8 14 A93003

16.3 16.3 16.3 12.6 9.5 6.0 4.2 A92024 B221
17.1 171 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
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Table A-7
Aluminum and Aluminum Alloys (Cont’d)

Specified Specified

Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Rods, Bars, and Shapes
B221 A95083 0 Up thru 5.000 25 (1) (21) (22) 39 16 1.00
A95[083 H111 Up thru 5.000 25 (1) (3) (21) (22) 40 24 1.0
A95083 H112 Up thru 5.000 25 (1) (3) (21) (22) 39 16 10p
B221 A95086 H112 Up thru 5.000 25 (1) (2) (21) (22) 35 14 1.0p
B221 A95[154 0 All 22 (1) (21) (22) 30 11 1.0p
A95[154 H112 All 22 (1) (3) (21) (22) 30 11 1.0p
B221 A95454 0 Up thru 5.000 22 (1) (21) (22) 31 12 1.0p
A95454 H111 Up thru 5.000 22 (1) (3) (21) (22) 33 19 1.0p
A95§54 H112 Up thru 5.000 22 (1) (3) (21) (22) 31 12 1.0p
B221 A954#56 0 Up thru 5.000 25 (1) (21) (22) 41 19 1.0p
A95U56 H111 Up thru 5.000 25 (1) (3) (20.(22) 42 26 1.0p
A95U56 H112 Up thru 5.000 25 (1) (3)21) (22) 41 19 1.0p
B221 A96061 T4 All 23 \(13'(2) (9) (21) (22) 26 16 1.0p
A96061 T6 All 23,7 (1) (2) (9) (21) (22) 38 35 1.0p
A96061 T4 welded All 23 (1) (7) (9) (21) (22) 24 1.0p
A96061 T6 welded All 23 (1) (7) 9) (21) (22) 24 1.0p
B221 A96063 T1 Up thru’@:500 23 (1) (2) (21) (22) 17 9 1.0p
A96063 T1 0.501-1.000 23 (1) (2) (21) (22) 16 8 1.0p
A96063 T5 Uprthru 0.500 23 (1) (2) (21) (22) 22 16 1.0p
A96063 T5 0.501-1.000 23 (1) (2) (21) (22) 21 15 1.0p
A96063 T6 Up thru 1.000 23 (1) (2) (21) (22) 30 25 1.0p
A96063 T5, T6 welded Up thru 1.000 23 (D) (7) (21) (22) 17 8 1.0p
Castings
B26  A24430 F -~ 1@ 17 6 0.8p
A03B60 T6 -~ 1@ 30 20 0.8p
A03560 T71 - (@2 25 18 0.8p
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Table A-7
Aluminum and Aluminum Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.

Rods, Bars, and Shapes (Cont’d)

10.7 10.7 A95083 B221
11.4 11.4 A95083
10.7 10.7 A95083
.3 9.3 A95086 B2p1
.3 7.3 A95154 B2p1
.3 7.3 A95154
.0 8.0 8.0 8.0 55 4.1 3.0 A95454 B2p1
D.4 9.4 9.4 9.4 55 4.1 3.0 A95454
.0 8.0 8.0 8.0 55 4.1 30 A95454
11.7 11.7 A95456 B2p1
12.0 12.0 A95456
11.7 11.7 A95456
(.4 7.4 7.4 7.4 6.0 58 4.5 A96061 B2p1
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
.9 6.9 6.9 6.8 515 4.6 3.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
1.9 4.9 4.9 49 4.2 3.4 2.0 A96063 B2p1
1.6 4.6 4.6 4.6 4.0 3.4 2.0 A96063
.3 6.3 6.1 5.8 4.6 3.4 2.0 A96063
.0 6.0 5.9 5.6 43 3.4 2.0 A96063
.6 8.6 8.6 7.5 5.0 3.4 2.0 A96063
19 4.9 4.9 4.9 3.9 3.0 2.0 A96063
gstings
.2 32 3.2 3.0 2.8 2.5 2.2 A24430 B36
6.9 6.9 5.0 A03560
5.8 5.8 5.0 4.3 3.3 1.9 A03560
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Table A-7
Aluminum and Aluminum Alloys (Cont’d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
The stress 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 ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.
Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.
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The tapulated stress values are §x E'(weld joint efficiency factor) or S'x F (material quality factor), as applicable. Weld joint efficiency
are sown in Table 102.4.3-1.

re-temperature ratings of piping components, as published in standards referenced in this Code, may be used fér'comppnents
g the requirements of those standards. The allowable stress values given in this table are for use in designing piping components that

t manufactured in accordance with referenced standards.

hum and aluminum alloys shall not be used for flammable fluids within the boiler plant structure (see para.*122.7).
coefficient = 0.4 (see Table 104.1.2-1).

bulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gov
on of stresses.

ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-
allowable stress values are not applicable when either welding or thermal cutting’is employed.

allowable stress values are notapplicable when either welding or thermal cutting is€mployed. In such cases, the correspondin
for the O temper shall be used.

allowable stress values are 90% of those for the corresponding core material.

allowable stress values apply only to seamless pipe smaller than NPS d+that is extruded and then drawn.

allowable stress values are notapplicable when either welding or thermalcutting is employed. In such cases, the correspondin
for the welded condition shall be used.

rength of a reduced-section tensile specimen is required to qualify welding procedures. Refer to ASME BPVC, Section IX, Q
B210 does not include this alloy/grade of material.

essrelieved tempers (T351, T3510,T3511, T451, T4510, T4511, T651, T6510, and T6511), stress values for the material in th
r shall be used.
allowable stress values apply to all thicknesses and, sizes of seamless tubing. They also apply to NPS 1 and larger seamleq
allowable stress values are for die forgings.

allowable stress values are for hand forgings:

peratures up to 300°F, these allowable stresswvalues are 83% of those for the corresponding core material. At temperatures o
DO°F, these allowable stress values are 90% of those for the corresponding core material.

[ED

[ED

[ED

allowable stress values are.for the heat-treated tempers listed that are tempered after welding.

nsion test specimen from.plate that is not less than 0.500 in. thick is machined from the core and does not include the claddin
fore, the allowable stress_values for thicknesses less than 0.500 in. shall be used.

nsion test specimenyfrom plate that is not less than 0.500 in. thick is machined from the core and does not include the claddin
fore, these allowable stress values are 90% of those for the core material of the same thickness.

allowable stress.values are for seamless extruded tube in all sizes and for seamless pipe in sizes NPS 1 and larger.
values in péstricted shear, such as in dowel bolts or similar construction in which the shearing member is so restricted that the
consideration would fail without reduction of area, shall be 0.80 times the values in this table.

valu€s.in bearing shall be 1.60 times the values in this table.

allowable stress values are for the tempers listed in the welded condition.

actors

brn the

0.

stress

stress
V-150.

e basic

s pipe.

350°F

b alloy.

b alloy.

ection
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Table A-8
(22) 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 18Cr-8Ni 8 . 75 30
$30815 21Cr-11Ni-N 8 (1) (10) 87 45
TP310H $31009 25Cr-20Ni 8 (M 75 30
TP316H S$31609 16Cr-12Ni-2Mo 8 75 30
TP316L S31603 16Cr-12Ni-2Mo 8 (1 70 25
A213 TP321H $32109 18Cr-10Ni-Ti 8 75 30
TP347H S34709 18Cr-10Ni-Cb 8 75 30
TP348H $34809 18Cr-10Ni-Cb 8 75 30
A312 TP304H S30409 18Cr-8Ni 8 . 75 30
.. S30815 21Cr-11Ni-N 8 (1)1 87 45
TP310H $31009 25Cr-20Ni 8 (2M4) 75 30
TP316H 531609 16Cr-12Ni-2Mo 8 75 30
A312 TP321H S32109 18Cr-10Ni-Ti 8 (8) 75 30
TP321H $32109 18Cr-10Ni-Ti 8 (9 70 25
TP347H S34709 18Cr-10Ni-Cb 8 75 30
TP348H $34809 18Cr-10Ni-Cb 8 75 30
A376 TP304H S30409 18Cr-8Ni 8 75 30
TP316H S31609 16Cr-12Ni-2Mo 8 75 30
TP321H $32109 18Cr~1ONi-Ti 8 75 30
TP347H S34709 18€r-10Ni-Cb 8 75 30
B163 .. N08800 Annealed Ni-Cr-Fe 45 (1) 75 30
N08810 Annealed Ni-Cr-Fe 45 (1) (10) 65 25
B167 .. N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (10) 95 35
B407 .. N08860 C.D./ann. Ni-Cr-Fe 45 .. 75 30
N08810 Annealed Ni-Cr-Fe 45 (10) 65 25
B622 .. R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Welded Pipe and Tube — Without Filler Metal
A249 TP304H S30409 18Cr-8Ni 8 . 75 35
S30815 21Cr-11Ni-N 8 (1 87 45
TP310H S31009 25Cr-20Ni 8 MEMW 75 35
TP316H S31609 16Cr-12Ni-2Mo 8 75 35
A249 TP321H S32109 18Cr-10Ni-Ti 8 75 35
TP347H S34709 18Cr-10Ni-Cb 8 75 35
TP348H S34809 18Cr-10Ni-Cb 75 35
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Table A-8
Temperatures 1,200°F and Above

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E
or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Seamless Pipe and Tube
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A213
1.00 52 4.0 3.1 24 1.9 1.6 1.3
1.00] 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310H
1.00] 7.4 55 41 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 TP316L
1.00] 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A213
1.00 7.9 59 44 3.2 2.5 1.8 1.3 TP347H
1.00 7.9 5.9 44 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 A312
1.00] 52 4.0 3.1 24 1.9 1.6 1.3
1.00 4.0 3.0 2.2 1.7 1.3 0:97 0.75 TP310H
1.00 7.4 55 41 3.1 2.3 €17 1.3 TP316H
1.00] 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A312
1.00] 4.6 3.5 2.7 2.1 1.6 1.3 0.9 TP321H
1.00 7.9 59 4.4 32 2.5 1.8 1.3 TP347H
1.00] 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP348H
1.00] 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A376
1.00] 7.4 55 4.1 3.1 2.3 1.7 1.3 TP316H
1.00] 54 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 H163
1.00] 7.4 59 4.7 3.8 3.0 24 1.9
1.00 15.3 145 11.2 8.7 6.6 5.1 3.9 H167
1.00] 6.6 4.2 2.0 1.6 1.1 1.0 0.80 H407
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 H622
Welded Pipe and Tube — Without Filler Metal
0.85 52 4.0 3.2 2.5 2.0 1.6 1.2 TP304H A249
0.85 4.4 34 2.6 2.0 1.6 1.4 1.1
0.85 34 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 4.6 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
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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
A312 TP304H S$30409 18Cr-8Ni 8 75 30
.. S30815 21Cr-11Ni-N 8 (D 87 45
TP310H $31009 25Cr-20Ni 8 (2)(4) 75 30
TP316H S31609 16Cr-12Ni-2Mo 8 75 30
A312 TP321H $32109 18Cr-10Ni-Ti 8 75 30
TP347H S32709 18Cr-10Ni-Cb 8 75 30
A409 .. S30815 21Cr-11Ni-N 8 (1 87 45
B619 .. R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10} 100 45
B626 .. R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1)(10) 100 45
Welded Pipe and Tube — Filler Metal Added
A358 &3 S30815 21Cr-11Ni-N €8] 87 45
S30815 21Cr-11Ni-N (€))] 87 45
A409 .. S30815 21Cr-11Ni-N 8 (D 87 45
B546 .. N06617 Annealed 52Ni-22Cr+13Co-9Mo 43 95 35
Plate
A240 04 S30400 18Cr-8Ni 8 (2)(3) 75 30
.. $30815 21Cr-11Ni-N 8 (1) (10) 87 45
10S S31008 25Cr-20Ni 8 2B 75 30
16 S31600 16Cr-12Ni-2Mo 8 (2)(3) 75 30
16L S31603 16Cr-12Ni-2Mo 8 (1) 70 25
A240 21 $32100 18Cr-10Ni-Ti 8 (2) (3) 75 30
47 S34700 18Cr-10Ni-Cb 8 (2)(3) 75 30
48 $34800 18Cr-10Ni-Cb M (2) 3) 75 30
B168 .. N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 35
B409 . N08800 Annealed Ni-Cr-Fe 45 (3) 75 30
N08810 Annealed Ni-Cr-Fe 45 (3) 65 25
Plate, Sheet, and Strip
B435 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Bars, Rods, and Shapes
A479 S30815 21Cr-11Ni-N (1) (10) 87 45
TP316L S31603 16Cr-12Ni-2Mo 1) (5) 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 52 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 14 1.1
0.85 3.4 2.6 1.9 14 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 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TR321H A312
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
0.85 4.4 3.4 2.6 2.0 16 14 1.1 A409
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 H619
0.85 11.6 9.3 7.5 6.0 4.8 38 3.1 H626
Welded Pipe and Tube — Filler Metal Added
1.00 52 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 12 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 H546
Plate
1.00] 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A240
1.00] 52 4.0 3.1 2.4 1.9 1.6 1.3 .
1.00 2.5 1.5 0:80 0.50 0.40 0.30 0.20 310S
1.00 7.4 55 4.1 3.1 2.3 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 26 1.7 1.1 0.80 0.50 0.30 321 A240
1.00 4.4 3.3 2.2 1.5 12 0.90 0.80 347
1.00 4.4 3.3 2.2 1.5 12 0.90 0.80 348
1.00] 15.3 14.5 11.2 8.7 6.6 5.1 3.9 H168
1.00] 6.6 4.2 2.0 1.6 1.1 1.0 0.80 H409
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
Plate, Sheet, and Strip
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 B435
Bars, Rods, and Shapes
1.00 52 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
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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
Bars, Rods, and Shapes
B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (10) 95 36
B408 NO08800 Annealed Ni-Cr-Fe 45 .. 75 30
N08810 Annealed Ni-Cr-Fe 45  (10) 65 25
B572 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Forgings
F304H S30409 18Cr-8Ni 8 . 75 30
.. S30815 21Cr-11Ni-N 8 (1) (10) 87 45
F310H S31009 25Cr-20Ni 8 MEMW 75 30
F316H S31609 16Cr-12Ni-2Mo 8 . 75 30
F316L S31603 16Cr-12Ni-2Mo 8 (1) 70 25
F321H $32109 18Cr-10Ni-Ti 8 75 30
F347H S34709 18Cr-10Ni-Cb 8 75 30
F348H S34809 18Cr-10Ni-Cb 75 30
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (10) 95 35
N08800 Annealed Ni-Cr-Fe 45 .. 75 30
N08810 Annealed Ni-Cr-Fe 45 (10) 65 25
Fittings (S¢amless and Welded)
A403 WP304H S$30409 18Cr-8Ni 8 (D 75 30
WP316H S$31609 16Cr-12Ni-2Mo 8 (D 75 30
WP316L S31603 16Cr-12Ni-2Mo 8 (1 70 25
WP321H $32109 18Cr-10Ni-Ti 8 (1 75 30
WP347H S34709 18Cr-10Ni-Cb 8 (1 75 30
\WP348H S34809 18Cr-10Ni-Cb 8 (1) 75 30
B366 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (6) (10) 100 45
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (7) (10) 100 45
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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.
Bars, Rods, and Shapes (Cont’'d)
1.00 15.3 14.5 11.2 87 6.6 5.1 3.9 B166
1.00] 6.6 4.2 2.0 1.6 1.1 1.0 0.80 H408
1.00] 7.4 5.9 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 H572
Forgings
1.00 6.1 4.7 3.7 2.9 2.3 1.8 14 F304H
1.00 52 4.0 3.1 2.4 1.9 1.6 1.3
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 F310H
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 F316H
1.00 6.4 4.7 3.5 2.5 18 13 1.0 F316L
1.00 54 4.1 3.2 2.5 1.9 1.5 1.1 F321H
1.00 7.9 59 4.4 32 2.5 1.8 13 F347H
1.00 7.9 59 4.4 32 2.5 1.8 1.3 F348H
1.00] 15.3 14.5 11.2 87 6.6 5.1 3.9 H564
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 and (Welded)
1.00] 6.1 4.7 3.7 2.9 2.3 1.8 1.4 WP304H A403
1.00] 7.4 55 4.1 3.1 2.3 1.7 1.3 WP316H
1.00 6.4 4.7 35 2.5 18 1.3 1.0 WP316L
1.00 54 4.1 3.2 2.5 1.9 1.5 1.1 WP321H
1.00 7.9 59 4.4 32 2.5 1.8 1.3 WP347H
1.00] 7.9 5.9 414 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 H366
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1
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Table A-8
Temperatures 1,200°F and Above (Cont’d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
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©
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The str

ess 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 ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

Tensile

strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.

The tabfilated stress values are S'x E'(weld joint efficiency factor) or §'x F (material quality factor), as applicable. Weld joint efficiency
are shown in Table 102.4.3-1.
e-temperature ratings of piping components, as published in standards referenced in this Code, may be used for compdnents meeting
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irements of those standards. The allowable stress values given in this table are for use in designing piping components that
ctured in accordance with referenced standards.

Imaterials listed are classified as austenitic (see Table 104.1.2-1).

ulated stress values that are shown in italics are at temperatures in the range where creep and stress pupture strength govi
n of stresses.

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 1.00.1.2-1 THROUGH 100.1.2-
allowable stress values shall be used only if the carbon content of the material is 0.04% ‘ot~higher.

owable stress values tabulated shall be used only if the material is heat treated by heatingto.a minimum temperature of 1,90
hing in water or rapid cooling by other means.

allowable stress values shall be used only when the grain size of the material i&S"ASTM No. 6 or coarser.

allowable stress values shall be used only when Supplementary Requirement,S1“per ASTM A479 has been specified.
Ess.

allowable stress values apply to seamless pipe <% in. wall thickness:
allowable stress values apply to seamless pipe >% in. wall thicknéss.
fatigue, thermal ratcheting, and environmental effects are increasingly significant failure modes at temperatures in excess of 1
hall be considered in the design.

d — all filler metal, including consumable insert material, shall comply,with the requirements of ASME BPVC, Section I}.

actors

hre not

brn the

°F and

,500°F
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Table A-9
Titanium and Titanium Alloys
Specified Specified
Minimum Minimum
Spec. Nominal P- Tensile, Yield, E
No. Grade Condition Composition No. Notes ksi ksi or F
Seamless Pipe and Tube
B338 1 Annealed Ti 51 M 35 20 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 1) 70 50 1.00
B861 1 Annealed Ti 51 M 35 20 1.00
2 Annealed Ti 51 (@8] 50 40 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
Welded Pipe and Tube
B338 1 Annealed Ti 51 1 () 35 20 0.85
2 Annealed Ti 51 1) (2) 50 40 0.85
3 Annealed Ti 52 1) (2) 65 55 0.85
7 Annealed Ti-Pd 51 1) 2) 50 40 0.85
12 Annealed Ti-Mo-Ni 52 B2 70 50 0.85
B862 1 Annealed Ti 51 (1) (2) 35 20 0.85
2 Annealed Ti 51 @) 50 40 0.85
3 Annealed Ti 52 1) (2) 65 55 0.85
7 Annealed Ti-Pd 51 1) (2 50 40 0.85
12 Annealed Ti-Mo-Ni 52 1) (2) 70 50 0.85
Plate, Sheet, and Strip
B265 1 Annealed Ti 51 (€8] 35 20 1.00
2 Annealed Ti 51 1) 50 40 1.00
3 Annealed TFi 52 1 65 55 1.00
7 Annealed Ti-Pd 51 (D 50 40 1.00
12 Annealed Ti-Mo-Ni 52 (D 70 50 1.00
Forgings
B381 F1 Annealed Ti 51 €8] 35 20 1.00
F2 Annealed Ti 51 1) 50 40 1.00
F3 Annealed Ti 52 1 65 55 1.00
F7 Annealed Ti-Pd 51 (D 50 40 1.00
F12 Annealed Ti-Mo-Ni 52 (D 70 50 1.00
Bars and Billets
B348 1 Annealed Ti 51 €8] 35 20 1.00
2 Annealed Ti 51 (€8] 50 40 1.00
3 Annealed Ti 52 €8] 65 55 1.00
7 Annealed Ti-Pd 51 @8] 50 40 1.00
12 Annealed Ti-Mo-Ni 52 1 70 50 1.00
Castings
B367 c-2 As-cast Ti 50 (1) (3) 50 40 0.80
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Table A-9
Titanium and Titanium Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 Grade II\;o.
Seamless Pipe and Tube
10.0 9.3 8.3 7.4 6.6 6.0 5.4 4.7 42 3.8 3.5 1 B338
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
18.4 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. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
10. 9.3 8.3 7.4 6.6 6.0 5.4 4.7 4.2 3.8 35 1 B861
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 65 2
18. 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. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 1247 12.3 12
Welded Pipe jand Tube
8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.2 3,6 3.5 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. 14.9 13.4 121 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 7
17. 17.0 15.9 14.8 13.8 129 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 42 3.6 3.5 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. 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. 17.0 15.9 14.8 13.8 12.9 121 11.5 111 10.8 10.5 12
Plate, Sheet,|and Strip
10. 9.3 8.3 7.4 6.6 6.0 5.4 4.7 42 3.8 3.5 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
18.4 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 12.4 113 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20. 20.0 18.7 174 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Forgings
10. 9.3 83 7.4 6.6 6.0 5.4 4.7 4.2 3.8 3.5 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
18.4 175 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 F3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F7
20. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 F12
Bars and Billets
10.0 9.3 8.3 7.4 6.6 6.0 5.4 4.7 4.2 3.8 3.5 1 B348
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Castings
11.4 10.5 10.0 9.0 8.3 7.6 C-2 B367
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Table A-9
Titanium and Titanium Alloys (Cont’d)

GENERAL NOTES:
(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.
(c) The P-Numbers listed in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding

operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(d) Tensile

strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.
(f) The tatO:Fiated stress values are $ x E'(weld joint efficiency factor) or $ x F' (material quality factor), as applicable. Weld joint efficiency

are sh
(g) Pressu
thereq

n in Table 102.4.3-1.

irements of those standards. The allowable stress values given in this table are for use in designing piping components that

manufactured in accordance with referenced standards.
(h) The y cpefficient = 0.4 (see Table 104.1.2-1).
(i) See parfa. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100¢1,2-1" THROUGH 100.1.2-1
(2) Filler mjetal shall not be used in the manufacture of welded pipe or tubing.

(3) Weldin

b of this material is not permitted.

actors

e-temperature ratings of piping components, as published in standards referenced in this Code, may be used for compdnents meeting

hre not
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Table A-10
(22) 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 (1)
A307 A Carbon steel BT ) 60
B Carbon steel 2)(3) @ 60
A449 Carbon steel (2) (5) (6) 120
Carbon steel 2) (5 (™) 105
Carbon steel (2) (5) (8) 90
Low and Intermediate Alloy Steel
A193 B5 5Cr-%Mo Alloy steel (5) (9) (10) 100 80
B7 1Cr-“%Mo Alloy steel (11) 125 105
B7 1Cr-“Mo Alloy steel (12) 115 95
B7 1Cr-"%Mo Alloy steel (13) 100 75
B7M 1Cr-%Mo Alloy steel (21 100 80
A193 B16 1Cr-*4Mo-V Alloy steel (11) 125 105
B16 1Cr-*4Mo-V Alloy steel (12) 110 95
B16 1Cr-*4Mo-V Alloy steel (13) 100 85
A194 5Cr-"%Mo-V Al6Y steel 1)
Cr-Mo Alloy steel (1)
A320 L7 1Cr-“%Mo Alloy steel (2) (5) (15) 125 105
L7M 1Cr-“%Mo Alloy steel (2) (11) 100 80
L43 1%Ni-%,Cr-"4Mo Alloy steel (2) (5) (15) 125 105
A354 BC Alloy steel 5) (9 (11 125 109
BC Alloy steel (5) 9) (12) 115 99
BD Alloy steel 5) 9) 150 130
Stainless Steels: Austenitic
A193 B8 1 18Cr-8Ni $30400 (5) (16) (17) 75 30
B8C 1 18Cr-10Ni-Cb S34700 (5) (16) (17) 75 30
B8M 1 16Cr-12Ni-2Mo S31600 (5) (16) (17) 75 30
B8T 1 18Cr-10Ni-Ti S32100 (5) (16) (17) 75 30
A193 B8 2 18Cr-8Ni $30400 (5) (18) (19) 125 100
B8 2 18Cr-8Ni $30400 (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 B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (19) 125 100
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (20) 115 80
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (21) 105 65
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (22) 100 50
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Table A-10
Bolts, Nuts, and Studs

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Carbon Steel
1,2,2H A194

7.0 [70 70 .- 7.0 .. A A307
70 |70 7.0 .. 70 .. .. B

23.0 23.0 23.0 .. 23.0 .. 23.0 23.0 .. A449
20.2 20.2 202 .. 202 .. 202 202
145 145 145 .. 145 .. 145 145

Low'and Intermediate Allpy Steel
20.0 20.0 200 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 185 145 104 76 56 42 .31 20 13 B5 A193
25.0 25.0 25.0 .. 25.0 .. 25.0 25.0 25.0 25.0 23.6 21.0 163 125 85 45 .. .. B7
23.0 3.0 23.0 .. 23.0 .. 23.0 23.0 23.0 23.0 22.2 20.0 163 125 85 45 .. B7
188 188 188 .. 188 .. 188 18.8 188 188 188 18.0 163 125 85 45 .. B7
20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 185 16.5 12.5 8.5~45 .. B7M

25.0 25.0 25.0 .. 25.0 .. 250 25.0 25.0 25.0 25.0 25.0 23.5 20.5J60 11.0 63 2.8 .. B16 A193
22.0 2.0 22.0 .. 22.0 .. 220 22.0 22.0 22.0 22.0 22.0 21.0 185 153 11.0 63 28 .. Bl6
20.0 20.0 200 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 20.0 18.8\16.7 143 11.0 63 2.8 .. Bl6

3 A194

25.0 5.0 25.0 .. 25.0 .. 25.0 25.0 25.0 25.07,~. . L7 A320
20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0(20,0 20.0 185 163 125 85 45 .. L7M
25.0 25.0 25.0 .. 250 .. 250 25.0 25.0,6250 .. .. L43

25.0 25.0 250 .. 25.0 .. 250,250/250 .. .. BC A354
23.0 23.0 23.0 .. 23.0 .. 23.0 23.0 23.0 .. .. BC
30.0 30.0 30.0 .. 30.0 .. 30:6 30.0 30.0 .. .. BD

Stainless Steels: Aystenitic
188 16.7 15.0 .. 138~ .. 129 121 12.0 11.8 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 6.1 B8 A193
188 179 164 ..N155 ... 15.0 143 14.1 138 13.7 13.6 13.5 135 134 134 121 91 61 44 B8C
188 17.7 15.6{ «.» 143 .. 133 126 123 121 119 11.7 11.6 115 114 113 112 11.0 98 74 B8M
188 17.8 165.. 153 .. 143 135 133 129 12.7 125 124 123 121 120 96 69 50 36 B8T

25.0 .. .. B8C A193
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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: Austenitic
A193 B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (19) 110 95
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (20) 100 80
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (21) 95 65
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (22) 90 50
A193 B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (19) 125 100
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (20) 115 80
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
B8T 2 18Cr-10Ni-Ti S32100 (5) (18) (22) 100 50
A194 8 18Cr-8Ni S30400 1)
8C 18Cr-10Ni-Cb S34700 1)
A194 8M 16Cr-12Ni-Mo S31600 1)
8T 18Cr-10Ni-Ti $32100 (1
8F 18Cr-8Ni-Fm )
A320 B8 1 18Cr-8Ni S30400 (5) (18) 75 30
B8 1 18Cr-8Ni $30400 (5) (23) 75 30
B8 2 18Cr-8Ni S30400 (5) (18) (22) 100 50
B8 2 18Cr-8Ni $30400 (5) (18) (21) 105 65
B8 2 18Cr-8Ni S30400 (5) (18) (20) 115 80
B8 2 18Cr-8Ni S30400 (5) (18) (19) 125 100
A320 B8C 1 18Cr-10Ni-Cb S34700 (5) 75 30
B8C 1 18Cr-10Ni~Gh $34700 (5) (23) 75 30
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (22) 100 50
B8C 2 18Cr=10Ni-Cb S34700 (5) (18) (21) 105 65
B8C 2 18C€r-10Ni-Cb 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 $31600 (5) (23) 75 30
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (22) 90 50
B8M; 2 16Cr-12Ni-2Mo S31600 (5) (18) (21) 95 65
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (20) 100 80
BAM 2 16Cr_ 12N _2Mg S31600 (E) (1Q} (10) 110 o]~
A320 B8T 1 18Cr-10Ni-Ti $32100 (5) 75 30
B8T 1 18Cr-10Ni-Ti $32100 (5) (23) 75 30
B8T 2 18Cr-10Ni-Ti S32100 (5) (18) (22) 100 50
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
B8T 2 18Cr-10Ni-Ti S32100 (5) (18) (20) 115 80
B8T 2 18Cr-10Ni-Ti S32100 (5) (18) (19) 125 100
A453 660 A&B 15Cr-25Ni-Mo-Ti-V-B S66286 (5) 130 85
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Stainless Steels: Austenitic (Cont’d)
22.0 22.0 22.0 .. 220 .. 220 220 220 22.0 220 .. .. = . .. .. B8M A193
20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 .. B8M
188 17.7 163 .. 163 .. 163 163 163 163 163 .. B8M
188 17.7 156 .. 143 .. 133 12.6 125 125 125 .. B8M

25.0 |.. N BST A193

8 A194
8C

8M A194
8T
8F

188 16.7 15.0 .. 138 .. .. B8

18.8 |.. .. B8C A320
188 184 171 .. 16.0 .. .. B8C

18.8 |.. .. B8M A320
188 17.7 15.6 ..\NA43 .. .. B8M
25.0 L= —DB8M

188 .. .. BS8T A320
188 17.8 165 .. 153 .. .. B8T

21.3 21.3 21.3 21.3 21.3 213 21.3 21.3 213 21.3 21.3 213 21.3 213 213 213 .. .. 660 A453
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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: Austenitic
A479 TP309H 23Cr-12Ni S30909 (24) 75 30
TP309H 23Cr-12Ni S30909 75 30
TP310H 25Cr-20Ni S31009 (24) 75 30
TP310H 25Cr-20Ni S$31009 75 30
Stainless Steels: Martensitic
A193 B6 (410) 13Cr S41000 (5) (10) 110 85
A194 6 13Cr $41000 (€8]
Stainless Steels: Precipitation Hardened
A564 630 H1100 17Cr-4Ni-3.5Cu-0.04P S17400 (5) (25) 140 115
Copper and Copper Alloys
B150 €61400 (2) (26) (27) (28) 80 40
€61400 (2) (26) (28) (29) 75 35
€61400 (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

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

Spec.
No.

Stainless Steels: Austenitic (Cont’d)

A479

20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 169 138 103 76 55 40 TP309H
20.0 {75 161 15.1 144 139 137 135 133 131 129 12.7 125 123 103 7.6 55 4.0 TP309
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 121 103 76 55 4.0 TR310H
20.0 20.0 20.0 19.9 19.3 185 182 179 17.7 174 17.2 169 16.7 138 10.3 7.6 55 4.0 TR310H]
Stainless‘Steels: Ma
21.3 19.5 189 18.5 183 179 17.6 17.2 16.7 16.1 153 123 B6
6
Stainless Steels: Precipitation H
28.0 630
Copper and Coppel
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
175 17.5 175 175 17.2 16.6 16.1

tensitic
A193

A194

hrdened
A564

r Alloys
B150
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(a)
(b)
(9
(d)
(e)

®
(8)

0]

NOTES:

(1)

(2)
(3
(4

(%)

(6)
(7)
(8)
)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17

(18)

(19)
(20)
(21)
(22)
(23)
(24)

(25)
(26)
(27)
(28)
(29)
(30)
(31

The str
Tensile

ess values in this table may be interpolated to determine values for intermediate temperatures.
strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.
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.

See pa

The materials listed are classified as carbon steel; low and intermediate alloy steel; austenitic, martensitic, and precipitation ha

stainle
ASTM

This i
specif
(a) G
() g
(c) G
(4@ g
(e) G
THIS
This 1
Theal
SP-58
These
joints,
deter
These
These
These
Betwsg
streng
These
These
These
These
DELET
Mininmnj
The a
The a
tempg
The h4
in. acr
ments
These
These
These
These
These

. 124.1.2 for lower temperature limits.

steels; and copper alloys.
pecifications listed for bar or rod can be used for bolts and the corresponding nuts.

a product specification. Allowable stresses are not necessary. Limitations on metal temperature for materials covered
cation for use under ASME B31.1 are as follows:
rades 1 and 2, -20°F to 600°F
rade 2H, -20°F to 800°F
ades 3 and 7, -20°F to 1,100°F
rades 6 and 8F, -20°F to 800°F
rades 8, 8C, 8M, and 8T, -20°F to 1,200°F
MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE EIGURES 100.1.2-1 THROUGH 100.1.2-
haterial shall not be used above 400°F. The allowable stress value is 7,000 psi.
owable stress values listed in MSS SP-58 for this material may be used for pipe-supporting elements designed in accordance wi

allowable stress values are established from a consideration of strength only.and will be satisfactory for average service. For
where freedom from leakage over a long period of time without retightening is required, lower stress values may be neces
nined from the relative flexibility of the flange, bolt, and corresponding relaxation properties.

allowable stress values apply to bolting materials < 1 in. in diameter.

allowable stress values apply to bolting materials > 1 in. in diameter and < 1% in. in diameter.

allowable stress values apply to bolting materials > 1% in. i’ diameter and < 3 in. in diameter.

en temperatures of -20°F and 400°F, allowable stress valués‘to the lower of the following may be used: 20% of the specified
th or 25% of the specified yield strength.

allowable stress values apply to bolting materials\4.in. in diameter and smaller.

allowable stress values apply to bolting materials/2% in. in diameter and smaller.

allowable stress values apply to bolting materjals larger than 2% in. in diameter but not larger than 4 in. in diameter.
allowable stress values apply to bolting materials larger than 4 in. in diameter but not larger than 7 in. in diameter.
[ED

um tempering temperature shall be 800°F.

lowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% or
lowable stress values tabulatéd for temperatures over 1,000°F apply only if the material is heat treated by heating to a mi
rature of 1,900°F and quenching in water or rapid cooling by other means.

rdness of this material, Under the thread roots, shall not exceed Rockwell C35. The hardness shall be measured on aflatarea, at
0ss, prepared by removing thread. No more material than necessary shall be removed to prepare the flat area. Hardness m¢
shall be made at{the.same frequency as the tensile test.

allowable stress values apply to bolting materials %, in. in diameter and smaller.

allowable stress values apply to bolting materials larger than %, in. but not larger than 1 in. in diameter.
allowablégtress 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.

dened

by this

0.
ith MSS

bolted
bary as

tensile

higher.
himum

east g
asure-

Due t

relatively low yield strength of these materials, these higher allowable stress values were established at temperatures wh

bre the

short time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. These stress values
exceed 67% but do not exceed 90% of the yield strength at temperature. Use of these stress values may result in dimensional changes due to
permanent strain. These values should not be used for the flanges of gasketed joints or other applications where slight amounts of distortion
can cause leakage or malfunction.

These

allowable stress values apply to bolting materials 8 in. in diameter and smaller.

Welding or brazing of this material is not permitted.

These

allowable stress values apply to bolting materials % in. in diameter and smaller.

Tempered to HR50.

These
These
These

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 2 in. in diameter.
allowable stress values apply to bolting materials larger than 2 in. but not larger than 3 in. in diameter.
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MANDATORY APPENDIX B
THERMAL EXPANSION DATA

Seq Table B-1 [Table B-1 (SI)].
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Table B-1 (SI)
Thermal Expansion Data

A = Mean Coefficient of Thermal Expansion, 107% mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

Coeffi-

Material cient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275
Group 1 caybomramdtiow d‘l‘lU_y yiy 59— 17— trT—tt5—1% Tt t—2 53—t 2A4 12627 1= 13: 13.2
steels [Ngte (2)] B -22 -13 -08 0 10 13 16 20 23 34
Group 2 lowalloy steels [Note (3)] A 108 11.7 120 126 128 13.0 131 13.2 134 135 136 137 “i38 [3.9
B -24 -14 -08 0 04 07 10 14 17 21 24pN28 32 |36
5Cr-1Mo stpels A 101 108 112 115 118 120 121 123 124 125/,126 126 127 [128
B -22 -13 -08 0 04 07 10 13 16 A9%Y23 26 29 |33
9Cr-1Mo stpels A 90 98 101 105 106 107 109 11.0 %11 11.2 113 114 115 [16
B -20 -12 -07 0 03 06 09 12 a4 17 20 23 26 [30
Straight chrpmium stainless steels A 91 99 102 106 109 110 11.1¢/1Y3 114 114 115 116 116 1.7
12Cr to 13Cr steels B -20 -12 -07 0 03 06 DO 12 15 18 21 24 27 |30
15Cr to 17Cr steels A 81 88 91 96 97 99100 101 102 103 104 105 106 [0.7
B -18 -11 -06 0 031 05 08 11 13 16 19 22 24 |27
27Cr stedls A 77 85 87 90~392 92 93 94 94 95 95 96 96 |97
B -17 -10 -06 0 03 05 07 10 12 15 17 20 22 |25
Austenitic stainless steels (304, A 135 143 147 153 156 159 16.2 164 16.6 168 170 172 174 7.5
305, 316,317, 321, 347, 348, B -30 -17 =10 0 05 09 13 17 22 26 31 35 40 |45

19-9DL, ¥M-15, etc.)
Other austehitic stainless steels A 12.8y 13.6 141 147 15.0 152 154 156 157 159 16.0 16.1 163 [6.4
(309, 314, 315, XM-19, etc.) B (528 -16 -10 0 04 08 12 16 20 25 29 33 37 |42
Gray cast irpn A 98 101 102 104 105 107 108 110 111 112 [i14
B 03 06 08 11 14 17 20 23 26 |29
Ductile cast|iron A 88 95 103 105 107 109 111 113 116 118 120 122 [24
B -11 -07 0 03 06 09 12 15 18 21 25 28 |31
Monel (67Ni=30Cu) N04400 A 104 122 130 138 141 144 146 148 150 151 153 154 155 [56
B -23 -15 -09 0 04 08 12 16 19 23 28 32 36 40
Nickel alloys N02200 and N02201 A 9.6 108 114 119 124 127 13.0 133 135 13.7 139 140 142 143
B -22 -14 -08 0 04 07 10 14 18 21 25 29 33 36
Nickel alloy N06022 A 124 124 124 124 124 124 124 124 125 125 126
B 0 04 07 10 13 16 19 22 26 29 32
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Table B-1 (SI)
Thermal Expansion Data

_ . . -6 o
A = Mean Coefficient of Thermal Expansion, 10~ mm/mm/°C in Going From 20°C to Indicated Temperature [Note (1)]
B = Linear Thermal Expansion, mm/m

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

44 4 IS
135 153.0 1.0

13.3 [3#—136—137138—1#%0 814915

3 T o
37 141 45 49 53 57 61 65 69 73 77 82 86 90 94

o W
iy
N
=

14.0 [14.1 142 143 144 145 146 146 147 148 148 149 150 150 151 151 152 152 153 153 15|
39 {43 47 51 55 59 63 67 71 75 79 83 87 91 95 99 103 107 al.l 11.1 11p

1=

12.8 129 13.0 13.0 13.1 13.2 13.2 13.3 13.4 134 135 13.6 13.6 13.7 13.7 13.8 13.9/139 14.0 14.0 14,
36 |39 43 46 50 53 57 61 64 68 72 75 79 83 87 90 94.798 102 10.6 11.

= =

11.7 |11.8 119 119 120 121 122 123 123 124 125 126 127 127 128 129 13.0 13.1 133 134 13|
33 |36 39 42 46 49 52 56 59 63 66 70 73 77 8185 89 93 97 101 10.

Oy OV

11.7 [11.8 11.8 119 119 12.0 12.0 12.1 121 122 122 123 123 124’ Y24 125 125 125 125 12.6 12,
33 |36 39 42 45 49 52 55 58 62 65 68 72 3NA5 78 82 85 88 92 95 9B

[*))

10.8 [10.8 109 11.0 11.0 11.1 11.2 11.2 113 113 114 11.4.1¥5 115 115 116 116 11.7 11.7 118 11Pp
30133 36 39 42 45 48 51 54 57 60 63Y 66 70 73 76 79 82 86 89 9B

9.7 198 99 99 100 100 101 102 102 103 164 104 10.5 10.5 10.6 10.6 10.7 10.7 10.8 10.8 10,
27 {30 33 35 38 41 43 46 49 5255 58 61 64 67 70 72 76 79 82 8p

D

17.7 [17.8 179 18.0 18.1 182 183 184 184.°185 18.6 18.7 188 189 19.0 19.1 19.2 19.3 194 194 19,
49 (54 59 64 69 74 79 83+ 89 94 99 104 109 114 120 125 131 13.6 14.1 14.7 15,

o

16.5 [16.6 16.6 16.7 168 169 17.0y 17.1 17.2 172 173 174 175 17.6 17.7 178 179 18.0 181 18.2 18,
46 |50 55 59 64 68 73 78 82 87 92 9.7 102 106 11.1 11.7 122 12.7 13.2 13.7 14,

w9

11.5 [11.7 11.8 12.0 12123 124 12.6 127 129 13.0
32 136 39 42{)46 50 53 57 61 65 69

125 |12.6 128,129 13.0 13.1 13.2 132 133 134 135
35139 42YV 46 49 53 57 60 64 68 72

15.7 [158 159 16.0 16.0 16.1 16.1 16.2 16.2 163 163 164 164 16.5 16.5 16.5 16.6 16.6 16.7 16.7 168
44 48 52 57 61 65 69 74 78 82 86 91 95 100 104 108 113 11.7 122 12.6 13.1

144 145 146 147 148 149 150 151 152 153 154 155 156 156 157 158 159 159 16.0 16.1 16.2
40 44 48 52 56 60 65 69 73 77 82 86 90 95 99 103 108 11.2 117 122 126

12.6 12.7 128 129 13.0 13.2 133 13.5 13.6 138 139 14.1 143 144 146 148 149 151 152 154 15.6
35 39 42 46 50 53 57 61 65 70 74 78 83 87 92 97 101 106 111 116 121
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Table B-1 (SI)

A = Mean Coefficient of Thermal Expansion, 107% mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

Coeffi-

Material cient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275

Nickel alloyN66666 yit 99 —10:8— 1+ 5—123— 125 —127—128—13 132—133—135—13: +37—13.8
B -22 -13 -08 0 04 0.7 1.0 1.7 21 2.4 32 3.5

Nickel alloy| N06625 A 12.0 124 126 128 129 13.0 131 132 132 132 [3.3
B 0 0.4 0.7 1.0 1.4 1.7 2.0 2.4 2.7 3.0 3.4

Nickel alloyf N0O8800 and N08810 A 106 125 133 142 146 149 151 153 155 15.67,158 159 16.0 [6.1
B -23 -15 -09 0 04 08 1.2 1.6 20 247 28 3.3 3.7 |41

Nickel alloy| N08825 A 129 135 136 13.7 139 140 14.2( 143 144 144 145 |46
B -0.9 0 04 08 1.1 1.5 1.8 2.2 26 3.0 33 3.7

Nickel alloy| N10276 A 108 11.0 112 11.4,/1Y6 11.7 119 120 122 124 [I25
B 0 0.3 0.6 DI 1.2 1.5 1.8 22 2.5 28 |32

Copper allojs C1XXXX series A 139 157 162 16,7 170 472~ 173 174 175 176 17.7 178 17.8 |79
B -31 -19 -11 0 0.5 0.9 1.4 1.8 2.3 2.7 3.2 3.6 4.1 4.6

Bronze alloys A 151 158 164 172176 179 180 182 182 183 184 185 185 [8.6
B -33 -19 -11 % 0.5 1.0 1.4 1.9 24 28 33 38 43 |47

Brass alloyf{ A 14.7 154 1600 167 171 174 176 178 180 182 184 186 188 [9.0
B -32 -19 -1.1 0 0.5 1.0 1.4 1.9 2.3 28 33 38 43 |48

Copper-nickel (70Cu-30Ni) A 11.9._134 140 145 149 152 153 155 157 158 16.0 16.1 163 [6.4
B -26 -16 -1.0 0 0.4 0.8 1.2 1.6 2.0 2.5 2.9 3.3 3.7 4.2

Aluminum glloys A 18.0 19.7 20.8 21.7 226 231 234 237 239 242 244 247 250 P52
B -40 -24 -15 0 0.7 1.3 1.9 2.5 3.1 3.7 44 51 57 |64

Titanium alloys (Grades 132;3,7, A 8.2 8.3 8.4 8.5 8.5 8.6 8.6 8.6 8.7 8.7 8.7 8.8

and 12)

B -0.6 0 0.3 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.0 2.2
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Table B-1 (SI)
Thermal Expansion Data (Cont’d)

A = Mean Coefficient of Thermal Expansion, 107° mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800
14.0 T2 53—+ 4567148149156 151+ 152153154156 157158159516+t 6¢
39 | 43 5 55 59 63 67 71 75 79 84 88 93 9 0.2 10.7 111 11.6 12.1~12p
133 [13.3 134 135 135 13.6 13.7 138 140 141 142 143 145 146 148 149 150 151 153 154 15p
37 41 44 48 51 55 59 63 67 71 75 80 84 88 93 98 102 107 al2 116 12|
16.2 [16.3 164 16.5 16.5 16.6 16.7 168 168 169 17.0 17.1 172 17.2 173 17.4 1757176 17.7 178 17Pp
45150 54 58 63 67 72 76 81 85 90 95 99 104 109 114 11.9\124 129 134 14p
14.7 [148 149 150 151 151 152 153 154 155 156

41145 49 53 57 61 65 70 74 78 83

12.6 [12.8 129 13.0 13.1 13.2 133 134 135 13.6 13.7 138 139 140 Y4.1 14.2 143 143 144 145 14p
35139 43 46 50 54 57 61 65 69 73 77 81385 89 93 97 101 105 109 114
18.0 [18.0

50 | 55

18.7 [18.8 189 19.0 19.0 19.1 19.2 19.3 194 194 195 19.6 19.7 19.7 198

5257 62 67 72 77 83 88 93 9803 109 114 119 125

19.2 [19.3 19.5 19.6 19.8 20.1 20.3 20.5 20.7A°20.8 21.0 21.2 214 21.6 218

54159 64 70 75 82 87 93+« 99 105 111 118 124 131 13.7

16.5 |16.5 16.6 16.6 16.7

46 |50 55 59 63

25.5 [25.6

71178

88 188 89 .89 90 92

25 | 27 29 32 34 37
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Table B-1 (SI)
Thermal Expansion Data (Cont’d)

NOTES:
(1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.
(2) Group 1 alloys (by nominal composition):

Carbon steels (C, C-Si, C-Mn, and C-Mn-Si) 1Cr-%%Mo-V %,Ni-%Cu-Mo
c-%Mo 1Y,Cr-%Mo ¥, Ni-YCr-YMo-V
Y Cr-Y%Mo-V 1Y,Cr-%Mo-Si 3,Ni-1Mo-%,Cr
“/5Cr="/,Mo-Si 17/,Cr-"/,Mo-Cu 1Ni-,Cr-"/4Mo
YCr-Y4,Mo 2Cr-"%Mo 1Y,Ni-1Cr-"%Mo
Y Cr-Y4Ni-%,Mo 2Y%,Cr-1Mo 1%,Ni-%,Cr-",Mo
¥,Cr-%Ni-Cu 3Cr-1Mo 2Ni-%,Cr-%,Mo
%/,Cr-¥,Ni-Cu-Al Y%Ni-%Mo-V 2Ni-¥,Cr-"4Mo
1Cr-“%Mo Y Ni-%Cr-%Mo-V 2%Ni
1Cr-%Mo-Si %, Ni-%,Mo-Cr-v 3%Ni

1Cr-%4Mo 3, Ni-Y,Mo-"4Cr-v 3%Ni=13%Cr-%Mo-V

(3) Group ? alloys (by nominal composition):
Mn-V Mn-Y%Mo Mn-%Mo-%Ni
Mn-Y%Mo Mn-%Mo-Y,Ni Mn-%Me=%Ni
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MANDATORY APPENDIX C
MODULI OF ELASTICITY

Seq Tables C-1 and C-2 [Tables C-1 (SI) and C-2 (SI)].
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Table C-2
Moduli of Elasticity for Nonferrous Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Materials -100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200
High Nickel Alloys
N02200 (200) 30.9 30.0 29.4 289 28.5 28.1 27.6 27.2 26.7 26.2 25.7 251 24.5
N02201 (201) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N04400 (440) 26.8 26.0 25.5 25.1 24.7 24.3 239 23.6 231 22.7 22.2 21.7 11.2
N06002 (X) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 249 24.3 28.8 33.2
N06007 (G) 28.6 27.8 27.2 26.8 26.4 26.0 25.6 25.2 24.7 24.3 23.8 23.2 326
N06022 30.8 29.9 29.3 28.8 28.4 28.0 27.5 27.1 26.6 26.1 25.6 25.0 24.4
N06455 (C-f) 30.7 29.8 29.2 28.7 283 27.9 27.4 27.0 26.5 26.0 255 249 343
N06600 (6(0) 31.9 31.0 30.3 29.9 29.4 29.0 28.6 28.1 27.6 27.1 26.5 259 353
N06617 (617) 29.2 28.4 28.0 27.7 27.4 27.0 26.5 26.0 25.5 249 24.3 13.8
N06625 (625) 309 30.0 29.4 289 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N08020 28.8 28.0 27.4 27.0 26.6 26.2 25.8 25.4 24.9 24.4 23.9 23.4 128
N08320 (2( Mod) 28.6 27.8 271 26.7 26.4 26.0 25.7 25.3 24.7 24.2 23.6 23.2 227
N08800 (8(0) (2) 29.3 285 27.9 27.5 27.1 26.7 26.2 258 25.4 249 24.4 238 33.2
N08810 (8(0H) (2) 29.3 28.5 27.9 27.5 271 26.7 26.2 25.8 25.4 249 24.4 238 13.2
N08825 288 28.0 27.4 27.0 26.6 26.2 25.8 25.4 249 24.4 239 234 228
N10001 (B) 32.0 31.1 30.4 30.0 29.5 29.1 28.7 28.2 27.7 27.2 26.6 26.0 353
N10276 (C-R76) 30.7 29.8 29.2 28.7 28.3 27.9 27.4 27.0 26.5 26.0 25.5 249 24.3
N10665 (B-R) 32.3 314 30.7 30.2 29.8 29.3 289 28.4 27.9 27.4 26.8 26.2 35.6

Aluminum pnd Aluminum Alloys

A24430 (B443) 10.5 10.0 9.6 9.2 8.7 8.1
A91060 (10/60) 10.5 10.0 9.6 9.2 8.7 8.1
A91100 (11400) 10.5 10.0 9.6 9.2 8.7 8.1
A93003 (3003) 10.5 10.0 9,6 9.2 8.7 8.1
A93004 (3004) 10.5 10.0 9.6 9.2 8.7 8.1
A96061 (60/61) 10.5 10.0 9.6 9.2 8.7 8.1
A96063 (60463) 10.5 10.0 9.6 9.2 8.7 8.1
A95052 (50(52) 10.7 10.2 9.7 9.4 8.9 8.3
A95154 (51f54) 10.7 10.2 9.7 9.4 8.9 8.3
A95454 (5454) 10.7 10.2 9.7 9.4 8.9 8.3
A95652 (56(52) 10.7 10.2 9.7 9.4 8.9 8.3
A03560 (356) 10.8 10.3 9.8 9.5 9.0 8.3
A95083 (501833 +6-8- +0-3 3-8 9-5 9-6 83
A95086 (5086) 10.8 10.3 9.8 9.5 9.0 8.3
A95456 (5456) 10.8 10.3 9.8 9.5 9.0 8.3

Copper and Copper Alloys

C83600 14.4 14.0 13.7 13.4 13.2 129 12.5 12.0
€92200 14.4 14.0 13.7 13.4 13.2 129 12.5 12.0
C46400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
C€65500 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)
C€95200 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
€95400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
C€10200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C11000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C12000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C12200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C12500 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C1420p0 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C23000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C61400 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C70600 18.5 18.0 17.6 17.3 16.9 16.5 16.0 15.4
C97600 19.6 19.0 185 18.2 17.9 17.5 16.9 16.2
C71000 20.6 20.0 19.5 19.2 18.8 18.4 17.8 ¥
C71500 22.6 22.0 21.5 211 20.7 20.2 19.6 188
Unallgyed Titanium
Gradej§ 1, 2, 3, 15.5 15.0 14.6 14.0 133 12.6 11.9 11.2

7, apd 12
NOTES:
(1) THese data are for information and it is not to be implied that'materials are suitable for all the temperature ranges showi.
(2) Fdr N08800 and N08810, use the following E values above 1,200°F: at 1,300°F, E = 22.7; at 1,400°F, E = 21.9; at 1,500°F, E 5 21.2 x 10°.
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MANDATORY APPENDIX D
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Seq Table D-1 and Figures D-1 through D-3.
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Table D-1
Flexibility and Stress Intensification Factors
Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Description h k i Illustration
l tﬂ
Welding elbow or pipe bend t,R 1.65 0.9 r _L
[Notes (13—~£53 EY — EWE) A —r
r h h R |
Closely spaged miter bend
[Notes (1)-(3), (5]
s <r(1 +|tan 6) w 152 09
B > 6t, 22 1/ /3

0 < 22%|deg

Widely spa¢ed miter bend

[Notes (1), (2), (5), (6] ty(1 + cot 0) 1.52 0.9
sz r(1 +|tan 6) - 5/6 2/3
0 < 22 |deg 2 h h
Welding te¢ per
ASME B1§6.9 [Notes (1), 3.1, 1 2;/93
(2), (M1 & h
\S/2 r
Reinforced fabricated tee (tn + _’) 1 0.9 T
[Notes (1), (2), (8), (9)] 723/2 23 N
r(tn) - \_| V p—
te, te,
Pad | Saddig
.y
Unreinforced fabricated tee t, 1 0.9 r _T—_t
[Notes (1), (2), (9)] . 23 i "
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Table D-1
Flexibility and Stress Intensification Factors (Cont’d)
Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Description h k i Illustration
¥in
Branch welded-on fitting 09 _L
(integrally reinforced) per 33ty 1 —_— ¢ r
MSS,SP-97 [Nates (1} (2)] r /3 ¥
A
Extruded outlet meeting the 09 T
reqyirements of para. tn 1 -7 ____I_.__
104{3.1(g) [Notes (1), (2)] r /3 SIS I L
tln
Welded-in contour insert 3.1t, 1 09 | T )
[Nofes (1), (2), (7)] . 23 c B
rX
Flexibility Stress
Factor, Intensification Factor,
Description k i Illustration
For checking branch end
Branch connection 2/3, , \1/2 , . }
[Nofes (1), (10)] 1 1,5(R_m] [’_m] [tn_b] m See Figure D-1
tuh Ry, tuh p
Butt weld [Note (1)]
t = 0.237 in, 1 1.0 [Note (11)]
Sma = 1/16 in,
and|[d,vg/t < 0.13
Butt weld [Note (1)] —_—
t
t = 0.237 in,, 1 t l
Smal < % in,,
and|8,,,/t = any value 1.9 max. or [0.9 + 2.7(8avg/t)],
but not less than 1.0 t 7
Butt weld [Note (1] [Note (11)]
t < 0.237 in, 1
8ma < 1/16 i,
and|8.y¢/t < 0.33
Fillet welds 1 1.3 [Note (12)] See Figures 127.4.4-1-127.4.4-3

1.9 max. or ¢
Tapered transition per para. X
127.4.2(b) and 1 D, o l -/
ASME B16.25 [Note (1)] 1.3 +0.0036-= + 3.6-— %
n n T -
b )
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Table D-1
Flexibility and Stress Intensification Factors (Cont’d)
Flexibility Stress
Factor, Intensification Factor,
Description k i Illustration
Concentric reducer per 2.0 max. or
ASME B169 1 5 1/2.
[Notes (1)), (13)] 0.5 + o.om[t—ZJ
2
Threaded pjipe joint or 1 23
threaded|flange '
Corrugated [straight pipe, or
corrugatdd or creased bend 5 2.5
[Note (14)]
GENERAL NOTES:
(a) The validity of the stress intensification and flexibility factor data in Table D-1 has been demenstrated for D,/t, < 100.
(b) The degigner may use the stress intensification and flexibility factors from ASME B31] instéad of the stress intensification and flekibility
factors herein. When using the stress intensification factors from ASME B31], the maximum©fithe in-plane (i), out-of-plane (i,), and tofsional
(i) stresss intensification factors shall be used in calculating stresses in accordance with para. 104.8. Alternatively, stress intensiffcation
factors may be developed using ASME B31], Nonmandatory Appendix A.
NOTES:
(1) The fgllowing nomenclature applies to Table D-1:
B =|length of miter segment at crotch, in. (mm)
D, =|outside diameter of reducer on large end, in. (mm)
D, =|outside diameter of reducer on small end, in. (mm)
D, =|outside diameter, in. (mm)
D, =|outside diameter of branch, 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 fnserts and welding tees, in. (mm)
t, =| nominal wall thickness of pipe, in. fmin) (matching pipe for tees)
t, =| reinforcement pad or saddle thickness, in. (mm)
a =|reducer cone angle, deg
6 =[mismatch, in. (mm)
6 =|one-half angle between adjacent miter axes, deg
(2) Thefl¢xibility factors, k, and stfess intensification factors, i, in Table D-1 apply to bending in any plane for fittings and shall in no case bg taken
less thian unity. Both factorsapply over the effective arclength (shown by heavy centerlines in the illustrations) for curved and miter glbows,
and tq the intersection point for tees. The values of k and i can be read directly from Figure D-2 by entering with the character]stic, h,
compiited from the.formulas given.
(3) Wherg¢ flanges are attached to one or both ends, the values of kand i in Table D-1 shall be multiplied by the factor, ¢, given below, which can be
read directly from/Figure D-3, entering with the computed h: one end flanged, ¢ = h'/®; both ends flanged, ¢ = hY/3,
(4) Thedgsignerise¢autioned that castbutt welding elbows may have considerably heavier walls than those of the pipe with which they arfe used.
Large|errors/may be introduced unless the effect of these greater thicknesses is considered.
(5) Inlargediameterthin-wallelbowsand bends, pressure can significantly affect magnitudes of kand j. Values from the Table may be cogrected

by dividing k by

{1

and dividing i by

S/2
14325 — || — —
E N\t, r

(6) Also includes single miter joints.
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Table D-1
Flexibility and Stress Intensification Factors (Cont’d)

NOTES: (Cont'd)

(7) Ifry=D,,/8 and T, = 1.5¢,, a flexibility characteristic, h, of 4.4t,/r may be used.

(8) When ¢, > 1.5¢t,, h = 4.05¢,/r.

(9) Thestress 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.

(10) The equation applies only if the following conditions are met:

(a) 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.
cJ Forbranch connectionsina pipe, the arc distance measured between the centers of adjacent branches along the surface of the rfin pipe is not
legs than three times the sum of their inside radii in the longitudinal direction or is not less than two times the sum of their raflii along the
cifcumference of the run pipe.
d) The inside corner radius r; (see Figure D-1) is between 10% and 50% of t,p,.
e) The outer radius, r, (see Figure D-1), is not less than the largest of T,/2, (T, + ¥)/2 [shown in Figure D-1, illustration (c]], or t,,/2.
(f) The outer radius, r; (see Figure D-1), is not less than the larger of
(1) 0.0026d,
(2) 2(sin 6)* times the offset for the configurations shown in Figure D-1, illustrations (a) and (b)
9) Rn/tan < 50 and 'y, /Ry, < 0.5.

(11) The stress intensification factors apply to girth butt welds between two items for which the wall thickneSses are between 0.875¢t and 1.10t
fpr an axial distance of\/D_Dt. D, and tare nominal outside diameter and nominal wall thickness, réspectively. 6, is the average mismatch or
dffset.

(12) Hor welds to socket welded fittings, the stress intensification factor is based on the assumption that the pipe and fitting ard matched in
dccordance with ASME B16.11 and a full weld is made between the pipe and fitting as sh6wn'in Figure 127.4.4-3. For welds to so¢ket welding
flanges, the stress intensification factor is based on the weld geometry shown in Figuré\127.4.4-2 and has been shown to envelop the results

f the pipe to socket welded fitting tests. Blending the toe of the fillet weld, with@e undercut, smoothly into the pipe wall, as ghown in the
doncave fillet welds in Figure 127.4.4-1, illustrations (b) and (d), has beensshown to improve the fatigue performance of|the weld.

(13) The equation applies only if the following conditions are met:

a) Cone angle, @, does not exceed 60 deg, and the reducer is concentrije
b) The larger of D;/t; and D,/t, does not exceed 100.

snpall end, where the thickness shall not be less than t,.

(14)

Hactors shown apply to bending; flexibility factor for torsion='0.9.

c) The wall thickness is notless than ¢, throughout the body of the redueer, except in and immediately adjacent to the cylindrical pprtion on the
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Legend:
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Figure D-1

Branch Connection Dimensions

—_— Tb -— — Tb ’4—
Branch pipe
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‘ 0,= 45 deg
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Im X //_ Branch ™~ ¢, =90 deg
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i Offset N Offset
Ly Ly
o \(
ry ry
e |
Rm Rm
(a) (b)
Tb =1lpp+ 0667y
5 ’_ thp Branch | f—ty=T,
Branch pipe
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Dp
, Dy
" 2
6, = 45 deg r
\% Branch
/— Ly
'm \|
fi ry
/ § fi \\4/
'p N | f
T t
<=y — g f
m Rm
(c) (d)
Dp = outside dtameter of brancit pipe, 1. (mm) T, = outstde Tadtus of bramch
L1 = height of nozzle, in. (mm) reinforcement, in. (mm)
ry, Iy, 3 = transition radii of branch T, = effective thickness of branch
reinforcement, in. (mm) reinforcement, in. (mm)
r'm = mean radius of branch pipe, in. (mm) t,p = nominal thickness of branch pipes, in. (mm)
r; = inside radius of branch, in. (mm) t,n, = nominal thickness of run pipe, in. (mm)
R, = mean radius of run pipe, in. (mm) 6, = transition angle of branch
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Figure D-2
Flexibility Factor, k, and Stress Intensification Factor, i
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Correction Factor, ¢
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Figure D-3
Correction Factor, ¢
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MANDATORY APPENDIX F
REFERENCED STANDARDS

Specific editions of standards incorporated in this Code by reference are shown in this Appendix. It is not practical to

(22)

ce dates are

Iso shown

Amerjican National Standard
7223.]1-2012

API Specifications

5L, 38th Edition, 1990
570, 3rd Edition, 2009
571, 3rd Edition, 2020

ASCE
7-16

SEI Standard
Note (1)]

ASMEH Codes and Standards

Boilel] and Pressure Vessel Code,
latgst edition

A13.1£2015
B1.1-1989
B1.13M-2001

B1.20|1-1983 (R2001)
(ANSI/ASME B1.20.1)

B1.20[3-1976 (R1998)
(ANSI B1.20.3)

B16.1
B16.3
B16.44
B16.5]
B16.9
B16.1), latest-edition
B16.1[1, latest edition
B16.1

latest edition
latest edition
latest edition
latest edition

latest edition

latest edition
4

ASME Codes and Standards (Cont’d)
B16.36, latest edition
B16.42, latest edition
B16.47, latest edition
B16.48, latest edition
B16.50, latest edition

B18.2.1-1996 (1999a)

B18.2.2-1987 (R1999)
(ASME/ANSI B18.2.2)

B18.2.3.5M-1979 (R2001)
B18.2.3.6M-1979 (R2001)
B18.2.4.6M-1979 (R1998)
B18.21.1-1999
B18.22M-1981
B18.22.1-1965(R1998)
B18.31,1M-2008 (R2016)
B18.31.2-2014

B31.3-2020
B31.4-2019
B31.8-2020
B31Ea-2010
B31J-2017
B31P-2017
B31T-2018
B36.10M-2018
B36.19M-2018

CA-1, latest edition

ASTM Specifications [Note (2)]
A47/A47M-99(2018)"
A48/A48MA6

A53/A53M-20

A105/A105M-21
A106/A106M-19
A125-96 (2018)
A126-14

A134-19
A135/A135M-21
A139/A139M-16
A178/A178M-19
A179/A179M-19
A181/A181M-14 (2020)
A182/A182M-21
A192/A192M-17
A193/A193M-20
A194/A194M-20a
A197/A197M-00 (2019)

A210/A210M-19
A213/A213M-21a
A214/A214M-19
A216/A216M-18
A217/A217M-20
A229/A229M-18
A234/A234M-19
A240/A240M-20a

A242/A242M-13 (2008)

B16.15, latest edition
B16.18, latest edition
B16.20, latest edition
B16.21, latest edition
B16.22, latest edition
B16.24, latest edition
B16.25, latest edition
B16.26, latest edition
B16.34, latest edition

PCC-3-2017
QAI-1, latest edition
TDP-1-2013

ASNT Standards
CP-189-20
SNT-TC-1A-20

ASTM Specifications [Note (2)]
A36/A36M-19
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A249/A249M-18a
A254/A254M-12 (2019)
A268/A268M-20
A276/A276M-17
A278/A278M-01 (2020)
A283/A283M-18
A285/A285M-17
A299/A299M-17

(Cont'd)
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ASTM Specifications [Note (2)] (Cont'd)
A307-14
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ASTM Specifications [Note (2)] (Cont'd)

ASTM Specifications [Note (2)] (Cont'd)
B423-05

A312/A312M-21 B16/B16M-19 B424-05
A320/A320M-18 B26/B26M-18 B425-99 (R05)
A322-13 (2018) B32-04 B435-06
A333/A333M-18 B42-20 B443-00 (R05)
A335/A335M-21 B43-20 B444-06
A336/A336M-21 B61-15 B446-03 (R08)
A350/A350M-18 B62-17 B453/B453M-19
A351/A35]M-18 B68/B68M-19 B462-06
A354-17 B75-20 B463-04
A358/A358M-19 B88-20 B464-05
A369/A369M-18a B88M-20 B466/B466M-18
A376/A37¢M-19 B467-14
A377-18 B108-06 B468-04
A387/A38TM-17a B111/B111M-18 B473-07
A389/A389M-13 (2008) B148-18
A395/A395M-99 (2008) B150/B150M-19 B546-04
B151/B151M-20 B564:06a
A403/A403M-19a B161-05 B572°06
A409/A409M-19 B163-04 B574-06
A420/A420M-20 B165-05 B575-06
A426/A42¢M-18 B166-08 B584-14
A437/A43TM-15 B167-11
A449-14 (4020) B168-08 B608-18
A450/A450M-18a B171-18 B619-06
A451/A451M-20 B622-06
A453/A453M-17 B209/B209M-14 B625-05
A479/A479M-20 B210/B210M-19a B626-06
B221-14 B649-06
A515/A515M-17 B234-17 B673-05
A516/A516M-17 B234M-17 B674-05
A530/A530M-18 B241/B241M-16 B675-02
A536-84 (R19) B247-20 B676-03
A564/A564M-19a B247M-20 B677-05
A575-20 B251/B251M-17 B688-96 (R04)
A576-90b [R17) B265-20a B690-02 (R07)
A587-96 (R19) B280-20 B691-95
B283/B283M-20
A671/A671M-20 B704-03
A672/A672M-19 B302-17 B705-05
A691/A69]1M-19 B315-19 B729-05
B338-17
A789/A789M-20 B348/B348M-19 B804-02
A790/A790M-20 B361-02 B828-02
B366-04b ! B861-19
A815/A815M-20 B367-13 B862-19
B381-13 F1476-07 (R2013)
A928/A928M-14 (2021) F1548-01 (R2018)
A965/A965M-21 B407-04
A992/A992M-20 B408-06 ASTM Standard Test Methods
A1091/A1091M-21 B409-06 D323-06
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ASTM Standard Test Methods (Cont'd)
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AWWA and ANSI/AWWA
Standards (Cont’d)

MSS Standard Practices (Cont’d)

E94-04 SP-58-09
E125-85 (R04) SP-61-13
E186-04 €500-19 SP-67-11
E280-04 €504-15 SP-68-11
E446-04 €509-15 SP-75-14
E1003-13(2018) C516-14 SP-79-11
E2930-13 SP-80-13

C600-17 SP-83-14

AWS Bpecifications c606-15 SP-88-10
A3.0-20 SP-93-99 (R04)
D10.10-21 EJMA Standards SP-94-92
Qci-16 Standards of the EJMA, Inc., 10th Edition 2015 | gp_g5.14

SP-97-12

AWWA and ANSI/AWWA FCI Standard SP-105-10

Stapdards 79-1-09 SP-106-12
C110/A21.10-12 SP-128-12

C111{A21.11-17 ISO Standard SPs136<20
C1154/A21.15-20 ISO 9712-2012
C150/A21.50-14 National Fire Codes and Standafds
C151f/A21.51-17 MSS Standard Practices NFPA 56-20
C153{A21.53-19 SP-6-12 NFPA 85-19

SP-9-13 NFPA 1963-19

C200417 SP-25-13
C207418 SP-42-13 PFI Standards
c208{17 SP-43-13 ES-16-08

SP-45-03 (R08) ES-24-08

C300416 SP-51-12
€3014{14 (R19) SP-53-99 (ROZ)

C302416 SP-54-99°(R07)
€304{14 (R19) SP-55-06

GENERALNOTE: Theissue date shownimmediately.following the hyphen after the number of the standard (e.g., B1.1-1989,A36/A36¢M-05, SP-6-

12) is

NOTE
(1) Th

juri
(2) Fo

D!

bdiction.

" boiler external piping material application, see para. 123.2.2.

the effective date of issue (edition) ofithe*standard. B18.2.2-1987 (R1999) designates reaffirmation without change in 1p99.

b Code incorporates by reference the'listed edition of ASCE 7. A different edition of the standard may be required by the authprity having
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Specifications and standards of the following organizations appear in this Appendix:

AISC

ANSI

API

ASCE

ASME

ASNT

American Institute of Steel

1214 Vernier, Geneva, Switzerland

)

Construction ASTM Amerlca.n Society for Testmg and Phone: +41 22 749 01 11
130 East Randolph Street, Suite Materials (ASTM International) i
2000 100 Barr Harbor Drive www:-iso.org
hicago, 1. 60601-6204 P.0. Box €700 MSS Manufacturers Standardization
Phone: (312) 670-2400 West Conshohocken, PA 19428- Society of the Valve andFiftings
Fax: (312) 670-5403 2959 Industry, Inc.
Yww.aisc.org Phone: (610) 832-9585 127 Park Street, NE
Fax: (610) 832-9555 Vienna, VA 22180:4602
American National Standards www.astm.org Phone: (703)'281-6613
Institute www.msshgq:org
5 West 43rd Street AWS American Welding Society
New York, NY 10036 8669 NW 36 Street, No. 130 NFPA Nationdl Fire Protection
Phone: (212) 642-4900 Miami, FL 33166 yesociation
ax: (212) 398-0023 Phone: (800) 443-9353 1 Batterymarch Park
Ywwansiorg www.aws.org Quincy, MA 02169-7471
Phone: (617) 770-3000 or ($00)
American Petroleum Institute AWWA  American Water Works 344-3555
00 Massachusetts Avenue NW Association Fax: (617) 770-0700
duite 1100 6666 West Quincy Avenue www.nfpa.org
Washington, DC 20001-5571 Denver, CO 80235 . o .
Phone: (202) 682-8000 Phone: (303) 794-7741 or (800) PFI Pipe Fabrication Institute
o 926-7337 USA Office: 511 Avenue of t}
yww.apl.org www.awwa.org Americas, #601
New York, NY 10011
American Society of Civil ew Tor .
Engineers EJMA  Expansioir]joint Manufacturers Ca;;‘éi Office: 655-32nd Avgnue,
801 Alexander Bell Drive Association, Inc. }
Reston, VA 20191-4400 25 North Broadway Lachine, QC, HST 3G6
Phone: (800) 548-2723 Tarrytown, NY 10591 Phone: (514) 634-3434
703) 295-6300 (International) Phone: (914) 332-0040 Fax: (514) 634-9736
ax: (703) 295-6222 www.ejma.org www.pfi-institute.org
yww.asce.org PPI Plastics Pipe Institute
L . . FCI Fluid Controls Institute 105 Decker Court, Suite 825
he American Society of
Mechanical Engineefs 1300 Sumner Avenue Irving, TX 75062
Two Park Avenue Cleveland, OH 44115-2851 Phone: (469) 499-1044
INew York, NY,10016-5990 Phone: (216) 241-7333 Fax: (469) 499-1063
Phone: (800)°843-2763 Fax: (216) 241-0105 www.plasticpipe.org
. . www.fluidcontrolsinstitute.org
Yax: (923]862-1717 SEI Structural Engineering Instityite of
WVww:asSme.org ASCE
o S . 12801 Alexander Bell Drive
[he American Society for
Nondestructive Testing Reston, VA 20191-4400
ISO International Organization for Phone: (800) 548-2723

1711 Arlingate Lane

P.O. Box 28518

Columbus, OH 43228-0518
Phone: (800) 222-2768

www.asnt.org

Standardization
Central Secretariat
Chemin de Blandonnet 8
Case Postale 401
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MANDATORY APPENDIX G
NOMENCLATURE

(22)

This Appendix is a compilation of the nomenclature also defined at a convenient location withiin[the Code.
used within this Code. Included are the term definitions When used elsewhere within the Code,/d¢finitions
and units that can be uniformly applied. These terms are given here shall be understood to apply,

Units | References
Symbol Definition SI uscC Paragraph Table/Figure/Appendix
A Corrosion, erosion, and mechanical allowances mm in. 102.4.5(b) [eqs7(3), Figure 104.3.1-2
(including threading, grooving) (4)]; 104.1:2(a) [egs. (7),
(8), £9),"10)]
104:31(g)
104.41(b)
104.5.2(b) [eq. (13)]
104.5.3(a)
Aq Area available for reinforcement in run pipe mm? _inf 104.3.1(d)(2)(-c) Figure 104.3.1-1
104.3.1(g)(6) Figure 104.3.1-2
A, Area available for reinforcement in branch pipe mm?®  in2 104.3.1(d)(2)(-c) Figure 104.3.1-1
104.3.1(g)(6) Figure 104.3.1-2
As Area available for reinforcement by deposited métal mm?® in?  104.3.1(d)(2)(-c) Figure 104.3.1-1
beyond outside diameter of run and branch and’for
fillet weld attachments of rings, pads, and saddles
Ay Area available for reinforcement by reinforcing ring, mm?  in.? 104.3.1(d)(2)(-c) Figure 104.3.1-1
pad, or integral reinforcement 104.3.1(g)(6) Figure 104.3.1-2
As Area available for reinforcementiin‘saddle on right —mm? in.2 104.3.1(d)(2)(-c) Figure 104.3.1-1
angle connection
Ag Pressure design area expectédat the end of service life mm?  in.? 104.3.1(d)(2) Figure 104.3.1-1
A, Required reinforcement ‘area mm? in?  104.3.1(d)(2)(-b) Figure 104.3.1-1
A, Cross-sectional mdtexial area of the pipe mm? in?  104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
104.3.1(g)(5) Figure 104.3.1-2
B Length of miter segment at crotch mm in. 104.2.3(a) Table D-1
104.2.3(b)
Subscript referring to branch 104.3.1(d)(2) Figure 104.3.1-1
c Cold=spring factor TI9 101 {eqs. (187, (1971
Cx Size of fillet weld for socket welding components other mm in. Figure 127.4.4-3
than flanges
c Flanged elbow correction factor Table D-1
Figure D-3
D Nominal pipe size mm in 119.7.1(a)(3) .
Dy, Outside diameter of reducer mm in Table D-1
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Units References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
D, Outside diameter of pipe mm in. 102.3.2(a) Table D-1
104.1.2(a) [egs. (7), (9)] Table 104.1.2-1
104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
D,p Outside diameter of branch mm in. 104.3.1(d)(2) Figure D-1
104.3.1(d)(2)(-c) Figure 104.3.1-2
104.3.1(¢)
T0Z.3.1(g)(4)
104.3.1(g)(5)
Do Outside diameter of header or run pipe mm in. 104.3.1(d)(2) Figure 104.3,1-2
104.3.1(¢)
104.3.1(g)(4)
104.3.1(g)(5)
d [nside diameter of pipe mm in. 104.1.2(a) [egs. (8), (10)] /Table 104.1.2-1
dy [nside centerline longitudinal direction of the finished mm in. 104.3.1(d) Figure 104.3.1-1
branch opening in the run of the pipe 104.3.1(e)
d, Half width of reinforcement zone mm in. 104.3.1(d)(2) Figure 104.3.1-1
ds Diameter of finished opening mm in. 104.4.2
de [nside or pitch diameter of gasket mm in. 104.5.3(a){éq. (14)] Figure 104.5.3-1
dp Corroded internal diameter of branch pipe mm in. 104.34(g)(4) Figure 104.3.1-2
d. Corroded internal diameter of extruded outlet mm in. 104:3:1(g)(4) Figure 104.3.1-2
10473.1(g)(5)
104.3.1(g)(6)
d; [nside diameter of Y-globe valve mm in. Figure 122.1.7-1
dn Nominal inside diameter of pipe mm in. 102.3.2(a)
dr Corroded internal diameter of run mm in. 104.3.1(g)(4) Figure 104.3.1-2
E Weld joint efficiency factor 104.1.2(a) Table 102.4.3-1
Mandatory Appendix 4
Notes and Tables
E Young’s modulus of elasticity (used with subscripts) MPa  psi 119.6.2 Tables C-1 and C-2
119.6.4 Table D-1
119.10.1 [egs. (18), (19)]
F Casting quality factor 104.1.2(a) Mandatory Appendix A
Notes and Tables
Fq Longitudinal force due to sustained loads N Ibf 104.8.1 Figure 104.8-1
Fy Longitudinal force dué\te/occasional loads N Ibf 104.8.2 Figure 104.8-1
F. Longitudinal force due to displacement loads N Ibf 104.8.3 Figure 104.8-1
f Stress range reduction factor 102.3.2(b) [egs. (14), (1B),
(10)]
h Subscript\referring to run or header 104.3.1(d)(2) Figure 104.3.1-1
Figure 104.3.1-2
[Thread depth (ref. ASME B1.20.1) mm in. 102.4.2
Flexibility characteristic, to compute i, k Table D-1
Through-wall dimension (height) of a flaw drawn mm in. 0-8(a)(2) Figure 0-8-1
normal to the inside pressure surface of the 0-8(a)(4) Table 0-9-1
component Table 0-9-2
Table 0-9-3
h, Height of extruded lip mm in. 104.3.1(g)(2) Figure 104.3.1-2
104.3.1(g)(4)
I Lorenz equation compensation factor 102.4.5 [egs. (3), (4),
(5), (6)]
I, I, I, In-plane, out-of-plane, and torsional moment indices 104.8.1, 104.8.2 Figure 104.8-1
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Units References
Symbol Definition SI uscC Paragraph Table/Figure/Appendix
iq Axial stress intensification factor 104.8.3 Figure 104.8-1
i, I, i, ir  In-plane, out-of-plane, and torsional stress 104.8.3 Figure 104.8-1
intensification factors
K Factor for reinforcing area 104.3.1(g)(5) Figure 104.3.1-2
k Factor for occasional loads 104.8.2 Figure 104.8-1
k Flexibility factor Table D-1
L Developed length of line axis m ft 119.7.1(a)(3)
Ly Height of nozzle mm in. Figure D-1
Ly Altitude of reinforcing zone outside run pipe mm in. 104.3.1(d)(2) Figure 104.8.1-7
Lg Altitude of reinforcing zone for extruded outlet mm in. 104.3.1(g)(4) Figure 104:3.1-2
104.3.1(g)(6)
£ Length of flaw, drawn parallel to the inside pressure- mm in. 0-8(a)(1) Figure 0-8-1
retaining surface of the component Table 0-9-1
Table 0-9-2
Table 0-9-3
M;s, Mys, In-plane, out-of-plane, and torsional moments for mm-N in.-lb 104.8.1 Figure 104.8-1
My sustained loads
Mg, Mo, In-plane, out-of-plane, and torsional moments due to mm-N in.-lb 104.82 Figure 104.8-1
Mg sustained loads and occasional loads
Mic, My, In-plane, out-of-plane, and torsional moments for mm-N in.-lb .104.8.3 Figure 104.8-1
M, displacement loads
MAWH Maximum allowable working pressure kPa psi 100.2
MSOP Maximum sustained operating pressure kPa pSi1 101.2.2
N Total number of equivalent reference displacement 102.3.2(b) [eq. (2)]
stress range cycles
Ng Number of cycles of reference displacement stress 102.3.2(b) [eq. (2)]
range
N; Number of cycles associated with displacemeént.stress 102.3.2(b) [eq. (2)]
range
NPS Nominal pipe size in. 100.1.2
P Internal design gage pressure of pipe, component kPa psi 102.3.2(a) Table D-1
104.1.2(a) [egs. (7), (8),
(9), (10)]
104.5.1(a)
104.5.2(b)
104.5.3(a) [eq. (14)]
104.5.3(b)
104.8.1 Figure 104.8-1
122.1.2(a)
122.1.3(a)
122.1.4(a)
122.1.4(b)
122.1.6(b)
122.1.7(c)
122.4(b)
P, Pressure coincident with the occasional load being  kPa psi 104.8.2 Figure 104.8-1
evaluated
q; Ratio of computed stress range other than reference 102.3.2(b) [eq. (2)]
range (S;) to computed reference stress range (Sg)
R Reaction moment in flexibility analysis (used with mm-N in.-lb 119.10.1 [egs. (18), (19)]

subscripts)
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Units | References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
R Centerline radius of elbow or bend, and effective mm in. 102.4.5(b) Table D-1
“radius” of miter bends 104.2.3 Figure 102.4.5-1
129.3.4.1
R Mean radius after forming mm in. 129.3.4.1
Ry Original mean radius mm in. 129.3.4.1
R Mean radius of run pipe mm in. Figure D-1
Table D-1
r [Mean Tadius of pipe UsSIng nominal wail ¢, T T 10423 Tabie D-1
ri Half width of reinforcement zone mm in. 104.3.1(g)(4) Figure 104.3.1-2
ry, o, 3 [Transition radii of branch reinforcement mm in. Figure D-1
T [nside radius of branch mm in. Figure D-1
r'm Mean radius of branch mm in. Figure B-1
Table D-1
o Radius of curvature of external curved portion mm in. 104.3.1(g)(2) Eigure 104.3.1-2

104.3.1(g)(4)
104.3.1(g)(6)

T'od INormal outside radius of pipe or tube mm in. 129.3.4.1
rp Outside radius of branch reinforcement mm in. Figure D-1
Table D-1
Ty External crotch radius of welded-in contour inserts mm in. Mandatory Appendix I
S Basic material allowable stress MPa  psi 122:4:2(a)
12271.3(b)
122.4(b)(3)
S Basic material allowable stress MPa  ksi 102.3.1(a) Mandatory Appendix 4
Tables and Notes
S Separation between the outer extent of a flaw and the mm in. 0-8(a)(4) Figure 0-8-1
nearest surface
Sa Allowable stress range for expansion stress MPa  psi 102.3.2(b) [egs. (14), (1B),
(10)]
104.8.3 Figure 104.8-1
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)
S. Basic material allowable stress at minimum (cold) MPa  psi 102.3.2(b) [egs. (14), (1B),
temperature (10)]
Sk Reference displacement stfess Tange MPa  psi 102.3.2(b)
104.8.3 Figure 104.8-1
119.6.4
119.10.1 [eq. (19)]
S¢ Allowable stress for flange material or pipe kPa psi 104.5.1(a)
Sh Basic matefjal allowable stress at maximum (hot) MPa  psi 102.3.2(b) [egs. (14), (1B),
temperature (10)]
104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
119.10.1 [eq. (19)]
S; Computed stress range other than reference stress  kPa psi 102.3.2(b) [eq. (2)]
range
Sip Longitudinal pressure stress kPa psi 102.3.2(a)
104.8
S. Longitudinal stress due to pressure, weight, and other MPa  psi 102.3.2(a)(3)

sustained loads
104.8.1 Figure 104.8-1
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Units References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
S, Occasional stress due to pressure, weight, sustained MPa  psi 104.8.2 Figure 104.8-1
loads, and occasional loads
SE Allowable stress (including weld joint efficiency factor) MPa  psi 104.1.2(a) [egs. (7), (8),
(9), (10]]
104.5.2(b)
104.5.3(a) [eq. (14)]
104.5.3(b)
SE Aftowable stress (Including weltd joint efficlency factor) MPa kst T02371(a) Mandatory Appepdix A
Tables and ‘Nofes
SF Allowable stress (including casting quality factor) MPa  psi 104.1.2(a)
SF Allowable stress (including casting quality factor) MPa  ksi 102.3.1(a) Mandatory Appendix A
Tables and Nofes
s Miter spacing pipe centerline mm in. Table D-1
T Actual pipe wall thickness (by measurement) or the mm in. 104.3.1(d)(2) Figure 104.3.1-1
minimum wall thickness permissible under the 104.3.1(g)(4) Figure 104.3.1-2
purchase specification, used with or without .
subscripts, namely 104.3.1(g)(6) Figure D-1
T, = thickness of branch 104.8.4(c)
Ty = thickness of header, etc.
T. Crotch thickness of welded-in contour inserts mm in. Table D-1
T, Corroded finished thickness extruded outlet mm in. 104:3.1(g)(4) Figure 104.3.1-2
104.3.1(g)(6)
t Pressure design thickness pipe, components mm in’ 104.1.2(a) [egs. (7), (8), Figure 104.3.1-2
(used with subscripts) (9), (10]] Figure 104.5.3-1
104.3.1(d)(2) Figure 127.4.8-4
104.3.1(g)(4)
104.2.3(c)(3)(-a)
104.2.3(c)(3)(-b)
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 Figure 104.8-1
104.8.4(c)
127.4.8(b)
132.4.2(€)
ti Nominal wall thickness of reducer mm in. Table D-1
te Throat thicknéss of cover fillet weld, branch connection mm in. 127.4.8(b) Figure 127.4.8-4
132.4.2(e) Figure 127.4.8-5
te Effeétive'branch wall thickness mm in. 104.8.4(c)
tm Minimum required thickness of component, including mm in. 104.1.2(a) [egs. (7), (8), Table 102.4.5-1
allowances (A4) for mechanical joining, corrosion, (9), (10)] Table 104.1.2-1
etc. (used with subscripts), namely

t,mp = minimum thickness of branch
t,»n = minimum thickness of header

+4-3-H2Y
104.3.1(e)
104.3.1(g)
104.2.3(c)(3)(-a)
104.2.3(c)(3)(-b)
104.4.1(b)
104.5.2(b) [eq. (13)]
104.5.3(a)

Figure104-3-1=%
Figure 104.3.1-2
Figure 127.4.2-1
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Units References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
ty Nominal wall thickness of component (used with mm in. 102.3.2(a)(3) Figure 127.4.4-2
subscripts), namely 104.2.3 Figure 127.4.4-3
t,» = nominal wall thickness of branch .
t,n = nominal wall thickness of header 104.8.1 F¥gure 127.4.8-4
t,~ = nominal thickness of reinforcement Figure 104.8-1
104.8.2 Figure 127.4.8-5
Figure 104.8-1
104.8.4(c) Figure D-1
T27238(b) Tabie D-1
129.3.4.1
132.4.2(e)
tr Thickness of reinforcing pad or saddle mm in. 104.3.1(d)(2) Figure 104,3.11
104.3.1(e) Table D1
ts [Wall thickness of segment or miter mm in. 104.2.3(c)(3)
tw [Weld thickness mm in. 104.3.1(c)(2) Eigure 127.4.8-7
U IAnchor distance (length of straightline joininganchors) m ft 119.7.1(a)(3)
w [Weld strength reduction factor 102.4.5(b) Table 102.4.7-1
102.4.7
104.1.2
Xmin Size of fillet weld for slip-on and socket welding flanges mm in. Figure 127.4.4-2
or socket wall for socket welds
Resultant of movement to be absorbed by pipelines 119241(a)(3) .
y A coefficient having values given in Table 104.1.2-1 104<1.2(a) [egs. (7), Table 104.1.2-1
(8), (9), (10)] Mandatory Appendix 4,
Notes to Tables A-4, A-5,
A-6, A-7, and A-9
y Branch offset dimension mm in. Figure D-1
Z Section modulus of pipe mm®>  in3 104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
a Angle between axes of branch and run deg deg  104.3.1(d)(2) Figure 104.3.1-1
104.3.1(€)
a Reducer cone angle deg deg Table D-1
6 Mismatch or offset mm in. Table D-1
6 Angle of miter cut deg deg 104.2.3 Table D-1
6, Transition angle of branch reinforcement deg deg Figure D-1
2 Equal to or greater than
< Equal to or less than
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MANDATORY APPENDIX H
PREPARATION OF TECHNICAL INQUIRIES

H-1 INTRODUCTION

Th¢ ASME B31 Committee, Code for Pressure Piping,
will donsider written requests for interpretations and
revisjons of the Code rules, and develop new rules if
dictatled by technical development. The Committee’s activ-
ities ip this regard are limited strictly to interpretations of
the ryles or to the consideration of revisions to the present
rules |on the basis of new data or technology. The Intro-
ducti¢n to this Code states “Itis the owner’s responsibility
to defermine which Code Section is applicable to a piping
installation.” The Committee will not respond to inquiries
requgsting assignment of a Code Section to a piping instal-
latior]. As a matter of published policy, ASME does not
apprqve, certify, rate, or endorse any item, construction,
propifietary device, or activity, and, accordingly, inquiries
requifing such consideration will be returned. Moreover,
ASMH does not act as a consultant on specific engineering
problems or on the general application or understanding
of th¢ Code rules. If, based on the inquiry informatien
submifitted, it is the opinion of the Committee thatthe
inquirer should seek professional assistanee, the
inquify will be returned with the recommendation that
such pssistance be obtained.

Inquiries that do not provide the infortnation needed for
the Cpmmittee’s full understandingwill be returned.

H-2 REQUIREMENTS

Inquiries shall be limited, strictly to interpretations of
the ryles or to the consideration of revisions to the present
rules|on the basis of hew data or technology. Inquiries
shall meet the following requirements:

(a) Scope. Involve a single rule or closely(related rules
inthe scope of the Code. Aninquiry letter eoncerhing unre-
lated subjects will be returned.

(b) Background. State the purpose'of the inquiry, which
may be either to obtain an interpretation of Code rules or
to propose consideration of a revision to the present rules.
Provide concisely the information needed for the Commit-
tee’s understanding of the\inquiry, being sure to include
reference to the applicable Code Section, editfion, para-
graphs, figures, and tables. If illustrations are|provided,
they shall be limited to the scope of the inquiry.

(c) InquiryStructure

(1) Proposed Question(s). The inquiry shall be stated
in a conndensed and precise question format| omitting
supekflilous background information, and, where appro-
priate, composed in such a way that “yes” or “no[ (perhaps
with provisos) would be an acceptable reply. The inquiry
statement should be technically and editorially correct.

(2) Proposed Reply(ies). Provide a propdsed reply
stating what it is believed that the Code reqyires. If in
the inquirer’s opinion, a revision to thg Code is
needed, recommended wording shall be provided in addi-
tion to information justifying the change.

H-3 SUBMITTAL

Inquiries should be submitted in typewrititen form;
however, legible handwritten inquiries will be considered.
They shall include the name and mailing addiless of the
inquirer, and be mailed to the following addré¢ss:

Secretary

ASME B31 Committee

Two Park Avenue

New York, NY 10016-5990
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MANDATORY APPENDIX N
RULES FOR NONMETALLIC PIPING AND PIPING LINED WITH
NONMETALS

FOREWQRD

ASME B31.1 contains rules governing the design, fabri-
cation, materials, erection, test, examination, inspection,
operation, and maintenance of power piping systems.
Experiende in the application of nonmetallic materials
for piping|systems has shown that a number of considera-
tions exidt for the use of these materials that are not
addressed in the body of the Code. To address these,
the requifements and recommendations for the use of
nonmetallic piping (except in paras. 105.3, 108.4, 116,
and 118) have been separately assembled in this Appen-
dix.
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Chapter N-I
Scope and Definitions

(22) N-100 GENERAL

This Appendix provides requirements for the design,
mater . X . R
and 1§
pipin
the Al
the C
to AY
ASMH
and A
Appe
and ¢
fabrig
ment
limit
pipe,

nspection of nonmetallic piping and metallic
b lined with nonmetals within the jurisdiction of
SME B31.1 Power Piping Code. All references to
ode or to Code paragraphs in this Appendix are
ME B31.1. Alternatively, the requirements in
NM.1, ASME NM.2, ASME NM.3.1, ASME NM.3.2,
SME NM.3.3 may be used in their entirety. In this
hdix, nonmetallic piping shall be limited to plastic
lastomer-based piping materials, with or without
or fibrous material added for pressure reinforce-
Metallic piping lined with nonmetals shall be
bd to factory-made plastic-lined ferrous metal
fittings, and flanges produced to one of the
prodifict standards for plastic-lined piping materials
listed|in Table N-126.1-1.
Standards and specifications incorporated in this
Appendix are listed in Table N-126.1-1.
The provisions in Chapters [ through VI and in
Mandatory Appendices A through F are requirements
of thi$ Appendix only when specifically referenced herein.

N-10

N-100.1.1 All applicable requirements of‘para. 100.1
and the limitations of para. 105.3 shall be met in addition
to those in this Appendix.

N-]

(a)

(b)
and $

(¢)

(d)
accor
liquid
shall

N-]

.1 Scope

00.1.2 Use of this Appendix’is limited to

water service.

nonflammable and'nontoxic liquid, dry material,
lurry systems.

other servicesas-specifically listed in section N-122.
metallic piping lined with nonmetals. If used in
dance with para. 122.9 for conveying corrosive
s and. gasés, the design of the lined piping system
meet-the requirements of para. 104.7.

100.1.3 Nonmetallicpining sustems-shall not be
) il o [=] J

N-100.2 Definitions and Abbreviations

N-100.2.1 Terms and definitions relating to plasticand

fCpipi i i cordance
with ASTM D883. The following terms and definitions are
in addition to those provided in ASTM.D883:

adhesive: a material designed to join two 6ther component
materials together by surface attachment (bomnding).

adhesive joint: a bonded jointditade using an adhesive on

the surfaces to be joined.

bonder: one who perferims a manual or semiputomatic

bonding operation.

bonding operator;~0ne who operates a maching or auto-

matic bonding_equipment.

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

Bonding Procedure Specification (BPS): the docy
lists’the parameters to be used in the const
bonded joints in accordance with the requir
this Code.

butt-and-wrapped joint: a joint made by applyi
reinforcement saturated with resin to the surf]
joined.

practices

ment that
ruction of
bments of

hg plies of
hces to be

ous glass
ist. Each
together
r gun.

chopped roving: a collection of noncontinul
strands gathered without mechanical tw
strand is made up of glass filaments bonded
with a finish or size for application by choppe

chopped strand mat: a collection of randomly oriented
glass fiber strands, chopped or swirled together with a
binder in the form of a blanket.

Ss strands
echanical

continuous roving: a collection of continuous gl
wound into a cylindrical package without m
twist.

combined
s (cross-
dener.

curing agent: a reactive material that, when
with a resin material, reacts or polymerizé
links) with the resin; also referred to as a har

installed in a confined space where toxic gases could
be produced and accumulate, either from combustion
of the piping materials or from exposure to flame or
elevated temperatures from fire.
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diluent: areactive modifying material, usually a liquid, that
reduces the concentration of a resin material to facilitate
handling characteristics and improve wetting.

electrofusion: a heat fusion joining process where the heat
source is an integral part of the fitting, such that when
electric current is applied, heat is produced that melts
and joins the plastics.
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fire retardant resin: a specially compounded material
combined with a resin material designed to reduce or

eliminate

the tendency to burn.

flexibilizer: amodifying liquid material added to a resinous
mixture designed to allow the finished component the
ability to be flexed orless rigid and more prone to bending.

grout: a heavily filled paste material used to fill crevices

and trans

heat fusio

joined an

become e

hot-gas W

heating a

with a strd

itions between piping components.

d pressing them together so they fuse and
ssentially one piece.

elded joint: a joint made by simultaneously
filler material and the surfaces to be joined
am of hot air or hot inert gas until the materials

soften, after which the surfaces to be joined are pressed

stiffness factor: the measurement of a pipe’s ability to
resist deflection, as determined in accordance with
ASTM D2412.

thixotropic agent: a material added to resin to impart high
static shear strength (viscosity) and low dynamic shear
strength.

ultraviolet absorber: a material that, when combined in a
resin mixture, will selectively absorb ultraviolet radiation.

iR : RS g 2.1-1)
between the pipe longitudinal axis and the helical wihding
of the reinforcing filament being wound around.amgndrel
to produce a filament-wound, fiber-reinforcedthernjoset-
ting resin pipe.

woven roving: a heavy glass fiber fabrig reinforcing mate-

rial made by the weaving of glass‘fiber roving.

N-100.2.2 Abbreviations:.Abbreviations used ih this
Appendix denote materials7and terms as follows:

Term

together gnd welded with the molten filler material.
hydraulic |design basis (HDB):

for reinforced thermosetting resins (filament wound or
centrifugqlly cast): one of a series of established stress Abbreviation
values splecified in ASTM Test Method D2992 for an ABS [Note (1)]
RTR component, obtained by categorizing the long- AP
term hydjrostatic strength determined in accordance CP
with Test|Method D2992. CPVC [Noté ()]

for therinoplastics: one of a series of established stress DS
values sp¢cified in ASTM Test Method D2837 for a plastic FEP TNote (1)]
compoundl, obtained by categorizing the long-term hydro- N
static strength determined in accordance with Test
Method }2837. This method subjects the material to HDPE
tensile strfess for an extended period of time, and extrap: HDS
olates thecreep results to estimate the tensile strengthfor PA [Note (1)]
a 50-yr life. PB
hydrostatic design stress (HDS): the estimated maximum PE [Note (1)]
tensile strfess in the wall of the pipe in the eircumferential PFA
orientation due to internal hydrostatic.pressure that can POP
be applieql continuously with a high degree of certainty PP [Note (1)]
that failufre of the pipe will not\oécur. Estimated by ~ PP-R
applying a design factor, typigally-0.5 for thermoplastics PPS
in water gervice, to the HDB: PR
liner: a cogting or layer of material, constructed as, applied PTFE [Note (1)]
to, or insefted within theinside surface of a piping compo- PVC [Note (1]

Acrylonitrile-butadiene-styrene
Polyacetal

Chlorinated polyether
Chlorinated poly(vinyl chloride)
Design stress
Perfluoro(ethylene propylene)
Hydrostatic design basis

High density polyethylene
Hydrostatic design stress
Polyamide (nylon)
Polybutylene

Polyethylene
Poly(perfluoroalkoxy)
Poly(phenylene oxide)
Polypropylene

Polypropylene (random)
Polyphenylene

Pressure rated
Polytetrafluoroethylene
Poly(vinyl chloride)

nent, integnded to{proetect the structure from chemical PVDC Poly(vinylidene chloride)

attack, to|inhibit\efosion, or to prevent leakage under PVDF Poly(vinylidene fluoride)

strain. RTR Reinforced thermosetting resin

seal weld:'the-addition-of-material-external-to-ajointby SDR Standard dimension ratin

welding or bonding, to enhance leak tightness. SIDR Standard inside diameter dimension ratio

solvent cement joint: a joint using a solvent cement to
soften the surfaces to be joined, after which the joining
surfaces are pressed together and become essentially
one piece as the solvent evaporates.
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NOTE: (1) Abbreviation in accordance with ASTM D1600.
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Figure N-100.2.1-1
Winding Angle of Filament-Wound Thermosetting Resin Pipe

Reinforcing fiber filament Reinforcing fiber filaments
strands on forward winding on return winding
SN
0/ SOSN8
//////// Y
y S
| RN ____/_x.;_/T __________ I
Mandrel Pipe
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Chapter N-II
Design

PART 1
CONDITIONS AND CRITERIA

N-101 D
N-101.1

N-101.]

apply for
except as

N-101.]
must ens
and its m

(a) ten
modulus
and short]

(b) cre

(c) des

(d) coe

(e) dud

ESIGN CONDITIONS

General

.1 The design conditions of para. 101 shall
the design of nonmetallic piping systems,
noted below.

.2 The design of nonmetallic piping systems
ire the adequacy and suitability of material
hnufacture, considering at least the following:
bile, compressive, flexural, shear strength, and
bf elasticity at design temperature (long-term
-term)
ep characteristics for the service conditions
gn stress and its basis
fficient of thermal expansion
tility and plasticity

(f) imppct and thermal shock properties

(g) tenjperature limits for the service

(h) trapsition temperatures: melting and vaporization

(i) toxifity of the material or of the gases produced by
its combulstion or exposure to elevated temperatures

(j) porgsity and permeability

(k) test methods

(1) methods of making joints and their efficiency

(m) deterioration in the service environment

(n) the| effects on unprotected piping from external
heat sourges, including solar radiation

N-101.2

N-101.2.1 Basis‘for Design Pressure. For metallic
piping, djiesign pressure is based on the maximum
sustaine

gperating pressure, in accordance with

Pressure

N-101.3 Temperature

ptallic
mum
with
fation
para.
aitions
itions
ity to
tions
hture.

N-101.3.1 Basis for Design Temperature:; For m
piping, design temperature is based on, thé max
sustained operating temperature, innaccordance
para. 101.3.2, with an allowance for occasional ope
above design temperature, iov aceordance with
102.2.4. For nonmetallic piping,allowances for vari
of pressure, temperature, ofboth above design con
are not permitted. It is the designer’s responsibi
identify probable oceasional temperature varig
and to allow for thém in determining design temper
See para. N-102:2 4(a).

N-101.3:2 . Temperature Gradient Through
Because ‘somme nonmetallic piping materials hav
thermal’conductivity, there can be a significant tem
turé.gradient through the component w
Table N-102.2.1-1, Note (2) describes how this is ¢
ered in determining allowable stresses for nonm
materials.

Wall.
e low
pera-
alls.
nsid-
ptallic

N-102 DESIGN CRITERIA
N-102.1 General

These criteria cover pressure-temperature ratin
standard and specially designed components, allo
stresses, stress limits, and various allowances
used in the design of piping and piping componen

os for
wable
to be
ts.

N-102.2 Pressure-Temperature Ratings for
Components

N-102.2.1 Components Having Specific Ratings

(a) Standard components have specific pres
temperature ratings established in accordance with the
standards listed in Table N-126.1-1. Other components

pure—

para. 101.2.2, with an allowance for occasional operation
above design pressure, in accordance with para. 102.2.4.
For nonmetallic piping, allowances for variations of pres-
sure, temperature, or both above design conditions are not
permitted. It is the designer’s responsibility to identify
probable occasional loads and to consider them in deter-
mining design pressure. See para. N-102.2.4(a).
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may be used in accordance with para. N-102.3. The
ratings of Tables N-102.2.1-1 through N-102.2.1-3 are
the limiting values for allowable stresses at temperature
in this Appendix.

(b) The application of pressures exceeding the pres-
sure-temperature ratings of valves and other standard
components is not permitted. Valves shall be selected
for operation within the limits defined in para. N-102.2.4.
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Table N-102.2.1-1
Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits (22)
for Thermoplastic Piping Components

U.S. Customary Units

Recommended
Temperature Limits
[Notes (1), (2), (3)1 Hydrostatic Design Stress, S,, ksi [Note (6)], at
Minimum, Maximum, Hydrostatic
ASTM °F °F Design Basis, 73°F
Spneac—No Material [l\lnh; [/I)} [Mnl—n {E)} ltci, at 73°F [l\lnfn ('7}} 100°E 14.0°E 180°F
D2844, F441, CPVC 4120 0 200 4.0 2.0 1.6 1.05 0.5
F44p
D2513, F2145 PA32312 -20 180 2.5 1.25 1.1 0.8 0.63
D2104, D2239, PE2708 -30 140 1.60 0.80 064 0.4
D2447, D2513,  pp3608 -30 140 1.60 0.80 0.64 0.4
D2737, D3035
PE3708 -30 140 1.60 0.80 0.64 0.4
PE3710 -30 140 1.60 1.00 0.80 0.5
PE4708 -30 140 1.60 080 0.64 0.4
PE4710 -30 140 1.60 1.00 0.80 0.5
POP2125 [ Note (8)] 30 210
PP [Note (8)] 30 210
D178Y, D2241, PVC1120 0 100 4.0 2.0 1.2
2518, D2672  pyc1220 0 100 4.0 2.0 1.2
PVC2110 0 100 2.0 1.0 0.6
PV(C2112 0 100 2.5 1.25 0.8
PVC2116 0 100 3.2 1.6 1.0
PV(C2120 0 100 4.0 2.0 1.2
F2389 PP-R -4 210 1.26 0.63 0.5 0.3 0.2
F599 PVDC [Nate\(8)] 40 160
F491 PVDE [Note (8)] 0 275
SI Units
Recommended
Temperature Limits
[Notes (1), (2), (3)1 Hydrostatic Design Stress, S,, MPa [Note (6)], at
Minimum—Maximum,—Hydrostatie
ASTM °C °C Design Basis, 23°C
Spec. No. Material [Note (4)] [Note (5)] MPa, at 23°C [Note (7)] 38°C 60°C 82°C
D2846, F441, CPVC 4120 -18 93 27.6 13.8 11.0 7.2 3.4
F442
D2513, F2145 PA32312 -29 82 17.2 8.6 7.6 5.5 4.3
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Table N-102.2.1-1
Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits
for Thermoplastic Piping Components (Cont’d)

SI Units
Recommended
Temperature Limits
[Notes (1), (2), (3)1 Hydrostatic Design Stress, S,, MPa [Note (6)], at
Minimum, Maximum, Hydrostatic
ASTM °C °C Design Basis, 23°C
Spec. \PaY Material [I\Tnfn (/1}} [l\lnl—a (E}} MDrx' at 23°C [Mnl—o ['7)} 29°C 60°C 7°C
D2104, D2239, PE2708 -34 60 11.0 5.5 4.4 2.8
D2447, §2513,  pg3608 -34 60 11.0 5.5 4.4 28
D2737, 3035 PE3708 -34 60 11.0 5.5 44 2.8
PE3710 -34 60 11.0 6.9 5.5 3.4
PE4708 -34 60 11.0 5.5 4.4 2.8
PE4710 -34 60 11.0 6.9 5:5 3.4
POP2125 [Note (8)] -1 99
PP [Note (8)] -1 99
D1785, D2241, PVC1120 -18 38 27.6 13.8 8.3
D2513, 02672 py(1220 -18 38 276 138 83
PVC2110 -18 38 13.8 6.9 4.1
PVC2112 -18 38 17.2 8.6 5.5
PVC2116 -18 38 220 11.0 6.9
PVC2120 -18 38 27.6 13.8 8.3
F599 PVDC [Note (8)] 5 71
F491 PVDF [Note (8)] -18 135

NOTES:

(1) These rpcommended limits are for low-pressuxe applications with water and other fluids that do not significantly affect the propertie
thermoplastic material. In conservative practice, the upper temperature limits may be reduced at higher pressures depending on the r¢
service pnd expected life. Lower temperature Timits are affected more by the environment, safeguarding, and installation conditions {
strength.

(2) Becaus¢ of low thermal conductivity,temperature gradients through the piping component wall may be substantial. Tabulated limit
where more than half the wall/thickness is at or below the stated temperature.

(3) These recommended limits apply”only to listed materials. Manufacturers should be consulted for temperature limits on specific tyg
kinds of materials not listed.

(4) Minimym for installation)

(5) Maximym for operation.

(6) The HDS listed is‘for, water service only, reflecting a design factor of 0.5 applied to the HDB. For other services, refer to PPI TR-9|
manufafcturerer recommended design factors.

(7) Use thegse HPS)values at all lower temperatures.

5 of the
quired
han by

5 apply

es and

or the

(8) Nonpressure-boundary materials used primarily as liners. No established HDS.
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Table N-102.2.1-2
Design Stresses (DS) and Recommended Temperature Limits
for Laminated Reinforced Thermosetting Resin Piping Components

U.S. Customary Units

Recommended Temperature

.. Design
Limits [Note (1)] Stress, S,
ASTM Minimum, Maximum, Ksi
Spec. No. Type Resin Reinforcing °F °F Thickness, in. [Note (2)]
€582 I Polyester Glass fiber -20 180 All 0.9
Furan Carbon -20 180
Furan Glass fiber -20 180
€582 1 Epoxy Glass fiber -20 180 Y6 0}9
Vi 1|2
%e 135
%, and ovér 145
SI Units
Recoml.ne_nded Temperature Defign
Limits [Note (1)] Streks, S,
ASTM Minimum, Maximum, MPa
Spe¢. No. Type Resin Reinforcing °C °C Thickness, mm [Note (2)]
C582 I Polyester Glass fiber -29 82 All b.2
Furan Carbon -29 82
Furan Glass fiber -29 82
€582 II Epoxy Glass fiber -29 82 3-5 b.2
6 B.3
8 D.3
9.5 and over 1p.3
NOTESY:
(1) THeserecommended limits are for low-pressure applications with water and other fluids that do not significantly affect the progerties of the

hn by strength.
(2) TH
te

ermoplastic material. In conservative practice, thésupper temperature limits may be reduced at higher pressures, depern
fuired service and expected life. Lower temperaturelimits are affected more by the environment, safeguarding, and installatio

e DS values are based on a design factor of 0.1 applied to the tested tensile strength of the pipe wall material, and are applicab
nperature range of —~20°F through 180°K(-29°C through 82°C).

ding on the
h conditions

e only in the

N-102.2.2 Components Not-Having Specific Ratings Code for that particular part or component. The design
(a)| Pipe and other pipifigicomponents for which allow- pressure and temper.ature shall not .exceed the pres
. . sure-temperature rating for the particular component
able stresses have been*developed in accordance with . ) . . e
: . and material as defined in the applicable spgcification
para|N-102.3, buts\which do not have specific pres- . . .
. . or standard listed in Table N-126.1-1. Foit metallic
sure—temperature,ratings, shall be rated in accordance . . .
. Lo piping with nonmetallic lining, the ruleq of para.
with [the rules for pressure design in para. N-104, . - .
s . 102.2.3 apply, provided that the suitability of|the lining
within theSrahge of temperatures for which stresses . . - . L
. < material for the maximum anticipated c¢incident
are listed in Tables N-102.2.1-1 through N-102.2.1-3. d diti has b b
(b) Dipn and other piping anpnnnnl’c thatdonothave temperature an pressure con ltlons as 4en eSta B

allowable stresses or pressure-temperature ratings shall
be qualified for pressure design as required in
para. N-104.7.

N-102.2.3 Ratings: Normal Operating Condition. A
nonmetallic piping system shall be considered safe for
operation if the maximum anticipated coincident
temperature and pressure that may act on any part or
component of the system does not exceed the
maximum pressure and temperature allowed by this
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lished through prior successful extensive experience or
tests.

N-102.2.4 Allowances for Pressure and Temperature
Variations

(a) Nonmetallic Piping. Allowances for variations of
pressure, temperature, or both above design conditions
are not permitted. The most severe conditions of coinci-
dent pressure and temperature shall be used to determine
the design conditions.
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Table N-102.2.1-3

Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe

U.S. Customary Units

HDB Stress, S; [Note (1)],

ASTM Material at 73°F [Note (2)]
Spec. No. and Designation Cyclic, ksi Static, ksi
Type Grade Class ASTM D2310 [Note (3)] [Note (4)]
D2517 filament wound Glass fiber No liner RTRP-11AD 5.0
reinforced epoxy RTRP-11AW 16.0
leill
D2996 filampent wound Glass fiber No liner RTRP-11AD 5.0 .
reinforced epoxy RTRP-11AW 16/0
resin
Epoxy resin liner, RTRP-11FE 6.3
reinforced RTRP-11FD 5.0
Glass fiber Polyester resin liner, RTRP-12EC 4.0
reinforced polyester reinforced RTRP-12ED 5.0 .
resin
RTRP-12EU 125
No liner RTRP-12AD 5.0 .
RTRP-12AU 1215
D2997 centrifugally cast Glass fiber Polyester resin liner, RTRP-22BT 10{0
reinforced polyester nonreinforced RTRP-22BU 12l5
resin
Epoxy- résin liner, RTRP-21CT 1010
nonkeinforced RTRP-21CU 12l5
SI*Units
HDB Stress, S, [Note| (1)],
ASTM Material at 23°C [Note (2]]
Speg¢. No. and Designation Cyclic, MPa  Static{ MPa
Type Grade Class ASTM D2310 [Note (3)] [Note (4)]
D2517 filampent wound Glass fiber No liner RTRP-11AD 34.5 \
reinforced €poxy RTRP-11AW 110.3
resin
D2996 filament wound Glass\fiber No liner RTRP-11AD 34.5 .
reinforced epoxy RTRP-11AW 110.3
resin
Epoxy resin liner, RTRP-11FE 43.4
reinforced RTRP-11FD 34.5
Glass fiber Polyester resin liner, RTRP-12EC 27.6
reinforced polyester reinforced RERP-12ED 345 _
resin
RTRP-12EU 86.2
No liner RTRP-12AD 345
RTRP-12AU 86.2
D2997 centrifugally cast Glass fiber Polyester resin liner, RTRP-22BT 68.9
reinforced polyester nonreinforced RTRP-22BU 86.2

resin
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Table N-102.2.1-3
Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe (Cont’d)

SI Units
HDB Stress, S. [Note (1)],
ASTM Material at 23°C [Note (2)]
Spec. No. and Designation Cyclic, MPa  Static, MPa
Type Grade Class ASTM D2310 [Note (3)] [Note (4)]
Epoxy resin liner, RTRP-21CT 68.9
nonreinforced RTRP-21CU 86.2

NOTES:

(1) A pervice (design) factor must be applied to the HDB values to obtain the HDS.

(2) THese HDB values apply only at 73°F (23°C). The standards covered in this table only require testing at 73°F (23°C), using ASTM D2992 test

procedures. ASTM D2992 makes provision for testing at higher temperatures, and manufacturers also usually test to higher temperatures. It

is the designer’s responsibility to verify that the manufacturer has test data covering the design temperature for the application, and that
pressure-temperature ratings provided by the manufacturer reflect the service factor selected by the desSigner for the application.

(3) When using the cyclic design basis, the service factor shall not exceed 1.0.
(4) When using the static design basis, the service factor shall not exceed 0.5.

(b)| Metallic Piping Lined With Nonmetals. Allowances
for pressure and temperature variations provided in
para.|102.2.4 are permitted only if the suitability of the
lining material for the increased conditions is established
through prior successful extensive experience or tests
undef comparable conditions.

N-102.2.5 Ratings at Transitions. Where two services
that ¢perate at different pressure-temperature condi-
tions pre connected, the valve segregating the two services
shall be rated for the most severe service conditions. Other
requifements of para. 102.2.5 must be considered wihere
appli¢able.

N-10R2.3 Allowable Stresses and Other Limits
N-102.3.1 Allowable Stress Values

(a)| General. Tables N-102.2.1-1 through N-102.2.1-3
list recommended maximum allowable stresses in the
form|of hydrostatic design—stresses (HDS), allowable
desigh stresses (DS), and thé hydrostatic design basis
(HDB]) that may be usedin design calculations except
wherp modified by‘ether provisions of this Appendix.
The yse of HDS«for' calculations other than pressure
desigh has notbeen established. The basis for determining
allowpble stresses and pressures is outlined in (b). The
allowpblé-stresses are grouped by materials and listed
for statéd temperatures. Where sufficient data have

(1) Thermoplastics. A method of determining HDB
and pressure rating (PR) is described in ASTM D2837,
which also_deScribes application of a design| factor to
the HDB &0 determine HDS and PR. Hydrostaftic design
stresses\are provided in Table N-102.2.1-1,|based on
HDB'alues listed in PPI TR-4 and design factors for
water from PPI TR-9. Design factors for othefr services
are also given in PPI TR-9.

(2) Reinforced Thermosetting Resin (Laminated). For
laminated piping components, the design stresses are
listed in Table N-102.2.1-2. These typically are based
on one-tenth of the minimum tensile strengthg specified
in Table 1 of ASTM C582.

(3) Reinforced Thermosetting Resin (Filam¢nt Wound
and Centrifugally Cast). For filament-wound and|centrifug-
ally cast piping components, HDB values ar¢ listed in
Table N-102.2.1-3. These values may be obfained by
procedures in ASTM D2992. HDS may be obtained by
multiplying the HDB by a service (design) factoy® selected
for the application, in accordance with prjocedures
described in ASTM D2992, within the following limits:

(-a) When using the cyclic HDB from| Table N-
102.2.1-3, the service (design) factor shall not gxceed 1.0.
(-b) When using the static HDB from
Table N-102.2.1-3, the service (design) factoy shall not
exceed 0.5.
(-c) The evaluation of stresses in filamgnt-wound

been provided, straight-line interpolation between
temperatures is permissible. The materials listed are
available from one or more manufacturers, and some
manufacturers may publish somewhat different HDS
values for the materials from the values listed in
Tables N-102.2.1-1 through N-102.2.1-3. The manufac-
turer’s published values for these materials are acceptable
for use where they have been established in accordance
with (b) and verified in accordance with para. N-104.7.
(b) Basis for Allowable Stresses for Internal Pressure

reinforced thermosetting resin pipe and fitting compo-
nents must consider the different strengths in the
hoop and axial directions of the material. For a 55-deg
filament-winding angle (which is typical for filament-
wound pipe), the axial strength is approximately one-

! The service (design) factor, F, should be selected by the designer after
evaluating fully the service conditions and the engineering properties of
the specific material under consideration. Aside from the limits in
paras. N-102.3.1(b)(3)(-a) and N-102.3.1(b)(3)(-b), it is not the
intent of this Code to specify service (design) factors.
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Figure N-102.3.1-1
Typical Allowable Stress Curve for Filament-Wound Reinforced Thermosetting Resin Pipe
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| allowable limit that may
be used for bending
stresses due to weight,
thermal expansiaon, and
occasional loads

for given
hoop-stress value

e hoop strength of the material. For greater
ngles, the axial strength will be even lower.
-102.3.1-1 shows a typical axial strength
bp strength diagram for a filament-wound mate*
ata points for the axial strength at zero héop
d the axial strength at the maximum-\hoop

stress will need to be provided by the vendor.for his/

her speci
diagrams
wound fili
axial stres

ic product, since no generic allowable stress
currently exist. Note that formost filament-
erglass products, the portion,of the allowable
s available for weight, thermal expansion, and

occasional loads will approach(zéro as the hoop stress

approachg

(-d
pipe and
neous axi
system, a
intensific

s the maximum allgwable limit for the material.
) The stress analysis of the filament-wound
fitting components must consider the simulta-
1l and hoop stréesses at each point in the piping

hd takedinto account any hoop stress, stress

may be a

(-e

tion factors (SIFs), and axial stress SIFs that
plicable to a given component.
Note that for ahaveground pipe, due to the

Hoop Stress

N-102.3.2 Limits of Calculated Stresses D
Sustained Loads

(a) Internal Pressure Stresses. The limits for stres

to internal pressure are provided in para. N-104.1.

(b) External Pressure Stresses. Thermoplastic p
reinforced thermosetting resin piping, and me
piping lined with nonmetals, subject to external pre
shall be considered safe when the wall thickness a
means of stiffening meet the requiremen
para. N-104.7.2.

(c) External Loading Stresses. Design of piping
external loading shall be based on the following:

(1) For thermoplastic piping, see ASTM D277
AWWA M23.

(2) Forreinforced thermosetting resin (RTR) p
see ASTM D3839 and AWWA M45.

(3) The allowable deflection for RTR and th
plastic pipe shall be not more than 5% of the
inside diameter.

e to

s due
2.

iping,
tallic
ssure,

hd/or
ts of
inder
# and
iping,

PTMO-
pipe

different axial and hoop strengths of filament-wound rein-
forced thermosetting resin pipe and fitting components,
the minimum wall thickness required for the pipe and
fitting components may be governed by the axial strength
requirements, rather than just by hoop strength consid-
erations.
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(4] Where other nonmetallic piping 1s mtended for
use under conditions of external loading due to under-
ground installation, it shall be subject to a crushing or
three-edge bearing test, in accordance with ASTM C14
or ASTM C301, and the allowable load shall be 25% of
the minimum value obtained. The limits of calculated
stresses due to external loading in aboveground installa-
tions shall be qualified in accordance with para. N-104.7.2.
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N-102.3.3 Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Operation. The sum of the stresses in any compo-
nent in a piping system due to sustained loads, such as
pressure and weight, and of the stresses produced by occa-
sional loads, such as wind or earthquake, shall not exceed
the limits in the applicable part of para. N-102.3.2. Wind
and earthquake forces need not be considered as acting
concurrently. (For nonmetallic piping, anticipated tran-

where
= the sum of the mechanical allowances (thread or
groove depth), plus erosion and/or corrosion
allowance, and the manufacturer’s minus toler-
ance for product wall thickness, in. For threaded
components, the nominal thread depth shall
apply. For mechanical surfaces or grooves
where a tolerance is not specified, the tolerance
shall be assumed to be 0.02 in. (0.5 mm) in addi-

sient pressure and temperature variations are not consid-
ered pccasional loads.)

(b)| Test. Stresses due to test conditions are not subject
to th¢ limitations in (a). It is not necessary to consider
other| occasional loads, e.g., wind and earthquake, as
occurfring concurrently with test loads.

N-10

(a)| Erosion, Corrosion, Threading, and Grooving. In
detefmining the minimum required thickness of a
pipinlg component, allowances shall be included for
erosi¢pn and for thread depth or groove depth.

(b)| Mechanical Strength. When necessary, pipe wall
thickpesses shall be increased to prevent overstress,
damgdge, collapse, or buckling due to superimposed
loads| from supports, ice formation, backfill, or other
causels. Where increasing thickness will cause excessive
local |stress or is otherwise impractical, the required
strength may be obtained through the use of additional
supports, braces, or other means without an increased
wall thickness. Particular consideration should be
giver] to the mechanical strength of a small;branch
conngcted to large piping or to equipment.

2.4 Allowances

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

N-10

Th
effect
accorn]
N-10
with
check
othet ]
N- 10232 andN 10233

B CRITERIA FOR PRESSURE DESIGN

e design of piping-components shall consider the
s of pressure, temperature, and other factors in
dance with\paras. N-102.2 and N-104.1 through
1.7, and_provide for allowances in accordance
parasN*102.4. In addition, the design shall be
ed for adequacy of mechanical strength under

N-104 PRESSURE DESIGN OF COMPONENTS
N-104.1 Straight Pipe

N-104.1.1 The required minimum wall thickness of
straight sections of pipe, t,,, shall be determined as

twm= 1t + ¢ €Y
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tionto-thespeeified-depth-ofthe-threador groove.

t = pressure design thickness, in., as.calfulated in
para. N-104.1.2 for internal pressure; of in accor-
dance with para. N-104.1.3 for external pressure

t,, = minimum required thickness; in. (mm
N-104.1.2 Straight Pipe Under Internal Pressure
(a) The internal pressure“design thickness, [t, shall be
not less than that calculated with the following ¢quations:
(1) For thermoplastic pipe
D
=—— )
28,/P + 1
(2)~For reinforced thermosetting resin (laminated)
D
= — 3)
28,/P + 1
(3) For reinforced thermosetting resin|(filament
wound and centrifugally cast)
D
=—— 4)
28.F/P + 1
where
D = outside diameter of pipe, in. (mm)
F = service design factor in accordaphce with
para. N-102.3.1(b)(3)
P = internal design gage pressure, psig [kPa (gage)]
S. = hydrostatic design stress from Table N{102.2.1-1
S, = design stress from Table N-102.2.1-2
S. = hydrostatic design basis from Table N{102.2.1-3
(4) Metallic Pipe Lined With Nonmetals|Pressure
limitations shall be those established by the marjufacturer,
considering both pressure and temperature li 'tations of

the requirements of the mandatory sections of ASME
B31.1, including the pressure design requirements of
Chapter II.

(b) The internal pressure design thickness, ¢, in (a)(1)
and (a)(2) shall notinclude any thickness of pipe wall rein-
forced with less than 30% (by weight) of reinforcing
fibers, or added liner thickness.
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N-104.1.3 Straight Pipe Under External Pressure

(a) Thermoplastic Pipe. The external pressure design
thickness shall be qualified as required by para. N-104.7.

(b) Reinforced Thermosetting Resin Pipe. For deter-
mining design pressure thickness for straight pipe
under external pressure, the procedures outlined in
ASTM D2924 shall be followed. A safety factor of at
least 4 shall be used.

(c) Metallic Pipe Lined With Nonmetals

(3) Ribs, gussets, or clamps may be used for pres-
sure-strengthening a branch connection in lieu of the re-
inforcementrequired by (a) ifthe adequacy of the design is
established in accordance with para. N-104.7.

N-104.4 Closures

Closures in piping systems, e.g., those provided for
temporary or future lateral or end-point branches,
shall be made using fittings, flanges, or parts listed in

(1) The external pressure design thickness for the
base (outer) material shall be determined in accordance
with paraf 104.1.3.

(2) The external pressure design thickness, ¢, for the
lining mpterial shall be qualified as required by
para. N-104.7.

N-104.2

(a) Pipe Bends. The minimum required thickness, t,,,, of
a pipe bend after bending shall be determined as for
straight pfipe in accordance with para. N-104.1.

(b) Elbpws. Manufactured elbows not in accordance
with pard. N-102.2.1 shall meet the requirements of
para. N-104.7.

(c) Mitered Bends. Mitered bend sections shall meet the
requireme¢nts of para. N-104.7.

Curved and Mitered Segments of Pipe

N-104.3 |Intersections

N-104.3

(a) Ger
weakene
Unless th

.1 Branch Connections

eral. A pipe having a branch connection s
1 by the opening that must be made init.
e wall thickness of the pipe is sufficiently in
excess of that required to sustain the pressure, it’is nec-
essary to |provide added reinforcement. The amount of
reinforcement required shall be in accérdance with the
requiremients of para. N-104.7 except as provided in
(b) and (¢).

(b) Brdnch Connections Using Fittings. Abranch connec-
tion shallf be considered tothave adequate strength to
sustain the internal and-external pressure that will be
applied tq it if a fitting (at tee, lateral, or cross) is used
in accordgnce with para. N-102.2.1.

(c) Additional Censiderations. The requirements of (a)
and (b) are designied to ensure satisfactory performance of
a branch qonnection subjected only to internal or external

I'able N-126.1-1 or designed 1n accordance with paras.
N-104.3, N-104.5, and N-104.7.

N-104.5 Pressure Design of Flanges

(a) General

(1) Nonmetallic flanges that are,rated in accor
with published ASTM standards’listed in Table N-126.1-1
shall be considered suitable foruse within the limitations
specified in this Appendix. Alternatively, flanges shall be in
accordance with para. 403 or may be designed in c¢nfor-
mance with the requiréments of this paragraph or|para.
N-104.7.

(2) Flanges\for use with ring-type gaskets may be
designed intaceordance with ASME BPVC, Section VIII,
Division 1;Mandatory Appendix 2, except that the allow-
able stresses for nonmetallic components shall govefn. All
nomenclature shall be as defined in ASME BPVC, dxcept
thevfollowing:

Hance

P = design gage pressure

S, = maximum allowable bolt stress at ampient
temperature, psi (kPa) (see Mandatory Applendix
A, Table A-10)

S, = maximum allowable bolt stress at design
temperature, psi (kPa) (see Mandatory Applendix
A, Table A-10)

Sy = allowable stress for flange material |from

Tables N-102.2.1-1 through N-102.2.1-3

cable
eyond
differ

(3) The flange design rules in (2) are not appl
for designs employing full face gaskets that extend b
the bolts. The forces and reactions in such a joint
from those joints employing ring-type gaskets, and the
flanges should be designed in accordance with ASME
BPVC, Section VIII, Division 1, Nonmandatory Appendix
Y. (Note that the plastic flange sealing surface mpy be
more irregular than the sealing surface of a|steel

pressure. The C‘lcaisucn shattalsoconsider-the fuuuvvius.
(1) External forces and moments may be applied to a
branch connection by a thermal expansion and contrac-
tion, by dead and live loads, by vibration or pulsating pres-
sure, or by movement of piping terminals, supports, and
anchors.
(2) Adequate flexibility shall be provided in branch

piping to accommodate movements of the run piping.
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ftangeFor tiis reason, thicker and Softer gaskets may
be required for plastic flanges.)

(b) Blind Flanges. Blind flanges shall be in accordance
with para. 103 or, alternatively, may be designed in accor-
dance with para. 104.5.2, except that the allowable
stresses for nonmetallic components shall be taken
from the data in Tables N-102.2.1-1 through
N-102.2.1-3. Otherwise, the design of blind flanges
shall meet the requirements of para. N-104.7.

(22)
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N-104.6 Reducers

Reducers not in compliance with para. N-102.2.1 shall
meet the requirements of para. N-104.7.

N-104.7 Design of Other Components

N-104.7.1 Listed Components. Pressure-retaining
components manufactured in accordance with standards
listed in Table N-126.1-1 may be used in accordance with

N-106.2 Unlisted Fittings

Fittings not covered by the standards listed in
Table N-126.1-1 may be used if they conform to para.
N-104.7.

N-107 VALVES
N-107.1 Listed Valves

cifications

e specified
c valves
bns listed

perature

para. N-10221 Valves conforming to the standards and spe
. listed in Table N-126.1-1 shall be used withinth
N-104.7.2 Unlisted Components and Products. For pressure-temperature ratings. Metalli
nonnletallic pressure-retaining components and piping conforming to the standards and spégificati
produycts not complying with the standards and specifica- in Table 126.1-1, and used in nonretallic piping, shall
tionsJisted in Table N-126.1-1, and for proprietary compo- be used within the specified pressure-ten
nentq and joints for which the rules in paras. N-103

throuy|
based
of thi
by on
to ap
operd
and t

(a)
comp
tione|
same

(b)
includ
forat
of thd

For
sizes
amon|

oh N-104.6 do not apply, pressure design shall be
on calculations consistent with the design criteria
Appendix and the Code. This must be substantiated
e or more of the following, with consideration given
plicable dynamic effects, e.g., vibration and cyclic
tion, the effects of thermal expansion or contraction,
he load effects of impact and thermal shock:
extensive successful service experience under
arable design conditions with similarly propor-
d components or piping elements made of the
or like material

performance tests under design conditions,
ling applicable dynamic and creep effects, continued
ime period sufficient to determine the acceptability
component or piping element for its design life
either (a) or (b), reasonable interpolationsbetween
and pressure classes, and reasonableanalogies
g related materials, are permitted.

PART 3
SELECTION OF PIPING COMPONENTS

N-105 PIPE

Pip
ficati
limitd
impo

e and tube conforming to the standards and speci-
ns listed in.Tlablé N-126.1-1 shall be used within the
tions of/para. N-124 and within any limitations
ed by the“applicable standards themselves.

N-106 ‘FITTINGS

ratings.

N-107.2 Unlisted Valves

all be of a
ufacturer
rms with

Valves not complying‘with para. N-107.1 sh
design, or equal to the design, that the man
recommendsfor-the service and that confd
para. N-104{7:2.

PART 4
SELECTION AND LIMITATIONS OF PIPING JOINTS

N-110 GENERAL

Joints shall be suitable for the pressure-temperature
design conditions and shall be selected giving ¢onsidera-
tion to joint tightness and mechanical strength under
those conditions (including external loadings),|the mate-
rials of construction, the nature of the fluid servife, and the
limitations of paras. N-111 through N-118.

N-111 BONDED JOINTS

N-111.1 General Limitations

Unless limited elsewhere in para. N-111, joinf
bonding in accordance with para. N-127 and ex
accordance with para. N-136.4 may be used wi
limitations on materials and piping compone
Appendix.

s made by
amined in
thin other
hts in this

N-111.2 Specific Limitations

N-106.1 Listed Fittings

Fittings made in accordance with the standards and
specifications listed in Table N-126.1-1 shall be used
within the limitations of para. N-124, within limitations
imposed by this Appendix or the body of this Code for
specific service or application, and within any limitations
imposed by the applicable standards themselves.
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N-111.2.1 Hot-Gas Welded Joints. Hot-gas welded
joints shall not be used for ASME B31.1 nonmetallic pres-
sure piping.

N-111.2.2 Butt-and-Wrapped Joints. Butt-and-
wrapped joints in RTR piping shall be made with sufficient
strength to withstand the design pressure and external
loadings.
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N-112 FLANGED JOINTS: GENERAL LIMITATIONS

Unless limited elsewhere in para. N-112, flanged joints
may be used, considering the requirements for materials
in Chapter N-III and for piping components in Part 3 of
Chapter N-II, within the following limitations:

(a) Joints With Flanges of Different Ratings. Where
flanges of different ratings are bolted together, the
rating of the joint shall be that of the lower-rated
flange. Bolting torque shall be limited so that excessive

(d) Threaded piping joints are not permitted in poly-
olefin materials,® because of creep characteristics that
must be considered.

(e) For PVCpiping, the allowable pressure for threaded
piping shall be no more than 50% of that for unthreaded
piping of the same wall thickness and material grade.

N-114.2.2 Thermosetting Resin Piping. Threaded
joints in thermosetting resin piping shall conform to
the following requirements:

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

(b) Metallic-to-Nonmetallic Flanged Joints. Where
metallic and nonmetallic flanges are to be joined, both
should be flat face. Full face gaskets are preferred. If
full face gaskets are not used, bolting torque shall be
limited sd that the nonmetallic flange is not overloaded.

N-113 E)

Expand
tallic pipi

KPANDED OR ROLLED JOINTS

ed or rolled joints are not permitted in nonme-
g systems.

N-114 T
N-114.1

N-114.]
quiremen
componel|
below.

N-114.1.2 Threaded joints shall be avoided in_any
service where severe erosion or cyclic loading{may
occur, unjess the joint has been specifically designed
for these fonditions.

N-114.1
seal weld

N-114.1.4 Layout of piping should minimize reaction
loads on ltlreaded joints, giving special consideration to
stresses due to thermal expahsion or contraction and the
operation| of valves.

N-114.
nonmetal
NPS 2%,

HREADED JOINTS
General Limitations

.1 Threaded joints may be used within the re-
's for materials in Chapter N-III and on piping
tsin Part 3 of Chapter N-II within the limitations

.3 Where threaded joints anedesigned to be
bd, thread-sealing compound shall not be used.

.5 Metallic=to-nonmetallic and dissimilar

ic threaded'joints are not permitted in piping
DN 65)\and larger.

N-114.2

N-114.2.1 Thermoplastic Piping. Threaded joints in
thermoplastic piping shall conform to the following re-
quirements:

(a) Thepipe wall shall be atleast Schedule 80 thickness.

(b) Pipe threads shall conform to ASME B1.20.1 NPT.
Threaded fittings shall be compatible with that standard.

(c) A suitable thread lubricant and sealant shall be
specified.
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ends
depth

(a) Threads shall be factory cut or molded on pipe
and in matching fittings, with allowance for thread
in accordance with para. N-104.1.1.

(b) Threading of plain ends of piping is not perny
except where such male threads are limited to the fur
of forming a mechanical lock withomatching fg
threads during bonding.

(c) Factory-cut or molded. threaded nipples, coup
or adapters bonded to plaiend components may bg
where necessary to proyvide connections to thrg
metallic piping.

itted,
iction
male

lings,
used
aded

N-115 FLARED. LINING JOINTS FOR METALL
PIPING LINED WITH NONMETALS

The following apply:

(a)~Welding. Welding is not permitted on lined cd
nentsin the field. Welding performed by the manufa
toproduce pipe, fittings, and flanges to be used for jo
elastomeric-lined piping systems shall be performed
to maintain the continuity of the lining and its se
ability.

(b) Flared Linings

(1) General. Flared ends of linings made in 4
dance with the rules in this paragraph may be
subject to material limitations.

(2) Specific Requirements. Flaring shall be limi
applications that do not affect the serviceability
lining.

IC
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used,
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N-116 BELL END JOINTS
Paragraph 116 applies.

N-118 PROPRIETARY JOINTS

Metal coupling, mechanical, gland, and other pr¢prie-

erials

in Part 3 of this Chapter.

2 The polyolefin group of materials includes polyethylene, polypropy-
lene, and polybutylene.
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PART 5
EXPANSION, FLEXIBILITY, AND
PIPE-SUPPORTING ELEMENTS
N-119 EXPANSION AND FLEXIBILITY

N-119.1 General Concepts

N-119.1.1 Elastic Behavior. The concept of piping
strain imposed by the restraint of thermal expansion

(c) unacceptable stresses or distortion in the piping or
in connected equipment

N-119.5.2 Where nonmetallic piping and components
are used, piping systems must be designed and routed so
that flexural stresses resulting from displacements due to
expansion, contraction, and other causes are minimized.
This concept requires special attention for supports and
restraints, for the terminal connections, and for the tech-
niques outlined in para. 119.5.1. Further information on

or coptraction, and by external movements, applies in
principle to nonmetals. Nevertheless, the assumption
that §tresses can be predicted from these strains in a
nonnletallic piping system, based on the linear elastic
chardcteristics of the material, is generally not valid.
The vhriation in elastic characteristics between otherwise
similar material types, between source manufacturers,
and hetween batch lots of the same source material
can dt times be significant. If a method of flexibility
analysis that assumes elastic behavior is used, the
designer must be able to demonstrate its validity for
the system and must establish conservative limits for
the computed stresses.

N-1
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N-]
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N-]
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19.1.2 Overstrained Behavior. Stresses cannot be
dered proportional to displacement strains in
etallic piping systems where an excessive level of
n may be produced in a localized area of the
m and in which elastic behavior of the piping material
Certain (see unbalanced systems in para. 119.3)
btrain must be minimized by effective system
hg to avoid the necessity of a requirement for
il joints or expansion devices for accomimodating
Kive displacements.

19.1.3 Progressive Failure. In thermoplastics and
thermosetting resins, displacetent strains are not
to produce immediate failure of piping, but may
ce unacceptable distortion, Thermoplastics, partic-
, are prone to progréssive deformation that may
upon repeated thermal cycling or under prolonged
ure to elevated-femperature.

19.1.4 Brittle Failure. In brittle thermosetting
5, the materials are essentially rigid in behavior
hay readily develop high displacement stresses, to
int©fsudden breakage or fracture, under moderate
of’strain.

the design of thermoplastic piping can be found|in PPI TR-
21.

onmetals,
the lining
al consid-
e metallic

N-119.5.3 For metallic piping lined |with n
the designer must consider the integrity of
in designing for piping flexibility)This is a spec
eration for linings that are less'flexible than th
piping, e.g,, glass or ceranties.

N-119.6 Properties‘for Flexibility Analysts
Table

N-119.6.1 Thermal Expansion Dat
N-119.6.1-1 liSts Coefficients of thermal exp4
several nonmetallic materials. More-precise
some instafices may be obtained from the man
of these\materials. If the values are to be useq
analysis, the thermal displacements shall be d
as\indicated in para. 119.

N-119.6.2 Modulus of Elasticity. Table N
lists representative data on the tensile modul
ticity, E, for several nonmetals. More-precise
some instances may be obtained from the man
of these materials. (Note that the modulus may|vary with
the geometrical orientation of a test sample for filler-rein-
forced, filament-wound, or impregnated nonmetallic
materials.) For materials and temperatures hot listed,
refer to an authoritative source, e.g., publi¢ations of
the National Institute of Standards and Technplogy.

Poisson’s

nsion for
values in
ifacturers
|l in stress
ptermined

119.6.2-1
s of elas-
values in
ifacturers

N-119.6.3 Poisson’s Ratio. For nonmetals,
ratio will vary widely, depending on matdrials and
temperature. For that reason, formulas used in linear
elastic stress analysis can be used only if the mafufacturer
has test data to substantiate the use of a specifi¢ Poisson’s
ratio for that application.

tness and
edin flex-

N-119.6.4 Dimensions. The nominal thicl
outside diameters of pipe and fittings shall be us

N-119.5 Flexibility

N-119.5.1 Piping systems shall have sufficient flex-
ibility to prevent the effects of thermal expansion or
contraction, the movement of pipe supports or terminal
points, or pressure elongation from causing

(a) failure of piping or supports from overstrain or
fatigue

(b) leakage at joints
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IDIITY Ccalculations.

N-119.6.5 Metallic Pipe Lined With Nonmetals. Flex-
ibility and stress analysis for metallic pipe lined with
nonmetals shall be in accordance with para. 119,
except that any limitations on allowable stresses or
moments recommended by the manufacturers of the
lined pipe shall be observed.
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Table N-119.6.1-1
Thermal Expansion Coefficients, Nonmetals

Mean Coefficients

Material Description 107° in./in./°F Range, °F 10"® mm/mm/°C Range, °C
Thermoplastics
PVC Type 1120 30 23-37 54 -5to +3
PVC Type 2116 40 37-45 72 3-7
CPVC 4120 34 61
PE2708 100 32-120 180 0~49
PE3608 90 32-120 162 0449
PE3708 90 32-120 162 0-49
PE3710 90 32-120 162 0-49
PE4708 80 32-120 144 0-49
PE4710 80 32-120 144 0-49
Polypropylé¢ne 43 77
Polypropyl¢ne — random 83 32-120 150 0-49
Poly(vinylidine chloride) 85 153
Poly(vinylidine fluoride) 100 180
Reinforced Thermosetting Resins
Epoxy-glasg, centrifugally cast 9-13 16-23.5
Epoxy-glasd, filament-wound 9-13 16-23.5
Polyester-glass, centrifugally cast 9-15 16-27
Polyester-glass, filament-wound 9-11 16-20
Polyester-glass, hand lay-up 12-15 21.5-27
Other
Hard rubbejr (Buna N) 40 72
GENERAL NOTE: Values in this table are representative. Values at actual design temperature shall be obtained from the manufactufers.
N-119.7 lAnal__ysis para. N-119.1.1), the methods outlined in para. 119
N-119.4.1 Formal stress andlysis is not required for may be applicable.
systems that N-119.7.3 Special attention shall be given to movement
(a) are|duplicates, or replacements without significant ~ (displacement or rotation) of the piping with respgct to
change, of successfully operating installations supports and points of close clearance. Movements of a
(b) can|readily bejudged adequate by comparison with run at the junction of a small branch shall be consifered
previously analyzéd systems in determining the need for flexibility in the brangh.
(c) areroutedwith a conservative margin of inherent
flexibility [ox~employ joining methods or expansion joint ~ N-120 LOADS ON PIPE-SUPPORTING ELEMENTS
devices, oF et I

with the applicable manufacturer’s instruction

N-119.7.2 A substantiating stress analysis is required
for a system not meeting the above criteria. The designer
may demonstrate that adequate flexibility exists by
employing a simplified, approximate, or comprehensive
stress analysis, using a method that can be shown to
be valid for the specific case. If essentially elastic behavior
can be demonstrated for a piping system (see
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Paragraph 120 applies.

N-121 DESIGN OF PIPE-SUPPORTING ELEMENTS
N-121.1 General

In addition to the other applicable requirements of
paras. 120 and 121, supports, guides, and anchors
shall be selected and applied to comply with the require-
ments of para. N-119 and paras. N-121.1.1 through
N-121.1.4.
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Table N-119.6.2-1
Modulus of Elasticity, Nonmetals

E, ksi (73.4°F) E, MPa (23°C)

N-121.1.4 A manufacturer’s recommendations for
support shall be considered.

N-121.11 Thermoplastic and RTR Piping

Material Description [Note (1)] [Note (1)]
Thermoplastics Supports shall be spaced to avoid excessive displace-
PVC Type 1120 420 2895 ment at design temperature and within the design life
PVC Type 2116 360 2485 ofthe piping system. Decreases in the modulus of elasticity
CPVC 4120 420 2895 with increasing temperature, and creep of the material
with time shall be considered where applicable. The coef-
PE270B 100 690 flf:lerlt of thermal expz.mswn .ot most plastlc materi.als is
PE360B 125 860 high and must be c01.151dered in the design@nd/ocation of
supports and restraints.
PE370B 125 860
PE371D 125 860 N-121.12 Burial of Thermoplastic and RTR Pipe
PE470B 130 897 . . ) . . .
PE471D 130 897 N-121.12.1 Design. Buried pipe-design requires consid-
eration of burial depth, soil£ype; and compactioh to deter-
Polypippylene 120 825 mine the external loads en\tle pipe. For AWWA €900 PyC
pipe, AWWA Manual“M23 outlines applicaljle design
Polyprppylene — random 201 1386 procedures for watef utility service. For AWWA C950
Poly(vinylidene chloride) 100 690 RTR pipe, AWWA)Manual M45 outlines similar proce-
Poly(vInylidene fluoride) 194 1340 dures. It is the designer’s responsibility to Verify that
the procedures are applicable for other seryvices and
Thernjosetting Resins, Axially Reinforced piping materials. Minimum pipe stiffness for|RTR pipe
Epoxyiglass, centrifugally cast 1,200-1,900 8275-13100 shallaméet the requirements of AWWA C950 for $% deflec-
Epoxy/glass, filament-wound 1,100-2,000 7585-13790 tionz, The minimum stiffness shall be determined at 5%
Polyester-glass, centrifugally cast ~ 1,200-1,900 8275-13100 deflection using the apparatus and proc¢dures of
Polyester-glass, filament-wound 1,100-2,000 7585-13790 ASTM D2412.
Polyester-glass, hand lay-up 800-1,000  5515-6895 N-121.12.2 Installation. The pipe manufactfirer’s rec-
ommendations shall be equal to or more strirjgent than
Other those described in ASTM D3839 for RTR pipgd or ASTM
Hard rubber (Buna N) 300 2070 D2774 for thermoplastic pipe. The manufacturelr’s recom-
NOTE:| (1) The modulus of elasticity values for thernfosetting resin mendations shall be followed.
pipe aife given in the longitudinal direction; different values may apply
in the [circumferential or hoop_) dir.ection. The'modulus of elasticity PART 6
valued for thermoplastic resin pipe are temperature dependent
and stiress-time related. In all cases for materials listed in this SYSTEMS
table, jnanufacturers shall be consulted for specific product informa-
tion. N-122 DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS
The use of nonmetallic piping materials and compo-
N-121.1.1 Support or restraint loads shall be trans- nents, under the scope of this Appendix) shall be
mittgd to piping attachment or bearing points in a  limited to those services and conditions [stated in
manrjer that*will preclude pipe-wall deformation or  para. 100.1.2 or specifically permitted in this section.
damalgePadding or other isolation material should be In addition
installed-in—support-or-restraintclearance—spaces—for (o) Tonmetatic matertats sitatt mot be used under

added protection.

N-121.1.2 Valves and in-line components should be
independently supported to prevent the imposition of
high load effects on the piping or adjacent supports.

N-121.1.3 Nonmetallic piping should be guarded
where such systems are exposed to casual damage
from traffic or other work activities.
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severe cyclic conditions unless it can be demonstrated
that the materials are suitable for the intended service
in accordance with para. N-104.7.

(b) these materials shall be appropriately protected
against transient or operating temperatures and pres-
sures beyond design limits, and shall be adequately
protected against mechanical damage.
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(c) limitations on the use or application of materials in
this Appendix apply to pressure-containing parts. They do
not apply to the use of materials for supports, linings,
gaskets, or packing.

N-122.7 Piping for Flammable or Combustible
Liquids

N-122.7.1 Polyethylene and reinforced thermosetting
resin pipe may be used for flammable or combustible

N-122.8 Piping for Flammable Gases, Toxic Gases
or Liquids, or Nonflammable Nontoxic
Gases

N-122.8.1 Polyethylene pipe may be used for natural
gas service in buried installations only. The fluid tempera-
tures shall not exceed 140°F (60°C) nor be below -20°F
(-29°C), and pressures shall be limited to 100 psig [0.690
MPa (gage)]. Pipe joints shall be heat fused in accordance
with a Bonding Procedure Specification meeting the re-

liquids in purtedinstatiations onty: T he ftuid temperatures . f N-127

shall not [exceed 140°F (60°C) and pressures shall be quirements of para. N-127.

limited tg 150 psig [1.035 MPa (gage)]. Particular care -\ 199 g pjping for Corrosive Liquids and Gases
must be gxercised to prevent damage to RTR piping at

the conne
shall be t
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(b) the
due to ex

ction to the main or other facility. Precautions
hken to prevent crushing or shearing of RTR
e to external loading or settling of backfill
event damage or pullout from the terminal
h resulting from thermal expansion or contrac-

ing may terminate above ground and outside a
brovided that

aboveground portion of the RTR pipe is com-
hclosed in a conduit or casing of sufficient
fo provide protection from external damage
ioration. Where a flexible conduit is used, the
b riser must be attached to a solid support.
it or casing shall extend a minimum of 6 in.
below grade.

RTR pipe is not subjected to excessive stresses
ernal loading.

N-122.9.1 For nonmetallic piping used to cgnvey
corrosive or hazardous liquids or gases in accorglance
with para. 122.9, the design shall niget the requirefnents
of para. N-104.7.2, in additionte the materials limifation
requirements of para. N-124:9:

N-122.9.2 Abovegroundnonmetallic piping cony
corrosive or hazardous fluids shall be installed
guarded mannefithat will prevent damage d
construction, eperation, or service.

eying
| in a
uring
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N-122.9.3. For metallic piping lined with nonn
used to convey corrosive or hazardous liquids or
in acecotdance with para. 122.9, the design shall
the requirements of para. N-104.7.2.
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