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FOREWORD

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

The breapthofthefie : z
neering Jocieties, industries, government bureaus, institutes, and trade associations.

The inftial publication in 1935 was the American Tentative Standard Code for Pressure Piping. Revisions(from
through 1955 were published as the American Standard Code for Pressure Piping, ASAB31.1. Then it was decided th3
various industry sections, beginning with ASA B31.8-1955, Gas Transmission and Distribution Piping System
publishefl as separate documents. The first Petroleum Refinery Piping Code Section was designated ASA B
1959. ASA B31.3 revisions were published in 1962 and 1966. Between 1967 and 1969, the American'Standards Ass|
tion becajme first the United States of America Standards Institute, then the American National Standards Institute
Sectionall Committee became American National Standards Committee B31, and the Code Was renamed the Ame
National [Standard Code for Pressure Piping. The next B31.3 revision was designated ANS[*B31.3-1973. Addenda
published through 1975. The Standards Committee was reorganized in 1978 as a,Committee operating under A
proceduifes with ANSI accreditation. It is now the ASME Code for Pressure Piping, B31\€ommittee. The Section comm]
structurg remains essentially unchanged.

As a rgsult of preliminary studies, it was concluded that gaps exist between/existing piping and pipeline codeg
standardfs, and hydrogen infrastructure applications. A Project Team was formed under the ASME B31 Stand
Committee to develop anew B31.12 Code for hydrogen piping and pipelines. The Project Team was subsequently res|
tured unfler the B31 Standards Committee as a Section Committee,
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Since the first edition, the B31.12 Code has applied to design, coenstruction, operation, and maintenance requirenpents

for piping, pipelines, and distribution systems in hydrogen service. Typical applications are power generation, pr
plants, rdfining, transportation, distribution, and automotive{filling stations. This Code is composed of Part GR, Ge
Requirements, including common requirements referenced by all other parts; Part IP, Industrial Piping; and Par
Pipelineg including distribution systems. These Partsincorporate information specific to hydrogen service and e
reference or incorporate applicable parts of ASME B31.3, Process Piping; ASME B31.1, Power Piping; ASME B31.8
Transmigsion and Distribution Piping Systems;-ASME B31.8S, Managing System Integrity of Gas Pipelines; and Se
VIII, Divikion 3 of the ASME Boiler and Pressure Vessel Code, where appropriate.
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Materipl performance factors have been included to account for the adverse effects of hydrogen gas on the mechahnical

propertigs of carbon and low alloy steels'0perating within the hydrogen embrittlement range. Many materials includ
ASME B3|1.3 have been omitted from ASME B31.12 tables due to their unsuitability for hydrogen service. Rules have
added fof conversion or retrofit ofexisting pipeline and distribution systems from natural gas or petroleum to hydr
service. Harts covering commerc¢ial, residential, and nonmetallic systems will be added in future editions. Material pd
mance factors will be reevaluated as materials research data are developed and understanding of hydrogen enf
tlement ¢f carbon and low:alloy steels increases.

ASME B31.12-2008-was approved by the American National Standards Institute on December 3, 2008.

ASME B31.12-2011 was approved by the American National Standards Institute on June 7, 2011.

ASME B31.12:2014 was approved by the American National Standards Institute on October 24, 2014.

ASME B31,12-2019 was approved by the American National Standards Institute on March 19, 2019.

ASME B31.12-2023 was approved by the American National Standards Institute on August 24, 2023.

ed in
been
pgen
rfor-
brit-



https://asmenormdoc.com/api2/?name=ASME B31.12 2023.pdf

ASME B31 COMMITTEE
Code for Pressure Piping

(The following is the roster of the committee at the time of approval of this Code.)

>
=

derson, Consultant
[. Appleby, Consultant
. Bodenhamer, TRC Pipeline Services
arczuk, Retired
Braz, MRBraz & Associates, PLLC
yrkhart, The Burkhart Group, Inc.
ampbell, Bechtel
ayflor, Caylor Engineering & Associates, PLLC
hin, TC Energy
. D.|Christian, Victaulic
eubler, Becht
gelkemier, Cargill
Eskridge, Jr., Becht
. Fetzner, Retired
.[Frikken, Becht
. [Grichuk, S&B Engineers and Constructors, Ltd.
Haupt, Pressure Piping Engineering Associates, Ine:

o
wm Y

FERFRARAP

0

——
v o

=]

PRPPPEER
SPRTZmTE

M. Rdna, Chair, Consultant

K. Xu, Vice Chair, Praxair, Inc.

R. Rdhaman, Secretary, The Amenican Society of Mechanical
ngineers

oftot, Sr., TenarisDalmine

¢ampbell, Consultant

.| Collins, WPC Sol{ LLC

Frikken, Becht

risham, Air Liquide America, LP

Jolly, Samishin, Ltd.

— o

PROUsSOT
P

>0

STANDARDS COMMITTEE OFFICERS

W. H. Eskridge, Chair
K. A. Vilminot, Vice Chair
J. Oh, Secretary

STANDARDS COMMITTEE PERSONNEL

B31.12 HYDROGEN PIPING AND PIPELINES SECTION COMMITTEE

B31 EXECUTIVE COMMITTEE

G. A. Jolly, Samshin, Ltd.

K. Kaplan, Consultant

W. ]J. Mauro, Consultant

J. E. Meyer, CDM Smith — Industrial Division
T. Monday, Team Industries, Inc.

J. Oh, The Afuetican Society of Mechanical Engineers
W. Olson,"Gulf Interstate Engineering

D. W. Rahoi, CCM 2000

M. Rana; Consultant

R.[Reamey, Turner Industries Group, LLC

M:]. Rosenfeld, RSI Pipeline Solutions, LLC

J. Schmitz, Southwest Gas Corp.

S. K. Sinha, SOCOTEC Engineering, Inc.

W. J. Sperko, Sperko Engineering Services, Inc.
F. W. Tatar, Consultant

K. A. Vilminot, Commonwealth Associates, Inc.
M. L. Nayyar, Contributing Member, Consultant

]J. H. Robertson, ]J. H. Robertson Co.
P. D. Robertson, ]. H. Robertson Co.
A. Slifka, National Institute of Standards and Technolog
H. Solanky, SGT, Inc.

W. J. Sperko, Sperko Engineering Services, Inc.

D. G. Stalheim, DGS Metallurgical Solutions, Inc.

G. K. Vinjamuri, Consultant

R. L. Amaro, Contributing Member, Southern Research
A. Esmaeli, Contributing Member, APA Group

X. Tang, Contributing Member, Swagelok Co.

K. A. Vilminot, Chair, Commonwealth Associates, Inc.
W. H. Eskridge, Jr., Vice Chair, Becht

D. Anderson, Consultant

M. R. Braz, MRBraz & Associates, PLLC

M. Burkhart, The Burkhart Group, Inc.

R. Campbell, Bechtel

J. Caylor, Caylor Engineering & Associates, PLLC

Xi

D. D. Christian, Victaulic

R. P. Deubler, Becht

M. Engelkemier, Cargill

D. R. Frikken, Becht

W. Olson, Gulf Interstate Engineering
M. Rana, Consultant

S. K. Sinha, SOCOTEC Engineering, Inc.


https://asmenormdoc.com/api2/?name=ASME B31.12 2023.pdf

U. D’Urso,

B31 FABRICATION AND EXAMINATION TECHNICAL COMMITTEE

R. Campbell, Chair, Bechtel
S. Findlan, Vice Chair, Stone and Webster, Inc.

Secretary, The American Society of Mechanical Engineers

B. Boseo, Burns & McDonnell

K. Hayes, Consultant

P. Hayes, Sinewave Solutions

T. Monday, Team Industries, Inc.

A. D. Nalbandian, Thielsch Engineering, Inc.

P. M. Davis, Wood Group USA, Inc. R. Reamey, Turner Industries Group, LLC
M. DeLong, [HI Energy Solutions, Inc. L. Richardson, Crossbridge Compliance, LLC
R. Duran, Shell USA W. |. Sperko, Sperko Engineering Services, Inc.
J. W. Frey| Joe W. Frey Engineering Associates, LLC J. Swezy, Jr., Bureau Veritas Inspection and Insurance
D. R. Frikken, Becht K. Wu, Stellar Energy Systems
S. Gingrich, Consultant
B31 MATERIALS TECHNICAL COMMITTEE

R. P. Deuljler, Chair, Becht L. Henderson, Jr., Kiewit Engineering Group, Inc.
C. Henley,| Vice Chair, Kiewit Engineering Group, Inc. T. Hudson, Consultant
C. Rodrigpez, Secretary, The American Society of Mechanical G. A. Jolly, Samshin, Ltd.

Engineets C. ]J. Melo, S&B Engineers and(Censtructors, Ltd.
B. Bounds} Bechtel Energy, Inc. K. Pham, Fluor Enterprises,\In¢:
W. P. Collins, Consultant D. W. Rahoi, CCM 2000
W. H. Eskridge, Jr., Becht R. A. Schmidt, Canadoil
A. Esmaili} APA Group S. Tonkins, BP Americas
R. A. Grichuk, S&B Engineers and Constructors, Ltd. D. K. Verma, Bechtel Energy, Inc.
] Gundlat{n, Michigan Seamless Tube and Pipe Z. Djilali, Contributing Member, Sonatrach
A. A. Hasspn, PGESCo M. L. Nayyax,\Contributing Member, Consultant

M. Engelk(
D. A. Arng¢g

emier, Chair, Cargill
tt, Vice Chair, ExxonMobil Research and Engineering

R. Rahaman, Secretary, The American Society of Mechanical

Enginee
G. A. Anta
R. Bethea

building
D. J. Fetzn
D. Fraser,
]J. A. Grazi
]J. D. Hart,

M. Burkh3
T. Cash, V]
A. Carrion|
L. B. Able:
A. Borgmg
M. J. Brad

S
ki, Becht
Huntington Ingalls Industries — Newport/News Ship-

ler, Retired

NASA Ames Research Center
hno, Consultant

SSD, Inc.

rt, Chair, The Burkhart Group, Inc.

ce Chair, Enster-Gas, LLC

Secretary/The American Society of Mechanical Engineers
, Enterprise’Products Co.

yer,The Mosaic Co.

ey;»I'RC Companies

B31 MECHANICAL DESIGN TECHNICAL COMMITTEE

R. W. Haupt, Pressure Piping Engineering Associates, Inc.
. P. Holbrook, Consultant

. Leishear, Leishear Engineering, LLC

. D. Mayers, Serco, Inc.

. Q. McCawley, Consultant

. E. Meyer, CDM Smith — Industrial Division

. Moore, Burns & McDonnell

W. Paulin, Paulin Research Group

J. Rosenfeld, RSI Pipeline Solutions, LLC

Kosasayana, Contributing Member, JGC Corp.

T -0 W
oo p

2»

=

B31 QUALIFICATION OF PIPELINE PERSONNEL TECHNICAL COMMITTEE

V. C. Omameh, Public Utilities Commission of Ohio

K. Riddle, Magellan Midstream Partners, LP

E. Rodriguez, Consultant

J. Trevino, Valero

J. R. Urtz, LIUNA Training & Education Fund

P. Williams III, Smith System Driver Improvement Institute,

A. Chamblin_-Colonial Dir\n]inn Ca

V. M. Fred
B. A. Heck

erick III, Consultant
, Miller Pipeline, LLC

G. W. Isbell, Energy Worldnet, Inc.
W. B. McGaughey, Jr., Consultant
T. Meek, Veriforce, LLC

W. Miller,

Warren Miller Enterprises, LLC

D. K. Moore, Trout Hydrodynamics, Inc.
L. P. Murray, MEA Energy Association
G. Ochs, U.S. DOT

Xii

Inc.

M. Zanter State of South Dakaota Public Utilities Commission!
B. C. Barker, Contributing Member, Southwest Gas Corp.

M. B. Borders, Contributing Member, Nisource

E. Fonseca, Contributing Member, Enterprise Products

J. Garland, Contributing Member, EGW Utility Solutions

J. Langwell, Contributing Member, Smith System Pinion, LLC
T. Messenger, Contributing Member, ASTAR, Inc.

E. Schlaupitz, Contributing Member, NCCER

J. Schmitz, Contributing Member, Southwest Gas Corp.

H. Stein, Contributing Member, Semco Energy Gas Co.


https://asmenormdoc.com/api2/?name=ASME B31.12 2023.pdf

CORRESPONDENCE WITH THE B31 COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revigt > ; f TOTTS: i the staff
secr¢tary noted on the committee’s web page, accessible at https://go.asme.org/B31committee.

isions and Errata. The committee processes revisions to this Code on a continuous basis to incorporat¢ changes
that pppear necessary or desirable as demonstrated by the experience gained from the application of the Code. Approved
revidions will be published in the next edition of the Code.

Injaddition, the committee may post errata on the committee web page. Errata become effective on the date posted.
Userp can register on the committee web page to receive e-mail notifications of posted étrata.

THis Code is always open for comment, and the committee welcomes proposals for revisions. Such proposals $hould be
as specific as possible, citing the paragraph number, the proposed wording, and a detailed description of the rgasons for
the Jroposal, including any pertinent background information and supporting doctumentation.

Cases
(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an ufgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incofporation
direqtly into the Code
(4) to permit the use of a new material or process
(b} Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be cqnsidered
as agproving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners-to choose any method of design or any form of construgtion that
conforms to the Code.
(c] Aproposed case shall be written asa question and reply in the same format as existing cases. The proposaljshall also
include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.gi-the case concerns a project that is underway or imminent)
(3) the Code and the paragraph, figure, or table number
(4) the editions of the Code-to which the proposed case applies
(d} A caseis effective for,usewhen the public review process has been completed and it is approved by the fognizant
supejrvisory board. Approved cases are posted on the committee web page.

Interpretations. [Jpon request, the committee will issue an interpretation of any requirement of this Code.|An inter-
pretation can be {ssued only in response to a request submitted through the online Interpretation Submittal] Form at
httpg://go.asme:org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail
confirming recCeipt.

AJME does not act as a consultant for specific engineering problems or for the general application or understanding of
the Jode-réquirements. If, based on the information submitted, it is the opinion of the committee that the inquirer should
seek i . f f i i f irers can
track the status of their requests at https://go.asme.org/Interpretations.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.

xiii
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Committee Meetings. The B31 Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/B31committee.
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INTRODUCTION

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

This is Code Section B31.12, Hydrogen Piping and Pipe-
lines. Hereafter, in this Introduction and in the text of this

ican Natiomat-Stamdard;umder—tiredirectiomr of ASME
Compmittee B31, Code for Pressure Piping.

Ryles for each Section reflect the kinds of piping instal-
latiops considered during its development, as follows:

B31.1 Power Piping: piping typically found in
electric power-generating stations, in
industrial and institutional plants,
geothermal heating systems, and central

and district heating and cooling systems

B31.3 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

B31.4 Pipeline Transportation Systems for Liquids
and Slurries: piping transporting products
that are predominately liquid between
plants and terminals and within t€gminals,
pumping, regulating, and métering

stations

B31.5 Refrigeration Piping: piping for refrigerants

and secondary coolants

B31.8 Gas Transmissionrand Distribution Piping
Systems: piping transporting products
that are pfedominately gas between
sourcestahd terminals, including
compréssor, regulating, and metering

statiens; and gas-gathering pipelines

B31.9 Building Services Piping: piping typically
found in industrial, institutional,
commercial, and public buildings, and in

require the range of sizes, pressures, and
temperatures covered in B31.1

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

gaseous hydrogen mixtures

XV

Code Sectiomr B34 12, wiheretheword€odetsuseyl without
specific identification, it means this Code Secfipn.

Itis the owner’s responsibility to selectthe €Code Section
that most nearly applies to a proposed.piping ingtallation.
Factors to be considered by the owner include limitations
of the Code Section, jurisdictionahrequirementg, and the
applicability of other codes and standards. All applicable
requirements of the selected €ode Section shall be met.
For some installations, moré€ than one Code Sedtion may
apply to different parts,of the installation. The|owner is
also responsible for\imposing requirements supplemen-
tary to those of the'selected Code Section, if necgssary, to
assure safe piping for the proposed installation.

Certain-piping within a facility may be subjecf to other
codes and. standards, including but not limited|to

-ANSI Z223.1/NFPA 54 National Fuel Gas Code: piping
for,fuel gas from the point of delivery to the conppection of
€ach fuel utilization device

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

- NFPA 99 Health Care Facilities: medical and labora-
tory gas systems

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

The Code specifies engineering requirement$ deemed
necessary for safe design, construction, operaftion, and
maintenance of pressure piping. While safety is[the over-
riding consideration, this factor alone will not n¢cessarily
govern the final specifications for any piping inftallation
or operation. The Code is not a design handbopk. Many
decisions that must be made to produce a safe piping
installation and to maintain system integrity are hot speci-
fied in detail within this Code. The Code does not perve asa
substitute for sound engineering judgment by the owner
and the designer.

formulas. These are supplemented as necessary with spe-
cific requirements to ensure uniform application of prin-
ciples and to guide selection and application of piping
elements. The Code prohibits designs and practices
known to be unsafe and contains warnings where
caution, but not prohibition, is warranted.

This Code Section includes the following:

(23)
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(a) references to acceptable material specifications
and component standards, including dimensional require-
ments and pressure-temperature ratings

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

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

(d) guidance and limitations on the selection and appli-

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

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

ASME Committee B31 is organized and operates under
proceduifes of The American Society of Mechanical Engi-
neers that have been accredited by the American National
Standardfs Institute. The Committee is a continuing one
and keeyls all Code Sections current with new develop-
ments in|materials, construction, and industrial practice.
New editlions are published at intervals of 3 yr.

It is intended that this edition of Code Section B31.12
not be retroactive. Unless agreement is specifically made
between contracting parties to use another issue, or the
regulatory body having jurisdiction imposes the use of
another issue, the latest edition issued at least 6
months prior 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
era-

Materials ordinarily are listed in the stress tables|only
when sufficient usage in piping within the scope of the
Code has been shown. Requests for listing”shall in¢lude
evidence of satisfactory usage and\specific data to
permit establishment of allowable -stresses, maxijmum
and minimum temperature limits, and other restrict]iIi)ns.
Additional criteria can be found’in the guidelines fof the
addition of new materials in'the ASME Boiler and Pregsure
Vessel Code, Section II; [To develop usage and gain experi-
ence, unlisted materials may be used in accordance|with
para. GR-2.1.1(b)Y

XVi
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ASME B31.12-2023
SUMMARY OF CHANGES
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the American National Standards Institute on August 24, 2023.

ASMERB21 122022
w-ASMEB31-12-2023-wasapproved by

Manglatory Appendices V and VIII, noted as “in preparation” in previous editions, have been deleted. In additi
B31.12-2023 includes the following changes identified by a margin note, (23).
Page Location Change
XV Introduction Updated
1 GR-1.1 First sentence revised
16 GR-2.1.2 (1) In subpara. (b), first sentenee added
(2) Subparagraph (b)(6) editorially revised
14 Table GR-2.1.1-1 General Note (a) and Netes (2), (4), and (5) revised
16 Table GR-2.1.1-2 Revised in its entirety
18 Figure GR-2.1.2-1 Notes redesignated
19 Table GR-2.1.2-2 Notes revised
27 GR-3.1 Editorially revised
27 GR-3.2 Editorially revised
27 GR-3.2.3 In fifst paragraph, cross-reference to ASME BPVC updat
27 GR-3.2.5 Subparagraph (a)(1) editorially revised
35 GR-3.4.4 In subpara. (e), SI unit added
44 Table GR-3.5-1 Minimum preheat temperature required for carbon steel
48 GR-3.8.5 Subparagraph (d)(1) editorially revised
50 GR-3.9.2 Reinstated by errata
70 Chapter GR-6 Revised in its entirety
71 IP-1.1.2 Subparagraphs (b) and (c) revised
76 [P-2.2.10 Subparagraphs (c) and (d) revised
93 [P-5.35 Subparagraph (c) editorially revised
96 Chapter IP-6 Revised in its entirety
97 [P-7.2.3 Footnotes renumbered
105 IP-10.4.2 Revised
105 IP-10.4.2.1 Added
10 IP-10.4.2.2 Added
106 Table 1P-10.4.2.2-1 Former Table IP-10.4.2-1 revised
106 [P-10.4.5.2 Revised in its entirety
109 IP-10.4.5.7 Subparagraphs (b)(1) through (b)(3) editorially revised
111 IP-10.7.2 Revised
113 PL-1.3 Subparagraph (e) revised
119 Table PL-2.5.2-1 Revised in its entirety
119 PL-2.5.3 In subpara. (h), cross-reference updated
120 Table PL-2.5.5-1 Revised in its entirety

Xvii
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Page
120

121
121
124
125
128
129
133
134
135
136
137
139
143
144
144

144
145

145
145
145
145
146

146
148
153
164
164
168
170

201
208
218

218
219

Location Change
PL-2.6.2 (1) In subparas. (a) through (e), units deleted
(2) Equation in subpara. (e) revised
PL-2.6.5 In subpara. (a), unit deleted
PL-2.6.6 In subpara. (a)(3), nomenclature revised
PL-3.2.1 SI units added
PL-3.2.2 SI units added
PL-3.7.1 Revised
Table PL-3.7.1-3 Celsius temperatures added
PL-3.7.3 In subparas. (a), (a)(1), (a)(2), and (b), SI units revised
PL-3.7.5 In subpara. (b), SI unit revised
PL-3.8 In subpara. (a), SI unit revised
PL-3.10.7 In subpara. (c), SI unit revised
PL-3.12.3 Revised
PL-3.13.5 Subparagraphs (a), (a)(1), (b), (c), (e}(1), and (c)(3) revised
PL-3.18.1 In subparas. (a), (b)(4), (b)(6), (c)3)and (e)(2), SI units revisg
PL-3.18.2 In subpara. (a)(2), SI units revised
PL-3.19 (1) Deleted and former pata. PL-3.19.1 redesignated
(2) Title and subparas.~(a)’and (b)(6) revised
PL-3.19.1 Former para. PL-3.19.2 redesignated and title revised
PL-3.19.2 (1) Former para. RE<3.19.3 redesignated
(2) Title and.first paragraph revised
(3) Subparagraphs (g) through (h)(11) deleted and subsequsé
subparagraphs redesignated
PL-3.19.3 Formet, para. PL-3.19.4 redesignated
PL-3.19.4 Formler para. PL-3.19.5 redesignated
PL-3.19.5 Former para. PL-3.19.6 redesignated
PL-3.19.6 Former para. PL-3.19.7 redesignated
PL-3.19.7 (1) Former para. PL-3.19.8 redesignated
(2) In subpara. (b)(2)(-c), SI unit added
PL-3.21 In subpara. (i), SI unit revised
[-1.3.2.1 In subpara. (a), SI unit revised

Mandatory Appendix II

Revised

nt

VII-3.3.2 SI units revised
VII-3.5:3 Former para. VII-3.5.2(d) redesignated
IX-1 Subparagraph (e) revised
Table IX-1A (1) Note (55) redesignated as Note (4)
(2) Notes (42) and (56) deleted
Table IX-1B SMYS for API 5L, Grade X52, corrected by errata from 317 MPa
359 MPa
Table 1X-4 (1) Minimum temperature, °F, for stainless steel 14Cr-24Ni
revised
(2) Note (14) redesignated as Note (3)
A-2 Revised
A-2.2 First paragraph revised
Table A-2-1 Revised in its entirety

xviii
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PART GR
GENERAL REQUIREMENTS

Chapter GR-1

(23) GR-1.1 SCOPE

THis Code is applicable to piping and pipelines handling
gasepus hydrogen and gaseous hydrogen mixtures and to
piping in liquid hydrogen service. This Code is applicable
up td and including the joint connecting the piping to asso-
ciatdd pressure vessels and equipment but not to the
vesspls and equipment themselves. It is applicable to
the Jocation and type of support elements but not to
the sfructure to which the support elements are attached.
The glesign for pressure and temperature shall be in accor-
dande with the requirements of Part IP for industrial
pipinlg and Part PL for pipelines. This Code is presented
in thle following parts and appendices:

(a) Part GR — General Requirements. Part GR contains
requjrements applicable to and referenced by other parts.
It coptains definitions and requirements for materials,
welding, brazing, heat treating, forming, testing;-inspec-
tion,| examination, operation, and maintenance. It also
contpins quality system topics common to the other parts.

(b} PartIP— Industrial Piping. PartIRincludesrequire-
ments for components, design, fabrication, assembly,
erecfion, inspection, examinatioh, and testing of piping.

(c] PartPL — Pipelines. Part Pl: sets forth requirements
for gomponents, design,(installation, and testing of
hydrogen pipelines.

(d} Mandatory Appendices I through IX

(e} Nonmandatoxry: Appendices A through F

Edch part defines requirements for piping or pipelines,
as applicable/within its scope. The requirements are
different-for ‘different aspects of components, design,
fabrication, installation, assembly, erection, inspection,

ination—andtestina It ic raaquirad that aqch ot
exany - oH & P

Scope and Definitions

GR-1.2 RESPONSIBILITIES
GR-1.2.1 Owner

The owner shall haye,overall responsibility for compli-
ance with this Code and for establishing the requirements
for design, construction, examination, inspection, testing,
operation, and maintenance of the hydrogen piping or
pipeline system.

GR-1.2.2 Designer

The designer is responsible to the owner for dssurance
that the engineering design of piping or the|pipeline
system complies with the requirements of this Code
and with any additional requirements established by
the owner.

GR-1.2.3 Construction Organization

The construction organization of piping and pipeline
systems is responsible for providing materialg, compo-
nents, and workmanship in compliance with thg require-
ments of this Code and the engineering design|

GR-1.2.4 Owner’s Inspector

The owner’s Inspector is responsible to the pwner to
verify that all required examinations, inspectjons, and
testing are complete. The owner’s Inspectoy verifies
that all required certifications and records have been
completed. Also, the owner’s Inspector is re§ponsible
for verification of the construction organjzation’s
quality systems program implementation.

be used in conjunction with the General Requirements
section but independent of the other parts. The joint
connecting piping governed by two different parts
shall be subject exclusively to the requirements of one
of the two parts. It is not intended that this edition of
this Code be applied retroactively to existing hydrogen
systems.

GR-1.3 INTENT OF THE CODE

(a) Itis the intent of this Code to set forth engineering
requirements deemed necessary for safe design, construc-
tion, and installation of piping and pipeline systems in
hydrogen service.

(b) This Code generally specifies a simplified approach
for many of its requirements. A designer may choose to use
a more rigorous analysis to develop design and construc-
tion requirements. When the designer decides to take this
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approach, the designer shall provide to the owner details
and calculations demonstrating that design, construction,
examination, and testing are consistent with the design
criteria of this Code. These details shall be adequate
for the owner to verify the validity and shall be approved
by the owner. The details shall be documented in the engi-
neering design.

(c) Piping elements should, insofar as practicable,
conform to the specifications and standards listed in

requiren]ents for a particular service. Where service re-
quirements necessitate measures beyond those required
by this Cdde, such measures shall be specified by the engi-
neering design. Where so specified, the Code requires that
they be dccomplished.

(e) Cofle requirements include specific provisions ap-
plicable o hydrogen service. These requirements shall
include, ut shall not be limited to, selection and applica-
tion of mjiterials, components, and joints. Service require-
ments ingclude prohibitions, limitations, and conditions,
such as t¢gmperature and pressure limits or a requirement
for safegfiarding. Code requirements for a piping or pipe-
line systgm are established by the most restrictive re-
quirements that apply to any element of the system.

GR-1.4 PACKAGED EQUIPMENT REQUIREMENTS

Also influded within the scope of this Code is pipingithat
interconmects pieces or stages within a packaged-equip-
ment asspmbly for piping or pipeline systems.\This Code
excludes|the following:

(a) the¢ exclusions specifically limited-byPart IP, Indus-
trial Pipihg or Part PL, Pipelines

(b) piping that is required to conform to another Code

(c) tubyes, tube headers, crosSovers, and manifolds of
fired heafters that are internal to the heater enclosure

(d) power boilers, pressure vessels, heat exchangers,
pumps, cpmpressors, and other fluid handling or proces-
sing equipment, including internal piping and connections
for exterhal piping

GR-1.5 TERMS AND DEFINITIONS

Some of the ferms relating to piping components and
the fabrication and erection of piping and pipeline systems
are found in this paragraph. For additional terms relating
to

(a) welding and brazing, see ASME Boiler and Pressure
Vessel Code (BPVC), Section IX or AWS Standard A3.0

(b) nondestructive examination, see ASME BPVC,
Section V

(c) materials, see ASME BPVC, Section II, Parts A, B, and
D

(d) welding materials, see ASME BPVC, SectionII, Part C

alloy steel: steel to which one or more alloying elements
other than carbon have been deliberately added (e.g.,
chromium, nickel, molybdenum) to achieve a particular
physical property.

ambient temperature: temperature of the surrounding
medium, usually used to refer to the temperature of
the air in which a structure is situated or a device operates.

fable
temperature and then cooling at a suitable rate-for|such
purposes as reducing hardness, improving machinalility,
facilitating cold working, producing a desired microsfruc-
ture, or obtaining desired mechanical, physical, or ¢ther
properties.

anode: electrode of an electrochernical cell at which okida-
tion occurs. Electrons flow away from the anode in the
external circuit. Corrosiofizusually occurs, and metal
ions enter the solution at the anode.

arc cutting: group pficutting processes whereir the
severing or remeying of metals is affected by melting
with the heat 6f)an arc between an electrode and the
base metal (includes carbon-arc cutting, metal-arc
cutting, gas\metal-arc cutting, gas tungsten-arc cutting,
plasma-arc cutting, and air carbon-arc cutting)| See
also.oXygen-arc cutting (OAC).

are welding: group of welding processes wherein cdales-
gence is produced by heating with an electric arc orfarcs,
with or without the application of pressure and with or
without the use of filler metal.

assembly: joining together of two or more piping compo-
nents by bolting, welding, screwing, brazing, or upe of
packing devices as specified by the engineering degign.

autogenous welding: fusion welding method using hdat to
jointwo pieces of metal without the addition of filler npetal.

automatic welding: welding with equipment that perfprms
the welding operation without adjustment of the controls
by an operator.

backfill: material placed in a hole to fill the space arpund
the anodes, vent pipe, and buried components|of a
cathodic protection system.

backing ring: material in the form of a ring used to support
molten weld metal.

plate, or

other metalllc products

basic allowable stress, S: stress value for any material
determined by the appropriate stress basis found in
this Code.

bolt design stress: stress used to determine the required
cross-sectional area of bolts in a bolted joint.

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

brazing procedure specification (BPS): document that lists
the parameters to be used in construction of brazements
in accordance with requirements of this Code.

brittle fracture: fracture with little or no plastic deforma-
tion.

butt |joint: joint between two members aligned approxi-
matgly in the same plane.

buttilap joint: combination of butt and lap that has a
machined reduction of the wall thickness to allow the

ing percentages:
a) copper: 0.60%
b) manganese: 1.65%
¢) silicon: 0.60%

Thede elements are considered as.incidental and are
not normally determined or reported.

cathgdic protection (CP): technique by which underground
metdllic pipe is protected against deterioration (rusting
and pitting).

cell:| system consisting of an anode and a cathode
immersed in an, electrolyte so as to create an electrical
circyit. The anode and cathode may be different metals
or djssimilarvareas on the same metal surface. Also
callef eléctrochemical cell.

certificdtion: written testimony of qualification.

pipelines and mains located in the area, and applying
certain operating and maintenance requirements.

coating: liquid, liquefiable, or mastic composition that,
after application to a surface, is converted into a solid
protective, decorative, or functional adherent film.

coating system: complete number and types of coats
applied to a substrate in a predetermined order.
(When used in a broader sense, surface preparation,
pretreatments,deyfilm thicknessandmanneref applica-
tion are included.)

cold expanded pipe: seamless or welded pipethatjs formed
and then cold expanded while in the pipe/mill sp that the
circumference is permanently incredsed by at legst 0.50%.

cold spring: intentional deformation of pipirl% during
assembly to produce a desired initial displacement and
stress.

cold spring factor: ratie of the amount of cold spring
provided to the total~computed temperature ekpansion.

cold springing: fabrication of piping to an actyal length
shorter than its nominal length and forcing it int¢ position
so thatitjsstressed in the erected condition, thugcompen-
sating partially for the effects produced by the gxpansion
due¢toyan increase in temperature.

complete weld joint penetration (CWJP): includes the depth
of bevel and root penetration, plus the requiredl I.D. and
0.D. reinforcement.

concave: internal condition of the root bead, Having an
abrupt concave condition with sharp edges.

concavity: internal root bead that is properly fused to and
completely penetrates the pipe wall but whose|center is
below the inside surface of the pipe wall. Also called suck-
back.

construction organization: fabricator, contractof, assem-
bler, or installer responsible for all functions inyolved in
the design, fabrication, and erection of the }ydrogen
piping system.
consumable insert: preplaced filler metal that is Jomplete-
ly fused into the root of the joint and becomes pprt of the
weld.

control piping: all piping, valves, and fittings used to inter-

connect air, gas, or hydraulically operated contfrol appa-
ratus or instrument transmitters and receivers.

checkvalve: valve designed to permit flow in one direction
and to close automatically to prevent flow in the reverse
direction.

class location: geographic area along the pipeline classified
according to the number and proximity of buildings
intended for human occupancy and other characteristics
that are considered when prescribing design factors for
construction, operating pressures, and methods of testing

corrosion: deterioration of a material, usually a metal, that
results from a reaction with its environment.

crack: very narrow elongated defect caused by metallur-
gical or mechanical conditions.

crevice corrosion: localized corrosion of a metal surface at,
or immediately adjacent to, an area that is shielded from
full exposure to the environment because of close proxi-
mity of the metal to the surface of another material.
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cryogenic conditions: low temperature conditions, usually
at or below 123 K (-239°F).

current: flow of electric charge.

defect: imperfection of a type and magnitude exceeding
acceptable criteria.

dents: indentations of the pipe or distortions of the pipe’s
circular cross section that change the curvature of a
portion of the pipe wall, resulting in a change of the

shielded by a blanket of granular fusible material on the
work. Pressure is not used, and filler metal for the inside
and outside welds is obtained from the electrode or elec-
trodes.

ductility: measure of the capability of a material to be
deformed plastically before fracturing.

elastic distortion: changes of dimensions of a material
upon the application of a stress within the elastic

ranse-Eollowinatherelease-ofan-elastic-stress—themate-
5 3] 7

diameterf without necessarily reducing 1ts thickness.

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

design life: period of time used in design calculations,
selected fo verify that a replaceable or permanent compo-
nent is quitable for the anticipated period of service.
Design llfe does not pertain to the life of a pipeline
system, because a properly maintained and protected
pipeline|l system can provide liquid transportation
service indefinitely.

design minimum temperature: lowest component
temperafure expected in service.

design pressure: pressure used in design calculations in
Parts IP pnd PL of this Code, determined by the design
procedufes applicable to the materials and locations
involved

design teperature: in a pipeline system, the maximum or
minimum temperature at the coincident pressure
(minimym or maximum) expected during service.
Refer to| para. IP-2.1.4 for design temperature for
piping systems.

detect: to sense or obtain a measurable in-line inspection
indicatioh from an anomaly in a pipeline.

displacement stress range: correspondingsstress differen-
tial produced by the difference between strains in the
extreme |displacement condition.and’/the original (as-
installed) condition (or any anticipated condition with
a greater differential effect) that remains substantially
constantduring any one cycle'of operation. The displace-
ment str¢ss range is used/as the criterion in the design of
piping fofr flexibility.

dissimilay metals: different metals that could form an
anode/cpthode\relationship in an electrolyte when
connected byZan electrically conductive path.

distributternreir—seg 3 bt
system installed to convey gas to individual service
lines or other mains. Also called gas main.

documented: condition of being in written form, graphic
form, or both.

double submerged-arc welded pipe: pipe having a longitu-
dinal butt joint produced by at least two passes, one of
which is on the inside of the pipe. Coalescence is produced
by heating with an electric arc or arcs between the bare
metal electrode or electrodes and the work. The welding is

rial returns to its original dimensions without any pefma-
nent deformation.

elasticity: property of amaterial that allows-it torecovgr its
original dimensions following deformation by a sfress
below its elastic limit.

electrical interference: any electrical disturbance jon a
metallic structure in contact Wwith an electrolyte caused
by stray current.

electric-fusion-welded (EEW) pipe: pipe having a longitu-
dinal butt joint where€in coalescence is produced if the
preformed tubeby manual or automatic submejrged
arc welding (SAW).

electric-resistance-welded (ERW) pipe: pipe producgd in
individual léngths or in continuous lengths from cpiled
skelp @nd subsequently cut into individual lengths,
having a longitudinal butt joint wherein coalescenice is
produced by the heat obtained from resistance of the
pipe to the flow of electric current in a circuit of which
the pipe is a part, and by the application of pressuje.

electrode:

(a) component of a welding electrical circuit{ that
terminates at the arc, molten conductive slag, or |base
metal

(b) conductor used to establish contact with anfelec-
trolyte and through which current is transferred fo or
from the electrolyte

electrolyte: chemical substance containing ions|that
migrate in an electric field.

elevated temperature fluid service: a fluid service in which
the piping metal temperature has a design or sustdined
operating temperature equal to or greater thar the
temperature 25°C (50°F) below the temperature identi-
fying the start of time-dependent properties listed under
“Notes — Time-Dependent Properties” at the end of Table

A-of-the-ASM v RartD—for-the-welded
base metals. For materials not listed in Section II, Part D,
the temperature shall be where the creep rate or stress
rupture criteria in para. IP-2.2.7 governs the basic allow-
able stress value of the welded base metals. When the base
metals differ, the lower temperature value shall be used
for the joint.

» O 5 a

engineering design: detailed design governing a piping or
pipeline system, developed from process and mechanical
requirements, conforming to Code requirements, and
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including all necessary specifications, drawings, and
supporting documents.

environment: surroundings or conditions (physical, chem-
ical, mechanical) in which a material exists.

erection: complete installation of a piping system in the
locations and on the supports designated by the engi-
neering design, including any field assembly, fabrication,
examination, inspection, and testing of the system as

erosipn: progressive loss of material from a solid surface
due fo mechanical interaction between that surface and a
fluid| or solid particles carried with the fluid.

evallation: analysis and determination of a facility’s
fitneps for service under the current operating conditions.

exanmination: direct physical inspection of the piping and
pipelines by a person; may also include the use of nondes-
trucfive examination techniques (NDE). Examination is
reqyired by this Code to verify the integrity and
qualjty of hydrogen piping or pipeline systems.

exanjiner: person who performs quality control or nondes-
tructfive examinations.

fabrfcation: preparation of piping components for
assembly, including cutting, machining, threading,
grodving, forming, bending, welding, brazing, heat
treafing, examination/inspection, and testing; required
for jgining of pipe components into subassemblies. Fabri-
catign may be performed in the shop or in the field.

face pf weld: exposed surface of a weld on the sidée from
whidh the welding was done.

failufe: general term used to imply that a partin service
has Become completely inoperable; is still operable but is
able of satisfactorily performing'its intended func-

mor¢ than 2% of carbon, but 2% is the usual dividing

flammable: fluid that under ambient or expected operating
conditions is a vapor or produces vapors that can be
ignited and continue to burn in air. The term thus may
apply, depending on service conditions, to fluids
defined for other purposes as flammable or combustible.

flux: chemical compound applied to the joint surfaces to
promote wetting and prevent oxide formation during the
brazing operation.

and the weld pool. The process is usedcwith phielding
gas from a flux contained within the tubular glectrode,
with or without additional shielding from an gxternally
supplied gas, and without the application of pyessure.

fracture toughness: resistance’of @ material to faijure from
the extension of a crack.

fusion: melting togethefof filler material and base mate-
rial, or of base material/only, that results in codlescence.

galvanic anode: metal that provides sacrificial protection
to another metal that is more noble when elgctrically
coupled inanelectrolyte. This type of anode is th¢ electron
source, indone type of cathodic protection.

galvanic corrosion: accelerated corrosion of a metal
because of an electrical contact with a mofe noble
fmetal or nonmetallic conductor in a corrosive elpctrolyte.

gaseous hydrogen (GH,) system: assembly of cortnponents
to which hydrogen is delivered, stored, and used in the
gaseous form. The system may include storage vessels,
piping, valves, relief devices, compressors,| vacuum
system, expansion joints, and gages.

gas metal-arc welding (GMAW): arc-welding prdcess that
produces coalescence of metals by heating them with an
arc between a continuous filler metal (consumaple) elec-
trode and the work. Shielding is obtained entirely from an
externally supplied gas or gas mixture.

gas service line: piping installed between a main) pipeline,
or other source of supply and the meter set agsembly.

gas tungsten-arc welding (GTAW): arc-welding process
that produces coalescence of metals by heat|ng them
with an arc between a single tungsten (nonconsumable)
electrode and the work. Shielding is obtained fron a gas or
gas mixture. Pressure may or may not be used, jand filler
metal may or may not be used.

line between steel and cast iron.

filler material: material to be added in making metallic or
nonmetallic joints.

fillet weld: weld of approximately triangular cross section
joining two surfaces approximately at right angles to each
otherinalapjoint, tee joint, or cornerjoint. (See also size of
weld and throat of a fillet weld).

girth weld: complete circumferential butt weld joining
pipe or components.

gouge: mechanically induced metal loss, which causes
localized elongated grooves or cavities.

grinding: reduction in wall thickness by removal of mate-
rial by hand filing or power disk grinding.

groove weld: weld made in the groove between two
members to be joined.
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ground temperature: temperature of the earth at pipeline
depth.

hardness: ability of a material to resist permanent pene-
tration by a much harder body.

hardness testing: can be divided into two groups, macro-
hardness testing and microhardness testing. Macrohard-
ness testing refers to testing with loads equal to or over 1
kg; microhardness testing refers to 1 000 g or 1 kg. Brinell,
Rockwel i

testers; Nlicro-Vickers and Knoop are examples of micro-
hardnesg testers.

heat affeqted zone (HAZ): that portion of the base material
that has rjot been melted but whose mechanical properties
or micrgstructure have been altered by the heat of
welding, [brazing, forming, or cutting.

heat treatment: heating and cooling a solid metal or alloy
in such a|way as to obtain desired properties. Heating for
the sole purpose of hot working is not considered heat
treatment. If a weldment is heated and cooled, then
the term|postweld heat treatment is used.

high-pregsure distribution system: gas distribution piping
system that operates at a pressure higher than the stan-
dard service pressure delivered to the customer. In such a
system, alservice regulator is required on each service line
to contrdl the pressure delivered to the customer.

hoop strefs, Sy : stress in a pipe of wall thickness, ¢, acting
circumfefentially in a plane perpendicular to the longitu-
dinal axi§ of the pipe, produced by the pressure, P, of the
fluid in apipe of diameter, D, and determined by Barlows
formula, [Sy = PD/2t.

hot taps:|branch piping connections made to(operating
pipelines mains, or other facilities while they are in opera-
tion. Thefbranch piping is connected to the.operating line,
and the operating line is tapped while.itisunder gas pres-
sure.

hydrogen| embrittlement (HE): 16ss-of ductility of a metal
resulting| from absorption of hydrogen.

hydrogen stress crackingyctacking that results from the
presencd of hydrogemnin a metal in combination with
tensile stfess. It occursimost frequently with high-strength
alloys.

hydrostattic test: pressure test in which the vessel or
system |s \filled completely with water or another

reported as the energy in foot-pounds or kilojoules
required to fracture the test piece.

imperfection: discontinuity or irregularity that is detected
by examination.

impressed current: electric current supplied by a device
employing a power source that is external to the electrode
system. (An example is direct current for cathodic protec-
tion.)

Iincident: unintentional release or gas due to re of

piping or a pipeline.

inclusion: nonmetallic phase, such as an oxide, sulfide, or
silicate particle, in a metal.

indication: finding of a nondestructive testing techniqjue. It
may or may not be a defect.

indication, linear: in magnetic pdrticle, liquid penetrapt, or
similar examination, a closed\surface area markirng or
denoting a discontinuity-requiring evaluation whose
longest dimension is at least 3 times the width of the|indi-
cation.

indication, rounded: in magnetic particle, liquid pene‘I‘ant,
or similar exdrhination, a closed surface area markifg or
denoting a)discontinuity requiring evaluation whose
longest dimension is less than 3 times the width of the
indication.

in<line inspection (ILI): pipeline inspection techniqug that
uses devices known in the industry as intelligent or smart
pigs. These devices run inside the pipe and provide [indi-
cations of metal loss, deformation, and other defects.

in-process examination: includes the verification of docu-
mentation for the required quality, personnel qualjfica-
tions, and material and special process procedfires,
along with inspection of the fabrication steps rquired
for joining of pipe components.

inspection: denotes verifying the performance of ejami-
nation and tests by an Inspector.

Inspector: individual responsible for verifying that all
required quality examinations, NDE, inspections| and
testing are complete and that all certifications| and
records have been completed to the extent necegsary
to satisfy compliance to the requirements of this (ode,
the engineering design, and the construction orgapiza-
tion’s quality systems program.

liquid. Pressure is then applied to the Tiquid for the
required time, and the outside of the componentis visually
examined.

impact testing: test designed to give information on how a
specimen of a known material will respond to a suddenly
applied stress, e.g., shock. The test ascertains whether the
material is tough or brittle. A notched test piece is
normally employed, and the two methods in general
use are either Izod or Charpy test. The result is usually

i £ £ o 11 e ] d_fFiess d tO
reoerurricric lJllJlllg. dIl }lll_}llls, vdalrvey, diidua AILLLIISD ustc
connect instruments to main piping, pipelines, other
instruments and apparatus, or measuring equipment.

integrity: capability of the pipeline to withstand hoop
stress due to operating pressure plus a margin of
safety required by this Code.

integrity assessment: process that includes inspection of
pipeline facilities, evaluating the indications resulting
from the inspections, examining the pipe using a
variety of techniques, evaluating the results of the
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examinations, characterizing the evaluation by defect type
and severity, and determining the resulting integrity of the
pipeline through analysis.

intergranular corrosion: preferential corrosion at or along
the grain boundaries of a metal (also known as intercrys-
talline corrosion).

internal design pressure: internal pressure used in calcula-
tions or analysis for pressure design of a piping compo-
nent

maximum operating pressure (MOP): sometimes referred
to as maximum actual operating pressure, is the highest
pressure at which a piping system is operated during a
normal operating cycle.

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

mechanical damage: type of metal damage in a pipe or pipe

coating caused by the application of an external force.
Mechanical-damage—can-includedenting, coating

Jjointl design: joint geometry together with the required
dimgnsions of the welded joint.

liquig hydrogen (LH;) system: assembly of components to
whidh hydrogen is delivered, stored, and used in the liquid
forn]. The system may include storage vessels, piping,
valvgs, relief devices, pumps, vacuum system, expansion
joints, and gages.

liquifl penetrant examination (PT): examination method
whefeby the metal (ferrous or nonferrous) surface to
be ekamined is coated with a red-dyed penetrating oil.
This[penetrant is drawn into the surface defects by capil-
lary pction. After a sufficient time, the excess penetrant is
rem¢ved from the surface to be examined, and a white
devdloper is sprayed over the entire surface. The dye,
whidh has penetrated any surface defects, is drawn to
the durface by the developer, and the location, geometry,
and pize of the defects can be determined. This test is
condidered to be nondestructive because it does not
destroy the usefulness of the part being inspected.

locatjion class: see class location.

machine welding: welding with equipment that performs
the welding operation under the constant observation and
contfol of a welding operator. The equipment may or may
not load and unload the workpieces:

maghetic particle examination (MT):’nondestructive test
method using magnetic leakage fields and suitable indi-
catinjg materials to discloSe,surface and near-surface
discgntinuity indications,

manpal welding: welding operation performed and
contfolled completely by hand.

maximum allowable hoop stress: maximum hoop stress
pernpitted bythis Code for the design of a piping or pipe-
line pystém> It depends on the material used, location of
the pipe; operating conditions, and other limitations

removal, metal removal, metal movement, cold
working of the underlying metal, and residual|stresses,
any one of which can be detrimental.

mechanical joint: joint for the pulpose of mg¢chanical
strength or leak resistance, or both, in which theg mechan-
ical strength is developed by threaded, groovegd, rolled,
flared, or flanged pipe ends; or by bolts, pins} toggles,
or rings; and the leak\résistance is deveilgped by
threads and compounds) gaskets, rolled ends, or machined
and mated surfaces!

mechanized welding: welding with equipment that
requires manual adjustment of the equipment| controls
in respofise“to visual observation of the weldiing, with
the torch, gun, or electrode holder held by a mpchanical
device.

metal loss: any of a number of types of anomalies|in pipe in
which metal has been removed from the pipg surface,
usually due to corrosion or gouging.

microalloying: use of small amounts of alloying pdditions
of elements, such as vanadium, niobium, and fitanium,
which are strong carbide and nitride formers, to
achieve improvements in strength, toughness, gnd weld-
ability through specific thermomechanical pgocessing
steps.

miter: two or more straight sections of pipe matched and
joined on a line bisecting the angle of junctior] so as to
produce a change in direction of more than 3 feg.

modulus of elasticity: measure of the stiffness or figidity of
a material. It is actually the ratio of stress to strpin in the
elastic region of a material. If determined by a tension or
compression test, it is also called Young’s modulus or the
coefficient of elasticity.

monitoring regulator: pressure regulator ingtalled in
series with another pressure regulator that, in an emer-

imposed by the designer in conformance with this Code.

maximum allowable operating pressure (MAOP):
maximum pressure at which a gas system may be operated
in accordance with the provisions of this Code.

maximum allowable test pressure: maximum internal fluid
pressure permitted by this Code for a pressure test, based
upon the material and location involved.

s\,ll\,)’, autuluat;\,auy AoSOoOUIIIT S LUII‘\—.I U} Uf th\. ressure
downstream of the station, in case that pressure
exceeds a set maximum.

nominal: numerical identification of dimension, capacity,
rating, or other characteristic used as a designation, notas
an exact measurement.

nominal outside diameter: as-produced or as-specified
outside diameter of the pipe. Also called diameter.
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nominal pipe size (NPS): NPS is followed, when appro-
priate, by the specific size designation number without
an inch symbol.

nondestructive examination (NDE): inspection technique
that does not damage the item being examined. This tech-
nique includes visual, radiographic, ultrasonic, electro-
magnetic, and dye penetrant methods.

nondestructive testing (NDT): actual application of a
nondestructive fncfing method-oer-a-nondestructive

pig: device run inside a pipeline to clean or inspect the
pipeline or to batch fluids.

pigging: use of any independent, self-contained device,
tool, or vehicle that moves through the interior of the pipe-
line for inspecting, dimensioning, or cleaning.

pig trap (or scraper trap): ancillary item of pipeline equip-
ment, such as a launcher or receiver, with associated pipe
work and valves, for introducing a pig into a pipeline or

remoevina-a-pia from-a-pineline
S o Do 3 o

testing t¢chnique.

nonferroyis: metal that does not contain iron as a main
ingredient.

normalizing: process in which a ferrous metal is heated to
a suitablg temperature above the transformation range
and is sulsequently cooled in still air at room temperature.

normal dperating pressure: predicted pressure (sum of
static hedd pressure, pressure required to overcome fric-
tion lossgs, and any backpressure) at any point in a piping
system when the system is operating under a set of
predicted steady-state conditions.

operating company: individual, partnership, corporation,
public agency, owner, agent, or other entity currently
responsible for the design, construction, inspection,
testing, qperation, and maintenance of the piping and/
or pipelipe facilities and having fiduciary responsibility
for such ffacilities. Also called operator.

outlet heqder: length of pipe in which one or more outlets
for bran¢h connection have been formed by extrusion;
using a die or dies to control the radii of the extrusion.

overpresjure protection: provided by a device orequip-
ment installed in a piping system that prevents.the pres-
sure in the system or part of the system from exceeding a
predetermined value.

owner’s Inspector: See Inspector.

oxidatior} loss of electrons from-an/atom, compound, or
molecule

oxygen-dlrc cutting (OAC)w0Xygen-cutting process that
uses an afcbetween theworkpiece and a consumable elec-
trode, thjough whichroxygen is directed to the workpiece.
For oxidation-resistant metals, a chemical flux or metal
powder is used-to facilitate the reaction.

oxygen clitting’(0C): group of thermal cutting processes

pipe: pressure-tight cylinder used to convey ayfluld or
transmit a fluid pressure, ordinarily designated “pipe”
in applicable material specifications. Materialsdesigrated
“tube” or “tubing” in the specifications are treated as|pipe
when intended for pressure seryice.: Types of pipe,
according to the method of manufacture, include plec-
tric-resistance-welded pipes elé€ctric-fusion-wellded
pipe, double submerged-arc-welded pipe, and searhless
pipe.
pipeline: all parts of‘physical facilities through which
product moves in‘transportation, including pipe,
valves, fittings, Alanges (including bolting and gasjets),
regulators, pressure vessels, pulsation dampeners,
relief valves, and other appurtenances attachqd to
pipe; compressor units; metering stations; regulator
statiofts; and fabricated assemblies. Included wjthin
this\definition are gas transmission lines used for tfans-
porting gas from production facilities to onshore |oca-
tions, and gas storage equipment of the closed |pipe
type, which is fabricated or forged from pipe or fabri¢ated
from pipe and fittings.

pipeline system: either the operator’s entire pipeline ipfra-
structure or large portions of that infrastructure thatfhave
definable starting and stopping points.

pipe-supporting elements:

(a) fixtures: elements that transfer the load frorp the
pipe or structural attachment to the supporting strug¢ture
or equipment. They include hanging-type fixtures, such as
hanger rods, spring hangers, sway braces, counter-
weights, turnbuckles, struts, chains, guides,|and
anchors; and bearing-type fixtures, such as sadfles,
bases, rollers, brackets, and sliding supports.

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

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

parallel encroachment: portion of the route of a pipeline or
main that lies within, runs in a generally parallel direction
to, and does not necessarily cross the rights-of-way of a
road, street, highway, or railroad.

peening: mechanical working of metals using impact
blows.

piping: assembly of piping components used to convey,
distribute, mix, separate, discharge, meter, control, or
snub fluid flows. Piping also includes pipe-supporting
elements but does not include support structures, such
as building frames, bents, foundations, or equipment.
See also pipeline.

piping components: for piping or pipelines, the mechanical
elements suitable for joining or assembly into pressure-
tight, fluid-containing piping systems. Components
include pipe, tubing, fittings, flanges, gaskets, bolting,
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valves, and such devices as expansion joints, flexible joints,
pressure hoses, traps, strainers, in-line portions of instru-
ments, and separators.

piping elements: any material or work required to plan and
install a piping or pipeline system. Elements of piping
include design specifications, materials, components,
supports, fabrication, examination, inspection, and
testing.

pipingiastaliations:-designed pipingorpi
whidh a selected Code edition applies.
pittihg: localized corrosion of a metal surface that is
conflned to a small area and takes the form of cavities
callef pits.

plasma arc cutting (PAC): arc cutting process that uses a
consfricted arc and removes molten metal with a high
velogity jet of ionized gas issuing from the constricting
orifige.

plasma arc welding (PAW): arc-welding process thatuses a
consfricted arc between a nonconsumable electrode and
the weld pool (transferred arc), or between the electrode
and [the constricting nozzle (nontransferred arc).
Shielding is obtained from the ionized gas issuing from
the forch, which may be supplemented by an auxiliary
sourfce of shielding gas. The process is used without
the gpplication of pressure.

plastic deformation: permanent deformation caused by
stregsing beyond the elastic limit.

pneumatic test: a test performed on a pressure vessel or
syst¢m in which air or gasisintroduced and pressurized to
a degignated level.

postweld heat treatment (PWHT): heat treatinent subse-
quern]t to welding.

prehgating: application of heat to the base material imme-
diatgly before or during a forming, welding, or cutting
procgss.

presgure limiting station: eohsists of equipment that under
abnqrmal conditions wilkact to reduce, restrict, or shut off
the supply of gas flowing into a system to prevent the gas
prespure from exceeding a predetermined value. While
normal pressure conditions prevail, the pressure limiting
statipn may'exercise some degree of control of the flow of
the gas afmay remain in the wide open position. Included
in the ‘'station are piping and auxiliary devices, such as

pressure relief station: consists of equipment installed to
vent gas from a system being protected to prevent the gas
pressure from exceeding a predetermined limit. The gas
may be vented into the atmosphere or into a lower pres-
sure system capable of safely absorbing the gas being
discharged. Included in the station are piping and auxiliary
devices, such as valves, control instruments, control lines,
the enclosure, and ventilating equipment.

pressure test: measure of the strength of a pipeline that is
filled with a fluid, sealed, and subjected to prespure. It is
used to validate integrity and detect constructiqn defects
and defective materials.

procedure qualification record (PQR): document [listing all
pertinent data, including the essential variables gmployed
and the test results, used in qualifying the weldiphg proce-
dure specification or brazing‘procedure specification.

protective coating: coating\applied to a surface fo protect
the substrate from cérnosion.

purging gas: gas, Such as argon, helium, nitrogen, or reac-
tive gas, that is employed to exclude oxygen from the root
side (oppositéfrom the welding side) of weld joints. Also
called backing gas.

qualification: demonstrated skill and knowled
with documented training and experience, req
personnel to properly perform the duties of a spkcific job.
quality control examination: examination that gpplies to
quality control functions performed by the manpfacturer
(for components only), fabricator, or erector. Reference in
this Code to an examiner is to a person who performs
quality control examinations under the construction orga-
nization’s quality systems program.
radiographic examination (RT): use of X-rays of nuclear
radiation, or both, to detect discontinuities in| material
and to present their images on a recording [medium.
Also called radiographic inspection.

reinforcement, branch: required to sustain the prjessure as
determined by design, and includes weld reinfprcement
and component thickness and reinforcing rings of saddles.

reinforcement, weld joint: weld material in excgss of the
specified fillet weld size, depth of groove, and O.I). and L.D.
surfaces.

residual stress: stress present in an object in the apsence of
any external loading. It results from the fabricating

valves, control instruments, control Iines, the enclosure,
and ventilating equipment.

pressure regulating station: consists of equipment
installed for automatically reducing and regulating the
pressure in the downstream pipeline or main to which
it is connected. Included are piping and auxiliary
devices such as valves, control instruments, control
lines, the enclosure, and ventilation equipment.

process, heat treatment, or mechanical working of mate-
rial.

resistivity: measure of the ability of an electrolyte (e.g.,
soil) to resist the flow of electric charge (e.g., cathodic
protection current). Resistivity data are used to design
a groundbed for a cathodic protection system.

right of way (ROW): strip of land on which pipelines, rail-
roads, power lines, and other similar facilities are
constructed. It secures the right to pass over property
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owned by others; ROW agreements only allow the right of
ingress and egress for the operations and maintenance of
the facility. The width of the ROW can vary and is usually
determined based on negotiation with the affected land-
owner or by legal action.

risk: measure of potential loss in terms of both the incident
probability (likelihood) of occurrence and the magnitude
of the consequences.

root spa

cing: canaration hetwooen tha maomhbaore t0 hao
2 ) o4

section. For welds between perpendicular members, the
definitions in Figure GR-3.4.7-1 apply.
NOTE: When the angle between members exceeds 105 deg, size

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

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

d in

joined by welding, at the root of the joint (sometimes
noted as|root opening or open root).

rupture:
pipeline
piping ot
rust: cort

and hydr
to iron a

complete failure of any portion of the piping or
aused by the application of aload larger than the
pipeline can resist.

osion product consisting of various iron oxides
hted iron oxides. (This term properly applies only
hd ferrous alloys.)

safeguar
mize the
or to mi
failure.

ling: provision of protective measures to mini-
isk ofaccidental damage to the piping or pipeline
himize the harmful consequences of positive

seal weld weld intended primarily to provide joint tight-
ness agajnst leakage in metallic piping.

seamless
welded s

pipe: wrought tubular product made without a
bam. [tis manufactured by hot-working steel and,
if necesdary, by subsequently cold-finishing the hot-
worked fubular product to produce the desired shape,
dimensidns, and properties.

seam we
turing or

d: longitudinal welds made in pipe manufac-
in the fabrication process.

semiautomatic arc welding: arc welding with equipment
that contfols only the filler metal feed. The advance of the
welding {s manually controlled.

shall: ter
Code re

shielded metal-arc welding (SMAW): arc-welding process
that produces coalescencetefimetals by heating them with
an arc bdtween a covered metal electrode and the work.

used to indicate that a provision is a mandatory
irement.

L H L H +aolls 1id £ - | £
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weld metal or between weld metal and base metal

hsile
ch a
It is

specified minimum tensile strength: minimum’ te
strength prescribed by the specificationcunder wh
material is purchased from the manufacturer.
expressed in pounds per square ingh.

specified minimum yield strength (SMYS): minimum
strength prescribed by the specification under wh
material is purchased from ‘the manufacturer.
expressed in pounds per,square inch.

rield
ch a
It is

steel: material that contains by weight more iron thap any
single element, having a carbon content generally] less
than 2% and/containing other elements. A linjited
number of chromium steels may contain more fthan
2% of carbon, but 2% is the usual dividing|line
between steel and cast iron.

stop.valve: valve installed for stopping the flow of prqduct

in“a pipe.
Strain: increase in length of a material expressed on 4 unit

length basis (e.g,, inches per inch or millimeters per milli-
meter).

sists
brnal
usly

stress: resultant internal force per unit area that rg
change in the size or shape of a body acted on by ext
forces. In this Code, “stress” is often used synonym
with unit stress.

stress concentration: discontinuity in a structure or change
in contour that causes a local increase in stress.

bntal
rro-
etal,

stress corrosion cracking (SCC): form of environm
attack of a metal involving an interaction of a local c
sive environment and tensile stresses in the m

Shielding is obtainedfrem decomposition of the electrode resulting in formation and growth of cracks.
covering|Pressuré.isnot used, and filler metal is obtained stress level: level of tangential or hoop stress, ushally
from the|electrode. expressed as a percentage of specified minimum Jield
should: tgrm:that indicates thata provision is recommend- strength.

ed as gooe-practiee-butisnot-a-mandatory-Codereqttire Stressrelieving eating ametal toa suitable temperdture,

ment.

size of weld:

(a) fillet weld:leglengths (the leglength for equal-leg
welds) of the sides, adjoining the members welded, of the
largest triangle that can be inscribed within the weld cross

10

holding at that temperature long enough to reduce resi-
dual stresses, and then cooling slowly enough to minimize
the development of new residual stresses.

structure-to-soil potential: potential difference between
the surface of a buried or submerged metallic structure
and the electrolyte that is measured with reference to an
electrode in contact with the electrolyte.
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submerged arc welding (SAW): arc-welding process that
produces coalescence of metals by heating them with
anarcorarcs between abare metal electrode or electrodes
and the work. The arc is shielded by a blanket of granular,
fusible material on the work. Pressure is not used, and
filler metal is obtained from the electrode and sometimes
from a supplemental source (welding rod, flux, or metal
granules).

survey: measurements, inspections, or observations

manufacture, fabrication, assembly, erection, examina-
tion, or testing. This examination includes verification
of Code and engineering design requirements for mate-
rials, components, dimensions, joint preparation, align-
ment, welding, brazing, bolting, threading, or other
joining method, supports, assembly, and erection.

weld: localized coalescence of metal wherein coalescence
is produced by heating to suitable temperatures, with or
without the application of pressure, and with or without

intennded to discover and identify events or conditions
that [indicate a departure from normal operation of the
pipeline.

tempyerature: measure of the thermal energy contained in
a material. It is normally expressed in degrees Celsius (°C)
or degrees Fahrenheit (°F).

tensife strength: highest unit tensile stress (referred to the
original cross-section area) a material can sustain before
failure.

tensife stress: stress that elongates the material.

throats of a fillet weld:

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

effective throat: minimum distance, minus any rein-
forcgment (convexity), between the weld root and face
of a fillet weld.

theoretical throat: perpendicular distance from the
hypgtenuse of the largest right triangle that can be
inscifibed in the weld cross section to the root of the joint.

toe df weld: junction between the face of a weld and-base
matdrial.

trangformation range: temperature range in which a phase
change is initiated and completed.

trangmission line: segment of pipeline‘installed in a trans-
missjon system or between storage-fields.

tube] see pipe.

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

ultrdsonic: high-freqéncy sound.

ultrd
usin
and

sonic examination/inspection (UT): examination
b high-frequency sound to determine wall thickness
fo detect the presence of defects.

vault: underground structure that may be entered and that

the use of filler metal.

welder: one who is capable of performing & njanual or
semiautomatic welding operation. (This term|is some-
times erroneously used to denote a welding machine.)

mechan-
uipment.

thatlists
iments in

welding operator: one who operates machine,
ized, or automatic or semiautomatic welding ed

welding procedure specification (WPS): documen
the parameters to be usédin construction of wel
accordance with requirements of this Code.

weldment: assembly whose component parts are
welding.

joined by

yield strength: strength at which a material gxhibits a
specified limiting permanent set or produces a|specified
total elongation under load. The specified limitjng set or
elengation is usually expressed as a percentage of gage
length. Its values are specified in the various|material
specifications acceptable under this Code.

GR-1.6 ASME B31.12 APPENDICES

GR-1.6.1 Mandatory Appendices

Appendix Title

I Design of Aboveground Hydrogen Gas Pipelirje Facilities
11

I

Reference Standards

Safeguarding

v Nomenclature
Vil Gas Leakage and Control Criteria
IX Allowable Stresses and Quality Factors for Metallic

Piping, Pipeline, and Bolting Materials

GR-1.6.2 Nonmandatory Appendices

is designedto contain piping and piping components (such
as valves or pressure regulators).

ventilated location: location where leaking hydrogen
cannot reach a concentration of 4% by volume in air
for all credible scenarios. See Nonmandatory Appendix
A, para. A-1.2.

visual examination/inspection (VT): observation of the
portion of components, joints, and other piping elements
that are or can be exposed to view before, during, or after

11

Appendix Title

A Precautionary Considerations

B Alternative Rules for Evaluating Stress Range

C Recommended Practices for Proof Testing of Pipelines in
Place

Estimating Strain in Dents

E Sample Calculations for Branch Reinforcement in Piping

F Welded Branch Connections and Extruded Headers in
Pipeline Systems

G Guideline for Higher Fracture Toughness Steel in Gaseous

Hydrogen Service for Pipelines and Piping Systems
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GR-1.6.3 Status of Appendices

For status of Appendices, see the first page of each
Appendix for details that will indicate whether it contains
Code requirements, precautionary considerations,
guidance, or supplemental information.

GR-1.7 NOMENCLATURE

Dimensional and mathematical symbols used in this
Code are listed in Mandatory Appendix IV, with defini-
tions. Uppercase and lowercase English letters are
listed alphabetically, followed by Greek letters.

12
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Chapter GR-2
Materials

ing should be considered:

1) temperature and pressure effects of process
reactions, properties of reaction or decomposition
products, and hazards from instability of contained fluids.
2) use of cladding, lining, or other protective mate-
rials|to reduce the effects of corrosion, erosion, and abra-
sion,
3) information on material performance in corro-
sive lenvironments found in publications such as NACE
37519.!

4) hydrogen permeation rates through metals; See
Schefer et al.? for more information on this topic.

5) the possibility of exposure of the piping to fire
and fhe melting point, degradation tempeérature, loss of
strength at elevated temperature, and,_combustibility of
the piping material under such exposure.

6) the susceptibility to brittlefailure or failure from
theral shock of the piping material when exposed to fire
or tq fire-fighting measuresyand possible hazards from
fragmentation of the material in the event of failure.

7) the ability of thermal insulation to protect piping
against failure undér'fire exposure (e.g., its stability, fire
ance, and ability to remain in place during a fire).
8) the possibility of adverse electrolytic effects if the
metdl is subject to contact with a dissimilar metal.

9) (the compatibility of packing, seals, and O-rings
with|hydrogen.

(11) the possibility of pipe support fajlure
from exposure to low temperatures (which may
the supports) or high temperatures (which ma
them).

(b) Hydrogen may affect materials differe
other fluids. The effects mayybe’ of a general pature or
be temperature and/or pressure specific. I{sjues the
designer should addresstinclude but are not lifnited to

(1) hydrogen embrittlement

(2) property, changes at low temperature

(3) property\changes at ultra low temper

(4) hydrogen permeation rates

(5) electrostatic charge buildup/discharge
cally nonéonductive materials

resulting
embrittle
y weaken

ntly than

htures

n electri-

GR-2.1.1 Materials and Specifications

(a) Listed Materials. Materials listed in Table GR-2.1.1-1
are suitable for piping meeting the requirements pf Part IP.
Materials listed in Table GR-2.1.1-2 are suitable|for pipe-
lines meeting the requirements of Part PL.

(b) Unlisted Materials. Unlisted materials may be used,
provided they conform to a published spedification
covering chemistry, physical and mechanical pyoperties,
method and process of manufacture, heat treatipent, and
quality control, and otherwise meet the requirgments of
this Code. Allowable stresses shall be determined in accor-
dance with the applicable allowable stress bagis of this
Code or a more conservative basis.

(c) Unknown Materials. Materials of unknowh specifi-
cation shall not be used for pressure-containifg piping
components.

(d) Reclaimed Materials. Reclaimed pipe and other
piping components may be used, provided they meet
the requirements of (a) or (b) above and ofherwise
meet the requirements of this Code. Sufficient cleaning
and inspection shall be performed to degtermine

(10) the compatibility of materials, such as cements,
solvents, solders, and brazing materials, with hydrogen.

1 NACE 37519. Corrosion Data Survey — Metal Section. NACE
International — The Corrosion Society.

2Schefer, R. W., Houf, W. G., San Marchi, C., Chernicoff, W. P., and
Englom, L. (2006). “Characterization of Leaks From Compressed
Hydrogen Dispensing Systems and Related Components.”
International Journal of Hydrogen Energy 31(9), 1247-1260.
https://doi.org/10.1016/j.ijhydene.2005.09.003
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minimum wall thickness and freedom from defects.

(e) Multiple Marking of Materials or Components. Mate-
rials or components marked as meeting the requirements
for two or more specifications (or grades, classes, or types)
are acceptable, provided the following:

(1) One or more of the multiple markings include a
material specification, grade, class, or type of material that
is permitted by this Code, and the selected material meets
all its requirements.
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Table GR-2.1.1-1
Material Specification Index for Piping and Pipe Components

Spec. No. Title
ASTM
A36 Carbon Structural Steel [Note (1)]
A53 Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless [Note (2)]
A105 Carbon Steel Forgings for Piping Applications [Note (2)]
A106 Seamless Carbon Steel Pipe for High-Temperature Service [Note (2)]
Al134 Pipe, Steel, Electric-Fusion (Arcj-welded (Sizes NPS 16 and Over) [Note (1J]
A135 Electric-Resistance-Welded Steel Pipe [Note (2)]
A139 Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over) [Note (2)]
A179 Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes [Note (2)]
A181 Carbon Steel Forgings for General-Purpose Piping [Note (2)]
A182 Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service [Nofe (2)]
A204 Pressure Vessel Plates, Alloy Steel, Molybdenum [Note (2)]
A213 Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes
A216 Steel Castings, Carbon, Suitable for Fusion Welding, for High-Temperature Service
A234 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature Service [Note (2)]
A240 Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications [Nofe (3)]
A249 Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes
A269 Seamless and Welded Austenitic Stainless Steel Tubing for General Service
A283 Low and Intermediate Tensile Strength Carbon Steel Plates [Note (1)]
A299 Pressure Vessel Plates, Carbon Steel, Manganese-Silicon [Note (2)]
A302 Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum and Mdnganese-Molybdenum-Nickel [Note (2)]
A312 Seamless, Welded, and Heavily Cold Worked Austenitic Stainless\Steel Pipes [Note (2)]
A333 Seamless and Welded Steel Pipe for Low-Temperature Serviee [Notes (2) and (4)]
A334 Seamless and Welded Carbon and Alloy-Steel Tubes for kow-Temperature Service [Notes (2) and (4)]
A335 Seamless Ferritic Alloy-Steel Pipe for High-Temperatute Service [Note (2)]
A350 Carbon and Low-Alloy Steel Forgings Requiring Notch Toughness Testing for Piping Components [Note (2)]
A358 Electric-Fusion-Welded Austenitic ChromiumsNieKel Stainless Steel Pipe for High-Temperature Service and General Applicftions
A369 Carbon and Ferritic Alloy Steel Forged and\Bered Pipe for High-Temperature Service
A376 Seamless Austenitic Steel Pipe for High-Temperature Central-Station Service
A381 Metal-Arc-Welded Steel Pipe for Use\With High-Pressure Transmission Systems [Note (2)]
A387 Pressure Vessel Plates, Alloy Steelj Chromium-Molybdenum [Note (5)]
A403 Wrought Austenitic Stainless Stéel Piping Fittings
A409 Welded Large Diameter. Austenitic Steel Pipe for Corrosive or High-Temperature Service
A420 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service [Note (2)]
A451 Centrifugally Cast/Austenitic Steel Pipe for High-Temperature Service
A479 Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels [Note (3)]
A516 Pressure/Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service [Note (5)]
A524 Seamless.€arbon Steel Pipe for Atmospheric and Lower Temperatures [Note (2)]
A537 Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel [Note (5)]
A587 Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical Industry [Note (2)]
A671 Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures [Note (2)]
A672 Electric-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures [Note (2)]
A691 Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-Pressure Service at High Temperatures [Note (2)]
B21 Naval Brass Rod, Bar, and Shapes
B26 Aluminum-Alloy Sand Castings
B42 Seamless Copper Pipe, Standard Sizes
B43 Seamless Red Brass Pipe, Standard Sizes
B61 Steam or Valve Bronze Castings [Note (6)]
B62 Composition Bronze or Ounce Metal Castings [Note (6)]
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Table GR-2.1.1-1
Material Specification Index for Piping and Pipe Components (Cont’d)

Spec. No. Title
ASTM (Cont’d)
B68 Seamless Copper Tube, Bright Annealed
B75 Seamless Copper Tube
B88 Seamless Copper Water Tube
B96 Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled Bar for General Purposes and Pressure Vessels
B98 Copper-silicon Alloy Rod, Bar and shapes
B127 Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and Strip
B133 Copper Rod, Bar, and Shapes
B148 Aluminum-Bronze Sand Castings
B150 Aluminum Bronze Rod, Bar, and Shapes
B152 Copper Sheet, Strip, Plate, and Rolled Bar
B165 Nickel-Copper Alloy (UNS N04400) Seamless Pipe and Tube
B169 Aluminum Bronze Plate, Sheet, Strip, and Rolled Bar
B171 Copper-Alloy Condenser Tube Plates
B187 Copper Bar, Bus Bar, Rod, and Shapes
B209 Aluminum and Aluminum-Alloy Sheet and Plate
B210 Aluminum and Aluminum-Alloy Drawn Seamless Tubes
B211 Aluminum and Aluminum-Alloy Bar, Rod, and Wire
B221 Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles,»and Tubes
B241 Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Exttuded Tube
B247 Aluminum and Aluminum-Alloy Die Forgings, Hand Forgings, d@nd Rolled Ring Forgings
B280 Seamless Copper Tube for Air Conditioning and Refrigeration Field Service
B283 Copper and Copper-Alloy Die Forgings (Hot-Pressed)
B345 Aluminum and Aluminum-Alloy Seamless Pipe and Seamiless Extruded Tube for Gas and Oil Transmission and Distribution Piping
Systems
B361 Factory-Made Wrought Aluminum and Aluminum-Alloy Welding Fittings
B466 Seamless Copper-Nickel Pipe and Tube
B467 Welded Copper-Nickel Pipe
B491 Aluminum and Aluminum-Alloy Extruded Round Tubes for General-Purpose Applications
B547 Aluminum and Aluminum-Alley ‘Formed and Arc-Welded Round Tube
API
5L Line Pipe [Note (2)]
GENERAL NOTES:
(a) The design pressure shalknot exceed 100 MPa (15,000 psi) for all materials unless otherwise noted, provided the material spitability is
demonstrated by tests.in hydrogen, such as per ASME BPVC, Section VIII, Division 3, Article KD-10.
(b) Spe Mandatory Appéndix II for reference dates of specifications.
NOTHS:
(1) Fpr nonpressure applications only.
(2) The design pressure shall not exceed 41 MPa (6,000 psi) unless the material suitability is demonstrated by tests in hydrogen, $uch as per
ASME"BPVC, Section VIII, Division 3, Article KD-10.

(3) Austenitic grades only.

(4) Grades containing Ni additions above 0.50% shall not be used.

(5) The design pressure shall not exceed 31 MPa (4,500 psi) unless the material suitability is demonstrated by tests in hydrogen, such as per
ASME BPVC, Section VIII, Division 3, Article KD-10.

(6) Brass and bronze castings that are polymer impregnated should not be used.
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Table GR-2.1.1-2
Material Specification Index for Pipelines

Spec. No. Title
ASTM

A53 Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless
A106 Carbon Steel Pipe for High-Temperature Service
A135 Electric-Resistance-Welded Steel Pipe
A139 Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)
A333 Seamless and welded Steel Pipe for Low-Temperature service
A381 Metal-Arc-Welded Steel Pipe for Use With High-Pressure Transmission Systems [Note (1)]
5L Line Pipe [Note (1)]

GENERAL NOTES:

(a) The mgximum operating pressure (MOP) shall notexceed 21 MPa (3,000 psi) for all materials unless otherwise noted,provided the matdrial is

deemdd suitable as demonstrated by tests in hydrogen, such as per ASME BPVC, Section VIII, Division 3, Acticle KD-10.
containing Ni additions above 0.50% shall not be used.
(c) See Mfindatory Appendix Il for reference dates of specifications.

(b) Grade

NOTE: (1)| For ASTM A381 Grade Y65 and API 5L Grades X65 and higher, MOP shall be less than, 10’ MPa (1,500 psi).

(2) T’he appropriate allowable stress for the selected
material gpecification, grade, class, or type shall be used.
Mandatofy Appendix IX allowable stresses shall be used
for a selgcted listed material.

(3) Each of the multiple markings shall be in accor-
dance with the requirements of the applicable material
specification.

(4) All other requirements of this Code are satisfied
for the njaterial selected.

(5) For material manufacturers and suppliers, the
requirenients of ASME BPVC, Section II, Part D, Appehdix
7 shall bg met for material that is multiple marked.

GR-2.1.2

The engineering design shall verify that materials that
meet otler requirements of the Codé are suitable for
service throughout the operating temperature range.
Cautionfry and restrictive-temperature limits for
piping|systems are_noted in the tables in
Mandatdry Appendix IX) It is assumed that pipelines
will be operated neaf ambient temperature; therefore,
cautions|and restrictions due to elevated temperature
are not provided\iY‘Mandatory Appendix IX. If a pipeline
is to be ¢pperated significantly above or below ambient
temperatfute,Tefer to the cautions and restrictions for

Temperature Limitations

(b) Lower Temperature Limits, Listed Materials. Ljsted
materials may.be used at temperatures no colder thah the
temperature described in this paragraph or as descfibed
in ASME B31T, Standard Toughness Requirements for
Piping,

(1) Alisted material may be used at any tempergture
not lower than the minimum shown in the tablges in
Mandatory Appendix IX, provided that the base njetal,
weld deposits, and HAZ are qualified as require(d by
the applicable entry in Column A of Table GR-2.1.2}-1.

(2) For carbon steels with a letter designation ih the
minimum temperature column of Mandatory Appendjix IX,
Table IX-1A, the minimum temperature is defined by the
applicable curve and Notes in Figure GR-2.1.2-1.Ifa d¢sign
minimum metal temperature-thickness combinationfis on
or above the curve, impact testing is not required.

(3) A listed material may be used at a tempergture
lower than the minimum shown in Mandatory Appgndix
IX, Table IX-1A or Figure GR-2.1.2-1 (including Nqtes),
unless prohibited in Table GR-2.1.2-1; Mandatory
Appendix IX, Table IX-1A; or elsewhere in the (ode,
and provided that the base metal, weld deposits| and
HAZ are qualified as required by the applicable ¢ntry
in Column B of Table GR-2.1.2-1. (Tabular valuep for
Figure GR-2.1.2-1 are provided in Table GR-2.1.2-2})

(4) Where the stress ratio defined in

piping syStems.

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

(1) thereisno prohibition in Mandatory Appendix IX
or elsewhere in the Code and

(2) the engineering design verifies the serviceability
of the material in accordance with (d)

Figure GR-2.1.2-2 is less than one, Figure GR-2.1.2-2
provides a further basis for the use of carbon steels
covered by (1) and (2) above, without impact testing.
(-a) For design minimum temperatures of -48°C
(=55°F) and above, the minimum design metal tempera-
ture without impact testing determined in (b)(2) above,
for the given material and thickness, may be reduced by
the amount of the temperature reduction provided in
Figure GR-2.1.2-2 for the applicable stress ratio. If the
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Table GR-2.1.2-1
Requirements for Low Temperature Toughness Tests for Metals

Type of Material

Column A
Design Minimum Temperature At or Above
Min. Temperature in
Mandatory Appendix IX, Table IX-1 or Figure GR-2.1.2-1

(a) Base Metal

(b) Weld Metal and Heat
Affected Zone (HAZ)
[Note (1)]

Column B

Mandatory Appen

Design Minimum Temperature
Below Min. Temperature in

dix IX,

Table IX-1 or Figure GR-2.1.2-1

Liste aroo eeTS, I INO auuTtIona Dj-vverd etartepo . eptasprovidey in
Malterials low and intermediate requirements shall be impact tested per Notes (2) and (3)/*hpat treat
alloy steels, high alloy para. GR-2.1.3 if design min. base metal perapplidable ASTM
ferritic steels, duplex temperature <-29°C (-20°F), specification) listed ip para.
stainless steels except as provided in GR-2.1.3(b); then imjpact test
Notes (2) and (3), and except base metal, weld deposits, and
as follows: for materials HAZ per para. GR-2.[L.3 [see
listed for Curves C and D of Note (1)]. When materials are
Figure GR-2.1.2-1, where used at design min.
corresponding welding temperature below the
consumables are qualified assigned curve as pefmitted by
by impact testing at the Figure GR-2.1.2-1, Nptes (2)
design min. temperaturé-or and (3), weld deposifs and HAZ
lower in accordance with the shall be impact testedl [see Note
applicable AWS specification, (D]
additional testihg is not
required
2 Austenitic stainless A-2 (a) If: A-2 (b)'Weld metal B-2 Base metal and we¢ld metal
steels (1) carbon content by déposits shall be deposits shall be imjpact tested
analysis >0.1%, or impact tested per per para. GR-2.1.3. See Notes
(2) material is not in para. GR-2.1.3 if (1), (2), and (4).
solution heat treated design min. temperature
condition, then impact <=29°C (-20°F), except
test per para. GR-2.1.3 for ~ as provided in
design min. temperature para. GR-2.1.2(b) and
<=29°C (-20%F) exceptas  in Notes (2) and (4)
provided.in-Notes (2) and
4
3 Aluminum, copper, A-3 (a) No additional A-3 (b) No additional B-3 Engineering desigh shall be
nickel, and their requirements requirements unless filler assured by suitable fests [see
alloys; unalloyed metal composition is Note (5)] that base rpetal, weld
titanium outside the range for base deposits, and HAZ afe suitable
metal composition; then at the design min. teperature
test per column B-3
Unlisted 4 An unlisted material shall conform to a published specification. Where composition, heat treatment, and produdt form are
Majerials comparable to those of a listed material, requirements for the corresponding listed material shall be met. Oth¢r unlisted
matetials shall be qualified as required in the applicable section of column B.
GENHRAL NOTE¢ These toughness test requirements are in addition to tests required by the material specification.
NOTHS:
(1) Impacttests that meet the requirements of Table GR-2.1.1-1, which are performed as part of the weld procedure qualification, will satisfy all

I

equirements or pdrd. GR-2.1.2(D], dl1d Nieed Not be repeated 10I" proauction welds.

(2) Impacttestingisnotrequired ifthe design minimum temperature is below -29°C (-20°F) but ator above -104°C (-155°F) and the stress ratio
defined in Figure GR-2.1.2-2 does not exceed 0.3 times S.
(3) Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm (0.098 in.).
Under these conditions, the design minimum temperature shall not be less than the lower of -48°C (-55°F) or the minimum temperature for
the material in Mandatory Appendix IX, Table IX-1A.
(4) Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm (0.098 in.).
(5) Tests may include tensile elongation, sharp-notch tensile strength (to be compared with unnotched tensile strength), and/or other tests
conducted at or below design minimum temperature. See also para. GR-2.1.3(d).
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Figure GR-2.1.2-1

(23) Minimum Temperatures Without Impact Testing for Carbon Steel Materials

Nominal Thickness, T, in. [Note (1)]
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GENERAL NOTES:

(a) See Mfndatory Appendix IXsTable IX-1A for designated curve for a listed material.
(b) See Tgble GR-2.1.2-2 for, tabular values.
(c) Any c

NOTES:

(1) For bl|nd flangesand blanks, T shall be %, of the flange thickness.

(2) X grades of API\SL and ASTM A381 materials may be used in accordance with Curve B if normalized or quenched and tempered.
(3) The following materials may be used in accordance with Curve D if normalized:
(a) |JASTM A516 plate, all grades
(b) ASTM A671 pipe, Grades CE55, CE60; and all grades made with ASTM A516 plate
(c) ASTM A672 pipe, Grades E55, E60; and all grades made with ASTM A516 plate
(4) A welding procedure for the manufacture of pipe or components shall include impact testing of welds and HAZ for any design minimum
temperature below -29°C (-20°F), except as provided in Table GR-2.1.2-1, A-3(b).

(5) Impact testing in accordance with para. GR-2.1.3(b) is required for any design minimum temperature below -48°C (-55°F), except as
permitted by Note (2) in Table GR-2.1.2-1.

rbon steel material may be used to a minimum temperature of -29°C (-20°F).
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Table GR-2.1.2-2

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

Nominal Design Minimum Temperature
Thickness, T Curve A Curve B Curve C
[Note (1)] [Note (1)] [Note (1)] [Note (1)] Curve D
mm in. °C °F °C °F °C °F °C °F
6.4 0.25 -9.4 15 -28.9 -20 -48.3 -55 -48.3 -55
7.9 0.3125 -9.4 15 -28.9 -20 -48.3 -55 -48.3 -55
p-5 6375 O4 15 285 26 483 55 483 -55
1p.0 0.394 -9.4 15 -289 -20 -48.3 -55 -48.8 -55
1.1 0.4375 -6.7 20 -289 -20 -41.7 -43 ~48.3 -55
1p.7 0.5 -1.1 30 -28.9 -20 -37.8 -36 -48.3 -55
143 0.5625 2.8 37 -21.7 -7 -35.0 -31 -45.6 =50
1p.9 0.625 6.1 43 -16.7 2 -32.2 -26 -43.9 -47
1.5 0.6875 8.9 48 -12.8 9 -29.4 =21 -41.7 -43
1p.1 0.75 11.7 53 -9.4 15 -27.2 -17 -40.0 -40
2p.6 0.8125 14.4 58 -6.7 20 -25.0 -13 -383 -37
2p.2 0.875 16.7 62 -39 25 =233 -10 -36.7 -34
2B.8 0.9375 18.3 65 -1.7 29 -21.7 -7 -35.6 -32
2pb.4 1.0 20.0 68 0.6 33 -19.4 -3 -34.4 -30
2).0 1.0625 22.2 72 2.2 36 -18.3 -1 -33.3 -28
2B.6 1.125 239 75 39 39 -16.7 2 -32.2 -26
3p.2 1.1875 25.0 77 5.6 42 -15.6 4 -30.6 -23
3.8 1.25 26.7 80 6:7 44 -14.4 6 -29.4 -21
3B.3 1.3125 27.8 82 7.8 46 -13.3 8 -283 -19
349 1.375 289 84 8.9 48 -12.2 10 -27.8 -18
3p.5 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -16
3B.1 1.5 311 88 10.6 51 -10.0 14 -25.6 -14
3p.7 1.5625 32.2 90 11.7 53 -8.9 16 -25.0 -13
4.3 1.625 33.3 92 12.8 55 -8.3 17 -239 -11
4p.9 1.6875 33.9 93 13.9 57 -7.2 19 -233 -10
44.5 1.75 344 94 14.4 58 -6.7 20 -22.2 -8
4p.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -7
4.6 1.875 36.1 97 16.1 61 -5.0 23 -21.1 -6
4P.2 1.9375 36.7 98 16.7 62 -4.4 24 -20.6 -5
5p.8 2.0 37.2 99 17.2 63 -3.3 26 -20.0 -4
5[..6 2.0325 37.8 100 17.8 64 -2.8 27 -19.4 -3
54.0 2.125 38.3 101 18.3 65 -2.2 28 -18.9 -2
55.6 2.1875 389 102 18.9 66 -1.7 29 -18.3 -1
57.2 2.25 389 102 19.4 67 -1.1 30 -17.8 0
58.7 2.3125 394 103 20.0 68 -0.6 31 -17.2 1
60.3 2.375 40.0 104 20.6 69 0.0 32 -16.7 2
61.9 2.4375 40.6 105 21.1 70 0.6 33 -16.1 3
63.5 2.5 40.6 105 21.7 71 1.1 34 -15.6 4
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Table GR-2.1.2-2
Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel Materials (Cont’d)

Design Minimum Temperature

Nominal
Thickness, T Curve A Curve B Curve C
[Note (1)] [Note (1)] [Note (1)] [Note (1)] Curve D
mm in. °C °F °C °F °C °F °C °F
65.1 2.5625 41.1 106 21.7 71 1.7 35 -15.0 5
66.7 2.625 41.7 107 22.8 73 2.2 36 -14.4 6
68.3 2.6875 41.7 107 22.8 73 2.8 37 -13.9 7
69.9 2.75 42.2 108 23.3 74 3.3 38 -13.3 8
71.4 2.8125 42.2 108 239 75 3.9 39 -13.3 8
73.0 2.875 42.8 109 24.4 76 4.4 40 -12:8 9
74.6 2.9375 42.8 109 25.0 77 4.4 40 -12.2 10
76.2 3.0 43.3 110 25.0 77 5.0 41 -11.7 1n
NOTE: (1)| See Figure GR-2.1.2-1 for curves and applicable notes.
resulting|temperature is lower than the minimum design (c) Temperature Limits, Unlisted Materials. An unljsted
metal temnperature, impact testing of the material is not material, acceptable“under para. GR-2.1.1(b), shalll be
required| Where this is applied, the piping system shall qualified for setvice at all temperatures within a sfated
also comply with the following requirements: range, from“design minimum temperature to dgsign
(-1) The piping shall be subjected to a hydro- (maximum)temperature, in accordance with (d) b¢low.

static tesf at no less than 1% times the design pressure.
(-2) Except for piping with a nominal wall thick-
B mm (% in.) or less, the piping system shall be
led (see Mandatory Appendix III) from external
ch as maintenance loads, impact loads, and
hock.

b) For design minimum temperatures lower
C (-55°F), impacttestingisrequired forallmate-
bpt as provided by Note (5) of Table GR*2.1.2-1.

(5) The allowable stress or component rating at any
temperafure below the minimum shown.itr the tables of
Mandatofy Appendix IX or Figure GR:271.2-1 shall not
exceed thle stress value or rating atthe minimum tempera-
ture in th tables of Mandatory Appendix IX or the compo-
nent stanjdard.

(6) Impact testing iswat required for the following
combingdtions of weld\detals and design minimum
temperatures:

(-f) austénitic stainless steel base materials
having a|carben\content not exceeding 0.10%, welded
without filler'metal, at design minimum temperatures
of —=101°C (£150°F) and higher

ness of 1
safeguar
loads, su
thermal
(-
than-48
rials, exc

(d) Verification of Serviceability
(1)’ When an unlisted material is to be used, or yhen
a listed material is to be used above the highest tempera-
ture for which stress values appear in the tablgs of
Mandatory Appendix IX, the designer is responsible for
demonstrating the validity of the allowable strgsses
and other limits used in design and of the apprpach
taken in using the material, including the derivati¢n of
stress data and the establishment of temperature limits.
(2) Data for the development of design limits shll be
obtained from a sound scientific program carried ojut in
accordance with recognized technology for both the rate-
rial and the intended service conditions. Factors fo be
considered include
(-a) applicability and reliability of the data, ¢
cially for extremes of the temperature range
(-b) resistance of the material to deletefious
effects of the fluid service and of the environment

throughout the temperature range
(-c) determination of allowable stresses in a

dance with para. IP-2.2.6

spe-

CCOor-

(-b) austenitic weld metal having a carbon content
not exceeding 0.10%, and produced with filler metals
conforming to AWS A5.4, AWS A5.9, AWS A5.11, AWS
A5.14, or AWS A5.22 at design minimum temperatures
of -101°C (-150°F) and higher

(-c) austenitic weld metal having a carbon content
not exceeding 0.10%, and produced with filler metals
conforming to AWS A5.4, minimum temperatures of
-48°C (-55°F) and higher

20

GR-2.1.3 Impact Testing Methods and Acceptance
Criteria

(a) General. When impact testing is required by
Table GR-2.1.2-1, provisions elsewhere in this Code, or
the engineering design, it shall be done in accordance
with Table GR-2.1.3-1 using the testing methods and
acceptance criteria described in (b) through (e) below.
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Figure GR-2.1.2-2
Reduction in Minimum Design Metal Temperature Without Impact Testing

Temperature Reduction, °F
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GENHRAL NOTES:

(a) The stress ratio is defined as the maximum of the following:
(1) nominal pressure stress (based on minimum pipe wall thickness less allowances) divided by S at the design minimum tenperature.
(2) for piping components with pressure ratings, the pressure for the condition under consideration divided by the pressure rpting at the
design minimum temperatare:
(3) combined longitudinal stress due to pressure, dead weight, and displacement strain (stress intensification factors are notfncluded in
this calculation) divided\by S at the design minimum temperature. In calculating longitudinal stress, the forces and moments irf the piping
sfystem shall be calculated using nominal dimensions and the stresses shall be calculated using section properties based on the nominal
dimensions less{corrosion, erosion, and mechanical allowances.
(b) Lbadings coingident with the metal temperature under consideration shall be used in determining the stress ratio as defindd above.
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Table GR-2.1.3-1

Impact Testing Requirements for Metals

Column B
Column A Materials Not Tested by the
Materials Tested by the Manufacturer Manufacturer or Those Tested But
Test [Note (1)] or Those in Table GR-2.1.2-1 Heat Treated During or After
Characteristics Requiring Impact Tests Only on Welds Fabrication
Test on Number of A-1 The greater of the number required by
Materials test (a) the material specification or
(b) the applicable specification listed in
para. GR-2.1.3(b) [Note (2)]
Location and orientation 2 As required by the applicable specification listed in para. GR-2.1.3(b)
of specimens
Tests by A-3 The manufacturer B-3 The fabricator or, erector
Tests on Test piece for preparation 4 One required for each welding procedure, for each type of filler metal (i.e, AWS E-KXX
Welds if of impact specimens classification), and for each flux to be used. Test pieces shall be“subjected to essentially
Fabricatfion the same heat treatment (including time at temperature or temperatures and cooling|rate)
or as the erected piping will have received.
Assembly | Number of test pieces A-5 B-5
[Note (3)] (a) One piece, thickness T, for each range of (a) On€)piece from each lot of matefial in
material thickness from T/2 to T + 6 mm each specification and grade inclyding
(Y in) heat treatment [Note (4)] unless
(b) Unless required by the engineering design, [*(b) Materials are qualified by the fabrjcator
pieces need not be made from each lot, mor or erector as specified in B-1 and H-2, in
from material for each job, provided thatwelds which case the requirements of A-5
have been tested as required by section 4 apply
above, for the same type and grade‘of material
(or for the same P-Number and Greup Number
in BPVC, Section IX), of the sahie thickness
range, and that records of'the tests are made
available
Location and orientation of 6
specimens (a) Weld metal: across the weld, with notch in the weld metal; notch axis shall be norrpal to
material surfiace/with one face of specimen <1.5 mm (% in.) from the material sujrface
(b) HAZ: across-the weld and long enough to locate
notch_in\the HAZ after etching; notch axis shall be approximately normal to materipl
surfdce jand shall include as much as possible of the HAZ in the fracture
Test by 7 The fabricator or erector
NOTES:
(1) Acertified reportofimpact tests performed (after being appropriately heat treated as required by Table GR-2.1.2-1, B-3) by the manufa¢turer
shall be obtained as evidence that the-material (including any welds used in its manufacture) meets the requirements of this Code anfd that
(a) |the tests were conducted en specimens representative of the material delivered to and used by the fabricator or erector, pr
(b) |the tests were conducted-en.specimens removed from test pieces of the material that received heat treatment separately in thesame
manngr as the material (including heat treatment by the manufacturer) so as to be representative of the finished piping
(2) If welding is used in manufacture, fabrication, or erection, tests of the HAZ will suffice for the tests of the base material.
(3) The tept piece shall be-large enough to permit preparing three specimens from the weld metal and three from the HAZ (if requiregl) per
para. ¢R-2.1.3. If this is‘not possible, preparation of additional test pieces is required.
(4) For pulrposes of this'requirement, “lot” means the quantity of material described under the “number of tests” provision of the specifi¢ation
applicgble to,the,product term (i.e., plate, pipe, etc.) listed in para. GR-2.1.3(b).
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(b) Procedure. Impact testing of each product form of
material for any specification (including welds in the
components) shall be done using procedures and appa-
ratus in accordance with ASTM A370 and in conformance
with impact testing requirements of the specifications in
the following table, except that specific requirements of
this Code that conflict with requirements of those speci-
fications shall take precedence:

AL

a specimen shall be conducted at a temperature not
higher than the design minimum temperature. Where
the largest possible test specimen has a width along
the notch of less than 80% of the material thickness,
the test shall be conducted at a temperature lower
than the design minimum temperature by an amount
equal to the difference (referring to Table GR-2.1.3-2)
between the temperature reduction corresponding to
the actual material thickness and the temperature reduc-

ProdpetForm ASFM-SpeeNe- tion corresponding to the Charpy specimen width actually
Pipe A333 tested.
Tube A334 (e) Acceptance Criteria
Fittings A420 (1) Minimum Energy Requirements. E4cept for
Forgihgs A350 bolting materials, the applicable minimum energy re-
Castilgs A352 quirements for carbon and low alley steels with|specified
Boltifg A320 minimum tensile strengths less-than 656 MP4 (95 ksi)
Plate A20 shall be those shown in Table’GR-2.1.3-3.
(2) Lateral Expansion“Requirements. Othdr carbon

and low alloy steelshaving specified minimufn tensile
GENE. RAL_NOTE: Titles of referenced standa_rds not listed in the strengths equal to \GF greater than 656 MPa|(95 ksi),
Specifications Index for Mandatory Appendix IX are as follows: all bolting materfals, and all high alloy steels (P-Nos. 6,

ASTM A20, General Requirements for Steel Plates for Pressure
Vess¢ls, and ASTM A370, Test Methods and Definitions for
Mechanical Testing of Steel Products.

(c] Test Specimens. Each set of impact test specimens
shalllconsist of three specimen bars. All impact tests shall
be njade using standard 10 mm (0.394 in.) square cross
sectipn Charpy V-notch specimen bars, except when the
matgrial shape or thickness does not permit. Charpy
impdct tests may be performed on specimens of full mate-
rial thickness, which may be machined to remove stanface

irregularities. Alternatively, such material may beéreduced

7, and 8) sh@all have a lateral expansion opppsite the
notch of ngtless than 0.38 mm (0.015 in.) for all gpecimen
sizes. The'lateral expansion is the increase in wiflth of the
broken*impact specimen over that of the unbroken
specimen measured on the compression side} parallel

Table GR-2.1.3-2
Charpy Impact Test Temperature Reduciion

in thickness to produce the largest possiblé Charpy
subsjze specimen (see Table GR-2.1.3-2). Thle test speci- A . . Tempgqrature
. A ) . ctual Material Thickness Reduction
mens shall be in the TL direction. If Tlispecimens cannot [See Para. GR-2.1.4(c)] Below [Design
be optained, then LT specimens may-be used. or Charpy Impact Specimen Width Minifnum
(d) Test Temperatures. For all(Charpy impact tests, the Along the Notch [Note (1)] Tempgrature
test temperature criteria in (1).and (2) below shall be mm in. °C °F
observed. The test specingens; as well as the handling 10 (full size standard bar) 0.394 0 0
tongp, shall be cooled féra sufficient length of time to 9 0.354 0 0
reach the tes.t temperature. .Pipeline material may be 8 0315 0 0
testdd according to. Afnex G.ln API 5L-2007. 7.5 (% size bar) 0.295 28 5
(1) For Materials of Thickness Equal to or Greater ; 0.276 a4 g
Than 10 mm (0:394 in.). Where the largest attainable 667 (% size bar) 0262 ce 10
Charpy V-notch specimen has a width along the notch ' 3 ' ’
of atlleast’8 mm (0.315 in.), the Charpy test using such 6 0.236 8.3 15
a speciimen shall be conducted at a temperature not 5 (% size bar) 0.197 111 20
higher than the design minimum temperature. Where 4 0.157 16.7 30
the largest possible test specimen has a width along 3.33 (" size bar) 0.131 19.4 35
the notch less than 8 mm (0.315 in.), the test shall be 3 0.118 222 40
conducted at a temperature lower than the design 2.5 (Y, size bar) 0.098 27.8 50

minimum temperature by the amount shown in
Table GR-2.1.3-2 for that specimen width.

(2) For Materials With Thickness Less Than 10 mm
(0.394 in.). Where the largest attainable Charpy V-
notch specimen has a width along the notch of at least
80% of the material thickness, the Charpy test of such

23

GENERAL NOTE: These temperature reduction criteria do not apply
when Table GR-2.1.3-3 specifies lateral expansion for minimum
required values.

NOTE: (1) Straight line interpolation for intermediate values is
permitted.
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Table GR-2.1.3-3
Minimum Required Charpy V-Notch Impact Values

Energy [Note (2)]
Other Than Fully

Fully Deoxidized

Steels Deoxidized Steels
Specified Minimum Tensile Strength Number of Specimens [Note (1)] ] ft-1bf ] ft-1bf
(a) Carbon and Low Alloy Steels
448 MPa (65 ksi) and less Average for 3 specimens 18 13 14 10
Mimtrmfor—+—speeimen 16 16 16 7
Over 448 fo 517 MPa (75 ksi) Average for 3 specimens 20 15 18 14
Minimum for 1 specimen 16 12 14 1
Over 517 but not including 656 MPa (95 ksi) Average for 3 specimens 27 20
Minimum for 1 specimen 20 15

656 MPa dnd over [Note (3)]
(b) Steels|in P-Nos. 6, 7, and 8

Minimum for 3 specimens

Minimum for 3 specimens

Lateral Expansion, mm (in.)
0.38710.015)
0.38 (0.015)

NOTES:
(1) See pdra. GR-2.1.3(e)(4) for permissible retests.

(2) Energy values in this table are for standard size specimens. For subsize specimens, these values shall be multiplied by the ratio of the pctual

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

(3) For bolting of this strength level in nominal sizes M 52 (2 in.) and under, the impact requirements of ASTM A320 may be applied. For bplting

over M 52, requirements of this table shall apply.

to the lige constituting the bottom of the V-notch (see
ASTM A370).

(3) Weld Impact Test Requirements. Where two base
metals hdving different required impact energy values are
joined byl welding, the impact test energy requirements
shall confform to the requirements of the base material
having 4 specified minimum tensile strength-most
closely nmatching the specified minimum tensile strength
of the we¢ld metal.

(4) Retests
(-f) For Absorbed Energy Criteria. When the
average| value of the three specimens equals or
exceeds|the minimum value permitted for a single
specimen) and the value for more than one specimen is
below the required average\value, or when the value
for one specimen is below the minimum value permitted
for a single specimen{ ajretest of three additional speci-
mens shill be made~The value for each of these retest
specimens shallegual or exceed the required average
value.

(-b)\For Lateral Expansion Criterion. If the value of

and retested. After reheat treatment, a set of three speci-
mens.shall be made. For acceptance, the lateral expainsion
of'each of the specimens must equal or exceed the speci-
fied minimum value of 0.38 mm (0.015 in.).

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

GR-2.1.4 Fluid Service Requirements for Materials

(a) General. Requirements in para. GR-2.1.4 applly to
pressure-containing parts. They do not apply to matgrials
used for supports, gaskets, packing, or bolting.

(b) Specific Material Considerations — Metals| The
following are some specific considerations that should
be evaluated when selecting certain metals in piping:

(1) Irons — Cast, Ductile, Malleable, and High Silicon
(14.5%). Due to their lack of ductility and their sensitivity
to thermal and mechanical shock, these material$ are
prohibited.

(2) Carbon Steel, and Low and Intermediate Alloy
Steels

lateral e pauaiuu for-ome apcuilucu = Bgroup of-three s
below 0.38 mm (0.015 in.) but not below 0.25 mm (0.01
in.), and if the average value for three specimens equals or
exceeds 0.38 mm (0.015 in.), a retest of three additional
specimens may be made, each of which must equal or
exceed the specified minimum value of 0.38 mm
(0.015 in.). In the case of heat-treated materials, if the
required values are not obtained in the retest or if the
values in the initial test are below the minimum
allowed for retest, the material may be reheat treated

(-a) the possible conversion of carbides to
graphite during long-time exposure to temperatures
above 427°C (800°F) of carbon steels, plain nickel
steel, carbon-manganese steel, manganese-vanadium
steel, and carbon-silicon steel

(-b) the possible conversion of carbides to
graphite during long-time exposure to temperatures
above 468°C (875°F) of carbon-molybdenum steel,
manganese-molybdenum-vanadium steel, and chro-
mium-vanadium steel
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(-c) the advantages of silicon-killed carbon steel
(0.1% silicon minimum) for temperatures above 482°C
(900°F)

(-d) the possibility of damage due to hydrogen
exposure at elevated temperatures (see API RP 941)°

(-e) the possibility of sulfidation in the presence of
hydrogen sulfide at elevated temperatures

(3) High Alloy (Stainless) Steels
(-a) the possibility of stress corrosion cracking of

(-d) the susceptibility of Alloy Nos. 5083, 5086,
5154, and 5456 to exfoliation or intergranular attack,
and the upper temperature limit of 66°C (150°F)
shown in Mandatory Appendix IX to avoid such deteriora-
tion.

(6) Copper and Copper Alloys

(-a) the possibility of dezincification of brass
alloys

(-b) the susceptibility to stress-corrosion cracking

aust
ides
latte
ther
labe
cont:

FTIITIC Stalnless steels exposed to media such as chlor-
and other halides either internally or externally; the
I can result from improper selection or application of
mal insulation, or from use of marking inks, paints,
s, tapes, adhesives, and other accessory materials
hining chlorides or other halides

(-b) the susceptibility to intergranular corrosion
of aystenitic stainless steels sensitized by exposure to
temperatures between 427°C and 871°C (800°F and
1,600°F): an example is stress corrosion cracking of sensi-
tized metal atroom temperature by polythionicacid (reac-
tion|of oxidizable sulfur compound, water, and air);
stabilized or low carbon grades may provide improved
resistance (see NACE RP0170%)

(-c) the brittleness of ferritic stainless steels at
room temperature after service at temperatures above
3719C (700°F)

(4) Nickel and Nickel Base Alloys

(-a) should be avoided due to HE concerns

(-b) should be avoided in services where the mate+
an be susceptible to grain boundary attack

(-1) nickel and nickel base alloys not containing
mium when exposed to small quantities of'sulfur at
eratures above 316°C (600°F)

(-2) nickel base alloys containing-chromium at
temperatures above 593°C (1,1002F)under reducing
conditions
5) Aluminum and Aluminuim Alloys

(-a) if welding or therinal'cutting is performed on
aluminum castings, the Stress values in Mandatory
Appendix IX and component ratings listed in Table
IP-8]1.1-1 are notrapplicable. It is the engineering
design’s responsibility to establish such stresses and
ratings consistent with the requirements of this Code.
(-b) theé-compatibility with aluminum of thread
compounds used in aluminum threaded joints to
prevent,seizing and galling.

rial

chro
temp

mortar, lime, plaster, or other alkaline materials used
in buildings or structures.

3 Referenced documents are:

APIRP 941. Steels for Hydrogen Service at Elevated Temperatures and
Pressures in Petroleum Refineries and Petrochemical Plants. American
Petroleum Institute.

NACE RP0170. Protection of Austenitic Stainless Steels and Other
Austenitic Alloys from Polythionic Acid Stress Corrosion Cracking
During Shutdown of Refinery Equipment. NACE International — The
Corrosion Society.
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Of copper-based alloys exposed to 1luids such as pmmonia

or ammonium compounds

(-c) the possibility of unstable acetylide fprmation

when exposed to acetylene

(7) Lead, Tin, and Lead-Tin Alloys, Shall not e used in
hydrogen service.

(8) Titanium and Titanium-Alloys. The pos
deterioration of titanium dnd‘its alloys exists.

(9) Zirconium andZixeonium Alloys. The pospsibility of
deterioration of zirconiuim and zirconium alloys exists.

(10) Tantalum.\Above 299°C (570°F), the possibility
of reactivity of tantalum with all gases except|the inert
gases. Below‘299°C (570°F), the possibility of gmbrittle-
ment of tafitalum by nascent (monatomic) hydregen (but
not molecular hydrogen). Nascent hydrogen is produced
by galvanic action or as a product of corrosion Hy certain
chemicals.

(11) Metals With Enhanced Properties. In a material
whose properties have been enhanced by heat tfeatment,
the possible loss of strength during long-continjyed expo-
sure to temperatures above its tempering temperature.

(12) Materials With Limited Service. The ddgsirability
of specifying some degree of production impact festing, in
addition to the weld procedure qualification tegts, when
using materials with limited low-temperaturg service
experience below the minimum temperature [stated in
Mandatory Appendix IX, Table IX-2.

(c) Cladding and Lining Materials. Mater
metallic cladding or metallic lining may be used|
dance with the following provisions:

(1) If piping components are made from jntegrally
clad plate conforming to ASTM A263, Corrosion-R
Chromium Steel Clad Plate, Sheet, and Strip; ASTM A264,
Stainless Chromium-Nickel Steel Clad Plate, Sheet, and
Strip; or ASTM A265, Nickel and Nickel-Base Alloy Clad
Plate, Sheet, and Strip, pressure design in acfordance
with rules in Chapter IP-3 may be based upon|the total

hickness-of-base-metal-and-cladding-after-any-dllowance
for corrosion has been deducted, provided that both the
base and cladding metals are acceptable for Code use
under para. GR-2.1.1, and provided that the clad plate
has been shear tested and meets all shear test require-
ments of the applicable ASTM specification. The allowable
stress for each material (base and cladding) shall be taken
from the tables of Mandatory Appendix IX or determined
in accordance with the rules in para. IP-2.2.6, provided,
however, that the allowable stress used for the cladding

Sibility of

als with
in accor-
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portion of the design thickness shall never be greater than
the allowable stress used for the base portion.

(2) For all other metallic clad or lined piping compo-
nents, the base metal shall be an acceptable Code material
as defined in para. GR-2.1.1 and the thickness used in pres-
sure design in accordance with Chapter IP-3 shall not
include the thickness of the cladding or lining. The allow-
able stress used shall be that for the base metal at the
design temperature. For such components, the cladding

provisions of ASME BPVC, Section VIII, Division 1, UCL-30
through UCL-52, or the provisions of Chapters IP-9 and
[P-10, whichever are more stringent.

GR-2.1.5 Deterioration of Materials in Service

Selection of material to resist deterioration in service is
not completely addressed in this Code. It is the designer’s
responsibility to select materials suitable for the fluid
service. Recommendations based on experience are

or lining[May be any material that, In the judgment ot
the designer, is suitable for the intended service and
for the method of manufacture and assembly of the
piping cdmponent.

(3) Except for components designed in accordance
with proyisions of (1) above, fluid service requirements
for matetfials stated in this Code shall not restrict their use
as claddipg or lining in pipe or other components. Fluid
service requirements for the outer material (including
those fof components and joints) shall govern, except
thattemperature limitations of both inner and outer mate-
rials, and| of any bond between them, shall be considered.

(4) Fabrication by welding of clad or lined piping
compongnts, and the inspection and testing of such
compongnts, shall be done in accordance with applicable

presented for guidance in para. GR-2.1 and Nonmandtory
Appendix A.

GR-2.2 JOINING AND AUXILIARY MATERIALS

When selecting materials such as, adhesives, cemlents,
solvents, solders, brazing materials, packing, and O-fings
for making or sealing joints, the désigner shall confider
their suitability for the intended service. (Consideration
should also be given to the‘possible effects of the joinihg or
auxiliary materials ongthefluid handled.) In some applica-
tions, the fluid beinghandled contains nonhydrpgen
constituents, which shall be considered in the material
selection.

26
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Chapter GR-3
Welding, Brazing, Heat Treating, Forming, and Testing

GR-3.1 GENERAL

ThHis Chapter provides requirements for welding,
brazing, heat treating, forming, and testing for all fabri-
catinlg and erection of piping components. These require-
ments are in addition to those of Parts IP and PL and the
engineering design.

GR-3.2 WELDING AND BRAZING

The welding and brazing requirements of this Chapter
shalllapply to the construction of all weldments and braze-
menfs for qualifications and production. These require-
ments are in addition to those of Parts IP and PL.

GR-3.2.1 Material Compatibility

Sele Chapter GR-2 for restrictions due to material
compatibility with hydrogen process applications. Re-
quir¢ments for welding and brazing processes, heat treat-
ment, and PWHT shall be based on the selected materials.
Dissjmilar material connections involving welding or
brazfng of piping components or attachments to ‘those
piping components shall be as required by the'engineering
design.

GR

Edch construction organization (fabricator and erector)
is repponsible per ASME BPVC,,Section IX.

8.2.2 Responsibility

GR

THe following methods are acceptable for manual
welding and brazing, semiautomatic welding, and/or
mechanized welding or brazing. See Chapter GR-1,
ASME BPVG, Section IX, QG-109, and AWS A3.0 for
terms and-definitions.

(a) The manual welding includes SMAW, GTAW, and

3.2.3 Methods and Processes

(e) Additional welding or brazing processéf may be
used when permitted by the engineering design pr owner.

GR-3.2.4 Qualification Testing;and Certifjcation
Requirements

The procedure specification$ and personnel gualifica-
tions, testing, and certification shall conform fo the re-
quirements of this Chapter and the following:

(a) Part IP and ASME BPVC, Section IX.

(b) Part PL arid API Standard 1104 or ASME BPVC,
Section 1X. When welders or welding operdtors are
employed for\compressor station piping congtruction
inaccordanceé with Part PL of this Code, their qualiifications
shall bebased on the destructive mechanical tesf require-
ments-of ASME BPVC, Section IX or API Standqrd 1104.
Qtralifications by NDE, using the RT method) shall be
permitted when specified by the engineering design.
The RT procedure and technique shall meet thg require-
ments of ASME BPVC, Section V, Article 2 or API|Standard
1104. The radiographic acceptance criteria shalllmeet the
requirements of ASME BPVC, Section IX, QW-191.2 or API
Standard 1104.

(c) Additional requirements of the engineering design.

GR-3.2.5 Method and Process Requiremepts

(a) Allwelding methodsand processes shallirjclude the
following requirements:
(1) Welding material requirements shall be per
para. GR-3.3.
(2) The requirements for preheating shdll be per
para. GR-3.5 and Table GR-3.5-1 and as shown inthe engi-
neering design specification and shall apply when welding
the test sample or samples.
(3) The requirements for PWHT shalfl be per
para. GR-3.6.1 and Table GR-3.6.1-1 and as gshown in

PAW processes.
(b) The semiautomatic welding includes GMAW and
FCAW processes.
(c) The mechanized welding methods include
programmed or operator-controlled functions.
(1) The processes with filler metal include GTAW,
GMAW, FCAW, PAW, and SAW.
(2) The processes without filler metal (autogenous)
shall be performed using the GTAW or PAW process.
(d) Manual torch brazing.

the engineering dpcign cppriﬁr‘aﬁnn and shhll app]y
when postweld heat treating the test sample(s).

(4) Hardness testing described in para. GR-3.10 or
the engineering design is required when qualifying a
WPS/PQR.

(5) When consumable inserts are used, their suit-
ability shall be demonstrated by a qualifying WPS/PQR.

(6) Shielding and backing gas used for welding pipe
joints shall be per ASME BPVC, Section II, Part C, speci-
fication SFA-5.32.

(23)
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(7) Backing rings of ferrous or nonferrous material
are permitted if allowed by the engineering design and
included in the supporting WPS/PQR.

(8) For procedure or performance qualification
where the base metal will not withstand the 180 deg
guided bend required by ASME BPVC, Section IX, a quali-
fying welded specimen is required to undergo the same
degree of bending as the base metal, within 5 deg.

(b) The additional mandatory (essential) variables for

(8) Technique

(-a) stringer, weave bead, and oscillation shall be
identified.

(-b) orifice, cup, or nozzle size limits.

(-c) oscillation rate, width, and dwell time limits.

(-d) thewire and travel speed limits. The allowable
tolerance shall be as specified/qualified per WPS/PQR.

(-e) all welds with filler material shall be multiple
passes per side. Autogenous welds without filler material

mechanifed welding shall mnclude the following:

(1) Joints. Weld joint details include backing, root
spacing, ind alignment.

(2) Welding With Addition of Filler Metal. Joint
designs|for tubing or pipe shall be groove welds
(single vEe, double vee, or U) or fillet and socket weld
joints.

(3)
Welding|
single w¢lded.

(4) Base Metals. Material specification, standard, P-
No., subgroup number, and actual base metal thickness
limits shpll be supported by the PQR. For autogenous
welding ¢f P-8 materials where two heats with differing
sulfur cpntent (>0.005%) are to be joined, consult
Nonmanglatory Appendix A, para. A-3.1.2, for guidance.

(5) Filler Metals. Filler metal shall conform to the re-
quirements of ASME BPVC, Section I, Part C and Section [X,
or to a proprietary specification agreed to between the
employinjg contractor and owner. Filler metals may be
in the formn of welding wire (solid or cored) or consumable
inserts.

€

insert co

(
ASME B

another

(

Welding Without Filler Metal (Autogenous
. Weld joint geometry shall be square-butt

1) diameter range of filler wire or consumable
hfiguration
b) a change from one AWS classification (per
VC, Section IX, QW-404.12) of filler metal to
r to a proprietary filler metal
') each designated flux for (SAW
(6) [as. Each type or nomifial composition of the
inert gas pised for shielding or plasma shall be documented
in the WPS and supported bya/PQR. Backing gas shall be
used in dccordance with~ASME BPVC, Section II, Part C,
specification SFA-5.32:
(7) Electrical €haracteristics

(-p) theelding current/polarity, actual
amperage andivoltage, pulse control, and interpass
temperafure.-The allowable tolerance shall be as speci-
fied/quakified-per-WRSAQR:

(-b) tungsten electrodes in accordance with ASME
BPVC, Section II, Part C, specification SFA-5.12 shall be
limited to classification, shape (tip angle and flat size),
and type documented on the PQR.

(-c) arc gap control (tip to work distance).

(-d) control arc start (initiation) and stop (termi-
nation).

28

shall be lIimited to a SIngle pass.
(-f) single electrode per torch (single or dualA
usage).

orch

(-g) mechanized welding functions,(progranmed

or operator controlled) shall be supported by the PQR.
(c) Allbrazing methods and processes'shall include the
following requirements:

(1) Base Metals. The selected material specificdtion,
P-No., and subgroup numbeft for the BPS shall be
supported by the PQR witlrthe same material specjffica-
tion, P-No., and subgroup number.

(2) Brazing Matexials. Limited to a melting tem
ture above 538°C41,000°F). Filler wire shall be prep
or hand (face){fed. The product form of paste (filler)
notbe permitted. (See para. GR-3.3.4 for brazing matg
requirements.)

(3), Brazing Flux and Gas. Flux shall be limited tp the
type‘specified/qualified per BPS/PQR. Fuel gas shdll be
limited to the type specified/qualified per BPS/PQR.

(4) Temperature of Brazing Cycle and Flux.| The
brazing cycle temperature shall be limited [to a
maximum of 871°C (1,600°F). The flux selection ghall
be active at 149°C (300°F) above the maximum filler
metal liquidus. The temperatures shall be specified/fjual-
ified per BPS/PQR.

(5) Brazing Joint Detail. The type of brazing joint
detail shall be limited to the type specified/qualified
per BPS/PQR, which shall be representative of the prgduc-
tion brazement. For details, see Figure GR-3.8-1.

(6) Precleaning Method. Shall be limited to the
specified/qualified method per BPS/PQR.

(7) Internal Purging. Shall be limited to inert gag.
type shall be specified/qualified per BPS/PQR.

(8) Postbraze Cleaning. Shall be limited td
method specified/qualified per BPS/PQR.

(9) Postbraze Heat Treatment. Shall be perfol
when specified by the engineering design. Posth

hera-
aced
shall
rials

type
The

the
med

raze
qual-

ified method per BPS/PQR.

(10) Brazements included in a piping system that is
subjected to a temperature 538°C (1,000°F) and greater
shall require tests in addition to those of ASME BPVC,
Section IX. These tests shall be considered a part of
the qualification procedure for such design temperatures.
Two tension tests on production type joints are required,
one atthe design temperature and one at 1.05T (where T'is
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the design temperature in degrees Fahrenheit). Neither of
these production-type joints shall fail in the braze metal.

(11) For procedure or performance qualification of
test specimens, testing shall be as required per ASME
BPVC, Section IX.

GR-3.2.6 Procedure Qualification by Others

(a) Welding procedures for manual and semiautomatic
welding qualified by others may be used subject to the
apprjoval of the Inspector, provided that the following
conditions are met:

1) The Inspector shall be satisfied that

(-a) welding procedures and their qualifications
meet the requirements of the qualifying Code
(-b) construction organizations participating in
the interchange have a Quality Control System/Quality
Assyrance Program that describes the operational
contfol of WPS development and procedure qualifications
(-c) the construction organization has adopted the

WPS
(-d) the construction organization has not made
any rhange in the welding procedure

2) The welding processes are limited to SMAW,
GMA|W, FCAW, GTAW, or a combination thereof.

3) By certifying signature, the construction organi-
zatiqn accepts responsibility for both the WPS and the
PQR
4) The construction organization has at least ong
currgntly employed welder or welding operator who,
whilp in its employ, has satisfactorily passed a pexsfor-
mange qualification test using the designated WPS.

(b) Mechanized welding procedure qualifications by
othefs are not allowed.

(c] Brazing procedures for the manual method quali-
fied by others may be used subject tothe approval of the
Inspector, provided that the following conditions are met:
1) The Inspector shall be satisfied that

(-a) brazing procedures and their qualifications
meet the requirements of\the qualifying Code
(-b) construction.6rganizations participating in
the interchange have-a Quality Control System/Quality
Assyrance Program that describes the operational
contfol of BPS development and procedure qualifications
(-c). the'construction organization has adopted the
BPS
(<d) the construction organization has not made

GR-3.2.7 Performance Qualification by Others

(a) Welder (manual and semiautomatic) performance
qualification made for or by another construction organi-
zation may be accepted subject to the approval of the
Inspector. The Inspector shall be satisfied that

(1) acceptance is limited to qualification on piping
using the same or equivalent WPS, wherein the essential
variables are within the limits in the Qualifying Code
i izali all have
obtained a copy from the previous constructioh prganiza-
tion of the performance qualification test record| showing
the name of the construction organization, name of the
welder, procedure identification, date of succesdful quali-
fication, and the date that the individual last|used the
procedure on pressure piping

(3) the welding progesses are limited tp SMAW,
GMAW, FCAW, GTAW, or.4.combination theredf

(4) by certifyingrsighature, the construction organi-
zation accepts respnsibility for both the weldgr qualifi-
cation and the qualification record (WPQR)

(5) construction organizations participatipg in the
interchangé have a Quality Control System/Qualjty Assur-
ance Program that describes the operational dontrol of
welder qualifications, testing, certification, cqntinuity,
and record maintenance.

{b) Welder operator qualifications for mechanized or
automatic welding by others shall not be allowed.

(c) Brazer (manual) performance qualificatjon made
for or by another construction organization] may be
subject to approval by the Inspector. The Ihspector
shall be satisfied that

(1) acceptance is limited to qualification ¢n piping
using the same or equivalent BPS, wherein the|essential
variables are within the limits in the qualifying Code

(2) the construction organization shll have
obtained a copy from the previous construction prganiza-
tion of the performance qualification test record| showing
the name of the construction organization, nagne of the
brazer, procedure identification, date of succesdful quali-
fication, and the date that the individual last|used the
procedure on pressure piping

(3) the brazing process(es) and method afe limited
to silver filler metal/manual torch brazing

(4) by certifying signature, the construction organi-
zation accepts responsibility for both the brazer gualifica-
tion and the qualification record (BPQR)

any change in the brazing procedure

(2) The brazing process(es) and method are limited
to silver filler metal/manual torch brazing.

(3) By certifying signature, the construction organi-
zation accepts responsibility for both the BPS and the PQR.

(4) The construction organization has at least one
currently employed brazer who, while in its employ,
has satisfactorily passed a performance qualification
test using the designated BPS.

(5) all construction organizations participating in
the interchange have a Quality Control System/Quality
Assurance Program that describes the operational
control of brazer qualifications, testing, certification,
continuity, and record maintenance
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GR-3.2.8 Welder Operator Qualifications

Welder operator qualifications with or without filler
material (autogenous welding) shall be limited to the
mechanized WPS/PQR and ASME BPVC, Section IX, or
API Standard 1104. Three consecutive, acceptable
samples shall be required to support welder operator
qualification testing.

GR-3.2.

(a) EJch construction organization shall maintain
documented records of the following:
(1) all WPSs/BPSs and PQRs for the duration of their

(2)
brazers,

3)

use
erformance qualifications of the welders,
nd welding operators
ates and test results of procedure and perfor-
alifications
inique identification of the WPS/BPS/PQR
dentification number or symbol assigned to each
welder ahd welding operator
(6) ldentification of the production weldment or

brazemgnt and the personnel who performed the
welding pr brazing

(b) Refcords shall be made available to the Inspector.

GR-3.2.]

Weldef, brazer, or welding operator requalification
tests for ¢ach welding or brazing process shall be required
ifthe welfler, brazer, or welding operator is not engaged in
a given process of welding or brazing for 6 months or
more. Refjualification for each process shall be perfopmed
in accorflance with the qualifying code, ASME*BPVC,
Section IK or API Standard 1104.

0 Requalification Requirements

GR-3.3

There
weldmerj
provided

WELDING AND BRAZING-MATERIALS

Juirements for qualifications’and construction of
ts and brazements of piping components are
in paras. GR-3.3.1vthrough GR-3.3.4.

GR-3.3.1 Electrodes-and Filler Metal

Electrddes and filler metal shall conform to the require-
ments off ASME BPVC, Section II, Part C. An electrode or
filler metpl notyet incorporated in ASME BPVC, Section II,
Part C maiy'\be used with the owner’s approval if a proce-

(b) If two abutting surfaces are to be welded to a third
member used as a backing ring, and one or two of the three
members are ferritic and the other member or members
are austenitic, the satisfactory use of such materials shall
be demonstrated by a welding procedure qualified as
required by para. GR-3.2.4.

(c) Nonferrous Backing Rings. Backing rings of nonfer-
rous material may be used, provided the engineering
design approves their use and the welding procedure

8
Nonmetallic backing shall be prohibited.
(d) Backing rings shall be solid, formed, or\machjned,
which may be of the flat or tapered design? (Refer to
PFI ES-1.)

GR-3.3.3 Consumable Inserts

Consumable inserts may be‘uSed, provided they are of
the same nominal composition as the filler metal and will
not cause detrimental alloying of the subsequent weld
deposit. The weldig procedure using consumjable
inserts shall be qualified as required by para. GR-3.2.4.
The consumable\insert shall be used for welding the
root pass of¢butt welded pipe components requjring
CW]JP using:the GTAW or PAW processes.

GR-3.3.4 Brazing Materials

Brazing materials shall conform to the requirements of
ASME BPVC, Section II, Part C, except for brazing material
not yet incorporated into Section II, Part C that mdy be

used with the owner’s approval if a procedure qualffica-
tion test is successfully made.
GR-3.4 CONSTRUCTION OF WELDMENTS
(a) The construction of weldments shall includ¢ the
following:
(1) weld joint connections for piping compon¢nts
(2) weld metal buildup and weld repairs
(3) qualification of procedures, welders, and welding

operators

(b) Weldments for fabrication and erection shqll be
made in accordance with a qualified procedure anld by
qualified welders or welding operators.

(c) Eachqualified welder and welding operator shall be
assigned a unique identification symbol. Unless otherfwise
specified in the engineering design, each presdure-

dure qualification test is first successfully made. (See
Nonmandatory Appendix A.)

GR-3.3.2 Weld Backing Material

When backing rings are used, they shall conform to the
following:

(a) Ferrous Metal Backing Rings. These shall be of weld-
able quality. Sulfur content shall not exceed 0.05%.

30

containing weld or adjacent area shall be marked with
the identification symbol of the welder or welding
operator. In lieu of marking the weld, appropriate
records shall be filed.

(d) Welding shall not be performed when the tempera-
ture of the metal surface within 305 mm (12 in.) of the
point of welding in all directions is lower than 16°C (60°F).
The work area and surfaces to be welded shall be
protected from wind and moisture conditions caused
by ice, rain, snow, and running or standing water.
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(e) For preheat, see para. GR-3.5 in addition to the spe-
cific requirements of Parts IP and PL.

(f) For postweld heat treat, see para. GR-3.6 in addition
to the specific requirements of Parts IP and PL.

(g) Peening is prohibited for all weldments, including
weld metal buildup and repairs.

(h) Valve end connections requiring welding, preheat
or PWHT procedures, or both shall preserve the seat tight-
ness of the valve.

GR-3.4.3 Joint Preparation and Alignment

(a) Preparation of Pipe Component Ends

(1) Mechanical cutting and machining methods are
acceptable.

(2) Thermal cutting or fuel cutting for end prepara-
tion is acceptable if the surface is reasonably smooth, true,
and free of slag. The thermal cutting shall be followed by
mechanical preparation to achieve the final weld joint end

(i) Thermal arc, fuel cutting, and fuel heating processes Anhl'l Discoloration—{oxidation}remaining{from the
shalllbe allowed. Oxyacetylene cutting shall be restricted cutting n'lethod shall be rt'amoved.
to cqrbon steel materials. (b) Alignment for Welding
(1) Alignment shall be maintained, in acfordance
GR-3.4.1 Welding Repairs with the WPS. See Nonmandatory Appendix| A, para.
A-3.7 for guidance on alignment of welds sfibject to

WElding repairs shall be made using a welding proce-
dure]qualified in accordance with para. GR-3.2.4. The WPS
and gupporting qualifications shall be as permitted by the
engineering design. Welding repairs shall be made by
welders or welding operators qualified in accordance
withl para. GR-3.2.4. Preheating and heat treatment
shallbe as required for the original weldment, base mate-
rial, jor specified WPS. For the original weldment, base
matdrial shall be as required by the applicable WPS or
PQR

(a
follo

Repairs by welding shall include repairs to the
ving:
(1) Defects in base material may be repaired by
ing when permitted by the engineering design.
2) Weld defects shall be repaired. The excavatéd
cavity of the repair area shall be examined by MT or
PT in addition to visual examination. Repair of; a ‘cavity
that fiffers in contour and dimension from thdt specified
by the WPS is not permitted.
(3) Weld metal buildup shall be" allowed when
rest@ring the specified nominal thickness of pipe compo-
nentf or attachments. Weld metal.buildup shall not be
alloyed to increase thickness“er to alter alignment.
Completed weld metal bujldup shall be examined by a
volumnetric method. All weld-buildup shall be as permitted
by the engineering desig

(b} Base metal repairs shall be blended uniformly into
the gurrounding'surface. Weld metal buildup used to
restqre the weld end detail shall be machined uniformly
to the contour’of the pipe component. Repairs of weld-
ments shall*be blended uniformly to the required weld
reinfor¢ément.

wel

cyclic service.

(2) Tack welds shall be“made with the filler metal
specified by the WPS andirhade by a qualified welder
or welding operatorgcTack welds shall be rerpoved or
fused within the root-pass weld. Permanent tqck welds
shall be examined, visually for defects and, if|found to
be defectiveyshall be removed. All bridge takcks shall
be removed prior to welding the root pass or supsequent
deposit.

(c). Circumferential Autogenous Butt Welds. Pr¢paration
and alignment shall be specified in the WPS supported by
the’ PQR as follows: the ends to be welded|shall be
prepared by machining or facing to provide an pxtended
land or a square end that meets the requirements of
Figures GR-3.4.3-1 and GR-3.4.3-2.

(d) Circumferential Groove Butt Welds

(1) End preparation for groove welds shall
fied in the WPS.

(2) Equal component thicknesses may be dptailed as
shown in Figure GR-3.4.3-3.

(3) Pipe component ends shall be trimmed
in Figures GR-3.4.3-4 and GR-3.4.3-5 to correcf internal
misalignment. Such trimming shall not reduce the finished
wall thickness below the required minimum wfall thick-
ness, t,. To fit backing rings, see Figures GR-3.4.3-6
and GR-3.4.3-7, or for consumable inserts, sge Figure
GR-3.4.3-8.

(4) Pipe component ends may be bored to alllow for a
completely recessed backing ring, provided the remaining
net thickness of the finished ends is not less than t,,.

(5) It is permissible to size pipe ends of the same
nominal size to improve alignment if wall thickness re-

be speci-

hs shown

(c) Acceptance ofall weld repairs shall be inaccordance
with the requirements of Part IP or Part PL.

GR-3.4.2 Cleaning of Component Surfaces

Internal and external surfaces to be thermally cut or
welded shall be cleaned to remove paint, oil, rust,
scale, grease, slag, oxides, and other deleterious material
that would be detrimental to the base metal.

31

quirements are maintained.

(6) When a butt or miter groove weld joins pipe
component ends of unequal wall thickness and one is
more than 1% times the thickness of the other, end
preparation and geometry shall be in accordance with ac-
ceptable designs for unequal wall thickness in ASME
B16.25 and ASME B16.5.
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Figure GR-3.4.3-1
Geometry of Weld Joint Detail Single Vee Groove Butt With Extended Land

Included Bevel angle

angle
Radius : \{/

< v/ 7 Fu“k”

Root opening —»‘4—

Figure GR-3.4.3-2
Geometry of Weld Joint Detail Square Butt Weld

Y

= | <=
Root opening —>|<— f
Pipe wall
thickness

Figure GR-3:4.3-3
Geometry of Weld Joint Detail Single Vee Groove Butt, Open Root

Included Bevel angle

& e
f

g Pipe wall
thickness

Root opening _>‘ |« L Face thickness
of land
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Figure GR-3.4.3-4
Unequal Pipe Component Thicknesses, Thicker Components Bored for Alignment

Included

\</ angle

SN

Bevel angle

/

Pi

f

pe wall

Y

N

L Permitted

misalignment

———

Y

Round /

thickness

v

corner

Figure GR-3.4.3-5
Unequal Pipe Component Thicknesses, Thicker Components Taper-Bored to Align

Included

A Permitted

misalignment

Included

\</ angle

2 ‘

4

)

T 30de

Bevel angle

</ angle /

g max.

%Pi

}

pe wall
thickness

{

N

N 30 deg max.
- ¢]

Figure GR-3.4.3-6
Geometry of Weld Joint Detail Single Vee Groove Butt, Continuous Flat Backing Ring

Bevel angle

4 Pipe wall

thickness

Y

Root opening—/ W % L Face thickness

¥

19 mm
(&)

3/, in.) ~>

7770 % o

pd

Break

- 3/,61n.)

ol I
ot 1arra

Backing ring

33

corners
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Figure GR-3.4.3-7
Geometry of Weld Joint Detail Single Vee Groove Butt, Continuous Tapered Backing Ring

Included

o

Bevel angle

Included

\{/ angle

Bevel angle

< Pipe wall 19 mm 5 mm

. 3/ 3 .

, thickness _ (Blyin) 1 (%/4gin.)
N7 :
Root opening/ [2 d Face thickness
7 Break
of land
Backing ring corners

Figure GR-3.4.3-8
Geometry of Weld Joint Detail Single Vee Groove Butt, Consumabte Insert

=

3mm (Ygin.) x 4 mm (%3, in.)
with slight radius on edges
—>|W|<—
Y

H

f

Pipe wall
thickness

\

|8

Consumable insert

(7)
with AS
angular
other bu

Buttweld fittings manufactured in accordance
ME B16.9 may be trimmed to prioduce an
joint offset in their connections to pipe or
ftweld fittings without being subject to design

SFA-5.30 Class 5 inserts

Figure GR-3.4.3-9
Preparation and Alignment of Pipe Branch
to Pipe Header Connection

qualifications in accordance with para: FR<3.8.2, provided | Thle
the total angular offset produced between the two jointed
parts do¢s not exceed 3 deg.
(8) Inside surfaces of pipg"component ends to be
joined in] butt or miter groove welds shall be aligned I
within thie dimensional liriits in the WPS and engineering
design.
(9) If the external surfaces of the pipe components g ] le !
are not aligned, the'weld shall be tapered between them. Y \_ m
(e) Lohgitudinal Welds. End preparation and alignment *
of longitydiyal groove welds shall conform to the require- T. 2 T
ments of (d). L
(f) Branch Connection Welds *
(1) Branch connections that abut the outside surface
. Legend:
of the run pipe shall be contoured for groove welds that g = root gap per welding specification
meet the WPS requirements (see Figure GR-3.4.3-9). m = the lessor of 3.2 mm (% in.) or 0.5 T,
T, = nominal thickness of branch
T, = nominal thickness of header

34
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(2) Run openings for branch connections shall not
deviate from the required contour more than m. In no
case shall deviations of the shape of the opening cause
the root spacing tolerance limits of the WPS to be
exceeded. The addition of weld metal to correct the
shape of the opening or the root spacing tolerance
requires a qualified weld repair procedure, approved
by the engineering design. See para. GR-3.4.1.

(3) Connections that require the pipe branch to

(b) Welding of Higher Strength Pipe to Welding Neck

Flanges With Unequal Thicknesses

(1) When the materials joined have equal SMYS,
there shall be no restriction on the minimum slope.

(2) Neither pipe component thickness nor their sum,
t; + tp, shall exceed 0.5t

(3) When the SMYS of the sections to be joined are
unequal, the value of ¢, shall at least equal the mating wall
thickness times the ratio of SMYS of the pipe to SMYS of the

pengtrate Imto the pipe header shall not be permitted
unlegs approved by the engineering design.

GR

(a) Circumferential butt welds of pipe components
with| the addition of filler metal shall be CW]P welds;
shall be made with a single vee, double vee, or other
suitable type of groove details; and may include
backiing rings, consumable inserts, or the open root condi-
tion.|CW]JP for groove welds includes the depth of bevel,
root penetration, plus the required I.D. and O.D. reinforce-
ment. The geometry of weld deposit for single vee groove
buttfopen root is shown in Figure GR-3.4.4-1.

(b} The in-process weld deposit cleaning shall include
the removal of all slag, oxides, and other deleterious mate-
rialsfto prevent inclusion of impurities in the weld deposit.

(c] The method and extent of cleaning and removal
shalllbe determined based on the specified base material
and weld metal. The method of cleaning or removal shall
not e detrimental to the base material or weld deposit:

(d} Root pass welding of circumferential butt welds
withjout the addition of filler material (autogenous)
shalllbe done using GTAW or PAW processes, mechanized
or mlanual, along with the combination of{other welding
procgsses with the addition of filler matérial to complete
the weld joint (see Figure GR-3.4.4-2).

(e] Thewelding of pipe components (pipe or tube) with
a wa|l thickness maximum of 3.96-mm (0.156 in.) shall be
dong using GTAW or PAW-processes, mechanized or
manpal, without the addition’ of filler metal (autogenous
welding) (see Figure.GR*3.4.4-3). See Nonmandatory
Appéndix A for autogehous weld quality criteria.

GR

(a)) Pipe-€omponent Diameters and Wall Thickness.
Wheh pipe components with different outside diameters
or wall-thicknesses-arewelded-togetherthe-welding-end
of the component with the larger outside diameter shall
fall within the envelope defined by solid lines in
Figure GR-3.4.5-1.

The weld shall form a gradual transition not exceeding a
slope of 30 deg from the smaller to the larger diameter
component. This condition may be met by the addition of
weld buildup, if necessary, beyond what would otherwise
be the edge of the weld.

3.4.4 Welding of Circumferential Joints

3.4.5 Weld-End Transition

flange.
(4) Welding shall be in accordance witlnthe{specified
WPS.
(c) Requirements for Components Having|Unequal
Thicknesses, Unequal Strengths, or Both
(1) When the SMYSs of the sections to be jpined are
unequal, the deposited weld metal shall have a minimum
yield strength at least equal to the SMYS of thle section
having the higher strength:
(2) Sharp notchésor grooves at the edge of the weld
where it joins a slantéd surface shall be avoid¢d.
(3) For joining unequal thicknesses of eqyal SMYS,

the rules givén herein apply, except there is no minimum
angle limit'to the taper.
(4). The maximum thickness, tp, for design purposes
shall-net be greater than 1.5¢.
(d)" Requirements for Components With Uneqyial Inside
Diameters
(1) For components that will operate in pipelines
(see Part PL) at hoop stresses of less than 2(0% of the
SMYS, if the nominal wall thicknesses of the adjoining
ends do not vary more than 3.2 mm (% in.), fo special
treatment is necessary, provided the joint design meets
the requirement of the WPS.
(2) For components that will operate in pipelines
(see Part PL) at hoop stresses of 20% or mfre than
the SMYS, and for all components in piping {see Part
[P), if the nominal wall thickness of the adjoirjing ends
does not vary more than 2.4 mm (% in.), no spefial treat-
ment is necessary, provided the joint design reets the
requirement of the WPS. Where the nominal internal
offset is more than 2.4 mm (% in.) and th¢re is no
access to the inside of the pipe for welding, the fransition
shall be made by a taper cut on the inside end of the thicker
section. The taper angle shall not be greater than 30 deg.
(e) Requirements for Components With Unequql Outside
Diameters

v at-offsetdeo 0 eed one-
half of the thinner section, the transition may be made by
welding, provided the angle of rise of the weld surface does
notexceed 30 degand both bevel edges are properly fused.

(2) Where there is an external offset exceeding one-
half of the thinner section, that portion of the offset over

Yt shall be tapered as shown in Figure GR-3.4.5-1.
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Figure GR-3.4.4-1
Geometry of Weld Deposit Single Vee Groove Butt, Open Root

0.D. weld reinforcement

¢ Weld cover pass(es)

o

Weld fill i
Pipe wall
P / pass(es) =— i \noss
@ Weld root

t pass(es)
1.D. weld

reinforcement

Figure GR-3.4.4-2

eometry of Weld Deposit Root Single Vee Groove Butt With Extended Land (Without Filler Metal)
In::é?:’d Bevel angle
Radius \/

f
‘%Pipe wall

thickness

Y

Sl

Root opening

Figure GR-3.4.4-3
Geometry of Weld Deposit Square Butt End (Without Filler Metal)

{

= 7 <
Root opening —>|<— f
Pipe wall
thickness
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Figure GR-3.4.5-1
Welding End Transition — Maximum Envelope

1.5tmin ——>

. —Radius 2 0.05tin

45 deg max.{

30 deg max.

/—Radius 20.05tmin

Note (2)

~

~Q ~</—Note (3)

N \ \
~d Ca Pipe Side
Component or Fitting \\ r T T P
\ II thom “Imin Maximum [Note (4)]
\\ Minimum 1.0tmin
\ L

30 deg max.‘\‘ -
-
P

Note (5)

\ Maximum
slope 1:3

Radius >0.05tmin

Inside

AN

Note (1)

S:
Vhere transitions using maximum slope do not intersect inside or outside surface, as shown by phantom outlines, maximum slopg
ternate radii shall be used.

Veld bevel shown is for illustration(only.

he weld reinforcement permitted by Table GR-3.4.6-1 may lie outside the maximum envelope.

he maximum thickness at thé end of the component is

(a) the greater of t.,;, +@ mm (0.16 in.) or 1.15¢t,,;, when ordered on a minimum wall basis

(b) the greater of t.,;+4 mm (0.16 in.) or 1.10¢t,,,, when ordered on a nominal wall basis

he value of t,;, is whichéver of the following is applicable:

(a) the minimum ordered wall thickness of the pipe

(b) 0.875 timés‘the nominal wall thickness of pipe ordered to a pipe schedule wall thickness that has an undertolerancq
(c) the minimum ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) whe
etween twe' components
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(f) Component Diameters. For components with both
unequal inside diameters and unequal outside diameters,
the joint design shall provide the proper weld transition
within the maximum envelope for the outside diameters.
For the inside diameters, the joint design shall be
machined to allow for the proper transition as shown
in Figure GR-3.4.5-1. Particular attention must be paid
to proper alignment under these conditions. Weld
metal buildup shall not be applied to achieve the internal

(3) If the surface 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.

(c) Concavity ontherootside ofasingle welded circum-
ferential butt weld is permitted when the resulting thick-
ness of the weld is at least 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.

transitio

GR-3.4.I Weld Reinforcement

Weld feinforcement shall be in accordance with
Table GR-3.4.6-1 unless altered by the engineering
design. Height of reinforcement or internal protrusion
[see Tabje GR-3.4.6-1, Note (2)] in any plane through
the weld shall be within the limits of the applicable
height vaJue in the table. Weld metal shall merge smoothly
into the fomponent surfaces.

The cqgmpleted weld reinforcement shall meet the
following quality conditions:

(a) When welding pipe component connections, the
surface d¢f the weld shall, as a minimum, be flush with
the outeq surface of pipe components.

(b) Astwelded surfaces are permitted; however, the
surface ¢f welds shall be sufficiently free from coarse
ripples, grooves, overlaps, abrupt ridges, and valleys to
meet the| following:

(1) The surface condition of the finished weld shall
be suitabje for the proper interpretation of the inspection
and NDE. In those cases where there is a question
regardirlg the evaluation/interpretation, the. actual
weld surface condition shall be compared for vérification.

(2) Pndercuts shall not exceed 1.0 mm (% in.) and
shall not pncroach on the minimum requifed pipe compo-
nent thidkness.

Figure GR-3.4.6-1
Geometry of Weld Deposit Single Vee Groove Butt, Open Root With Concavity

4 mm (%3, in.) max.

The mternal condition of the root surtace of a circumfer-
ential weld, which has been examined by radiography, is
acceptable only when there is gradual changé i the
density, as indicated in the radiograph (see Figure
GR-3.4.6-1).

Table GR-3.4:6-1
Weld Reinforcenient

Wall Thickness, T,,, mm (in:) Height, mm (in})

[Note (1)] [Note (2)]
<6 (V4) <15 (%6)
>6 () and <13 (%) <3 (%)
>13 (%) and <25¢(1) <4 (%)
>25 (1) <5 (%)
NOTES:

(1) T, isthe nominal wall thickness of the thinner of two compdnents
joined by a butt weld.
(2), For all butt groove welds (single and double), height is the Jesser
of the measurements made from the surfaces of the adjacent
components; for single groove welds, I.D. reinforcement (infernal
protrusion) is included in a weld (see Figure GR-3.4.4-1). The
minimum weld reinforcement 0.D. or L.D. shall be flush fo the
adjoining surfaces. For fillet welds and added reinforc¢ment
to nonbutt groove welds, height is measured from the theogetical
throat (see Figure GR-3.4.7-1); internal protrusion dogs not

apply.

0.D. weld reinforcement

¢ Weld cover pass(es)

Inside surface of the weld
preparation and outside

surface of pipe

Weld size not less than A A *
piinimum thickness ~_| Weld fill Pipe wall
= pass(es) =—  ipickness
\ Y |
A 74 Y
A
— Concavity

Internal condition of the root
surface concavity; contour is
smooth without sharp edges
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GR-3.4.7 Fillet and Socket Welds

Fillet welds (including socket welds) may vary from
convex to concave. The size of a fillet weld is determined
as shown in Figure GR-3.4.7-1.

Typical weld details for double welded slip-on flanges
are shown in Figure GR-3.4.7-2; minimum welding dimen-
sions for other socket welding components are shown in
Figure GR-3.4.7-3 and MSS SP-119.

T,p» = minimum thickness of branch
tmin = lesser of T, or T,
T, = nominal thickness of reinforcing pad or saddle

(d) Branch connections, including pipe and branch
connection fittings [see Chapter GR-1 and paras. IP-3.4
and PL-2.2.4(c)], which abut the outside of the run
pipe or are inserted in an opening in the run, shall be
attached by CWJP groove joints. The welds shall be

GR

3.4.8 Seal Welding of Threaded Joints (See
Figure GR-3.4.7-1 for Fillet Weld)

Sepl welds shall cover all exposed threads. Seal welding
of thireaded joints shall not be used for liquid hydrogen
servjce.

GR-3.4.9 Welded Branch Connections

(a) Figures GR-3.4.9-1 through GR-3.4.9-4 show ac-
ceptlable details of branch connections, with and
withput added reinforcement, in which the branch pipe
is cannected directly to the run pipe. The illustrations
are fypical and are not intended to exclude acceptable
types of construction not shown.

(b} Figures GR-3.4.9-1 through GR-3.4.9-3 show basic
typep of weld attachments used in the fabrication of
branich connections. The location and minimum size of
atta¢hment welds shall conform to the requirements
herejin. Welds shall be calculated in accordance with
pard. IP-3.4.2 but shall be not less than the sizes
shown in Figure GR-3.4.9-2.

(c] The nomenclature and symbols used herein, and in
Figures GR-3.4.9-2 and GR-3.4.9-3, are
r = minimum 5 mm (%, in.) radius ifiside corner of
branch or header pipe
[, = nominal thickness of branch
t. = lesser of 0.7T}, or 6 mi (% in.)
[, = nominal thickness ¢f header

finished with cover fillet welds having a throatdimension
not less than t.. See Figures GR-3.4.9-2 and GR-3.4.9-3.
Extruded outlets in the run pipe, at the‘attachment of
the branch pipe, should be attached by CW]P grogve welds.

(e) Areinforcing pad or saddle shall be attacljed to the
branch pipe by a CWJP groove weld finished with a cover
fillet weld having a throat diménsion not less thpn ¢, (see
Figure GR-3.4.9-2).

(f) Theouter edge of areinforcing pad or sadd
attached to the rungpipe by a fillet weld having
dimension not le§s than 0.5 T, (see Figure GR-

(g) Reinforcing pads and saddles shall have
with the pafts to which they are attached. A vent hole shall
be provided at the side (not at the crotch) of any pad or
saddleto reveal leakage in the weld between brjanch and
run,‘and to allow venting during welding and hgat treat-
meént. A pad or saddle may be made in more than pne piece
if joints between pieces have strength equivalentto pad or
saddle parent metal and if each piece has a vent lhole. Vent
holes may be plugged during service to preyent, for
example, entry of fluids that may cause cprrosion
between pipe and reinforcing pad, but the pluggjng mate-
rial shall not be capable of sustaining pressure within the
crevice.

(h) Examination and any necessary repai
completed weld between branch and run
made before adding a pad or saddle.

eshallbe
a throat

B.4.9-2).

h good fit

's of the
shall be
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Figure GR-3.4.7-1
Fillet Weld Size
Surface of

/_ perpendicular

Surface of
perpendicular
member j /_ member w
A~ A A~
T Convex _+' Concave Convex Concave
. fillet weld . fillet weld fillet weld fillet weld
Size of Size of
weld weld
Surface of
(.50 NI 175 7N borvontal X 2%
{ member } { member } {
Theoretical throat Theoretical throat
Equal Leg Fillet Weld [Note (1)] Unequal Leg Fillet Weld [Note (2)]
NOTES:
(1) The sife of an equal leg fillet weld is the leg length of the largest inscribed isosceles right triangle (théeretical throat = 0.707 x fize).
(2) Thesige ofanunequalleg fillet weld is the leglength of the largest right triangle that can be inscribed withinrthe weld cross section [e.g.,, 3 mm
x 19 mm (% in. x ¥, in.)].
Figure GR-3.4.7-2
Typical Details for Double-Welded Slip-On Flanges
s O\ 0\
Distange of weld toe X | X in | X in
from|flange.face —> |- > |
should be-2)mm Y Y
(/16 InYor greater min Xmin Xrfin
~>u |<— > | ' > |<— '
The lesser of T or

\The lesser of ?or_)A
6 mm ('/,in.)

6 mm (/,in.)
(a) Front and Back Welds

(b) Face and Back Welds
GENERAL NOTE: The weld deposit connecting the pipe end to the flange face at the I.D. shall not result in a weld buildup or undercut of the flange
face surface.
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Figure GR-3.4.7-3
Minimum Welding Dimensions for Socket Welding Components to Pipe Including Fit-Up Detail

-

t, = nominal pipe wall
thickness

C,(min.) =1Y,t
but not less than
3mm (/g in.)

4 Z4
.4 AN

t

Y

f Approximately 2 mm ("5 in.)
before welding

<«—— Socket weld fitting

Figure GR-3.4.9-1

Typical Welded Branch Connections

Vent hole

AN
S

" ANANAANNNNNNNNY,
Va

AN\
N
S

7755 K.

L=
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Figure GR-3.4.9-2
Acceptable Details for Pipe Branch Attachment Welds

—> Tb ~<— —> Tb ~€—
I 3 I
tC
Y% A
K| CWJP CWJP
required + /requ
Y <] v & <«
7, L( 7, =1
X1 r <x—1
A 4 */[
05T,
(a) (b)
- T, |« —> T,

¢ A e (B
Th+ L T, <1 L

i o / Ty/ } o /

required 05T, required

(c) (d)

GENERAL NOTE: CWJP = complétésweld joint penetration.

red
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Figure GR-3.4.9-3
Acceptable Detail for Branch Connection of Pipe Fitting

T, >

tmb

\

CwJp
}H required

4 AV

GENE

RAL NOTE: CWJP = complete weld joint penetration.

AN

r

Figure GR-3.4.9-4
Acceptable Details for Branch Attachment Suitable for 100% Radiography

]

‘/-’_\‘

m

J

—

e

/ M |
(a) Contour Outlet Fitting

GR
M

3.4.10 Mitered-Joints

ered jointsmay be used in LH; piping systems under
the fpllowing conditions:

(a) Fullspenetration welds should be used in joining
mitef segments.

(b Aol - 3
appropriate safety committee has approved.

(c) The number of full-pressure or thermal cycles will
not exceed 7,000 during the expected lifetime of the pipe
system.

GR-3.4.11 Fabricated or Flared Laps

Fabricated or flared laps are not permitted. Only forged
laps are permitted.

43

m

~/

T 1

(b) Extruded Header Outlet

GR-3.4.12 Attachment Welds

Structural attachments may be made by complete pene-
tration, partial penetration, or fillet welds.
Low energy capacitor discharge welding may be used
for the welding of temporary attachments directly to pres-
a ide = eddprior to
subjecting the piping system to operating pressure or
temperature. After their removal, the affected areas
shall be examined by visual, MT, or PT in accordance
with the requirements of Part GR and the specific require-
ments of Part [P or Part PL. Welding procedures and per-
sonnel qualifications are required.
This method of welding may also be used for the perma-
nent attachment of nonstructural items, such as strain
gages or thermocouples, provided that
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Table GR-3.5-1
Preheat Temperatures

Minimum Preheat
Temperature
Base Metal Nominal Thickness Specified Min. Tensile Required
P-No. or S-No. [Note (2)] Strength, Base Metal [Note (3)]
[Note (1)] Base Metal Group mm in. MPa ksi °C °F
1 Carbon steel <25 <1 <490 <71 10 50
225 >1 All All 80 175
All All >490 >71 80 175
3 Alloy steels, <13 <Y <490 <71 80 175
1
Cr= %% 213 =Y, All All 80 175
All All >490 >71 80 175
4 Alloy steels, All All All All 150 300
%% < Cr < 2%
5A,|5B Alloy steels, All All All All 175 350
2%% < Cr < 9Cr max.
Note (4) Nonferrous All All All All 24 75
NOTES:

(1) P-Nunfber or S-Number from ASME BPVC, Section IX, QW/QB-422.

(2) See pdra. GR-3.6.2 for governing thickness.

(3) Prehedt and interpass temperature shall be as specified/qualified per the-applicable WPS/PQR.
rous materials minimum preheat and maximum interpass shall, be-per the applicable WPS/PQR.

(4) Nonfe

(a) a WPS is prepared, describing the capacitaT
discharg¢ equipment, materials to be joined, and techni-
ques of application. The qualification of the procedure is
required

(b) thé minimum thickness of the material to which the
attachmgnt is to be made is 2.3 mm (0-090 in.).

(c) th¢ power input is based on the equipment manu-
facturer’s recommendation or limits.

GR-3.4.13 Requirement for Fabricating and
Attaching Pipe-Supports

(a) Faprication of standard pipe hangers and supports
shall be i accordaneewith the requirements of MSS SP-58
and the specific requirements of Part IP or Part PL. Special
hangers, [suppotts, anchors, and guides, not defined as
standard types of hanger components in MSS SP-58,
shall be 1 i f iff i
ments of Parts IP and PL.

(b) Attachment welds for hangers, supports, guides,
and anchors to the piping system shall conform to the spe-
cific requirements of Parts IP and PL.

(c) Welding requirements for fabrication and erection
shall be in accordance with para. GR-3.2.4, using the speci-
fied/qualified WPS/PQR, along with qualified welders and
welding operators.

44

(d) Examination of weldments, and fabricating and
attaching pipe supports, shall be in accordance [with
Chapter GR-4 and the specific requirements of Part IP
or Part PL.

GR-3.5 PREHEATING FOR WELDMENTS

Preheating is used, along with heat treatment, to mini-
mize the detrimental effects of high temperatureg and
severe thermal gradients inherent in welding. The ngces-
sity for preheating and the temperature to be used shall be
specified in the engineering design and demonstrat¢d by
procedure qualification. The requirements and refom-
mendations herein apply to all welding methodg and
processes and their applications.

(a) Requirements. Required minimum pre
temperatures for materials based on the P-Nu
are given in rabie 51

(b) Unlisted Materials. Preheat requirements for an
unlisted material shall be specified/qualified in the
WPS/PQR.

(c) Temperature Verification

(1) Preheat temperature shall be checked by use of
temperature-indicating crayons, thermocouple pyrom-
eters, or other suitable means to ensure that the tempera-
ture specified in the WPS is obtained prior to and
maintained during welding.
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Table GR-3.6.1-1
Requirements for Postweld Heat Treatment of Weldments

Specified Min. Holding Time
Nominal Tensile

Base Metal Thickness Strength, Metal Nominal Wall Min.
P-No. or S-No. [Note (2)] | Base Metal Temperature Range [Note (3)] Time,

[Note (1)] Base Metal Group mm in. MPa ksi °C °F min/mm hr/in. h

1 Carbon steel <20 <Y, All All  None [Note (4)] None [Note (4)]

>20 >3/4 All All 595-650 1,100-1,200 2.4 1 1

3 Alloy steels, Cr < %% <20 <% <490 <71 None [Note (4)] None [Note (4)] "

>20 >%, All All 595-720 1,100-1,325 2.4 1 1

All Al >490 >71 595-720 1,100-1,325 2.4 1 1

4 [Nofe (5)] Alloy steels, %% < Cr < 2% Al Al Al All 705-745 1,300-1,375 2.4 i 1

5A, 5B [Note (5)]  Alloy steels (2%% < Cr < 10%) Al Al All All 705-760 1,300<1,460 2.4 i 1

8 High alloy steels, austenitic All Al All All None None

GENHRAL NOTES:

(a) PWHT cycle shall be supported by the specified/qualified WPS/PQR.

(b) Part PL PWHT weldments of P-No. 1 or S-No. 1 materials shall be exempted up to and.intcluding 32 mm (1% in.) thicknesg

NOTHS:

(1) PNumber or S-Number from ASME BPVC, Section IX, QW/QB-422.

(2) Sge para. GR-3.6.2 for governing thickness.

(3) Fpr holding time in SI metric units, use min/mm (minutes per mm) thickness: For U.S. units, use hr/in. thickness.

(4) PWHT may be required to meet the hardness requirement in Table IP-10.4:3-2.

(5) Tlemperatures listed for some P-Nos. 4, 54, and 5B materials may be highér'than the minimum tempering temperatures specified ih the ASTM
specifications for the base material. For higher-strength normalized and tempered materials, there is consequently a possibility pf reducing
teénsile properties of the base material, particularly if long holding times at the higher temperatures are used.

(2) Thermocouples may be temporarily attached GR-3.6 HEAT TREATMENT

diregtly to pressure-containing parts using the capacitor . . .

discharge method of welding. WPS and performance Heat treatment is used to avert or relieve the detri-

qualjification are required. After thermocouples are mental foects ,thhlgh t(.empell‘g-ture agd sevl(?re empgrai

remgved, the areas shall be examined by NDE visual ture gradients 12 ;:reélt lglwe lr(ligfan FO rePleV _r_eSl u.a

and PT or MT for evidence of defects to be repaired. stresseGsRC;eSte g .en ng a.n o}rlmlng. ro- lSi)(inSfln

(d) Preheat Zone. The preheat zone shall extend at least para. e are a51c- practlce.s that are suikable -or
25 mm (1 in.) beyond each édgeé of the weld most bending and forming operations but not ngcessarily

(e] Temperature Maintenance. The temperature shall ippm}:jr_lageffor a(ljl.serwc.e corfldlgons.ds;e.Nonlmhandatory
not fpll below the presctibeéd minimum preheat tempera- ppen th ldog a lscgzsmr(lio when additional heat treat-
ture |during welding, ment should be considered.

()| Specific Requirements GR-3.6.1 PWHT Requi

s . . . -3.0. equirements
(1) Dissimitar Materials. When materials having q

diffeyent preheat requirements are welded together, it (a) PWHT shall be in accordance with parg. GR-3.6,

is recommended that the higher temperature shown in Table GR-3.6.1-1, the requirements found in|Parts IP

Tablg GR=3.5-1 be used. and PL, and the engineering design.

(2) Interrupted Welding. If welding 1S Interrupted, [ PWHT To be used for production weldments shall be

the rate of cooling shall be controlled or other means
shall be used to prevent detrimental effects in the
piping. The preheat specified in the WPS shall be
applied before welding is resumed.
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specified/qualified in the designated WPS/PQR.
(c) See para. GR-3.7 for specific and alternative heat
treat requirements.

GR-3.6.2 Governing Thickness

For preheat and PWHT, the term “nominal thickness” is
the thickness of the weld as defined below.
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(a) groove welds (girth and longitudinal) — thickness
including maximum reinforcement allowed by
Table GR-3.4.6-1 or the actual measured reinforcement,
whichever is less.

(b) fillet welds — the throat thickness of the weld.

(c) partial penetration welds — the depth of the weld
groove, plus throat thickness of cover weld.

(d) repair welds — in material or weld deposit, the
depth of the repair cavity plus the weld reinforcement

(b) PWHT of welded joints including both ferritic and
austenitic components and filler metals shall be as
required for the ferritic material or materials unless other-
wise specified in the engineering design.

GR-3.6.4 Methods of Heating

The heating method shall provide the heating cycle for
maintaining the required metal temperature, uniformity,
and control.

thicknes§-
(e) inthe case of branch connections, metal (other than

weld mefal) added as reinforcement, whether an integral
part of a pranch fitting or attached as a reinforcing pad or
saddle, shall not be considered in determining heat treat-
ment requirements. Heat treatment is required, however,
when thethickness through the weld in any plane through
the bran¢h is greater than twice the minimum material
thicknesqrequiring heat treatment, even though the thick-
ness of the components at the joint is less than the
thickness. Thickness through the weld for
the detaills shown in Figures GR-3.4.9-2 and GR-3.4.9-3
shall be ¢omputed using the following formulas:

(1) lustration (a) = T, + ¢,

(2) lustration (b) = greater of T, + t. or T, + ¢,

(f) in the case of fillet welds at double welded slip-on

flanges and piping connections DN 50 (NPS 2) and smaller,
for seal welding of threaded joints in piping DN 50 (NPS 2)
and smaller, and for attachment of external nonpressure
parts such as lugs or other pipe-supporting elements in all
pipe size$, heat treatment is required when the thickness
through fthe weld in any plane is more than twice the
ini material thickness requiring heat treatment
(even thpugh the thickness of the components*at the
joint is less than that minimum thickness), except as
follows:

(1)
throat t
base me

(2
when w¢
regardle

hot required for P-No. 1 materials when weld
ckness is 16 mm (% in.). or-less, regardless of
1 thickness.
hot required for P-No.'3; 4, 5A, or 5B materials
1d throat thickness.#s 13 mm (% in.) or less,
5s of base metal-thickness, provided that not
less than| the recommended preheat is applied and the
specified minimwm-tensile strength of the base metal
is less than 490'MPa (71 ksi).

(3) hotrequired for ferritic materials when welds are
made with filler metal that does not air harden. Austenitic

(a) Furnace Heating. Fuel gas or electric shall be
allowed.
(1) Heating an assembly in a furnace shiould be jused
when practical; however, the size or shape of the uyit or
the adverse effect of a desired heat treatment on one or
more components, where dissimilar materialg are
involved, may dictate alternativé\procedures.

(2) An assembly may be\postweld heat treat
more than one heat in a_ flrnace, provided there |is at
least a 300 mm (1 ft) wyerlap of the heated sections
and the portion of the assembly outside the furnace is
shielded so that the temperature gradient is not harmful.

(3) Directimpingement of flame on the assembly is
prohibited.

(b) Local\Heating. Fuel gas, electrical inductio
resistance shall be allowed.

(19> Welds may be locally PWHT by heating a cir
feréntial band around the entire component with the
located in the center of the band. The width of the
heated to the PWHT temperature for girth welds shall
least 3 times the wall thickness at the weld of the thi
part being joined.

(2) Fornozzleand attachment welds, the width ¢fthe
band heated to the PWHT temperature shall extend
beyond the nozzle weld or attachment weld on feach
side at least 2 times the header thickness and phall
extend completely around the header.

(3) Where the nozzle or attachment weld hegting
band includes a girth weld or a bent or formed
section, the heat band shall extend at least 25 mm (1
in.) beyond the ends thereof.

bd in

h, or

Cum-
weld
band
be at
rkest

GR-3.6.5 PWHT Heating and Cooling
Requirements

Above 335°C (600°F), the rate of heating and co
shall not exceed 335°C/h (600°F/hr) divided by

half the maximum thickness of material in inch

bling
one-
s at

welding materials may be used for welds to ferritic mate-
rials when the effects of service conditions, such as differ-
ential thermal expansion due to elevated temperature, or
corrosion, will not adversely affect the weldment.

GR-3.6.3 Dissimilar Materials

(a) PWHT of welded joints between dissimilar ferritic
metals or ferritic metals using dissimilar ferritic filler
metal shall be at the higher of the temperature ranges
in Table GR-3.6.1-1 for the materials in the joint.
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the weld, but in no case shall the rate exceed 335°C/h
(600°F/hr). The cooling cycle shall provide the required
or desired cooling rate and may include cooling in a
furnace, in still air, by application of local heat or insula-
tion, or by other suitable means.


https://asmenormdoc.com/api2/?name=ASME B31.12 2023.pdf

ASME B31.12-2023

GR-3.6.6 Temperature Verification

Record of the heat treatment temperature cycle shall be
monitored by attached thermocouple pyrometers or other
suitable methods to ensure that the requirements are met.
See para. GR-3.4.12 for attachment of thermocouples by
the capacitor discharge method of welding.

GR-3.6.7 Delayed Heat Treatment

the rpte of cooling shall be controlled, or other means shall
be uped to prevent detrimental effects in the piping.

GR-3.6.8 Partial Heat Treatment

When an entire piping assembly to be heat treated
canrot be fitted into the furnace, it is permissible to
heat|treat in more than one heat, provided there is at
leas§ 300 mm (1 ft) overlap between successive heats
and fthat parts of the assembly outside the furnace are
protected from harmful temperature gradients.

GR-3.7 SPECIFIC AND ALTERNATIVE HEAT TREAT

REQUIREMENTS

When warranted by experience or knowledge of service
conditions, alternative methods of heat treatment or
exceptions to the basic heat treatment provisions of
paral GR-3.6.1 may be adopted as provided in paras.
GR-3.7.1 and GR-3.7.2.

GR

In|some cases, as indicated in para. GR-3.6,basic prac-
tices|may require modification to suit service ‘conditions.
In sych cases, the engineering design,may specify more
stringent requirements, including-heat treatment and
hardness limitations for lesser-thickness, or may
specffy less stringent heat treatmient and hardness re-
quir¢ments, including none:

When provisions le€ss-stringent than those in
paral GR-3.6 are specified, the engineering design must
dempnstrate to thé/owner’s satisfaction the adequacy
of thiose provisiehs

(a) by comiparable service experience, considering
service temperature and its effects, frequency and inten-
sity ¢f thermal cycling, flexibility stress levels, probability
of bijittle failure, and other pertinent factors or

3.7.1 Exceptions to Basic Requirements

If fFweldmentis allowed to cool prior To feat treatment, G" 3-8 Eg ! Is FRY E ! Ig N g' BRAZEMEN Is

GR-3.7.2 Alternative Heat Treatment

Normalizing, normalizing and tempering, or annealing
may be applied in lieu of the required heat treatment after
welding, bending, or forming, provided that the mechan-
ical properties of any affected weld and base metal meet
specification requirements after such treatment and that
the substitution is approved by the engineering design.

The construction of brazements shall)indlude the
following:
(a) brazed piping components shall be allowed to be
used for services within temperature limits ppecified
by the engineering design.
(b) brazed joint connections)for fabrication and erec-
tion of piping componentsAsee Figure GR-3.8-|).
(c) repair of defective\brazements.
(d) brazed joints_of)test specimens requir¢d for all
qualification of ptocedures and brazers.
(e) each qualified brazer shall be assigned an identifi-
cation symbol, Unless otherwise specified in fhe engi-
neering design, each pressure-containing brazpment or
adjacent area shall be marked with the identification
synibel of the brazers. In lieu of marking the bijazement,
appropriate records shall be filed.
(f) brazing shall not be performed when the fempera-
ture of the metal surface within 305 mm (12 ip.) of the
point of brazing in all directions is lower than 16{C (60°F).
The work area and surfaces to be brazed shall be protected
from wind and moisture conditions caused bylice, rain,
snow, and running or standing water.
(g) valve end connections requiring brazjng shall
consider procedures to preserve the seat tightness of
the valve.
(h) fuel heating methods and gases shall be|as speci-
fied/qualified by a BPS/PQR.

GR-3.8.1 Brazed Joint Type

All brazed joint designs shall be suitabl¢ for the
intended critical service of hydrogen applfcations.
There are two basic types: lap and butt.

(a) Thelapjointfor tubular parts requires the|selection
of preformed fittings, such as couplings, reducers, elbows,
and flanges [see Figure GR-3.8-1, illustration (&)].

(b) Butt-lap jointfortubular parts requires amachining

(b) by demonstrating that the base metal, welds, and
HAZ would be adversely affected by the otherwise
required heat treatment

In addition, appropriate tests shall be conducted,
including WPS qualification tests.

preparation to develop a socket type of connection [see
Figure GR-3.8-1, illustration (b)].

GR-3.8.2 Couplings With Internal Stops

All couplings (fittings) for newly constructed and repair
brazements shall be manufactured with internal stops.
The stops shall control the internal gap between the
pipe component ends. For requirements of brazed joint
pressure fittings, see ASME B16.50.
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Figure GR-3.8-1
Joints for Tubular Components
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(1) Mechanical surface preparation shall be
performed by wire brushing, grinding, buffing, and
polishing when required, to remove harmful defects
such as fissures, pits, gouges, folds, laps, or oxides.

(2) Such methods are also used for removing objec-
tionable surface conditions, roughening faying surfaces,
and preparation.

(3) Ifapower-driven wire wheel is used, care should
be exercised to prevent burnishing. Burnishing can result
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GR-3.8.3 Repairs

Brazed joints that have beén found to be defective may
be rebrazed, where feasible; after thorough cleaning, by
employing the samesbrazing procedure used for the

proper wetting of the base metal by the filler'metal. A
base metal surface that is too smooth may not.effectively
allow filler metal wetting of the faying surfaces.

(c) The method and extent of cleanihg“removal| and
preparation shall be determined based ‘on the spedified
material of pipe components. The.method shall n¢t be
detrimental to the specified basé materials or pipe compo-
nents. The type of acceptable\cléaning materials shdll be
included in the engineerihg)design specifications.

(d) Braze stop-off shall iot be used unless approv
the engineering design:

In surrace oxide embedment, which interreres WltI the

bd by

GR-3.8.5 Joint Preparation, Alignment, and
Brazing

(a) Preparation of Pipe Component Ends. Mechahical
cuttingand machining methods shall be applicabje to
the ‘specified base material of pipe components| The
methods shall be specific to the material type, su¢h as
copper, copper alloys, and austenitic stainless steels.

(b) Preparation of Joints

(1) The ends to be brazed with filler metal sh
prepared by machining or facing to provide a squarg
or joint detail that meets the requirement
Figure GR-3.8-1.

(2) Thebrazed joints shall be properly cleaned, §
with the areas of the inside and outside surfaces
minimum distance of 25 mm (1 in.).

(c) Alignment for Brazing

(1) Alignment using mechanical alignment toold may
be used to maintain alignment of the joint to be brazed.

(2) The joint clearance shall be maintained wjithin

11 be
end
s of

long
for a

original razement, the specified limits of the BPS/PQR to achievg the

proper capillary action to distribute the molten filler

GR-3.8.4 Precleaning and Surface Prep metal between the surfaces of the base metal dyring
the brazing operation.

Internal‘and external surfaces to be brazed shall be (3) The specified lap of each joint type shall belfully

properly cleaned. The requirements apply to all base
materials and the filler metal.

(a) Chemical surface cleaning shall be used to remove
contaminants that prohibit quality brazing. The affected
surfaces shall be free from paint, oil, rust, scale, grease,
slag, oxides, and other deleterious material that would
be detrimental to the base metal.

(b) Mechanical Surface Preparation

48

inserted for alignment and maximum strength at the joint.

(d) Joint Brazing. All brazements for hydrogen service
shall be considered critical. The following requirements
shall apply:

(1) Brazed joints are limited to tubular lap or butt-
lap joints and shall meet the more stringent requirements
of this Code or the engineering design. See Nonmandatory
Appendix A, para. A-3.3 for a discussion of AWS C3.3, Rec-
ommended Practices for the Design, Manufacture, and
Examination of Critical Brazed Components.
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(2) Use brazed fittings manufactured in accordance
with ASME B16.50.

(3) Manually apply the brazing filler metal by face-
feeding into the joint. Preplaced brazing filler metal may
be in the form of rings, strips, or shims. Visual observation
after brazing shall show the required penetration and
filler on both sides of the joint.

(4) The joint must allow for proper purge gas

surfdces to promote wetting and prevent oxide formation
during the brazing operation.

6) Allbrazed joints shall have complete penetration,
whether brazed from one side or from both sides.

GR-3.8.6 Brazing Fluxes

azing fluxes shall be applied to remove oxides and
contaminants from base materials to ensure good-
qualjty brazed joints. They remove only surface oxides
and farnish; other contaminants (oil, grease, lubricants,
and protective coating) must be removed either mechani-
cally|or chemically before brazing.

(a) Flux selection shall be based on
1) base material type.

2) filler material type.

3) flux temperature range. For manual torch
braging, select a flux that is active at 56°C (100°F)
belojv the solidus of the brazing filler metal and that
remains active up to 167°C (300°F) above the filler
metdl liquidus.

Flyx performance is affected by the brazing timte and
temperature. To control flux exhaustion;. prolonged
heat|ng cycles and heating above the flux témperature
limits shall be avoided.

(b) Flux Application. To protectsthe surfaces to be
brazpd effectively, the flux must eompletely cover and
protect them until the brazing temperature is reached.
It mpst remain active threughout the brazing cycle,
sinc¢ the molten filler ;/metal should displace the flux
from| the joint at the brazing temperature.

1) Flux shall be-applied to the joint faces and adja-
cent|surfaces.

2) Excessflux will not compromise joint quality and
provjde for fluxremoval, since residues will be less loaded
with| metal'oxide and more soluble in water.

3y Applying flux to surfaces adjacent to the joint

GR-3.8.7 Brazing Process

(a) Torch Brazing. The required heat for the brazing
cycle shall be produced by a controlled fuel gas flame.
The fuel gas (e.g., acetylene, propane, or natural gas) is
to be combusted with air, compressed air, or oxygen.
The specific combination selected is dependent on the
amount of heat required to bring the particular compo-
nents to the brazing temperature in the required time.

b] Egquipme e-ZZages, hoses, torch body, and tip)
shall be suitable in design and construction forythe parti-
cular application. It shall be capable of produgcinga neutral
or reducing flame and shall produce uniform heating of the
joint area. Multiple heating tips may be used to| progres-
sively raise the pipe component temperature fof brazing.

(c) Brazing Cycle. The brazing time and tenperature
shall be controlled within thé.following requirgments:

(1) using a neutral flamie

(2) uniform heating of components to th¢ brazing
temperature
(3) care notte remove flux from the compgnents by

the force of the flame
(4) brazing temperature (filler metal liquidlus) shall

be held for the minimum time required to produge a satis-
factory\joint
(5) controlling the time and temperatufe of the
brazing cycle shall be such as to
(-a) effectthe capillary flow (wetting actipn) of the

filler metal alloying of the base metal component surfaces
(-b) limit excessive dilution of the fillett into the

base metal, promoting base metal erosion and fprmation
of brittle compounds, which leads to a loss of base metal
ductility

GR-3.8.8 Post-Braze Cleaning

(a) Completed brazed joint cleaning shall influde the
removal of all flux residue, oxides, and othe} surface
contaminants to allow for inspection/examination.

(b) The method and extent of cleaning and| removal
shall be determined based on the specified basq material
and filler metal. The method of cleaning or rempval shall
not be detrimental to the base material or brazegl deposit.

GR-3.9 FORMING OF PIPE COMPONENTS

Pipe may be bent and components may be formed by
anvhotor cold method thatis suitable for the material, the

helps prevent oxidation of the workpiece and may act
as a flux reservoir, draining flux into joint.

(4) Using too little flux, however, can lead to prema-
ture flux exhaustion and inadequate coverage, producing
unsound or unsightly brazed joints.

intended service, and the severity of the bending or
forming process. When selecting material for hydrogen
service, consideration shall be given to the effects of
cold working, which may promote lower resistance to
HE, while hot working enhances resistance to HE. The
finished surface shall be free of cracks and substantially
free from buckling. Thickness after bending or forming
shall be not less than that required by the engineering
design.
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GR-3.9.1 Bending Requirements

(a) Flattening. Flattening of a bend, the difference
between maximum and minimum diameters at any
cross section, shall not exceed 8% of nominal outside
diameter for internal pressure and 3% for external pres-
sure. Removal of metal shall not be used to achieve these
requirements.

(b) Bending

(1) dbendingoffe
a temperfature below the transformation range.

(2) Hotbendingshall be done atatemperature above
the trankformation range and in any case within a
temperafure range consistent with the material and
the intenlded service.

(c) Carrugated and Other Bends. Dimensions and
configurdtion shall conform to a design qualified in accor-
dance with para. IP-3.8.2 or para. PL-3.7, as applicable.

(d) Hdt Bending and Forming. After hot bending and
forming,|heat treatment is required for P-Nos. 1, 3, 4,
5A, and pB materials in all thicknesses. Durations and
temperdtures shall be in accordance with Table
GR-3.6.141.

(e) Cold Bending and Forming. After cold bending and
forming, [heat treatment is required (for all thicknesses,
and with temperature and duration as given in
Table GR-3.6.1-1) when any of the following conditions
exist:

(1) for P-Nos. 1 through 5A and 5B materials, where
the main:um calculated fiber elongation after bending or

Temperature

forming ¢xceeds 50% of specified basic minimum elonga-
tion (in the direction of severest forming) for the appli-
cable specification, grade, and thickness.-This
requirenjent may be waived if it can be demorstrated
that the felection of pipe and the choice ©f bending or
forming process provide assurance that;in the finished
condition, the most severely strained material retains
at least 10% elongation.

(2) for any material requiringimpact testing, where
the maxifnum calculated fibet elongation after bending or
forming Will exceed 5%.

(3) when specifiedyiiTthe engineering design.

GR-3.9.2 Post-Heat Treatment

Post-hpat treatment, when required for pipe compo-

GR-3.10 HARDNESS TESTING

Hardness testing shall be conducted for welding proce-
dure qualification tests for those materials with accep-
tance criteria described in Table GR-3.10-1. Base metal
for welding procedure qualification tests shall be made
from the same base metal specification (same P-
Number and Group Number), similar in chemistry, and
in the same heat treatment condition as specified for
iping ick shall
not be less than the piping.

(a) Method

(1) The hardness survey shall be performed fon a
transverse weld cross section that has'been polished
and etched to identify the weld metal, fusion line, and [HAZ.

(2) The hardness test shall be ¢arried out in afcor-
dance with ASTM E92 using a 10-Kg'load. Other hardness
testing methods for welding préecedure qualification| may
be used when permitted by the engineering design.

(3) Two Vickers hardnéss traverses of the weld|joint
should be made on a weld sample in the minimum PWHT
condition. These hardness traverses should be perfofmed
at 1.5 mm (% if.) from the internal and external surfaces
as shown in Figure GR-3.10-1. The HAZ readings sHould
include locations as close as possible [approximatelly 0.2
mm (0.008 in.)] to the weld fusion line. Each trayerse
includés 10 hardness readings for a total of 20 hardness
readings per weld sample.

(b) Acceptance Criteria

(1) Hardness measurements shall not exceed the
limits of Table GR-3.10-1 after the required PWHT.
Other hardness testing limits may be used if spedified
in the engineering design.

(2) The hardness data shall be reported on the [PQR.

(3) A separate test coupon may be welded following
an existing WPS to satisfy the requiremen{s in
Table GR-3.10-1.

Table GR-3.10-1
Hardness Testing Acceptance Criteria
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Base Metal Vickers Hy 10
P-No.

1 Carbon steel 235

3 Alloy steels, Cr < %% 235

4 Alloy steels, %% < Cr < 2% 235

5A, 5B Alloy steels, 2Y,% < Cr < 10% 248

NOTE:

(1) P-Number from ASME BPVC, Section IX, QW/QB-422.

(2) When other hardness testing methods are used, the acceptance
criteria shall be equivalent to these Vickers HV 10 values.
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Figure GR-3.10-1
Location of Vickers Hardness Indentations
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Chapter GR-4
Inspection, Examination, and Testing

GR-4.1 GENERAL

This Jode distinguishes between inspection (see
para. GH-4.2), examination (see para. GR-4.3), and
testing (se para. GR-4.11). Inspection applies to functions
performdd for the owner by the owner’s Inspector or the
Inspectofr’s delegates. References in this Code to the
“Inspectdr” are to the owner’s Inspector or the Inspector’s

owner and-shallbe the owner an nmp]nynn ofthe owner,

completed work toward an engineering degree I
nized by the Accreditation Board for Engineering
Technology (ABET)" shall be considered, equivale
1 yr of experience, up to 5 yr total.

(c) In delegating performance of inspection| the
owner’s Inspector is responsibleAor’/determining that a
person to whom an inspection, function is delegatpd is
qualified to perform that function.

cog-
and
ht to

GR-4.3 EXAMINATION

Examination applies to quality control functfions
performed by the ‘manufacturer (for components dnly),
fabricator, or‘erector. Reference in this Code to an “ekam-
iner” is to-a.person who performs quality control ekam-
inations.liraddition, NDE such as VT, RT, UT, PT, and MT,
usedras-defined in para. GR-4.3.4, shall meet the require-
ments of this Chapter.

GR-4.3.1 Responsibility

The construction organization (manufacturer, fhbri-
cator, or erector) shall be responsible for

(a) examinations applying to quality control funcfions

(b) ensuring the Examination System Qualification for
NDE shall be in compliance with ASME BPVC, Sectipn V,
Article 14 and the applicable NDE methods; ASTM E1212;
and the applicable requirements of this Code

(c) NDE procedures and personnel qualification/
fication

(d) providing materials, components, and work
ship in accordance with the requirements of this
and of the engineering design [see para. GR-1.3(b)

(e) performing all required quality examinations|
NDE methods and testing

(f) preparing suitable records of examinations
tests for the Inspector’s use

erti-

man-
Code

and

and

an employee of an engineering or scientific organization,
or an employee of a recognized insurance or inspection
company acting as the owner’s agent. The owner’s
Inspector shall not represent nor be an employee of
the manufacturer, fabricator, or erector unless the
owner is also the manufacturer, fabricator, or erector.
(b) The owner’s Inspector shall have notless than 10 yr
of experience in the design, fabrication, or inspection of
industrial piping or pipelines. Each 20% of satisfactorily

52

GR-4.3.2 Requirements

Prior to initial operation, each piping installation,
including components and workmanship, shall be exam-
ined in accordance with the applicable requirements of
Part GR and the specific requirements of Part IP or
Part PL, and to any greater extent specified by the engi-
neering design. Weld joints not included in the extent of

! For more information, go to www.abet.org.
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examinations required by Part IP or Part PL or by the engi-
neering design are acceptable if they pass VT and the leak
test required by para. GR-4.11.

(a) When PWHT is required by this Code or the engi-
neering design or both, final examination by RT or UT,
when required, shall be performed after completion of
any heat treatment.

(b) Forawelded branch connection, the examination of
and any necessary repairs to the pressure-containing weld

1) quality control examinations based on the
consfruction organization’s Quality System Program
2) NDE based on the requirements of this Code
(d} The employer shall certify records of the examina-
tion procedures employed, showing dates and results of
procedure qualifications, and shall maintain them and
make them available to the owner’s Inspector.

GR

Qyality control examinations shall include the require-
ments of the construction organization’s Quality System
Program for materials, products, components, workman-
ship|quality documents, procedures and personnel quali-
ficatlons, construction, and subcontract services.

.3.3 Quality Control Examinations

GR

NIDE required by this Code, by the engineeringdesign, or
by the owner’s Inspector shall be performed.inaecordance
with|one of the methods specified herein:

Visual Examination. VT shall be performed in accor-
with the requirements of Part 'GR, the specific re-

.3.4 Nondestructive Examination Methods

(e) Magnetic Particle Examination. MT of castings is
covered in para. IP-2.2.8. MT of welds and of components
other than castings shall be performed in accordance with
the requirements of Part GR, the specific requirements of
Part IP or Part PL, and ASME BPVC, Section V, Article 7.

(f) Eddy Current Examination. The method for eddy
current examination of pipe and tubing shall follow the
general guidelines of ASME BPVC, Section V, Article 8.

If a method not specified herein is to be used, the accep-
tance criteria shall be specified in the engineeripg design
(see paras. GR-4.7 and GR-4.8).

GR-4.4 PERSONNEL QUALIFICATION AND
CERTIFICATION

(a) Quality Control Qualification and Certification. Per-
sonnel who perform“quality control examinations shall
have training and eéxperience commensurate |with the
needs of the spec€ified quality control function. The quali-
fication and-cértification shall be in accordance with the
applicable requirements of the construction ¢rganiza-
tion’s Quality System Program and documentgd proce-
dures.)Personnel who perform the quality control
examination shall not perform the production work.

(b) NDE Qualification and Certification. Persopnnel who
perform NDE shall have training and experience Fommen-
surate with the needs of the specified NDE method. The
qualification and certification shall be in accordance with
the applicable requirements of the employing fonstruc-
tion organization’s Quality System Program, jncluding
the written practice and documented procedures. Person-
nel who perform the NDE examination shall no§ perform
the production work. This Code requires qualiffcation of
NDE personnel in accordance with ASME BPVC, $ection V,
Subsection A, Article 1, and one of the following:

(1) SNT-TC-1A, Personnel Qualification anld Certifi-
cation in Nondestructive Testing
(2) ANSI/ASNT CP-189, ASNT Standard for Qualifi-
cation and Certification of Nondestructive Testing Person-
nel
(3) a national or international central ceiftification
program, such as the ASNT Central Cert{fication
Program (ACCP), which may be used to fulfill the exam-
ination requirements as specified in the enjployer’s

parallB-228 1T of welds shall bhe pprfnrmpd in accor-
dance with the requirements of Part GR, the specific re-
quirements of Part IP or Part PL, and ASME BPVC, Section
V, Article 5.

(d) Liquid Penetrant Examination. PT of castings is
covered in para. IP-2.2.8. PT of welds and of components
other than castings shall be performed in accordance with
the requirements of Part GR, the specific requirements of
Part IP or Part PL, and ASME BPVC, Section V, Article 6.
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WTTTTE practice

(c) The employing construction organization shall
certify records of the quality control examiners and
NDE personnel, showing dates and results of personnel
qualifications, and shall maintain and make these
records available to the owner’s Inspector.
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GR-4.5 EXTENT OF REQUIRED EXAMINATION AND
TESTING

The extent of the examination and testing shall conform
to the requirements of this Code or to any greater extent
specified in the engineering design for specific hydrogen
piping or pipeline systems.

GR-4.6 ACCEPTANCE CRITERIA

(d) if all the items examined as required by (c) above
are acceptable, the defective item(s) shall be repaired or
replaced and reexamined as specified, and all items repre-
sented by the additional sampling shall be accepted.

(e) if any of the items examined as required by (c)
above reveals a defect, all items represented by the
progressive sampling shall be either

(1) repaired or replaced and reexamined as
required, or

Acceptpance criteria shall meet the applicable require-
ments specified in Part IP or Part PL and the engineering
design.

GR-4.7 SUPPLEMENTARY EXAMINATION

Any off the examination methods described in
para. GR-4.3.4 may be specified by the engineering
design td supplement the examination required by Part
[P or PartPL. Supplementary examination to be performed
and any dcceptance criteria that exceed the requirements
in the applicable Part or Parts shall be specified in the
engineer{ng design.

GR-4.8 EXAMINATIONS TO RESOLVE

Any method may be used to resolve doubtful indica-
tions. Acfeptance criteria shall be that for the required
examinafion in Part [P or Part PL.

GR-4.9 [DEFECTIVE COMPONENTS AND
WORKMANSHIP

An examined item with one or more defects (imperfec-
tions of § type or magnitude exceeding the acceptance
criteria df this Code) shall be repaired.ot-replaced, and
the new work shall be reexamined by the same
methods|to the same extent, and by the same acceptance
criteria gs required for the original work.

PROGRESSIVE . SAMPLING FOR
EXAMINATION

required, fandom examination reveals a defect,

GR-4.10

When
then

(a) twp additional samples of the same kind (if welded
or brazed jgints, by the same welder, brazer, or operator)

{Z) Tully examined and repaired or replaced as|nec-
essary, and reexamined as necessary to meet therequire-
ments of this Code.

(f) ifany ofthe defective items are repaired ot replaced,
reexamined, and a defect is again detectéd in the repgired
or replaced item, continued progressive sampling in
accordance with (a), (c), and (e)is-not required hased
on the defects found in thé,repair. The defegtive
item(s) shall be repaired er\replaced and reexanjined
until acceptance as specifiedySpot or random examinption
(whichever is applicabl€) is then performed o1} the
remaining unexamined*joints.

GR-4.11 TESTING

After construction of the piping system and after
completion of the applicable examinations and repairs,
but\prior to the initial operation, each piping syptem
shall be tested to ensure tightness. The test method
and extent of testing shall be as required by the appli¢able
Part IP or Part PL.

(a) The tests shall be in accordance with the consfruc-
tion organization’s Quality System Program and docu-
mented procedures.

(b) The construction organization’s quality co
examiner shall verify and maintain records of all t¢sts.

(c) The owner’s Inspector shall verify that the fests
have been completed in accordance with the requirenjents
of this Code and the engineering design.

htrol

GR-4.12 RECORDS

(a) Responsibility. 1t is the responsibility of the
construction organization, the fabricator, and the
erector, as applicable, to prepare the records requiired
by the construction organization’s Quality Sy$tem
Program, this Code, and the engineering design, 4long
with the applicable requirements of ASME BPVC,

shall be given the same type of examination.

(b) if the items examined as required by (a) above are
acceptable, the defective item shall be repaired or
replaced and reexamined as specified, and all items repre-
sented by these two additional samples shall be accepted.

(c) if any of the items examined as required by (a)
above reveals a defect, two further samples of the
same kind shall be examined for each defective item
found by that sampling.
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Section V for the specific NDE methods.

(b) Retention of Records. Unless otherwise specified by
the engineering design, records shall be retained for at
least 5 yr after the record is generated for the project.

GR-4.13 NDE DEFINITIONS

The following terms apply to any type of examination:

100% examination: complete examination of all of a speci-
fied kind of item in a designated lot of piping.
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complete examination: required of the weldment, full pipe
component circumferential, and longitudinal welds.

designated lot: that quantity of piping to be considered in
applying the requirements for examination in this Code.
The quantity or extent of a designated lot should be estab-
lished by agreement between the contracting parties
before the start of work. More than one kind of designated
lot may be established for different kinds of piping work.

random examination: complete examination of a percen-
tage of a specified kind of item in a designated lot of piping.
Random examination will not ensure a fabrication product
of a prescribed quality level throughout. Items not exam-
ined in a lot of piping represented by such examination
may contain defects that further examination could
disclose. Specifically, if all radiographically disclosable
weld defects must be eliminated from a lot of piping,
100% RT must be specified.
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Chapter GR-5
Operation and Maintenance

GENERAL

hapter references operating and maintenance

proceduifes affecting the safety of hydrogen transmission
and distrfibution facilities. Because of the many different

hydroger

fluid services and many different types of piping

and pipelline systems addressed by this Code, it is not

possible
tenance
possible
develop
on the p
knowled
they are
point of

GR-5.2

Eacho
line, and
scope of

(a) ha
tenance [
of this C

o prescribe a detailed set of operating and main-
brocedures that will encompass all cases. It is
however, for each operating company to
pperating and maintenance procedures based
rovisions of this Code, its experience, and its
be of its facilities and conditions under which
operated that will be adequate from the stand-
bublic safety.

OPERATION AND MAINTENANCE PLAN

berating company having industrial piping, pipe-
commercial and residential systems within the
this Code shall

e a written plan covering operating and main-=
rocedures in accordance with the requirements
de.

(b) haje an emergency plan covering facility failure,
accidentd, leakage, and other emergencies.

(¢) op

brate and maintain its facilitiés in conformance

with thege plans.

(d) m
dictates,
changes

(e) pr

dify the plans from time_to'time as experience
hnd as exposure of the public to the facilities and
n operating conditions require.

pvide training”for employees in procedures

establishled for their(operating and maintenance func-

tions. Th

b training shall be comprehensive and designed

to prepage empleyees for service in their area of respon-

sibility.

(f) prgpare-and maintain records showing successful

impleme

(1) items described in paras. GR-5.3, GR-5,12
GR-5.18.

(2) integrity management program as préscrib
ASME B31.8S, as modified by (b) and (c) belew. Plans
give particular attention to those portions of the faci
presenting the greatest hazard tosthe public, either i

and

bd in
shall
ities
h the

eventofan emergency or because ofconstruction or extra-

ordinary maintenance requirements.

(b) Integrity Managemént,of Piping Systems. The i
rity management progcess for industrial piping shal
ASME B31.8S as a basis. ASME B31.8S was writt¢
provide guidance for integrity management of pip
systems, and thepefore contains requirements, info,
tion, and terminology that are not always applicab
piping systems. Compatibility of all materials used
hydrogen'shall be factored into the integrity manage
process. The guidance provided by ASME B31.8S sh3
followed with modifications as stated in (1) throug
below:

(1) The following suggested listing of failure 1
factors for industrial piping shall be used in pla
those listed in para. 2.2 of ASME B31.8S:

(-a) external corrosion
(-b) internal corrosion
(-c) hydrogen-induced cracking (HIC) and c
quent reduction of physical properties
(-d) fatigue
(-e) manufacturing defects
(-1) defective pipe seam
(-2) defective pipe
(-f) welding/fabrication/erection related
(-1) defective pipe girth weld
(-2) defective attachment weld
(-3) defective pipe threads/flange facing
(-4) improperly hung/supported pipe
(-g) equipment

teg-

use
n to
bline
rma-
le to
with
ment
1l be

h (5)

hode
Fe of

nse-

Ttatiol Of above Itemms (a) trougit teJ-

GR-5.2.1 Essential Features of the Operating and

Maintenance Plan

(a) Content. The plan prescribed in para. GR-5.2(a)
shall contain detailed instructions for employees covering

operatin
facilities
either (1

g and maintenance procedures for hydrogen
during normal operations and repairs, and
) or (2) as described below.

1) gasket O-rina nackina failure
LS =) 4 o P o
(-2) valve failure
(-3) pressure regulator failure
(-4) compressor, pump failure
(-h) mechanical damage

(-1) damage inflicted by first, second, or third

party with immediate failure
(-2) damage with delayed failure
(-3) vandalism
(-i) operation
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(-1) incorrect or inadequate operational proce-
dure
(-2) operator error
(-j) weather related or outside force
(-1) cold/hot weather
(-2) heavy rain/flood
(-3) lightning
(-4) windstorm
(-5) earth movement
1S IISTINg 15 foT 11IUstrative purposes and may not be
a complete listing of specific piping system threats.

2) Hydrostatic test pressure (TP) shall be limited to
the dressure calculated per para. [P-10.6.2. The maximum
testing interval shall be 10 yr. Inline examination is
normally applied to pipelines or buried piping specifically
designed for this type of assessment and should be a
requirement for piping systems only when the piping
is speecifically designed for inline examination.

3) The predicted failure pressure level described in
para| 7.2.1 of ASME B31.8S shall be 1.1 times the hydro-
statif pressure calculated by para. IP-10.6.2. The ordinate
valugs of the predicted failure pressure divided by the
hydfostatic test pressure in ASME B31.8S, Figure
7-2.1-1 shall be used.

4) Paragraphs 7.2.2, 7.3.2, and A3 of ASME B31.8S
shalll be applied to all forms of HIC.

5) Inno case shall the interval between construction
and the first required reassessment of integrity exceed 5
yr. Hiping systems converted from another service:t@
hydrjogen service shall be assessed at the time of conver-
sion)and reassessment of integrity shall be done within 5
yr of conversion.

(c) Integrity Management of Pipeline/Systems. The
integrity management process for hydrogen pipelines
shall| follow ASME B31.8S except as.shewn below:

1) Pipelines with design pressures <15200 kPa
(2,200 psi) whose material of construction has a SMYS
<358 MPa (52 ksi) should be considered Location
Clasg 3 pipelines unless they are operating in Location
Clas§ 4 areas. Pipelines with design pressures >15200
kPa (2,200 psi) whose*material of construction has a
SMY} <358 MPa (52ksi) should be considered Location
Clasg 4 pipelines-All pipelines whose material of construc-
tion fhas a SMYS >358 MPa (52 ksi) shall be considered
Location-Class 4 pipelines.
into ‘aceountthe—em britthe cts-of-dry—h ggen
gas on carbon steel pipeline materials and welds used
to join pipe sections.

GR-5.2.2 Essential Features of the Emergency
Plan

(a) Written Procedures. Each operating company shall
establish written procedures that will minimize the
hazard resulting from an emergency. The procedures
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shall provide instructions to operating and maintenance
personnel. The procedures shall describe the following:

(1) aprocess for promptand adequate handling of all
calls that concern emergencies, whether they are from
customers, the public, employees, or other sources, and
for classifying emergencies that require response

(2) instructions for prompt and effective response to
potential scenarios, including a list of personnel respon-
sible for each action item

TNSCtructions 1ot the dissemination of I
to emergency responders and the public forceach

(4) personnel responsible to respond t0 eg
scenarios listed in the emergency plans

(5) personnel responsible for updating the plan

(6) instructions for reporting,and documenting the
emergency

(b) Training Program. Eaclf operating comppny shall
have a program for informing, instructing, and training
employees responsible)for executing emergengy proce-
dures. The program’ shall acquaint the employee with
the emergency procedures and how to promptly aind effec-
tively handle‘emergency situations. The program may be
implemented’by oral instruction, written instrudtion, and,
in some,instances, group instruction, followed by practice
sessions. The program shall be established apd main-
tained on a continuing basis with provision forfupdating
as necessitated by revision of the written emergency
procedures. Program records shall be mainfained to
establish what training each employee has [received
and the date of such training.

(c) Liaison

(1) Each operating company shall estaljlish and
maintain liaison with utility, fire, police, and pyiblic offi-
cials and public communications media.

(2) Emergency procedures shall be prepared in coor-
dination with the public officials.

(3) Each operating company shall have a
communicating with the public officials a
communications media during an emergency.

(d) Educational Program. An educational program shall
be established to enable customers and the genefal public
to recognize and report a hydrogen emergengy to the
operating company officials and emergency fesponse
agencies. The educational program called for under
this section should be tailored to the operatiop and en-
vironment, and should be conducted in each Janguage

rat-ts—sighifreant+n e Operators
of distribution systems should communicate their
programs to consumers and the general public in their
distribution area. Operators of transmission systems
should communicate their programs to residents along
their pipeline right-of-way. The programs of operators
in the same area should be coordinated to properly
direct reports of emergencies and to avoid inconsisten-
cies.

brmation
scenario
ch of the

Imeans of
d public
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GR-5.2.3 Failure Investigation

Each operating company shall establish procedures to
analyze all failures and accidents to determine the cause
and to minimize the possibility of a recurrence. This plan
shall include a procedure to select samples of the failed
facility or equipment for laboratory examination when
necessary.

GR-5.2.

Smokihg, open flames, and spark-producing devices
shall be prohibited in and around structures or areas
that are Junder the control of the operating company
and confain hydrogen facilities (such as compressor
stations| meter and regulator stations, and other
hydrogen-handling equipment) where possible leakage
of hydrogen constitutes a hazard of fire or explosion.
Each opg¢rating company shall take steps to minimize
the danggr of accidental ignition of hydrogen as follows:

(a) When a hazardous amount of hydrogen will be
vented ifto open air, each potential source of ignition
shall first be removed from the area and adequate fire
extinguighers shall be provided. All flashlights, lighting
fixtures, |[extension cords, and tools shall be of a type
approved for hazardous atmospheres.

(b) Signs shall be posted to warn others approaching or
entering [the area of the hazard.

(c) To|prevent accidental ignition by electric arcing, an
adequatg bonding cable should be connected to each side
of any pjping that is to be parted or joined, and any
cathodi¢ protection rectifiers in the area shall*be
turned off.

(d) Wihen cutting by torch or welding-isito be
performgd, a thorough check shall first be made for
the pres¢nce of a combustible hydrogen mixture in the
area outside of the pipeline. If found, the*mixture shall
be elimirjated before starting weldifigjor cutting. Moni-
toring of hir mixture should contintiethroughout progress
of work.

(e) Shpuld welding be anticipated on a pipeline filled
with hydfrogen and the saféty check under (d) has been
completdd satisfactorily; the hydrogen pressure shall be
controlled to keep aslight positive pressure in the pipeline
at the welding aréa before starting work. Precautions
should b taken‘to prevent a backdraft from occurring
at the w¢lding“area.

(1) flowing fluids containing liquid or solid particles,
which may generate static charges, particularly in pipes or
vessels during transfer.

(2) people, who can take on static charges and should
ground themselves before touching or using tools on
hydrogen dewars or vents. Avoiding clothing made of
nylons or other synthetics, silk, or wool will lower the
potential for static buildup.

Each operating company shall establish procédurgs for
protection of facilities in the vicinity of blasting-activjities.
The operating company shall

(a) locate and mark its piping or pipeline when ekplo-
sives are to be detonated within distances as specifipd in
company plans. Consideration Should be given t¢ the
marking of minimum blastifg distances fronj the
piping or pipelines depending upon the type of blagting
operation.

(b) determine the fiecessity and extent of observihg or
monitoring blasting aetivities, based upon the proximjty of
the blast with respect to the piping or pipelines, the s{ze of
charge, and soil ‘¢conditions.

(c) conductaleaksurvey following each blasting opera-
tion near its piping or pipelines.

GR-5.3 MAINTENANCE REQUIREMENTS

The provisions of this paragraph are applicable
piping and pipelines.

o all

GR-5.3.1 Corrosion Control

Procedures shall be established for evaluating the peed
for and effectiveness of a corrosion control program.
Corrective actions commensurate with the condifions
found shall be taken.

GR-5.3.1.1 External Corrosion of Buried Facilities

(a) Evaluation
(1) The records available as a result of leakage
surveys and normal maintenance work shall be promptly
reviewed for evidence of continuing corrosion. Wherjever
a buried facility is exposed during normal maintenanjce or
construction activities, a visual examination shall be nade
of the coating condition and any exposed metal sufface.
(2) Electrical survey methods may be used as anfindi-

(f) Be
contain a mixture of hydrogen and air, it shall be made safe
by displacing the mixture with hydrogen, air, or an inert
gas. Caution must be taken when using an inert gas to
provide adequate ventilation for all workers in the area.

(g) Precautions shall be taken to avoid static electricity
discharges in the presence of combustible mixtures.
Potential static discharge sources include

43 | S L 1d: L ot
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cation of suspected corrosive areas where surface condi-
tions permit sufficiently accurate measurements. Such
surveys are most effective in nonurban environments.
Common survey methods include, but are not limited
to, the following:

(-a) structure-to-soil potentials

(-b) surface potentials (cell-to-cell), known as
“close interval surveys”

(-c) soil resistivity measurements

(-d) rectifier checks
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(3) The continued effectiveness of a cathodic protec-
tion system shall be monitored in accordance with (c).
(b) Corrective Measures
(1) If continuing corrosion that, left uncontrolled,
could result in a condition detrimental to public or
employee safety is found, corrective measures shall be
taken to mitigate further corrosion on the piping
system or segment. Corrective measures shall continue
to be in effect as long as required to maintain a safe oper-

(-b) A minimum negative (cathodic) voltage shift
of 300 mV is produced by the application of protective
current.

(-¢) A minimum negative (cathodic) polarization
voltage shift of 100 mV is measured between the facility
surface and a saturated copper-copper sulfate reference
electrode contacting the electrolyte.

(-d) A facility-to-electrolyte voltage at least as
negative (cathodic) as that originally established at the

ating System. CorTective measures may Include any or a beginning ol the Talel segment of the E-10g ] curve is
combination of the following: measured.
(-a) provisions for proper and continuous opera- (-e) A net protective current fromtheé electrolyte

tion fof cathodic protection systems

(-b) application of protective coating

(-c) installation of galvanic anode(s)

(-d) application of impressed current

(-e) electrical isolation

(-f) stray current control

(-g) other effective measures as determined by
sound engineering practice
(2) When experience or testing indicates the above
ation methods will not control continuing corrosion
acceptable level, the segment shall be reconditioned
placed and suitably protected.

Cathodic Protection
(1) Examinations shall be made as required to main-
continuous and effective operation of the cathodic
pction system.
(2) Electrical tests shall be made periodically:te
detefmine that the piping system is protected in accor-
dande with the applicable criteria.
(3) The type, frequency, and location of-examina-
and tests shall be adequate to establish with reason-
accuracy the degree of protection provided on the

mitig
to an
OT T¢

(c]

tain
prot

tions
able

piping system. Frequency should be détermined consid-
ering the following:

(-a) condition of pipe

(-b) method of cathodicyprotection

(-¢) corrosiveness. of the environment

(-d) probabilityof loss or interruption of protec-
tion

(-e) operating experience, including examinations
and |eak investigations

(-f) design life of the cathodic protection installa-
tion
{sg) public and employee safety

protection does not exist, corrective measures shall be
taken.

(5) A facility is considered to be adequately
protected when it meets one or more of the following:

(-a) Anegative (cathodic) voltage ofatleast 0.85V

is measured between the facility surface and a saturated
copper-copper sulfate reference electrode contacting the
electrolyte.
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into the structure surface is measured-by ah earth current
technique applied at predeterminéd ‘¢urrent discharge
(anodic) points of the facility.

(-f) Other means demonstrate adequate
corrosion has been achieyed.

(d) Electrical Interferencé. Adverse electrical| interfer-
ence from structures as)determined by field tests shall be
mitigated. Facilities for mitigating electrical interference
shall be periodically monitored.

(e) Casings. Electrical isolation of cathlodically
protected,pipelines and mains from metalli¢ casings
that are_part of the underground system shall be main-
tained)as necessary to ensure effectiveness of| cathodic
protection. Electrical measurements and examinations
shall be made as necessary to provide timely |evidence
of shorts that would adversely affect cathodic pyotection.
If there is evidence of shorts between the carrier pipe and
casing that render cathodic protection of the pipeline or
main ineffective, or if evidence of corrosion of the carrier
pipe inside the casing is found, remedial measurgs shall be
taken to lower the corrosion rate to an acceptgble level.

rontrol of

Facilities. Facilities exposed to the atmosphre shall
be periodically examined for indication of surface corro-
sion. Where corrosion is taking place to the exjtent that
public or employee safety may be affected, the facility
shall be reconditioned or replaced. Special consiideration
shall be given to surfaces near the ground ling

GR-5.3.1.3 Internal Corrosion. An internal ¢orrosion
control program shall include the following:

(a) The program for the detection, prevention, or miti-
gation of detrimental internal corrosion shall i

following:

cation of the effects of internal corrosion
(2) visual examination ofaccessible internal surfaces
and evaluation for internal corrosion when any part of a
pipeline is removed
(3) analysis of the gas to determine the types and
concentrations of any corrosive agents if evidence of
internal corrosion is discovered
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(4) analysis of any liquids and solids removed by
pigging, draining, or cleanup, to determine the presence
of corrosive materials and evidence of corrosion products

(b) Where it is determined that detrimental internal
corrosion is taking place, the operating company shall
take measures to correct it. One or more of the following
protective or corrective measures may be used to control
detrimental internal corrosion:

(1) removal of corrosive agents. If the piping system
can effecfively faunc Teceive cleaning pigs, a
cleaning program may be implemented or existing pigging
frequendies increased. Careful consideration shall be
given when choosing the type of cleaning pig to ensure
that a tHorough cleaning is achieved and to prevent
damage fo the piping system and, if applicable, to the
internal foating system.

(2) pneffective chemical treatment may be applied in
a mannef and quantity to protect all affected portions of
the piping system.

(3) addition of fittings for removal of contaminants
from low spots, or positioning of the piping to reduce
holdup of contaminants.

(4) application of an internal coating.

(c) Internal corrosion control measures shall be eval-
uated by|a program that includes

(1) periodically checking any chemical additive
system.

(2) gvaluation of corrosion coupons and test spools
at periodic intervals.

(3) periodically checking corrosion probes to help
evaluate [control of pipeline internal corrosion.

(4) maintaining a record of the internal condition of
the pipe,|of leaks and repairs from corrosion, and corro-
sivity of gas, liquids, or solids. The record should b€ used as
a basis fpr changes in the cleaning schedule, chemical
program, or gas treatment facility.
periodic measurements ofi piping component
remaininig wall thickness.

GR-5.3.2 Repair of Corroded Pipe

GR-5.4 LEAKAGE SURVEYS

Each operating company shall provide for periodic
leakage surveys of the facility in its operating and main-
tenance plan. The types of surveys selected shall be effec-
tive for determining if potentially hazardous leakage
exists. The extent and frequency of the leakage surveys
shall be determined by the operating company, consid-
ering the operating pressure, hoop stress level, piping

age a on—ahdazhethe he akNag! ala

transports hydrogen without an odorant. In_fie

line
case

shall the interval between surveys exceed 12~months.

GR-5.5 REPAIR PROCEDURES

The provisions in paras. GR-5.5threugh GR-5.1
applicable to all piping, pipelines,/Jand mains.

are

(a) If at any time a defect’is evident, tempdrary

measures shall be employed* immediately to pr
the property and the public. If it is not feasib
make permanent repairs‘at the time of discovery, pe
nent repairs shall be fnade as soon as feasible as desc
herein. The use-efia welded patch as a repair meth|
prohibited. If'the’facility is not taken out of servicg
operating pressure shall be at a level that will prg
safety during the repair operations.

(b) Before opening any piping to atmosphere
system shall be purged so that the concentration of
mable gas is less than the lower flammability limit i
Before reintroducing flammable gas into a system, re
the concentration of air in the piping to a level
prevents a combustible mixture.

(c) Afull encirclement welded split sleeve with we
ends shall have a design pressure at least equal to
required for the MAOP of the pipe being repaired
the requirements for the applicable Part of this
If conditions require that the sleeve carry the full 1
tudinal stresses, the sleeve shall be at least equal t
design strength of the pipe being repaired. Full enc
ment sleeves shall not be less than 100 mm (4 in.)

(d) 1f the defect is not a leak, this Code permit
circumferential fillet welds to be omitted in ce
cases. If circumferential fillet welds are not made, thg
gitudinal welds may be butt welds or fillets to a sidd
The circumferential edges, which would have been s¢
had the fillet weld been made, should be sealed w
coating material such as enamel or mastic, so that c
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If the extent of corrosion has reduced the strength of a
facility below that needed for the prescribed allowable
operating pressure, that portion shall be repaired, recon-
ditioned, or replaced, or the operating pressure shall be
reduced, commensurate with the remaining strength of
the corroded pipe. For steel pipelines, the remaining
strength of corroded pipe may be determined in accor-
dance with ASME B31G or other accepted method.
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s1ve elements will be Kept out of the area under the sl

eeve.

Prior to the installation of a sleeve, the pipe body shall be
examined by ultrasonic methods for laminations where

sleeve fillet welds will be made.
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GR-5.6 INJURIOUS DENTS AND MECHANICAL
DAMAGE

(a) Plain dents are injurious if they exceed a depth of
6% of the nominal pipe diameter. Plain dents of any depth
are acceptable, provided strain levels associated with the
deformation do not exceed 2% strain. Strain levels may be
calculated in accordance with Nonmandatory Appendix D
or other engineering methodology. In evaluating the depth

(2) External mechanical damage, and all dents
affecting acetylene girth welds or seam welds that are
known to exhibit brittle fracture characteristics, may
be repaired with a full encirclement steel sleeve with
ends welded to the pipe.

(3) External mechanical damage, including cracks,
may be repaired by grinding out the damage provided
any associated indentation of the pipe does not exceed
a depth of 4% of the nominal pipe diameter. Grinding

of plapirdentsrthe-need-forthesegmentto-be-abletosafely
passfan internal examination or cleaning device shall also
be cgnsidered. Any dents that are not acceptable for this
purpose should be removed prior to passing these devices
throfigh the segment, even if the dent is not injurious.

(b} All external mechanical damage with or without
concurrent visible indentation of the pipe is considered
injurfious.

(c] Dents that contain corrosion are injurious if the
corrgsion is in excess of what is allowed by para. GR-5.3.2.

(d) Dents that contain stress corrosion cracks or other
cracks are injurious.

(e] Dents that affect ductile girth or seam welds are
injurfious if they exceed a depth of 2% of the nominal
pipe|diameter, except those evaluated and determined
to bg safe by an engineering analysis that considers
weld quality, NDE, and operation of the facility are accept-
able [provided strain levels associated with the deforma-
tion [do not exceed 2%.

()| Dents of any depth that affect nonductile welds, such
as adetylene girth welds or seam welds that are proneto
brittle fracture, are injurious.

GR

5.6.1 Permanent Field Repairs of Injurious
Dents

(a
rem

the
pres

Injurious dents and mechanical ' damage shall be
ved or repaired by one of the methods below, or
perating pressure shall be.reduced. The reduced
sure shall not exceed 80%.0f the operating pressure
expdrienced by the injutieus feature at the time of
discpvery. Pressure reduction does not constitute a
permanent repair.

(b} Removal of injurious dents or mechanical damage
shalll be perforined by taking the facility out of service,
cutting outta\cylindrical piece of pipe, and replacing
samg¢ with,pipe of equal or greater design pressure; or
by removing the defect by hot tapping, provided the

1S permitted to a depth of 10% of the nomjnal pipe
wall with no limit on length. Grinding is perm|tted to a
depth greater than 10% up to a maximum of 40% of

the pipe wall, with metal removal te,a léngth|given by
the following equation:
5 1/p
L = 1.12{(Dt) (“7”) - 1}
144/t — 0.11
where
a = measured‘maximum depth of ground grea, mm
(in.)
D = nomihal outside diameter of pipe, mm [in.)
L = rhaximum allowable longitudinal extent f ground
area, mm (in.)
t =" nominal wall thickness of pipe, mm (in})
Grinding shall produce a smooth contour in|the pipe
wall. The remaining wall thickness shall be|verified.

After grinding, the surface shall be examined fpr cracks
using a nondestructive surface examinationl method
capable of detecting cracks. If grinding within the
depth and length limitations fails to completely remove
the damage, the damage shall be removed or|repaired
in accordance with para. GR-5.6.1.

(4) Dents containing stress corrosion cracking may be
repaired by grinding out the cracks to a length gnd depth
permitted in para. GR-5.6.1 for corrosion in plain|pipe. The
wall thickness shall be checked using UT. After|grinding,
the surface shall be examined for cracks using 3 nondes-
tructive surface examination method capable of detecting
cracks. If grinding within the depth and length limitations
fails to completely remove the damage, the danjage shall
be removed or repaired by installing a full encfrclement
sleeve.

GR-5.6.2 Permanent Field Repairs of Me¢hanical

entire defect Is removed.
(c) Repairs of injurious dents or mechanical damage
shall be performed as described below.

(1) Plain dents containing corrosion, dents
containing stress corrosion cracking, and dents affecting
ductile girth welds or seams may be repaired with either a
full encirclement sleeve with open ends or with ends
welded to the pipe.

61

Damage

(a) If a dent or mechanical damage is repaired with a
sleeve not designed to carry maximum allowable oper-
atingline pressure, the dent shall first be filled with incom-
pressible filler. If the sleeve is designed to carry maximum
allowable operating line pressure, the incompressible
filler is recommended but not required.
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(b) Nonmetallic composite wrap repairs proven
through reliable engineering tests and analysis are accept-
able for repair of injurious dents or mechanical damage.

(c) All repairs shall pass NDE and tests as provided in
para. GR-5.10.

GR-5.7 PERMANENT REPAIR OF WELDS WITH
DEFECTS
(a) Alj

H £, el l N lda f, ol Aot "
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(e) Small corroded areas may be repaired by filling
them with deposited weld metal from low-hydrogen elec-
trodes. When using this method, precautions shall be
taken to prevent burn-through. This method of repair
should not be attempted on pipe that is thought to be
susceptible to brittle fracture.

(f) All repairs performed under (a), (b), and (d) above
shall be tested and examined in accordance with the re-
quirements of para. GR-5.10.

shall be 1lepaired in accordance with the requirements of
para. GR{3.4.1, provided the facility can be taken out of
service. Repairs on welds may be made while the facility
isin service, provided the weld is not leaking, the pressure
has been|reduced so that the hoop stress is below 20% of
the specified minimum yield of the pipe, and grinding of
the defecfive area can be limited so that there will remain
the largef of 20% of the nominal wall and 3 mm (% in.)
thicknesq in the pipe weld.

(b) Defective welds that cannot be repaired as
described in (a) and that in the judgment of the operating
company] are not feasible to remove from the facility by
replacenjent may be repaired by the installation of a full
encirclehent welded split sleeve using circumferential
fillet welfs.

(c) If p manufacturing defect is found in a double
submerged arc welded seam or high frequency ERW
seam, a full encirclement welded split sleeve shall be
installed,

(d) If h manufacturing defect is discovered in a low
frequency ERW weld seam or any seam having a factor
E less thhn 1.0, or if hydrogen stress cracking is found
in any weld zone, a full encirclement welded-split
sleeve dgsigned to carry MAOP shall be installed.

(e) Alljrepairs performed under (a) through (d) shall be
tested arjd examined as required by paraxGR-5.10.

GR-5.8 PERMANENT FIELD REPAIR OF LEAKS AND
ONLEAKING CORRODED AREAS

easible, the facility\shall be taken out of service
red by cutting.out-a cylindrical piece of pipe and
a new piece‘of pipe of equal or greater design

(a) If
and repa
inserting]
strength.

(b) Ifitis netfedsible to take the facility out of service,
repairs shall‘b® made by the installation of a full encircle-
ment welded split sleeve or with deposited weld metal in

GR-5.9 PERMANENT FIELD REPAIR OF
HYDROGEN STRESS CRACKING,IN HARD
SPOTS AND STRESS CORROSION
CRACKING

(a) If feasible, the facility shall’be-taken out of sefvice
and repaired by cutting out a cylindrical piece of pip¢ and
replacing same with pipe.of\€qual or greater dg¢sign
strength.

(b) Ifitis not feasible'totake the facility out of seffvice,
repairs shall be made by the installation of a full encjrcle-
ment welded splitssleeve. In the case of stress corrgsion
cracking, the filletwelds are optional. If the fillet welds are
made, pressurization of the sleeve is optional. The $ame
applies to.hydrogen stress cracking in hard spots, except
that aflat hard spot shall be protected with hardenpable
fillef.or by pressurization of a fillet welded sleeve.

(c) All repairs performed under (a) and (b) above|shall
be tested and examined as required by para. GR-5/10.

GR-5.10 TESTING AND EXAMINATION OF REPAIRS

The provisions are provided in the applicable Chay
IP-10 for industrial piping or PL-3 for pipelines.

ters,

GR-5.10.1 Testing of Replacement Pipe Sectipns

When a scheduled repair to a facility is made by cutting
out the damaged portion of the pipe as a cylinder] and
replacing it with another section of pipe, the replacement
section of pipe shall be subjected to a pressure test| The
replacement section of pipe shall be tested to the pregsure
required for a new facility installed in the same locdtion.
The tests may be made on the pipe prior to installdtion,
provided nondestructive tests meeting the requirenjents
of the applicable Part of this Code are made on all|field
girth butt welds after installation. If the replacemdnt is

accordance with (e) below. If nonleaking corrosion is
repaired with a full encirclement welded split sleeve,
the circumferential fillet welds are optional.

(c) Iftheleakis due to a corrosion pit, the repair may be
made by the installation of a properly designed bolt-on
leak clamp.

(d) A small leak may be repaired by welding a nipple
over itto vent the hydrogen while welding and then instal-
ling closure on the nipple.
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facility), full encirclement welded split sleeves may be
used to join the pipe sections instead of butt welds.

GR-5.10.2 Nondestructive Examination of Repairs

If defects are repaired by welding, the welds shall be
examined in accordance with the applicable Part of
this Code. All sleeve welds shall be radiographed.
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GR-5.11 VALVE MAINTENANCE

GR-5.11.1 Piping and Transportation Pipeline
Valves

Valves that are required to be operated during an emer-
gency shall be examined periodically and partially oper-
ated at least once a year to provide safe and proper
operating conditions.

(a

) Routine valve maintenance pracedures shall
+

GR-5.11.4 Valve Records

Arecord shall be maintained for locating valves covered
by paras. GR-5.11.1 and GR-5.11.2. This record may be
maintained on operating maps, separate files, or
summary sheets, and the information on this record
shall be readily accessible to personnel required to
respond to emergencies.

GR-5.11.5 Prevention of Accidental Operation

include, but not be limited to, the following:

(1) servicing in accordance with written procedures

equately trained personnel

(2) accurate system maps for use during routine or

gency conditions

(3) valve security to prevent service interruptions,

ering, etc., as required

4) employee training programs to familiarize per-

sonnel with the correct valve maintenance procedures
(b} Emergency valve maintenance procedures include

(1) written contingency plans to be followed during

'ype of emergency

2) training personnel to anticipate all potential

ds

3) furnishing tools and equipment as required,

inclyding auxiliary breathing equipment, to meet antici-

patefl emergency valve servicing and/or maintenance re-

quir¢ments

by a
eme

tamy

GR

Valves, the use of which may be necessary for the’/safe
operfation of a hydrogen distribution system;shall be
checked and serviced, including lubrication-where neces-
saryjat sufficiently frequent intervals to assure their satis-
factgry operation. Examination shall include checking of
alignment to permit use of a key of Wrench and clearing
the valve box or vault any débris that would interfere
or delay the operatign jof the valve. Valves in

.11.2 Distribution System Valves

houdes af-worship, schools, and hospitals, shall be exam-
inedfand-serviced, including lubrication where necessary,

Precautions shall be taken to prevent accidenfal opera-
tion of any valve covered by paras,GR“5.11.1 and
GR-5.11.2. Accidental valve operation’ by hydrogen
company personnel and the general‘public should be
considered in taking these precautions. Somp recom-
mended actions to be takenare-as follows:

(a) lock valves in aboveground settings read|
sible to the general public

(b) lock valves located in vaults, if the vault
accessible to the general public

(c) identify theyvalve by tagging, color coding, or any
other means‘of identification

ly acces-

s readily

GR-5.12 TRANSMISSION PIPELINE
MAINTENANCE

The provisions of this paragraph are applicablé
Mmission pipelines and are in addition to those de
para. GR-5.2.

to trans-
cribed in

GR-5.12.1 Continuing Surveillance of Pipglines

As a means of maintaining the integrity of itg pipeline
system, each operating company shall estahlish and
implement procedures for continuing surve{lance of

its facilities. Studies shall be initiated and acfion shall
be taken where unusual operating and maintenance
conditions occur, such as failures, leakage histpry, drop
in flow efficiency due to internal corrosion, or sybstantial
changes in cathodic protection requirements.

When such studies indicate the facility is in upsatisfac-
tory condition, a planned program shall be in]tiated to
abandon, replace, or recondition and proof tegt. If such
a facility cannot be reconditioned or phased out, the
MAOP shall be reduced commensurate with thg require-
ments described in Part PL.

at sufficiently frequent intervals to assure their satisfac-
tory operation. The examination shall determine if the
valve is accessible, if the alignment is satisfactory, and
if the valve box or vault, if used, contains debris that
would interfere with or delay the operation of the
valve. Unsatisfactory conditions encountered shall be
corrected. Valves in hydrogen service shall be checked
and serviced at least annually.
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GR-5-122 Pipeline-Patrolling—

Each operating company shall maintain a periodic pipe-
line patrol program to observe surface conditions on and
adjacent to the pipeline right-of-way, indications of leaks,
construction activity other than that performed by the
company, natural hazards, and any other factors affecting
the safety and operation of the pipeline. Patrols shall be
performed at least once each year in Locations Class 1 and
2, at least once each 6 months in Location Class 3, and at
least once each 3 months in Location Class 4. Weather,
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terrain, size of line, operating pressures, and other condi-
tions will be factors in determining the need for more
frequent patrol. Main highways and railroad crossings
shall be examined with greater frequency and more
closely than pipelines in open country.

(a) Maintenance of Cover in Cross-Country Terrain. If
the operating company learns as a result of patrolling
that the cover over the pipeline in cross-country
terrain does not meet the original design, it shall deter-

(b) Facilities to be abandoned in place shall be purged
of hydrogen and the ends sealed.

(c) Precautions shall be taken to ensure that a combus-
tible mixture is not present after purging.

GR-5.14 DECOMMISSIONING OF TRANSMISSION
FACILITIES

Operators planning the decommissioning (temporary

mine wh¢Ther the cover has been reduced to an unaccept-
able level. If unacceptable, the operating company shall
provide ddditional protection by replacing cover, lowering
the line, pr other means.

(b) Muintenance of Cover at Road Crossings and Drain-
age Ditches. The operating company shall determine by
periodic [surveys if the cover over the pipeline at road
crossings and drainage ditches has been reduced
below the¢ requirements of the original design. If the oper-
ating conjpany determines that the normal cover provided
at the tine of pipeline construction has become unaccep-
tably redliced due to earth removal or line movement, the
operating company shall provide additional protection by
providirlg barriers, culverts, concrete pads, casing,
lowering|the line, or other means.

(c) Pipeline Leak Records. Records shall be made
covering|all leaks discovered and repairs made. All pipe-
line breaks shall be reported in detail. These records along
with leakpge survey records, line patrol records, and other
records rfelating to routine or unusual examinations shall
be kept inp the file of the operating company, as long as the
section of line is not abandoned.

(d) Pipeline Markers

(1) Pigns or markers shall be installed where it is
considere¢d necessary to indicate the presence ofapipeline
at road, highway, railroad, and stream crossings. Addi-
tional signs and markers shall be in§talled along the
remaindér of the pipeline at locations)where there is a
probability of damage or interference.

(2) bigns or markers and the surrounding right-of-
way shallbe maintained so matkers can be easily read and
are not dbscured.

(3) [Che signs oymarkers shall include the words
“Hydrogen Pipeline,” the name of the operating
company} and thé'telephone number where the operating
company| can-be“contacted.

LOA

diseonnect-oftransmisstonfaciitesshall develeppyoce-
dures for the decommissioning of facilities from segvice.
The procedures shall include the following:

(a) Facilities to be decommissioned shall be isolated
and sealed from all sources and supplies of gas su¢h as
other pipelines, mains, crossover piping, meter stations,
control lines, and other appurtenances.

(b) Purging of facilities to be-déeommissioned wi
inert material is not requited/ The decommissi
facility may be left containihghydrogen at a reduced
sure, but the facility should be free of detrimental c
sive contaminants.

(c) After the facilities have been decommissioned
maintenance pfocedures shall continue to be applied
the facility were still in service.

(d) The-cathodic protection shall be maintained
the periodic examinations and record keeping to con
as ifcthe facility were still in service.

(e) For stations where hydrogen remains, the Emer-
gency Shut Down (ESD) system shall remain in segvice.
Some modification to the ESD system may be reqiiired
to allow for a low pressure ESD. The hazardoug gas
and fire detectors should remain in service to blow the
units and piping down, if necessary.

h an
ned
bres-
rro-

, the
as if

with
inue

GR-5.15 RECOMMISSIONING OF TRANSMISSION
FACILITIES

Operators planning to recommission (reactivate) t
mission facilities temporarily removed from service
develop written procedures for recommissioning facifities
to service. The procedures shall include the follow]ng:

(a) Beforeafacility isrecommissioned, all mainterfance
and cathodic protection records shall be reviewgd to
ensure that the condition and integrity of the fagility
has been maintained during the decommissioned pdriod.

(b) Facilities to be recommissioned that have peen
decommissioned for an extended period of time ghall

rans-
shall

GR-5.13

IVIN

FACILITIES

Each operating company shall have a plan in its oper-
ating and maintenance procedures for abandoning trans-
mission facilities. The plan shall include the following
provisions:

(a) Facilities to be abandoned shall be disconnected
from all sources and supplies of hydrogen, such as
other pipelines, mains, crossover piping, meter stations,
control lines, and other appurtenances.
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be repressured incrementally.

(c) A leak survey shall be performed after the facility
has been brought up to operating pressure. Any defects or
leaks discovered shall be repaired before the facility is
back in full operation.

GR-5.16 REPOSITIONING A PIPELINE IN SERVICE

When repositioning a pipeline in service, the following
are some of the factors that shall be considered:
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(a) deflection for guidance on yield monitoring. The minimum test pres-
(b) diameter, wall thickness, and grade of pipe sure shall be as required by the following:
(c) pipeline pressure (a) To determine the integrity of an in-service pipeline
(d) type of girth welds by strength testing, the pipeline shall be strength tested at
(e) test and operating history a pressure that will cause a hoop stress of at least 90% of
(f) presence of defects the SMYS in the segment with the lowest design or rated
(g) existing curvature pressure in the section tested, except as provided in (b)
(h) bends below.
(i) valves and fittings (b) For pipelines in which SCC has been identified,
(j)[terrain and soil conditions defects may be mitigated Dy pressure testing to apressure
(k) personnel safety considerations that will create a hoop stress of at least 100% of the SMYS
()] additional stresses caused by repositioning of the at the high point elevation.

pipeline (c) Followingthe strength test peried, aleak tgst should

be performed. The leak test pressure'should b at least

5.17 TESTING FOR INTEGRITY ASSESSMENT 1.10 times the pipeline MAOP.
OF IN-SERVICE PIPELINES GR-5.17.2 Pressure Hold Period

The integrity of an in-service pipeline may be deter-
mindd by pressure testing for strength and leaks. Compar- (a) The strength test pressure shall be hpld for a
minimum time period of /; h, except for thpse lines

ison |of new test pressures with previous test pressures i \ )
will flemonstrate that the integrity of the pipeline hasnot ~ With known SCC, which are to be pressure tested in accor-
been|reduced, if new test pressures are equal to or greater ~ dance with (b) below.

(b) The pressure test for SCC shall be held long enough

than| previous test pressures. If there was no previous O 1
strerjgth test with which to compare the current test, a for the test pressure to stabilize, in most cases /4 h or less.
(c) The leak test pressure should be maintaired for as

minimum specified margin of safety can be established.

A stilength test, however, will not indicate ongoing dete- ~ 10ng'as necessary to detect and locate or evaluate any

riordtion of the pipeline that has not progressed to the le@kage of test media. Additional leak test methods

poinf where defects fail during the strength test. Refer _ May be employed if detection of leakage off the test
media is not practical due to very small leakq, such as

to Npnmandatory Appendix C for hydrostatic testing b )
guidblines. “Integrity” is defined here as the capability =~ May be experienced after testing for SCC.

GR

GR-5.17.3 Time Interval Between Tests

service pipeline” is defined here as a pipeline that has The time interval between pressure tests shallbe based
been| or is in service. upon an engineering critical assessment to prevent imper-
piping and pipelines made from materials that may fections from growing to critical sizes. That engineering
fracture at a pressure lower than the hydrotest pressure critical assessment shall include the following cpnsidera-
in service, all of the following are required: tions:
The critical crack sizesshall be calculated consid- (a) Riskto the Public. The first consideration ih a test or
¢ the possibility of both fracture and plastic collapse, retest should be the exposure that the public could have to
using the API 579-1/ASME FFS-1 failure assessment a failure of a given pipeline.

diagram (FAD) approach (Level 2 or Level 3), or other (b) Stress Level of Previous Test. Testing showp that the
proven fracture mechanics method. higher the stress level of the strength test, the srpaller the

(b} The piping.er pipeline shall be examined to verify remaining flaw will be. Smaller remaining flaws yill result
no existing cracks are approaching the critical crack size. in a longer time before the flaw could be expectef to grow

(c] Thesanticipated crack size based on the calculated to a critical size if not mitigated. This mejans that
crack growth rate will not exceed the critical size in twice increasing the ratio of the test pressure to the pperating

the time pre emay pnofenfla ncrease fhe refe interval.
(c) Corrosion Rate. The corrosion rate on a given pipe-
GR-5.17.1 Pressure Test Levels line depends upon the aggressiveness of the corrosive en-
vironment and the effectiveness of corrosion control

When establishing test pressures for a test section, the
maximum test pressure shall be determined by the
operator to prevent damage to the pipeline and its compo-
nents. Consideration must be given to the effect of test
section elevation differences on the test pressure. When- correct such conditions as corrosion control deficiencies,
ever test pressure will cause a hoop stress in excess of ~ external force damage, and operating conditions that

100% of the SMYS, refer to Nonmandatory Appendix C increase the potential for corrosion. The effectiveness

measures.
(d) Maintenance. Deterioration of the pipeline is also a
function of the timing and effectiveness of actions to
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of programs to prevent damage by excavation affects pipe-
line maintenance.

(e) Other Examination Methods. In-line examination,
external electrical surveys of coating condition and
cathodic protection levels, direct examination of the
pipe, monitoring of internal corrosion, monitoring of
gas quality, and monitoring to detect encroachment
are methods that can be used to predict or confirm the
presence of defects that may reduce the integrity of

and knowledge of the system. Once established, frequen-
cies shall be reviewed periodically to affirm that they are
still appropriate. The frequencies of the leakage survey
shall at least meet the following:

(a) Distribution systems in a principal business district
should be surveyed atleast annually. Such surveys shall be
conducted using a combustible gas detector and shall
include tests of the atmosphere, which will indicate the
presence of hydrogen in utility manholes and at cracks

the pipelfme.

GR-5.18

Distrih
necessar

DISTRIBUTION PIPELINE MAINTENANCE

ution mains shall be patrolled in areas where
/ to observe factors that may affect safe opera-
tion. The¢ patrolling shall be considered in areas of
construcfion activity, physical deterioration of exposed
piping and supports, or any natural causes that could
result in lamage to the pipe. The frequency of the patrol-
ling shall{be determined by the severity of the conditions
that could cause failure or leakage and the subsequent
hazards fo public safety.

GR-5.19| LEAKAGE SURVEYS

Each operating company having a hydrogen distribu-
tion syst¢m shall set up, in its operating and maintenance
plan, a grovision for the making of periodic leakage
surveys ¢n the system.

GR-5.19{1 Types of Surveys

The types of surveys selected shall be effective for déter-
mining If potentially hazardous leakage exists<The
following are some procedures that may be employed:

(a) sufface hydrogen detection surveys

(b) supsurface hydrogen detector surveys (including
barhole gurveys)

(c) vegetation surveys

(d) pressure drop test

(e) bupble leakage test

(f) ultrasonic leakage test

GR-5.19,2 Frequency of Surveys

The extent and fequency of the leakage surveys shall be
determinfed by the character of the general service area,
building|cencéntration, piping age, system condition,

In the pavement and sidewalks, and provide the oppor-
tunity for finding hydrogen leaks at other locationy.

(b) The underground distribution system-eutside¢ the
areas covered by (a) above shall be surveyed asfrequpntly
as experience indicates necessary, but not less than fonce
every 5 yr for odorized hydrogen, and\not less than jonce
every 12 months for nonodorized)hydrogen.

GR-5.20 LEAKAGE INVESTIGATION AND ACT|ON

GR-5.20.1 Leakage Classification and Repair

Prior to taking.any-action, any immediate hazard [shall
be controlled by such emergency actions as evacudtion,
blocking anfdrea off, rerouting traffic, elimindting
sources ofiignition, ventilating, or stopping the flgw of
hydrogen:’Leaks shall be evaluated, classified,|and
controlled by first determining the perimeter of the
leak-'When this perimeter extends to a building jwall,
the investigation shall continue into the building.
Based on an evaluation of the location and/or magnjtude
ofaleak, one of the following leak grades shall be assigned,
thereby establishing the leak repair priority:

(a) Grade lisaleakthatrepresentsan existingorj
able hazard to persons or property and reqy
immediate repair or continuous action until the condi
are no longer hazardous.

(b) Grade 2 is a leak that is recognized as being
hazardous at the time of detection but requires sched
repair based on probable future hazard.

(c) Grade 3 is aleak that is nonhazardous at the time of
detection and can be reasonably expected to remainjnon-
hazardous.

The leak shall then be located and repaired.

rob-
ires
fions

non-
uled

GR-5.20.2 Investigation of Reports From Outside
Sources

operath pressure; arret any othrer—kmowmrcondition
(such as surface faulting, subsidence, flooding, or an
increase in operating pressure) that has significant poten-
tial to either start a leak or to cause leaking hydrogen to
migrate to an area where it could result in a hazardous
condition. Special one-time surveys should be considered
following exposure of the hydrogen distribution system to
unusual stresses (such as those resulting from earth-
quakes or blasting). The leakage survey frequencies
shall be based on operating experience, sound judgment,
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lice
or fire department, other utility, contractor, customer, or
general public) reporting aleak, explosion, or fire that may
involve hydrogen pipelines or other hydrogen facilities
shall be investigated promptly by the operating
company. If the investigation reveals a leak, the leak
should be classified and action taken in accordance
with the criteria in para. GR-5.20.1.
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GR-5.20.3 Odor or Indications From Foreign
Sources

When potentially hazardous leak indications (such as
gasoline vapors, natural, sewer, or marsh gas) are found to
originate from a foreign source or facility or customer-
owned piping, they shall be reported to the operator
of the facility and, for Grade 1 leaks, to emergency
response agencies. When the company’s pipeline is
con -

actadto-aforaian fociliey (cocbh oc tha
+oFetshi—to Y5 a5—tHe

purging, or the facility may be filled with water or
other inert material. If air is used for purging, the oper-
ating company shall ensure that a combustible mixture is
not present after purging. Consideration shall be given to
any effects the abandonment may have on an active
cathodic protection system.

(b) In cases where a main is abandoned, together with
the service lines connected to it, insofar as service lines are
concerned, only the customer’s end of such service lines

tee—teo—a cHstemers
pipiy
ting
elim

g), necessary action, such as disconnecting or shut-
ffthe flow of hydrogen to the facility, shall be taken to
nate the potential hazard.

GR

While the excavation is open, the adequacy of leak
repajrs shall be checked by using acceptable methods.
The perimeter of the leak area shall be checked. In the
casg of a Grade 1 leak repair as defined in para.
GR-3.20.1, where there is residual hydrogen in the
groynd, a followup examination should be made as
soon as practicable after allowing the soil atmosphere
to v4gnt and stabilize, but in no case later than 1 month
following the repair. In the case of other leak repairs,
the need for a followup examination should be determined
by gpalified personnel.

$.20.4 Followup Examinations

GR-5.21 REPAIR, TESTING, AND EXAMINATION OF
MAINS OPERATING AT HOOP STRESS

LEVELS AT OR ABOVE 30% OF THE SMYS

Repair procedures shall be in accordance with-the re-
quir¢ments of para. GR-5.5. Testing and examination of
repajirs shall be in accordance with the ‘requirements
of pgra. GR-5.10.

GR-5.22 REQUIREMENTS FOR)ABANDONING,

DISCONNECTING, AND REINSTATING
DISTRIBUTION-FACILITIES

GR

Edch operating-company shall have a plan for aban-

5.22.1 Abandoning of Distribution Facilities

need be sealed as stpulated above.

(c) Service lines abandoned from thecactiye mains
should be disconnected as close to the main as prhcticable.

(d) All valves left in the abandoned-segment ghould be
closed. If the segment is long and there dre few lipe valves,
consideration should be given to plugging the sggment at
intervals.

(e) All above-grade valyes, fisers, and vault
box covers shall be removed. Vault and valve
shall be filled with compacted backfill material.

ind valve
ox voids

GR-5.22.2 Decommissioned Service

Whenever\service to a customer is decommissioned
(temporarily disconnected), one of the followjing shall
be complied with:

(aJ>The valve that is closed to prevent the flow of
hydrogen to the customer shall be provided with a
locking device or other means designed to pr¢vent the
opening of the valve by persons other than those author-
ized by the operating company.

(b) Amechanical service or fitting that will prievent the
flow of hydrogen shall be installed in the service|line or in
the meter assembly.

(c) The customer’s piping shall be physically discon-
nected from the hydrogen supply and the open pipe
ends sealed.

GR-5.22.3 Test Requirements for Reinstating
Decommissioned Service Line

Facilities previously decommissioned shall beltested in
the same manner as new facilities before being r¢instated.
Service lines decommissioned because|of main

renewals or other planned work shall be tested from

doning inactive-facilities, such as service lines, mains, the point of disconnection to the service ling valve in
contfol lines,-équipment, and appurtenances for which  the same manner as new service lines befolle recon-
ther¢ is 0 planned use. The plan shall also include the necting, except

follo WINg provisions: (n) when }:\rnvicinnc tomaintain-continuous-sérvice are

(a) Ifthe facilities are abandoned in place, they shall be
physically disconnected from the piping system. The open
ends of all abandoned facilities shall be capped, plugged, or
otherwise effectively sealed. The need for purging the
abandoned facility to prevent the development of a poten-
tial combustion hazard shall be considered. Any combus-
tion hazard shall be eliminated. Abandonment shall not be
completed until it has been determined that the volume of
hydrogen contained within the abandoned section poses
no potential hazard. Air or inert gas may be used for
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made, such as by installation of a bypass, any portion of the
original service line used to maintain continuous service
need not be tested, or

(b) when the service line has been designed, installed,
tested, and maintained in accordance with the require-
ments of this Code
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GR-5.22.4 Maintenance Records

(a) Whenever any portion or section of an existing
underground distribution piping system is uncovered
for operating or maintenance purposes, or for the installa-
tion of new facilities, the following information shall be
recorded:

(1) the condition of the surface of bare pipe, if pitted
or generally corroded

(2) ghe—conditionof the pipesurfaceand of the
protectie coating where the coating has deteriorated
to the exfent that the pipe is corroding underneath

(3) any damaged protective coating

(4) pny repairs made

(b) Diptribution piping condition records shall be
analyzed| periodically. Any indicated remedial action on
the pipinfg system shall be taken and recorded.

GR-5.23] MAINTENANCE OF SPECIFIC FACILITIES

GR-5.231 Compressor Station Maintenance

(a) Compressors and Prime Movers. The starting, oper-
ating, anfl shutdown procedures for all hydrogen com-
pressor [units shall be established by the operating
company} The operating company shall ensure that the
approved practices are followed.

(b) Expimination and Testing of Relief Valves. All pres-
sure-relipving devices in compressor stations shall be
examingd or tested, or both, in accordance with
para. GR-5.23.3 and all devices except rupture disks
shall be joperated periodically to determine that they
open at the correct set pressure. Any defective or inade-
quate equipment found shall be promptly repaired or
replaced| All remote-control shutdown devices shall be
examined and tested at least annually-to determine
that they| function properly.

(c) Repairs to Station Piping. For station piping oper-
ating at hoop stress levels at or.above 40% of the SMYS,
repairs shall be done in accordance with para. GR-5.5, and
testing apd examination of repdirs shall be done in accor-
dance with para. GR-5.10.

(d) Isdlation of Equipment for Maintenance or Altera-
tions. Th¢ operatingicompany shall establish procedures
for isolat]on of uhits’or sections of piping for maintenance,
and for purging.prior to returning units to service, and
shall follpwitliese established procedures in all cases.

GR-5.23.2 Procedures for Maintaining Pipe-Type
and Bottle-Type Holders in Safe
Operating Condition

(a) Each operating company having a pipe-type or
bottle-type holder shall prepare, and place in its files, a
plan for routine examination and testing of the facilities
that has the following provisions:

(1) Procedures shall be followed to enable the detec-
. U CALC d U 'l UCTIUIC c C 24 Cthe
container has been impaired.

(2) Periodic sampling and testing of h{/drogen in
storage shall be made to determine that the leviel of
contaminants contained in the storedi/hydrogén is
below that which might cause internal\corrosion or ipter-
fere with the safe operations of the Storage plant.

(3) The pressure-control and pressure-limfting
equipment shall be examined and tested periodically to
see if it is in a safe operating'condition and has adequate
capacity.

(b) Each operating~company shall follow the |plan
described in (a) above and keep records that detafl the
examination and testing work done and the condifions
found.

(c) All unsatisfactory conditions found shall be
promptly“corrected.

GR-5.23.3 Maintenance of Pressure-Limiting|and
Pressure-Regulating Stations

(a) Condition and Adequacy. Pressure-limiting stations,
relief devices, and other pressure-regulating station$ and
equipment shall be periodically examined and test¢d to
determine that they

(1) are in good mechanical condition. Visual ekam-
ination shall be made to determine that equipment is
properly installed and protected from dirt, liquids, or
other conditions that might prevent proper operdtion.
When part of the installation, the following shall be
included in the examination:

(-a) station piping supports, pits, and vaults for
general condition and indications of ground settlerpent.
See para. GR-5.23.4 for vault maintenance.
(-b) station doors and gates and pit vault covgrs to
ensure that they are functioning properly and that agcess
is adequate and free from obstructions.
(-c) ventilating equipment installed in st3tion

(e) Storage of Combustible Materials. All flammable or
combustible materials in quantities beyond those
required for everyday use or other than those normally
used in compressor buildings shall be stored in a separate
structure, built of noncombustible material, located away
from the compressor building. All aboveground oil or
gasoline storage tanks shall be protected in accordance
with NFPA 30.

buildings or vaults, for proper operation and for evidence
of accumulation of water, ice, snow, or other obstructions.

(-d) control, sensing, and supply lines for condi-
tions that could result in a failure.

(-e) all locking devices for proper operation.

(-f) station schematics for correctness.

(2) have needed capacity and reliability for the

service in which they are employed and are set to function
at the correct pressure.


https://asmenormdoc.com/api2/?name=ASME B31.12 2023.pdf

ASME B31.12-2023

(-a) At least once each calendar year, an opera-
tional check shall be made. If acceptable operation is
not obtained during the operational check, the cause of
the malfunction shall be determined and the components
shall be adjusted, repaired, or replaced as required. After
repair, the component shall again be checked for proper
operation.

(-b) Any time a change is made that affects the
needed capacity, a review shall be made to ensure that

piping system is adequate to limit the pressure at all
timep to values prescribed by the engineering design.
This|review should be based on the operating conditions
that freate the maximum probable requirement for relief
capafity in each case, even though such operating condi-
tionq actually occur infrequently or for only short periods
oftithe, or both. If it is determined that the relieving equip-
ment is of insufficient capacity, steps shall be taken to
instdll new or additional equipment to provide adequate
capagity.

(b} Repairs to Station Piping. For station piping oper-
ating at hoop stress levels at or above 40% of the SMYS,
repajrs shall be done in accordance with para. GR-5.5, and
testipg and examination of repairs shall be done in accor-
dande with para. GR-5.10.

(c) Abnormal Conditions. Whenever abnormal condi-
tiong are imposed on pressure or flow control devices,
the incident shall be investigated and a determination
madltl as to the need for examination or repairs, ‘ot
botH. Abnormal conditions may include regulator
bodips that are subjected to erosive service conditions
or cqntaminants from upstream construction and-hydro-
statif testing.

(d} Stop Valves
(1) An examination of stop valyes.that includes an
opetjational check shall be made to ensure that the
valves will operate and arelcorrectly positioned.
(Cauftion shall be used to avioid*any undesirable effect
on pressure during operational checks.) The following
shalll be included in the examination:

(-a) station jinlet, outlet, and bypass valves

(-b) reliefdevice isolating valves

(-c) control, sensing, and supply line valves
(2) The\éxamination procedure shall include the

folloping:

(-a) a check for proper position of all valves.
Special attention shall be given to regulator station
bypass valves, relief device isolating valves, and valves
in control, sensing, and supply lines.

(-b) restoration of all locking and security devices
to proper position.

(3) Examination frequency shall not be less than
annually.

(e) District Pressure
y thore than
one district pressure-regulating station shallbe'pquipped
with devices that record the hydrogen-pressure in the
district.

(2) On distribution systems supplied by
district pressure-regulating station, the o
company shall determine the-necessity of i
such devices in the district, considering the n
customers supplied, the. Opérating pressures, af
pacity of the installation:

(3) If there are(dndications of abnormal high or low
pressure, the regulator and the auxiliary equipnent shall
be examineds and the necessary measures|shall be
employednto rectify any unsatisfactory operatipg condi-
tions. Reriodic examinations of single district pressure-
regulating stations not equipped with dev]ces that
record hydrogen pressure shall be made to determine
that the pressure-regulating equipment is fupctioning

properly.
GR-5.23.4 Vault Maintenance

Each vault housing a pressure-limiting, presst
or pressure-regulating station shall be examined
mine its condition each time the equipment is §
and tested in accordance with para. GR-5.23.3} For any
vault which personnel enter, the atmospherd shall be
tested for combustible gas. Ifthe atmosphere is hazardous,
the cause shall be determined. The vault shall be ¢xamined
for adequate ventilation. The condition of the vaylt covers
shall be carefully examined for hazards. Unsafisfactory
conditions disclosed shall be corrected. No|welding
may be done if a combustible gas mixture is presgnt. Main-
tenance work performed in the vault shall be |in accor-
dance with procedures developed per para. GR-5.23.3,
with particular consideration given to the m¢nitoring
of the atmosphere and safety protection for gersonnel
in the vault.

a single
perating
hstalling
mber of
d the ca-

re-relief,
to deter-
xamined
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Chapter GR-6
Quality System Program for Hydrogen Piping and
Pipeline Systems

GR-6.1

Design
manufact
dance wi
System |
priate st
series. T
be docui
determin
orbotho
sibility o

QUALITY SYSTEM PROGRAM FOR
NDUSTRIAL PIPING

construction, inspection, examination, testing,
ure, fabrication, and erection of piping in accor-
th this Code shall be performed under a Quality
rogram following the principles of an appro-
hindard such as ASME QSP-1 or the ISO 9000"
he details describing the quality system shall
hented and shall be available upon request. A
ation of the need for registration or certification
F the quality system program shall be the respon-
F the owner.

GR-6.2 QUALITY SYSTEM PROGRAM FOR
PIPELINES

Quality assurance for design, fabrication, asser

hbly,

erection, inspection, examination,)testing, installgtion,

operation, and maintenance‘of pipelines shall fd
the requirements of ASME-B31.8, section 806. Persq
involved in operation, gnaintenance, and constru
activities shall be trained and qualified in accord
with ASME B31.8, section 807.

llow
nnel
Ction
ance

1 The series is also available from the American National Standards

Institute (

ANSI) and the American Society for Quality (ASQ) as

American National Standards that are identified by similar “9000”
numbers, sometimes with the prefix “Q” replacing the prefix “ISO.”

Mandatory
plicable to

Appendix II lists the standards from the series that are ap-
ASME B31.12.
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PART IP
INDUSTRIAL PIPING

IP-1

Ry

Chapter 1P-1

1 SCOPE

les for this Part have been developed for hydrogen

servjice included in petroleum refineries, refueling

stati

bns, chemical plants, power generation plants, semi-

conductor plants, cryogenic plants, hydrogen fuel appli-

ance

IP-1
Th

com
insp

nang

gase

ment.
IP-1
(a]

and

heat
pum

sing

5, and related facilities.

1.1 Content and Coverage

is Part includes requirements for materials and
pbonents, design, fabrication, assembly, erection,
bction, examination, testing, operation, and mainte-
e of piping, and applies to piping for liquid and
bus hydrogen and joints connecting piping to equip-

1.2 Exclusions

This Part excludes tubes, tube headers, crossovers,
manifolds of fired heaters, which are internal to the
br enclosure, and pressure vessels, heat exchangers,
ps, compressors, and other fluid\handling or proces-
bquipment, including internal piping and connections

for gxternal piping.

(b

thro

(c]
B31.
cabld

A-2.

Elevated temperatufe\fluid service as defined in
B31.3 is excluded.)See ASME B31.3, Chapters |

ASMI:E
gh VI for applicablée requirements.

High pressureé fluid service as defined in ASME
B is excluded:See ASME B31.3, Chapter IX for appli-
requiremments. See Nonmandatory Appendix A, para.
13.

Scope and Responsibilities

IP-1.2 RESPONSIBILITIES

IP-1.2.1 Owner
Paragraph GR-1.2 dpplies.

IP-1.2.2 Designer
Paragraph GR-1.2 applies.

IP-1.2:3 ‘Construction Organization

Paragraph GR-1.2 applies.
IP-1.2.4 Owner’s Inspector

Paragraph GR-1.2 applies.

IP-1.3 INTENT
Paragraph GR-1.3 applies.

IP-1.4 DETERMINING CODE REQUIREMEN

Code requirements for design and constructio

TS

n include

service requirements, which affect selection and applica-

tion of materials, components, and joints. Servicg
ments include prohibitions, limitations, and cd
such as temperature or pressure limits. Code
ments for a piping system shall be the most r
of those that apply to any of its elements.

require-
nditions,
require-
pstrictive
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Chapter IP-2
Design Conditions and Criteria

IP-2.1 DESIGN CONDITIONS

This Chapter provides the qualifications of the designer,
defines the temperatures, pressures, and forces applicable
to the defign of piping, and states the consideration that
shall be gjven to various effects and their consequentload-
ings. In agldition, the selection of pressures, temperatures,
forces, arld other conditions may be influenced by unusual
conditigns. (For cautionary considerations, see
Nonmangatory Appendix A.)

IP-2.1.1| Qualifications of the Designer

The dgsigner is the person(s) in charge of the engi-
neering design of a piping system and shall be experienced
in the usp of ASME B31 piping codes. The qualifications

(a) completion of an accredited engineering degreg,
requiring the equivalent of 4 yr or more of study,\plus
a minimum of 5 yr of experience in the design of
related pfressure piping.

(b) prpfessional engineering registration, recognized
by the Idcal jurisdiction, and experiericerin the design
of related pressure piping.

(c) completion of an accredited/engineering technician
or associpte degree, requiring the)equivalent of at least 2
yr of study, plus a minimum®f 10 yr of experience in the
design of related pressureipiping.

(d) 15|yr of experienceiin the design of related pressure
piping. Experience in'the design of related pressure piping
is satisfipd by piping design experience that includes
design calculatiens for pressure, sustained loads, occa-
sional logds, and piping flexibility.

(c) When more than one set of pressure-temperature
conditions exist for a piping system, the condifions
governing the rating of components conformirg to
listed standards may differ from the conditions govefning
the rating of components designed in accordance [with
Chapter IP-3.

(d) When a pipe is separated,int0 individualized pres-
sure-containing chambers,(ineluding jacketed piping,
blanks, etc.), the partitionywall shall be designed on
the basis of the most sévere coincident temperdture
(minimum or maximum) and differential presgsure
between the adjoining chambers expected during setvice.

IP-2.1.3 Required Pressure Containment or Rplief

(a) Prowvision shall be made to safely contain or reflieve
(see paba. IP-7.2.3) any expected pressure to which the
piping may be subjected. Piping not protected by a pres-
suire-relieving device, or that can be isolated from a pres-
sure-relieving device, shall be designed for at least the
highest pressure that can be developed.

(b) Sources of pressure to be considered indlude
ambient influences, pressure oscillations and sufges,
improper operation, reaction of hydrogen with qther
elements or compounds, external fire, static head| and
failure of control devices.

IP-2.1.4 Design Temperature

The design temperature of each component in a p]ping
system is the temperature at which, under the coincldent
pressure, the greatest thickness or highest compdnent
rating is required in accordance with para. IP-3.1.2.
(To satisfy the requirements of para [P-2.1.2, diffg¢rent
components in the same piping system may have diff¢rent
design temperatures.) In establishing design tem}era-

tures, consider at least the fluid temperatures, ampient
temperatures, solar radiation, heating or coaling

IP-2.1.2 Design Pressure

(a) The design pressure of each component in a piping
system shall be not less than the pressure at the most
severe condition of coincident internal or external pres-
sure and temperature (minimum or maximum) expected
during service.

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

medium temperatures, and the applicable provisions of
para. [P-2.1.6.

IP-2.1.5 Design Minimum Temperature

The design minimum temperature is the lowest compo-
nent temperature expected in service. This temperature
may establish special design requirements and material
qualification requirements. See also paras. [P-2.1.7(c) and
GR-2.1.2(b).


https://asmenormdoc.com/api2/?name=ASME B31.12 2023.pdf

ASME B31.12-2023

IP-2.1.6 Component Design Temperature (9) Thermal Expansion and Contraction Effects. The
following thermal effects, combined with loads and
forces from other causes, shall be taken into account
in the design of piping:

(1) Thermal Loads Due to Restraints. These loads

The component design temperature shall be the fluid
temperature unless calculations, tests, or service experi-
ence based on measurements support the use of another

temperature. consist of thrusts and moments, which arise when free
IP-2.1.7 Ambient Effects thermal expansion 'and contraction of the piping are
prevented by restraints or anchors.

(a) Fluid Expansion Effects. Provision shall be made in (2) Loads Due to Temperature Gradients. These loads
the design erther to withstand or to relieve imcreased pres- arise [TOMm StTesses I pipe walls resulting from 1grge rapid
surejcaused by the heating of static fluid in a piping compo- temperature changes or from unequal temperatyre distri-
nent| bution, as may result from a high heat\flukx through a

(b) Atmospheric Icing. Where the design minimum comparatively thick pipe or stratified two-pHase flow
temperature of a piping system is colder than 0°C causing bowing of the line.

(32°F), the possibility of moisture condensation and (3) Loads Due to Differences’in Expansion Character-
builfup of ice shall be considered, and provisions istics. These loads result from-differences in| thermal
madg in the design to avoid resultant malfunctions. expansion where materials with different thermal expan-

This| applies to surfaces of moving parts of shutoff sion coefficients are combined, as in bimetallic, lined,
valvgs, control valves, pressure relief devices including  jacketed, or metallicfmonmetallic piping.

discharge piping, and other components. (h) Effects of Support, Anchor, and Terminal Mgvements.
(c] Low Ambient Temperature. Consideration shall be The effects of movements of piping supports, andhors, and
givel to low ambient temperature conditions for displace- connected equipment shall be taken into accoynt in the
menf stress analysis. design of-piping. These movements may result|from the
flexibility and/or thermal expansion of equipment,

IP-2(1.8 D,Ynamic Effects suppernts, or anchors, and from settlement, tidal move-

ments, seismic, or wind sway. Pipe supportq for thin
Wwall vacuum jacketed pipe should be located pt points
on the jacket with doubler plates or load-spreading
saddles.
(i) Reduced Ductility Effects. The harmful ¢ffects of
reduced ductility shall be taken into accoupt in the
design of piping. The effects may, for example, result
from HE, welding, heat treatment, forming, pbending,
low operating temperatures, or ambient tempgratures.
(j) Cyclic Effects. Fatigue due to pressurg cycling,
thermal cycling, and other cyclic loadings alpng with
local stress levels that may be increased by the[presence
of discontinuities, internal misalignment, and excess root
penetration shall be considered in the design ¢f piping.
Particular care must be exercised in the design of
piping in dry hydrogen gas service. See Nonmandatory
Appendix A.
(k) Air Condensation Effects. At operating temperatures
colder than -191°C (-312°F) in ambient air, condensation
and oxygen enrichment occur. These shall be cqnsidered
in selecting materials, including insulation, and pdequate

(a) Impact. Impact forces caused by external or internal
conditions (including changes in flow rate, hydraulic
shodk, liquid or solid slugging, and flashing) shall be
takeq into account in the design of piping.

(b} Wind. The effect of wind loading shall be takenyinto
accopnt in the design of exposed piping. The method of
analysis may be as described in ASCE 7, Minimum Design
Loads for Buildings and Other Structures, ot the applicable
modEl building code.

(c] Earthquake. The effect of earthquake loading shall
be taken into account in the design‘of piping. The method
of anjalysis may be as described infASME B31E or ASCE 7.

(d} Vibration. Piping shathbe' designed, arranged, and
supported so as to elimigate-harmful effects of vibration,
whigh may arise from.such sources as impact, pressure
pulsation, turbulentflow vortices, resonance in compres-
sors,|and wind.

(e} Discharge Reactions. Piping shall be designed,
arrapged,.and’supported so as to withstand reaction
forcgs dueyto letdown or discharge of fluids.

(f] Weight Effects. The following weight effects,
combined with loads and forces from other causes,
shall be taken into account in the design of piping:

(1) Live Loads. These loads include the weight of the IP-2.2 DESIGN CRITERIA

nH L = H 1 clhall L +dad
STITCTUTITS —aITu7 0T uTSpuosar STrdail UCpPTUvVIUCUL

medium transported or the medium used for test. Snow This paragraph states pressure-temperature ratings,
and ice loads due to both environmental and operating stress criteria, design allowances, and minimum design
conditions shall be considered. values, together with permissible variations of these

(2) Dead Loads. These loads consist of the weight of  factors, to be applied to the design of piping.
piping components, insulation, and other superimposed
permanent loads supported by the piping.
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IP-2.2.1 Pressure-Temperature Design Criteria

The material performance factor, M shall be consid-
ered when determining design criteria. Refer to
Mandatory Appendix IX, Tables IX-5B and IX-5C.

IP-2.2.2 Listed Components Having Established
Ratings

Except as limited elsewhere in this Code, pressure-

system shall be designed for the conditions of the
service to which it is connected.

IP-2.2.6 Allowable Stresses and Other Stress
Limits
The allowable stresses defined in (a), (b), and (c) below

shall be used in design calculations unless modified by
other provisions of this Code. The material performance

factor, Mg as shown in Mandatory Appendix IX, Tables
temperature r_atlngs_ contained 1n standards for piping IX-5B ana IX-5C, shall be used in Chapter IP-3.
compong nts listed in Table IP-8.1.1-1 are acceptable (a) Tension. Basic allowable stresses in tension for
fo.r de51gn pressures and t.efnperature.s in accordance metals and design stresses, S, for bolting matefials,
with thiy Code. The provisions of this Code. may be listed in Mandatory Appendix IX, Tables IX-1 and [IX-4,
used to ¢xtend the pressurle—temperatu.re ratings of a respectively, are determined in accordance with para.
compong nt beyond the ratings of the listed standard, [P-2.2.7. In equations elsewhere inthe Code wherg¢ the
provided the owner approves. product SE appears, the Valule S"$)multiplied by ohe of
IP-2.2.3| Listed Components Not Having Specific ¢ following quality factors: L
Ratinas (1) casting quality factor,. E¢, as d('eflned.1.n
9 para. IP-2.2.8 and tabulated for various material spgcifi-
Some| of the standards for components in cations in Mandatory<Appendix IX, Table IX-2, anfl for
Table 1P{8.1.1-1 (e.g., ASME B16.9 and ASME B16.11) various levels of supplementary examination in Table
state thdt pressure-temperature ratings are based on  1P-2.2.8-1
straight q}amless pipe. Except as limited in the standard (2) longitudinal weld joint factor, Ej, as defin¢d in
or elsewhere in this Code, such a component, made of a para. IP-2.2.9 and tabulated for various material sppcifi-
material having the same allowable stress as the pipe, shall cations and classes in Mandatory Appendix IX, Table

be rated ising not more than 87.5% of the nominal thick-
ness of Jeamless pipe corresponding to the schedule,
weight, ofr pressure class of the fitting, less all allowances
applied tp the pipe (e.g, thread depth and/or corrosion
allowancg).

1P-2.2.

(a) Cdmponents not listed in Table IP-8.1:1-1, but
which cojpform to a published specification or standard,
may be ysed within the following limifations:

(1) The designer shall be satisfiedjthat composition,
mechanifcal properties, method of‘manufacture, and
quality cgntrol are comparable to the corresponding char-
acteristids of listed compongents.

(2) Pressure design-shall be verified in accordance
with Chapter IP-3.

(b) Other unlisted:components shall be qualified for
pressure|design.as required by para. IP-3.8.2.

Unlisted Components

IP-2.2.5| Ratings at Junction of Different Services

[X-3A,'and for various types of joints and supplementary
examinations in Table IP-2.2.9-1

The stress values in Mandatory Appendix IX, Tableq
and IX-4 are grouped by materials and product formg, and
are for stated temperatures up to the limit provided in
para. GR-2.1.2(a). Straight-line interpolation betyeen
temperatures is permissible. The temperature intepnded
is the design temperature (see para. IP-2.1.4). Maferial
performance factors located in Mandatory Appendjx IX,
Tables IX-5A through IX-5C are grouped by material
type, material tensile or yield strength, and maximum
system design pressure. Straight-line interpolatipn is
permissible.

(b) Shear and Bearing. Allowable stresses in shear
be 0.80 times the basic allowable stress in tension
lated in Mandatory Appendix IX, Table IX-1A or Table
Allowable stress in bearing shall be 1.60 times the allow-
able stress in tension. Shear allowable stress muft be
multiplied by the appropriate material performpance
factor, Mg

(c) Compression. Allowable stresses in compregsion

IX-1

shall
abu-
[X-4.

When two services that operate at different pressure-
temperature conditions are connected, the valve segre-
gating the two services shall be rated for the more
severe service condition. If the valve will operate at a
different temperature due to its remoteness from a
header or piece of equipment, this valve (and any
mating flanges) may be selected on the basis of the
different temperature, provided it can withstand the
required pressure tests on each side of the valve. For
piping on either side of the valve, however, each

74

shall be no greater than the basic allowable stresses in
tension as tabulated in Mandatory Appendix IX. Consid-
eration shall be given to structural stability.

! Ifa component is made of castings joined by longitudinal welds, both a
casting and a weld joint quality factor shall be applied. The equivalent
quality factor, E, is the product of E. (see Mandatory Appendix IX, Table
[X-2) and E; (see Mandatory Appendix IX, Table IX-3A).
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IP-2.2.7 Bases for Design Stresses”

The bases for establishing design stress values for
bolting materials and allowable stress values for other
metallic materials in this Code are as follows:

(a) Bolting Materials. Design stress values at tempera-
ture for bolting materials shall not exceed the lowest of the
following:

(1) exceptas providedin (3) below, the lower of one-

four
temperature, Sy, and one-fourth of tensile strength at
temperature
2) exceptas provided in (3) below, the lower of two-
thirds of SMYS at room temperature, Sy, and two-thirds of
strength at temperature
3) at temperatures below the creep range, for
bolting materials whose strength has been enhanced
by hleat treatment or strain hardening, the lower of
one{fifth of S; and one-fourth of Sy (unless these
valug¢s are lower than corresponding values for annealed
matgrial, in which case the annealed values shall be used)
4) two-thirds of the yield strength at temperature
(d) below]
(5) 100% of the average stress for a creep rate of
o per 1000 h
(6) 67% of the average stress for rupture at the end
)0 000 h
7) 80% of minimum stress for rupture at the end of
100000 h

(b) Other Materials. Basic allowable stress values\at
temperature for materials other than bolting materials
shalll not exceed the following:
1) the lower of one-third of Sy and «one-third of
le strength at temperature
(2) exceptas provided in (3) below, the lower of two-
s of Sy and two-thirds of yield-strength at tempera-

[see
0.01

of 1

tens

third
ture
3) for austenitic stainless steels and nickel alloys
ng similar stress-strainbehavior, the lower of two-
s of Sy and 90% of yield strength at temperature
(c) below]

4) 100% of théaverage stress for a creep rate of
o per 1000.h

(5) 67% ofthe average stress for rupture at the end
)0 000.h

havi
third
[see

0.01

of 1

2 ThkséBases are the same as those givenin ASME BPVC, Section II, Part

(6) 80% ofthe minimum stress for rupture at the end
of 100000 h

(7) for structural grade materials, the basic allow-
able stress shall be 0.92 times the lowest value determined
in (1) through (6) above

(8) in the application of these criteria, the yield
strength at room temperature is considered to be SyRy
and the tensile strength at room temperature is consid-
ered to be 1.1S:Rs

determined in accordance with (b)(3) aboveisnpt recom-
mended for flanged joints and other componentg in which
slight deformation can cause leakage ot malfunction.
[These values are shown in italics or bolldface in
Mandatory Appendix IX, Table'1X+1A, as explained in
Note (7) of the table.] Instead, either 75% of the stress
value in Mandatory Appendix IX, Table IX-14 or two-
thirds of the yield strength at temperature [listed in
ASME BPVC, Section HyPart D, Table Y-1 should be used.

(d) Unlisted Materxials. For a material that copforms to
para. GR-2.1.1(b); the tensile (yield) strength at tempera-
ture shall be dérived by multiplying the averagelexpected
tensile (yield) strength at temperature by the rptio of Sy
(S;) divided by the average expected tensilp (yield)
strength at room temperature.

IP-2.2.8 Casting Quality Factor, Ec

(a) The casting quality factors, E¢, defined hefein shall
be used for cast components not having pfessure-
temperature ratings established by standards|listed in
Table IP-8.1.1-1.

(b) Basic Quality Factors. Static castings that c
the material specification and have been visua
ined as required by MSS SP-55, Quality Stan
Steel Castings for Valves, Flanges and Fittjngs and
Other Piping Components — Visual Method, arejassigned
a basic casting quality factor, E, of 0.80. Centriffigal cast-
ings that meet specification requirements only for chem-
ical analysis; tensile, hydrostatic, and flattening fests; and
visual examination are assigned a basic casting quality
factor of 0.80. Basic casting quality factors are fabulated
for listed specifications in Mandatory Appendix|IX, Table
IX-2.

(c) Increased Quality Factors. Casting quality factors
may be increased when supplementary exanjinations
are performed on each casting. Table [P-2.2.8-1 states

nform to
ly exam-
dard for

D. Stress values In Mandatory Appendix IX at temperatures below the
creep range generally are the same as those listed in Section II, Part D,
Tables 5A and 5B, and in Table 3 for bolting, corresponding to those
bases. They have been adjusted as necessary to exclude casting
quality factors and longitudinal weld joint quality factors. Stress
values at temperatures in the creep range generally are the same as
those in Section II, Part D, Tables 1A and 1B, corresponding to the
bases for Section VIII, Division 1. Stress values for temperatures
above those for which values are listed in the BPVC, and for materials
notlisted in the BPVC, are based on those listed in Appendix A of the 1966
Edition of ASA B31.3. Such values will be revised when reliable mechan-
ical property data for elevated temperatures and/or for additional mate-
rials become available to the Committee.
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the increased casting quality factors, E¢, that may be
used for various combinations of supplementary exami-
nation. Table IP-2.2.8-2 states the acceptance criteria for
the examination methods specified in the Notes to Table
[P-2.2.8-1. Quality factors higher than those shown in
Table IP-2.2.8-1 do not result from combining tests
(2)(a) and (2)(b), or (3)(a) and (3)(b). In no case shall
the quality factor exceed 1.00. Several of the specifications
in Mandatory Appendix IX require machining of all
surfaces and/or one or more of these supplementary
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Table IP-2.2.8-1
Increased Casting Quality Factors, E.

examinations. In such cases, the appropriate increased
quality factor is shown in Table IP-2.2.8-1.

Supplementary Examination Factor,
in Accordance With Note(s) E. . .
0 085 IP-2.2.9 Weld Joint Quality Factors, E;
(2)(a) or (2)(b) 0.85 (a) Basic Quality Factors. The weld joint quality factors,
3)(a) or (3)(b 0.95 E;, tabulated in Mandatory Appendix IX, Table IX-3A are
(3)(a) or (3)(b) ) y App
(1) and (2)(a) or (2)(b) 0.90 basic factors for longitudinal welded joints for pressure-
(1) and (3Hay-or335) 100 containing components as shown in Table [P-2.2.9-1.
(2)(a) or (R)(b) and (3)(a) or (3)(b) 1.00 (b) Increased Quality Factors. Table IP-2.2.9-1 alsolindi-
_ - ' cates higher joint quality factors that may be substifuted
GENERAL NOTE: Titles of standards referenced in this table’s Notes for those in Mandatory Appendix IX, Table #X-34 for
are as follgws: tain kind £ Ids if additi 1 inati .
ASME|B46.1 Surface Texture (Surface Roughness, Waviness certain Xinds ot welds 1 a. Itional exgminati n_ 1.5
and Lay) performed beyond that required by the product spEcifi-
ASTM|E114 Practice for Ultrasonic Pulse-Echo Straight- cation.
Beam Testing by the Contact Method
ASTM[E125 Fe;erence Phot;graphs Cfor Magnetic Particle  |P-2,2,10 Limits of Calculated Stresses Due fo
ndications on Ferrous Castings . .
ASTM|E142-92 Method for Controlling Quality of Radiographic SUSt,aIned Loads and Dlsplacement
Testing Strains
ASTM[E165 Practice for Liquid Penetrant Examination for .
General Industry (a) Internal Pressure Stresses. Stresses due to internal
ASTM|E709-80 Practice for Magnetic Particle Examination pressure shall be ednsidered safe when the wall thickness
MSS Sp-53 Quality Standard for Steel Castings and of the piping/eomponent, including any reinforcement,
golr]g‘“g? for Xal"es' Flanges ;{“d F‘t_t”;gs Ejm]d meets the requirements of para. IP-3.2.
E;Eai:in;ljt’;gi J:;Eggents — Magnetic Particle (b) Extennal Pressure Stresses. Stresses due to external
pressupe shall be considered safe when the wall thickness
NOTES: ] o ) of the piping component, and its means of stiffening, meet
(1) Machinpe all surfaces to a finish of 6.3 pm R, (250 pin. R, per ASME the requirements of para. IP-3.2
B46.1) thus increasing the effectiveness of surface examination. a para. . T
@) (c) Stresses Due to Sustained Loads, S;. The sum df the
(a) [Examine all surfaces of each casting (magnetic material longitudinal stresses, S, in any component in a pJping
only) |by the magnetic particle method in accordance with system, due to sustained loads such as pressure and
ASTM|E709. Judge acceptapility in accordance with MSS-SP- weight, shall not exceed the product S,My S, i§ the
53, usjng reference photos in ASTM E125. basic allowable stress provided in Mandatory Appgndix
(b) |Examine all surfaces of each casting by the liquid penetrant IX Table IX-1A h 1 for th .
methdd, in accordance with ASTM E165. Judge acceptability of ’ a' ? B a.lt the meta' temperature' or the oper itlr.lg
flaws 4nd weld repairs in accordance with Table'l of MSS SP-53, condition being considered. My is as showpn in
using ASTM E125 as a reference for surfdce)flaws. Mandatory Appendix IX, Tables IX-5B and IX-5C.
(3) d) Allowable Displacement Stress Range, S,.| The
. ) ) ) p g
.(a) Fully examine ea?h castmg ultraso.mcally in accor.dance computed displacement stress range, Sg, in a piping
with ASTM E114, accepting a casting ohly if there is no evidence
of degth of defects in excess 0f'5% of wall thickness. system (see Chapter [P-6) shall not exceed the allowable
(b) |Fully radiograph each\easting in accordance with ASTM displacement stress range, S,, calculated in accordance
E142.|]Judge in accordarfige’with the stated acceptance levels with ASME B31.3, para. 302.3.5(d), except that the eqpiva-
in Taljle IP-2.2.8-2.

lent number of full displacement cycles, N, sha]l be
increased by a factor of 10 for carbon and low alloy
steels and other materials that are susceptible tp HE
when the system design temperature is within thp HE
range [up to 150°C (300°F)].
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IP-2.2.11 Limits of Calculated Stresses Due to
Occasional Loads

(a) Operation. The sum of the longitudinal stresses, S;,
due to sustained loads, such as pressure and weight, and of
the stresses produced by occasional loads, such as wind or
earthquake, may be as much as 1.33 times the basic allow-
able stress given in Mandatory Appendix IX times the
material performance factor, Mg
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Table IP-2.2.8-2
Acceptance Levels for Castings

Material Examined Thickness, T

Applicable Standard

Acceptance Level (or Class)

Acceptable Discontinuities

Steel T < 25 mm (1 in.) ASTM E446-98 1 Types A, B, C
Steel T >25 mm, <51 mm (2 in.) ASTM E446-98 2 Types A, B, C
Steel T >51 mm, <114 mm (41/2 in.) ASTM E186-98 2 Categories A, B, C
Steel|T >114 mm, <305 mm (12 in.) ASTM E280 2 Categories A, B,C
Alumjinum and magnesium ASTM E155 Shown inreférence rgdiographs
Coppkr, Ni-Cu ASTM E272 2 Codes A, Ba, Bb
Bronte ASTM E310 2 Codes A and B
GENHRAL NOTE: Titles of ASTM standards referenced in this table are as follows:

E145 Reference Radiographs for Inspection of Aluminum and Magnesium Castings

E146-98 Reference Radiographs for Heavy-Walled (2 to 4%-in. [51 to 114-mm]) Sfeel Castings

E2742 Reference Radiographs for High-Strength Copper-Base and Nickel-Cepper Castings

E240 Reference Radiographs for Heavy-Walled (4% to 12-in. [114 to 305-mMm]) Steel Castings

E310 Reference Radiographs for Tin Bronze Castings

E446-98 Reference Radiographs for Steel Castings Up to 2 in. (51 mm)“in Thickness

The allowable stress for occasional loads of shortdura- (b) Test. Stresses due to test conditions are ngt subject
tion,|[such as surge, extreme wind, or earthquake, may be to the limitations in para. [P-2.2.6. It is not nedessary to
takeh as the strength reduction factor times 90% of the consider other occasional loads, such as wind a(rd earth-
yield strength at temperature times My for(materials with quake, as occurring concurrently with test loadls.
duct]le behavior. This yield strength shall be as listed in

ASM
are
ming
redul
with

F. BPVC, Section I, Part D, Table Y=1\(ensure materials
uitable for hydrogen service;.see API 941), or deter-
d in accordance with para. IP-2.2.7(d). The strength
ction factor represents the reduction in yield strength

long-term exposureof the material to elevated

temperatures and, in_the absence of more applicable

data
and

able
E. W
yield
must

shall be taken as*1.0 for austenitic stainless steel
D.8 for other materials. For castings, the basic allow-
stress shalkbe multiplied by the casting quality factor,
here theallowable stress value exceeds two-thirds of
stréngth at temperature, the allowable stress value
bereduced as specified in para. IP-2.2.7(c). Wind and

IP-2.2.12 Allowances

In determining the minimum required thick
piping component, allowances shall be included

sion, erosion, and thread depth or groove depth.

IP-2.2.13 Mechanical Strength

When necessary, the thickness shall be inci
prevent overstress, damage, collapse, or buc}
to superimposed loads from supports, ice format
fill, transportation, handling, or other cause
increasing the thickness would excessively

ness of a
or corro-

eased to
tling due
on, back-
5. Where
increase

eart

hquake forces need not be considered as acting

concurrently. At temperatures warmer than 427°C

(800

OF), use 1335}1Mf
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1 1 b d=l —— £l el £ e - +1 3
TOCAr Stresses or tie I'ISK o1 orIttre rracture, or rsotherwise

impracticable, the required strength may be

obtained

through additional supports, braces, or other means
without an increased wall thickness. Particular considera-
tion should be given to the mechanical strength of small

pipe connections to piping or equipment.
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Table IP-2.2.9-1
Longitudinal Weld Joint Quality Factor, E;

No. Type of Joint Type of Seam Examination Factor, E;
1 Electric resistance weld Straight As required by listed specifications 1.00
2 Electric fusion weld
(a) Single butt weld Straight As required by listed specifications 0.80
or this Code
(with or without filler metal) Additionally spot radiographed 0.p0
Additionally 100% radiographed 1po
per para. IP-10.4.5.3 and Table
[P-10.4.3-1
(H) Double butt weld Straight As required by listed speeifications 05
[except as or this Code
(With or without filler metal) provided Additionally spot radiographed 0p0
in 3 below] [Note (1)]
Additionally.}00% radiographed 1p0
per para:-1P-10.4.5.3 and Table
[P-10.4.3-1
3 P¢r other specifications
API 5L Submerged arc weld Straight with on€ | AS required by specification 0.p5
(SAW) or two seams
Gas metal arc weld
(GMAW)
Combined GMAW, SAW
NOTE: (1)[Spotradiography forlongitudinal groove welds requiredtq have a weld joint factor, Ej, of 0.90 requires examination by radiography in
accordancg with para. IP-10.4.5.3 of at least 300 mm (1 ft) in each 30 m (100 ft) of weld for each welder. Acceptance criteria are those stated in
Table IP-19.4.3-1 for radiography for the type of joint examined.
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Chapter IP-3
Pressure Design of Piping Components

IP-3l1 GENERAL

(a) Components manufactured in accordance with
stanglards listed in Table IP-8.1.1-1 shall be considered
suitdble for use at pressure-temperature ratings in accor-
dange with para. IP-2.2.2 or para IP-2.2.3, as applicable.
The rules in para. IP-3.2 are intended for pressure design
of components not covered in Table IP-8.1.1-1, but may be
used|for a special or more rigorous design of such compo-
nentp, or to satisfy requirements of para. IP-2.2.3.

(b} Designs shall be checked for adequacy of mechan-
ical $trength under applicable loadings enumerated in
para} IP-2.1. Adequacy of mechanical strength may be
dempnstrated by methods described in CSA HGV 4.10,
Fittihgs for Compressed Hydrogen Gas and Hydrogen
Rich|Gas Mixtures.

IP-312 STRAIGHT PIPE

(a) The required thickness of straight sections of pipé
shalll be determined in accordance with eq. (2)

tw=t+c (2)

THe minimum thickness, T, for the pipe sé€lected, consid-
ering the manufacturer’s minus tolerance;, shall be notless
than| ¢,

(b} The following nomenclature_is used in the equa-
tionq for pressure design of straight pipe:

d = sum of the mechanical allowances (thread or
groove depth) plus-eorrosion and erosion allow-
ances. For threaded components, the nominal
thread depth-(dimension h of ASME B1.20.1,
or equivdlent) shall apply. For machined surfaces
or grooves where the tolerance is not specified,
thetolérance shall be assumed to be 0.5 mm (0.02
in-)*in addition to the specified depth of the cut.

D = outside diameter of pipe as listed in tablis of stan-
dards or specifications, or as méasure
d = inside diameter of pipe. For pressuie design
calculation, the inside diameter of thie pipe is
the maximum value allowable unjder the
purchase specification.
E = quality factor fromMandatory Appendiy IX, Table
[X-2 or Table [X:34
M; = material performance factor that addr¢sses loss
of material ‘properties associated with hydrogen
gas seryice. See Mandatory Appendfix IX for
perférmance factor tables and applicatijon notes.
P = internhal design gage pressure
S =_stress value for material from Mandatoify Appen-
dix IX, Table IX-1A
T"= pipe wall thickness (measured or miniimum per
purchase specification)
t = pressure design thickness, as calculated|in accor-
dance with para. IP-3.2.1 for internal pressure or
as determined in accordance with pard. IP-3.2.2
for external pressure
tn, = minimum required thickness, including mechan-
ical, corrosion, and erosion allowanceq
Y = coefficient from Table IP-3.2-1, valid fdr t < D/6
and for materials shown. The value of |f may be
interpolated for intermediate temperafures.
(d+2c)/(D+d+ 2c) fort=D/6

IP-3.2.1 Straight Pipe Under Internal Prefsure

(a) For t < D/6, the internal pressure design thickness
for straight pipe shall be not less than that caldqulated in
accordance with either eq. (3a) or eq. (3b):

PD

= Z(SEMf + PY) (32)

Table IP-3.2-1
Values of Coefficient Y for t < D/6

Coefficient Y at Temperature, °C (°F)

<482 510 538 566 593 2621
Materials (<900) (950) (1,000) (1,050) (1,100) (21,150)
Ferritic steels 0.4 0.5 0.7 0.7 0.7 0.7
Austenitic steels 0.4 0.4 0.4 0.4 0.5 0.7
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Figure IP-3.3.1-1
Nomenclature for Pipe Bends

Intrados —,—\

at the extrados (outside bend radius)
_ 4(Ry/D) +1
4(Ry/D) + 2

(3¢)

and at the sidewall on the bend centerline radius, /= 1.0.In

eqs. (3d) and (3e),
R, = bend radius of welding elbow or pipe bend

Thickness variations from the intrados to the extrados

and along the length of the bend shall be gradual

The

Extrados

PD

t

B Z[SEMf +P(1 - Y)] (3b)

(b) Fo
pressure
special
failure, e

F t 2 D/6 or for P/SEMy > 0.385, calculation of
design thickness for straight pipe requires
fonsideration of factors such as theory of
ffects of fatigue, and thermal stress.

1P-3.2.2

To determine wall thickness and stiffening require-
ments fdr straight pipe under external pressure, the
proceduife outlined in ASME BPVC, Section VIII, Division
1, UG-28|through UG-30 shall be followed, using as the
design length, L, the running centerline length between
any two [sections stiffened in accordance with UG-29.
As an exfeption, for pipe with D,/t < 10, the valueloef S
to be usgd in determining P,, shall be the lesseiof the
following values for pipe material at design temperature:

(a) 1.3 times the stress value from Man@datory Appen-
dix IX, Table IX-1A of this Code

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

(The symbol D, in ASME BPYG, Section VIIl is equivalent
to D in this Code.)

Straight Pipe Under External Pressure

IP-3.3 CURVED AND-MITERED SEGMENTS OF PIPE

IP-3.3.1

The mjnimum required thickness, t,,, of a bend, after

Pipe:Bends

thickness requirements apply at the midspamo
bend, y/2, at the intrados, extrados, and bend-centé
radius. The minimum thickness at the end tahgents
not be less than the requirements of pdara. IP-3.
straight pipe (see Figure 1P-3.3.1-1).

IP-3.3.2 Elbows

Manufactured elbows nothin“accordance with
IP-3.1 shall be qualified@s‘required by para. IP-
or designed in accordange with para IP-3.3.1, exce
provided in para. GR=3:4.3(d)(6).

IP-3.3.3 Miter Bends

An angular offset of 3 deg or less (angle « in F
[P-3.3.3¢1))does not require design consideration
miter bend. Mitered joints may be used in liquid hydr
piping under the following conditions: a joint s
analysis has been performed and engineering dg
Ras approved the joint, the number of full-pressu
thermal cycles will not exceed 7 000 during the exp4
lifetime of the pipe system, and complete joint penetr:
welds shall be used in joining miter segments. Accep

Figure IP-3.3.3-1
Nomenclature for Miter Bends

F the
rline
shall
P for

bara.
B.8.2
bt as

gure
as a
pgen
ress
sign
‘e or
cted
htion
fable

bending, Inits finished form shall be determined in accor-
dance with egs. (2) and (3c)

PD

t= ——— 3
2(SEMy /I + PY) 3
where at the intrados (inside bend radius)
_ 4®Ry/D) -1 34)
4(Ry/D) — 2

80
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methods for pressure design of multiple and single miter
bends are given in (a) and (b) below.

(a) Multiple Miter Bends. The maximum allowable
internal pressure shall be the lesser value calculated
from eqgs. (4a) and (4b). These equations are not applica-
ble when 6 exceeds 22.5 deg.

SEM(T —
o (T = ¢

m

T—-¢

(42)
(T = ¢) + 0.643tand/ry(T — ¢) }

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

(T —¢),mm A
<13 25
13<(T—¢) <22 2(T - ¢)
>22 [2(T —¢)/3] + 30

(2) For U.S. Customary units

9}
(T —c¢),in. A
SEMA(T — _ <0.5 1.0
B, = A C)[ B ] (4b) 0.5 < (T —¢) < 0.88 2T &)

r Rl - 0.51‘2

(b} Single Miter Bends

1) The maximum allowable internal pressure for a
single miter bend with angle 8 not greater than 22.5 deg
shalll be calculated by eq. (4a).

2) The maximum allowable internal pressure for a
single miter bend with angle 0 greater than 22.5 deg shall
be cilculated by eq. (4c)

SEMf(T - ) T—¢
P =
" ) (T = ¢) + 1.25tan 0y (T — ¢)
(c] The miter pipe wall thickness, T, used in egs. (4a),

(4b)}and (4c) shall extend a distance not less than M from
the ipside crotch of the end miter welds, where

(4c)

M = the larger of 2.5(1‘2T)0'5 or tan O(R; — r2)

The length of taper at the end of the miter pipe may be
included in the distance, M.

(d} The following nomenclature is used in eqs. (4a),
(4b)) and (4c) for the pressure design of miter bends:
= same as defined in para. [Ps32
K = same as defined in para.1P-3.2

M| = same as defined in para-1P-3.2

P} = maximum allowablelinternal pressure for miter
bends

R{ = effective radius.of miter bend, defined as the

shortest distance from the pipe centerline to
the intersection of the planes of adjacent
miter joints

ry = meanvradius of pipe using nominal wall T

§ =(same as defined in para. IP-3.2

T ="miter pipe wall thickness (measured or minimum

>0.88

~

[2(T =%)/3] + 1.1

IP-3.3.4 Curved and Miteréd,Segments of Pipe
Under External Pressure

The wall thickness oficurved and mitered segments of
pipe subjected to external pressure may be detefmined as
specified for straight pipe in para. IP-3.2.2.

IP-3.4 BRANCH CONNECTIONS

(a) Except as provided in (b) below, the reqirements
in paras: IP-3.4.1 through IP-3.4.3 are applicable fo branch
connections made in accordance with the fpllowing
fmethods:

(1) fittings (tees, extruded outlets, branfh outlet
fittings per MSS SP-97, laterals, crosses)
(2) unlisted cast or forged branch connectign fittings
(see para. GR-1.2) and couplings not over DN 8( (NPS 3),
attached to the run pipe by welding
(3) welding the branch pipe directly to thefrun pipe,
with or without added reinforcement, as cdvered in
para. GR-3.4.9

(b) The rules in paras. [P-3.4.1 through 1P{3.4.3 are
minimum requirements, valid only for branch copnections
in which (using the nomenclature of Figure [P13.4.2-1)

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

(2) for run pipe with D,/T, = 100, th¢ branch
diameter, D,, is less than one-half the run diameter, D,

(3) angle B is at least 45 deg

(4) theaxisofthebranchintersects the axis pftherun

(c) Where the provisions of (a) and (b) above are not

per purchase specification)
a = angle of change in direction at miter joint
= 20
0 = angle of miter cut

For compliance with this Code, the value of R; shall be
not less than that given by eq. (5)

4 Db (5)

Rl =
tan 0 2

met; pressure anign shallbe qnq]iﬁar‘ as rnquivnjbypara_

IP-3.8.2.
(d) Other design considerations relating to branch
connections are stated in para. [P-3.4.4.

IP-3.4.1 Strength of Branch Connections

A pipe having a branch connection is weakened by the
opening that must be made in it and, unless the wall thick-
ness of the pipe is sufficiently in excess of that required to
sustain the pressure, it is necessary to provide added
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reinforcement. The amount of reinforcement required to
sustain the pressure shall be determined in accordance
with para. IP-3.4.2 or para. IP-3.4.3. There are,
however, certain branch connections that have adequate
pressure strength or reinforcement as constructed. It may
be assumed without calculation that a branch connection
has adequate strength to sustain the internal and external
pressure which will be applied to it if

(a) the branch connection utilizes a listed fitting in

branch does not intersect the longitudinal weld of
the run, the basic allowable stress, S, for the pipe
may be used in determining t; for reinforcement
calculation only. When the branch does intersect
the longitudinal weld of the run, the product SEW
{of the stress value, S, the appropriate weld joint
quality factor, Ej, from Mandatory Appendix IX,
Table IX-34, and the weld joint strength reduction
factor, W [see para. IP-2.2.10(a)]} for the run pipe

accordanfce with Chapter 1P-3.

(b) thle branch connection is made by welding a
threaded or socket welding coupling or half coupling
directly fo the run in accordance with para. GR-3.4.9,
provided| the size of the branch does not exceed DN 50
(NPS 2) |nor one-fourth the nominal size of the run.
The minjmum wall thickness of the coupling anywhere
in the reinforcement zone (if threads are in the zone,
wall thi¢kness is measured from root of thread to
minimuny outside diameter) shall be not less than that
of the unthreaded branch pipe. In no case shall a coupling
or half cpupling have a rating less than Class 2000 per
ASME B16.11.

(c) thg branch connection utilizes an unlisted branch
connectign fitting (see para. GR-1.2), provided the fitting is
made frdgm materials listed in Mandatory Appendix IX,
Table IX}{1A and provided that the branch connection
is qualified as required by para. IP-3.8.2.

IP-3.4.2| Reinforcement of Welded Branch
Connections

Added|reinforcement is required to meet the critenia in
(b) and (c) below when it is not inherent in the:coempo-
nents of fthe branch connection. Sample problems illus-
trating the calculations for branch reinforcement are
shown il Nonmandatory Appendix E.

(a) Ndmenclature. The following nemenclature is used
in the pressure design of branch connections. It is illus-
trated in Figure IP-3.4.2-1, which-de€s not indicate details
for constfuction or welding. Some of the terms defined in
Nonmandatory Appendix B, para. E-2 are subject to
further definitions or variations, as follows:

b ubscript referring to branch

d, ffective fength removed from pipe at branch
» — 2(Fy—= c)]/sin B for branch intersections
hete)the branch opening is a projection of
e/branch pipe inside diameter (e.g., pipe-to-

of the branch shall be used in calculating-4,.

T, = branch pipe thickness (measured or. minimum
per purchase specification) except'for branch
connection fittings (see para. GR-1.2). For |such
connections, the value of T}, for use in calculhting
L4, dp and Az is the thickness of the reinforcing
barrel (minimum per’purchase specificatfion),
provided that the barrel thickness is uniform
and extends at léast'to the L, limit (see Figure
IP-3.4.2-1).
header pipe(thickness (measured or minifjnum
per purchdse specification)
minimpm thickness of reinforcing ring or sgddle
made‘from pipe (use nominal thickness if made
from plate)

0, if there is no reinforcing ring or saddle
smaller angle between axes of branch and [run

shall be used 1n the calculation. The proaucq:‘SEW

Tn

=
1

B

(b) Required Reinforcement Area. The reinforcement
area, A4, required for a branch connection under int¢rnal
pressure is

Al = fhdl(z - sinﬂ) (63)

For a branch connection under external pressure,|area
Aqisone-halfthe area calculated by eq. (6a), using as g, the
thickness required for external pressure.

(c) Available Area. The area available for reinforcepnent
is defined as

Ay + A3+ AL > A (6b)

These areas are all within the reinforcement zong and
are further defined below.
(1) Area A; is the area resulting from excess thick-
ness in the run pipe wall

A2 = (2d2 - dl)(Th - th - C) (7)

pipe fabricated branch)
d, = half-width of reinforcement zone
=d, or (T, — c¢) + (T, - ¢) + dy/2, whichever is
greater, but in any case not more than D,
h = subscript referring to run or header
L, = height of reinforcement zone outside of run pipe
= 2.5(T, - ¢) or 2.5(T, - c¢) + T,, whichever is less
t = pressure design thickness of pipe, according to
the appropriate wall thickness equation or proce-
dure in para. IP-3.2. For welded pipe, when the

(2) Area Az is the area resulting from excess thick-
ness in the branch pipe wall

A3 = 2L4(Ti, - tb - C)/smB (8)

If the allowable stress for the branch pipe wall is less
than that for the run pipe, its calculated area must be
reduced in the ratio of allowable stress values of the
branch to the run in determining its contributions to
area As.
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Figure IP-3.4.2-1
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(3) Area A, is the area of other metal provided by
welds and properly attached reinforcement [see
para. IP-3.4.2(f)]. Weld areas shall be based on the
minimum dimensions specified in para. GR-3.4.9,
except that larger dimensions may be used if the
welder has been specifically instructed to make the
welds to those dimensions.

(d) Reinforcement Zone. The reinforcement zone is a
parallelogram whose length extends a distance of d,

(b) Pressure Design. The rules in para. [P-3.4.3 are
minimum requirements, valid only within the limits of
geometry shown in Figure [P-3.4.3-1, and only where
the axis of the outlet intersects and is perpendicular to
the axis of the header. Where these requirements are
not met, or where nonintegral material such as a ring,
pad, or saddle has been added to the outlet, pressure
design shall be qualified as required by para. IP-3.8.2.

(c) Nomenclature. The nomenclature used herein is il-

on each FIde of the centerline of the branch pipe, and
whose width starts at the inside surface of the run
pipe (in|its corroded condition) and extends beyond
the outsfde surface of the run pipe a perpendicular
distance |L4.

(e) Multiple Branches. When two or more branch
connectigns are so closely spaced that their reinforcement
zones overlap, the distance between centers of the open-
ings shoyld be at least 1% times their average diameter,
and the area of reinforcement between any two openings
shall be fot less than 50% of the total that both require.
Each opehing shall have adequate reinforcement in accor-
dance with (b) and (c). No part of the metal cross section
may applly to more than one opening or be evaluated more
than oncp in any combined area. (Consult PFI ES-07 for
detailed fecommendations on spacing of welded nozzles.)

(f) Added Reinforcement

(1) Reinforcement added in the form of a ring or
saddle ag part of area A4 shall be of reasonably constant
width. A [vent hole shall be provided in accordance with
para. GR{3.4.9(g).

(2) Material used for reinforcement may differ from
that of the run pipe, provided it is compatible with ruhand
branch pjpes with respect to weldability, heat treatment
requirenjents, galvanic corrosion, thermal expansion, etc.

(3) [f the allowable stress for thereinforcement
material [is less than that for the run pipe; its calculated
area must be reduced in the ratio ‘ofjallowable stress
values in| determining its contrib{ition to area A,.

(4) No additional credit may/be taken for a material
having hjgher allowable stress/value than the run pipe.

IP-3.4.3| Reinforcement of Extruded Outlet
Headers

(a) Extruded Outlets. The principles of reinforcement
stated i) pdra.'IP-3.4.2 are essentially applicable to
extruded outlet headers. An extruded outlet header is

Tustrated 1n Figure 1P-3.4.3-1. NOte the use of subscipt x,
signifying extruded. Refer to para. IP-3.4.2(a) forynofnen-
clature not listed here.
d, = design inside diameter of the extruded oftlet,
measured at the level of the olutside surfafe of
the header. This dimension‘is taken after
removal of all mechanicab-and corrosion allow-
ances and all thickness,tolerances.
d, = half-width of reinforcement zone (equal to|d,)
h, = height of the extrtided outlet. This must be ¢qual
to or greater than r, [except as shown in
Figure IP-3.4:3*1, illustration (b)].
Ls = height of\reinforcement zone
= 0.7,/D}Ty
ry = radiusof curvature of external contoured poftion
of-outlet, measured in the plane containing the
axes of the header and branch
Ty>= corroded finished thickness of extruded otitlet,
measured at a height equal to r, abovg the
outside surface of the header

(d) Limitations on Radius, r,. The external cortour
radius, r,, is subject to the following limitations:
(1) minimum r,: the lesser of 0.05D, or 38 mm (1.50
in.)

(2) maximum r, shall not exceed

(-a) for D, < DN 200 (NPS 8), 32 mm (1.25(in.)
(-b) for D, =DN 200 (NPS 8),0.1D;, + 13 mm (0.50
in.)
(3) for an external contour with multiple radif, the
requirements of (1) and (2) above apply, considering the
best-fit radius over a 45 deg arc as the maximum radius
(4) machining shall not be employed to meef the
above requirements
(e) Required Reinforcement Area. The required arga of
reinforcement is defined by

A = Ktpd.,. (92)

a length of pipe in which one or more outlets for
branch connection have been formed by extrusion,
using a die or dies to control the radii of the extrusion.
The extruded outlet projects above the surface of the
header a distance, h,, at least equal to the external
radius of the outlet, r, (i.e., hy = r,). Extruded outlets in
the run pipe, at the attachment of the branch pipe,
should be buttwelded.

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

A2 + A3 + A4 > Al (9b)
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Figure IP-3.4.3-1
Extruded Outlet Header Nomenclature
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Figure IP-3.4.3-1
Extruded Outlet Header Nomenclature (Cont'd)
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hreas are all within the reinforcement zonejand
er defined below.
Area A, is the area resulting from excess thick-
he header wall

Ay = (2dy = d)(T =ty — ¢) (10)
Area As is the area resulting from excess thick-
he branch pipe wall

A3 = ZLs(Tb \Q tb - C) (11)

Area A, is the area resulting from excess thick-
e extruded-outlet lip

A 2T, — (T, — o)) (12)

inforcement of Multiple Openings. The rules of

(d) Condition Where K=

dy — ]

1.00 and dy < dp

NOTE: This figure illustrates the nomenclature of para. IP-3.4.3. It does\not indicate complete details or a preferred met

[llustration (b) shows method of establishing T, when the taper encroaches on the crotch radius.

IP-3.4.4 Additional Design Considerations

The requirements of paras. IP-3.4 through IP-3.4.
intended to ensure satisfactory performance of a by
connection subject only to pressure. Engineering d
shall also consider the following:

(a) Inadditionto pressureloadings, external force
movements are applied to a branch connection by the
expansion and contraction, dead and live loads, and ny

od of

B are
anch
bSign

5 and
rmal
ove-

ment of piping terminals and supports. Special consi¢lera-

tion shall be given to the design of a branch connecti
withstand these forces and movements.
(b) Branch connections made by welding the br

bn to

Aanch

pipe directly to the run pipe should be avoided under

the following circumstances:
(1) when branch size approaches run size, par

ticu-

para.IP-3
area and
[P-3.4.3.

Z.Z(eJshall be followed, except that the required
reinforcement area shall be as given in para.

(h) Identification. The manufacturer shall establish the
design pressure and temperature for each extruded outlet
header and shall mark the header with this information,

together

with the symbol “B31.12” (indicating the appli-

cable Code Section) and the manufacturer’s name or trade-

mark.
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n, or

expanded pipe of a material subject to work hardening, is

used as the run pipe

(2) where repetitive stresses may be imposed on the
connection by vibration, pulsating pressure, temperature
cycling, etc.

In such cases, it is recommended that the design be
conservative and that consideration be given to the
use of tee fittings or complete encirclement types of re-
inforcement.
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Table IP-3.5-1
ASME BPVC, Section VIII, Division 1
References for Closures

¢ = sum of allowances defined in para. [P-3.2

t = pressure design thickness, calculated for the type
of closure and direction of loading, shown in
Table 1P-3.5-1, except that the symbols used to

Concave to Convex to .
Type of Closure Pressure Pressure determine ¢ shall be

Ellipsoidal UG-32(d) UG-33(d) E = Zame as defined in para. IP-3.2
Torispherical UG-32(e) UG-33(e) P = design gage pressure
Hemispherical UG-32() UG-33(0 S = S times W and My, with S, M and W as
Conical(no transition 1IG-32(g) LG-33(f) defined in para. IP-3.2

to (nL;ckle) = N T, = minimum required thickness, including] mechan-
Torichnical UG-32(h) UG-33(D) ical, corrosion, and erosion allowance
Flat (pressure on UG-34

either side)

(c] Adequate flexibility shall be provided in a small line
that pranches from a large run, to accommodate thermal
sion and other movements of the larger line. Calcu-

run

quirgments of para. IP-3.4(b), integfal reinforcement,
complete encirclement reinforcemtent, or other means
of reinforcement should be considered.

IP-34.5 Branch Connections Under External
Pressure

ssure design fot.a branch connection subjected to
extefrnal pressufe may be determined in accordance
with|para. IP-3%%; using the reinforcement area require-
ment statedvin/para. IP-3.4.2(b).

IP-3.5/CLOSURES

(c) Openings in Closures
(1) Therulesin (2) through (7)'apply to opgnings not
larger than one-half the inside diameter of the dlosure as
defined in ASME BPVC, Section, V11, Division 1,|JUG-36. A
closure with a larger opehing should be designed as a
reducer in accordaneewith para. IP-3.7 qr, if the
closure is flat, as a flange'in accordance with pafa. IP-3.6.
(2) A closure isweakened by an opening ajd, unless

the thickness of the closure is sufficiently in excdss of that
required to.Sustain pressure, it is necessary t¢ provide
added reinforcement. The need for and amounft of rein-
forcement required shall be determined in acfordance
with«the subparagraphs below except that it shall be
considered that the opening has adequate reinfprcement
if‘the outlet connection meets the requirements in
para. IP-3.4.1(b) or para. IP-3.4.1(c).
(3) Reinforcement for an opening in a clogure shall

be so distributed that reinforcement area on eath side of
an opening (considering any plane through the|center of
the opening normal to the surface of the closure) will equal
at least one-half the required area in that plank.
(4) The total cross-sectional area required for rein-
forcementin any given plane passing through thq center of
the opening shall not be less than that defined|in ASME
BPVC, Section VIII, Division 1, UG-37(b), UG-38} and UG-
39.
(5) The reinforcement area and reinforcenpent zone
shall be calculated in accordance with para. I§-3.4.2 or
IP-3.4.3, considering the subscript h and other references
to the run or header pipe as applying to the closufe. Where
the closure is curved, the boundaries of the reinfprcement
zone shall follow the contour of the closure, anld dimen-
sions of the reinforcement zone shall be measurefd parallel
to and perpendicular to the closure surface.

(a) Closures not in accordance with either para. IP-3.1
or (b) below shall be qualified as required by para. IP-3.8.2.
(b) For materials and design conditions covered
therein, closures may be designed in accordance with
the rulesin ASME BPVC, Section VIII, Division 1, calculated

from eq. (13):
ty=t+c (13)

where

(u) H-twoor-more Uycuiusa are—tobetocated in a
closure, the rules in paras. [P-3.4.2 and 1P-3.4.3 for the
reinforcement of multiple openings apply.

(7) The additional design considerations for branch
connections discussed in para. IP-3.4.4 apply equally to
openings in closures.
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IP-3.6 PRESSURE DESIGN OF FLANGES AND
BLANKS

IP-3.6.1 Flanges

(a) Flanges notinaccordance with para.IP-3.1 or (b) or
(c) below shall be qualified as required by para. IP-3.8.2.
(b) A flange may be designed in accordance with ASME
BPVC, Section VIII, Division 1, Appendix 2, using the allow-

able stresses-and-temperaturelimitsofthis Code..Nomen

IP-3.6.3 Blanks

The minimum required thickness of a permanent blank
(representative configurations shown in Figure
[P-3.6.3-1) shall be calculated in accordance with eq. (15)

| 3P

t,=d, | ——— + 15
" g\/léSEMf ‘ (15)

clature sllall be as defined in Appendix 2 except as follows:

P = design gage pressure

S. = Holt design stress at atmospheric temperature

S, = Holt design stress at design temperature

S = groduct SEM; [of the stress value, S; the appro-
Hriate quality factor, E, from Mandatory Appendix
IK, Table IX-2 or Table IX-3A; and the performance
factor, Ms(see Mandatory Appendix IX)] for flange
dr pipe material; see para. IP-2.2.7(c).

(c) Therulesin (b) above are notapplicable to a flanged

joint haying a gasket that extends outside the bolts
(usually|to the outside diameter of the flange). For
flanges that make solid contact outside the bolts, ASME
BPVC, Segtion VIII, Division 1, Appendix Y should be used.

(d) Se¢ ASME BPVC, Section VIII, Division 1, Appendix S
or ASME|PCC-1 for considerations applicable to bolted
joint ass¢mbly.

IP-3.6.2

(a) Bliind flanges not in accordance with either
para. IP-B.1 or (b) below shall be qualified as required
by para. [P-3.8.2.

(b) AMhlind flange may be designed in accordance with
eq. (14). [The minimum thickness, considering the manu-
facturer’s minus tolerance, shall be not less than ¢,

t,=t+c

Blind Flanges

(14)

To caldulate ¢t, the rules of ASME.BPVC, Section VIII, Divi-

where
¢ = sum of allowances defined in para. IP-3.2
d, = inside diameter of gasket for raised of flat-face
flanges, or the gasket pitch diameter for|ring
joint and fully retained gasketed flanges
E = same as defined in para. IP-3.2
My = same as defined in para. IP;3.2
P = design gage pressure
S = same as defined in para, IP-3.2
IP-3.7 REDUCERS
IP-3.7.1 Concentric’Reducers
(a) Concentric reducers not in accordance with

para. IP-3.1 ok (b) below shall be qualified as reqyired
by paracIP;3.8.2.

(b) Eoncentric reducers made in a conical or reve
curye'section, or a combination of such sections, m4
désigned in accordance with the rules for conical and|
gonical closures stated in para. IP-3.5.

rsed
y be
tori-

IP-3.7.2 Eccentric Reducers

Eccentric reducers not in accordance with para. IP-3.1

shall be qualified as required by para. IP-3.8.2.

IP-3.8 PRESSURE DESIGN OF OTHER
COMPONENTS
IP-3.8.1 Listed Components

Other pressure-containing components manufactured
in accordance with standards in Table IP-8.1.1-1|may
be utilized in accordance with para. IP-3.1.

IP-3.8.2 Unlisted Components and Elements

Pressure design of unlisted components and dther
piping elements to which the rules in para. IP-3J1 do

sion 1, UG-34 may be used Wwith the following changes in
nomenclature:
¢ = siim of allowances defined in para. [P-3.2
P = internal op‘external design gage pressure
S = productSEMy [of the stress value, S; the appro-
priatequality factor, E, from Mandatory Appendix
IX, Bable IX-2 or Table IX-3A; and the material
p , My (See Mandatory
Appendix 1X)] for flange material; see para.
IP-2.2.10
t = pressure design thickness, as calculated for the

given styles of blind flange, using the appropriate
equations for bolted flat cover plates in ASME
BPVC, Section VIII, Division 1, UG-34

88

not apply shall be based on calculations consistent
with the design criteria of this Code. These calculations
shall be substantiated by one or more of the means
stated in (a) through (d) below, considering applicable
dynamic, thermal, and cyclic effects in paras. IP-2.1.7
through IP-2.1.8, as well as thermal shock. Calculations
and documentation showing compliance with (a), (b),
(c) or (d), and (e) shall be available for the owner’s
approval.
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Figure IP-3.6.3-1
Blanks
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extensive, successful service experience under
parable conditions with similarly proportioned
ponents of the same or like material.
experimental stress analysis, such as des¢ribed in
. BPVC, Section VIII, Division 2, Annex 5:F.

proof test in accordance with ASME B16.9, MSS SP-
SA HGV 4.10, or ASME BPVC, Sectien VIII, Division 1,
01.

detailed stress analysis (e.g,, firfite element method)
results evaluated as described in ASME BPVC, Section
Division 2, Part 5. The basic allowable stress from
Hatory Appendix IX, Table IX-1A shall be used in

of the allowable:stress, S, in ASME BPVC, Section
Division 2, where applicable. At design temperatures
e creep range;-additional considerations beyond the
e of Diyision 2 may be necessary.

For<any of the means stated in (a) through (d), the
In.engineer may interpolate between sizes, wall thick-

ness

psand pressure classes, and may determine analo-

S

\\? !

77,

IP-3.8.4 Expansion Joints

(a) The design of metallic bellows-type e
joints shall be in accordance with ASME B31.3,
X. See also Nonmandatory Appendix A of this
further design considerations.

(b) The design of other types of expansion jo
be qualified as required by para. IP-3.8.2.

(c) Bellows-type expansion joints used in 1]
piping systems may be convoluted or toro
may or may not be reinforced. (Lap-welde
shall not be used.)

(d) Although a fatigue life able to withstan

Kpansion
A\ppendix
Code for

ints shall
iydrogen
dal, and
d tubing

i the full

thermal motion cycles shall be a design reqy
in no case shall the life of the bellows be 1

irement,
ss than

1000 full thermal movement and pressure cydes.

(e) Expansion joints shall be marked to show the direc-
tion of flow. Unless otherwise stated in the desjgn speci-
fications, flow liners shall be provided when flow

gies

IP-3

among related materials.

.8.3 Metallic Components With Nonmetallic
Pressure Parts

Components not covered by standards listed in
Table IP-8.1.1-1, in which both metallic and nonmetallic
parts contain the pressure, shall be evaluated by applica-
ble requirements of para. IP-3.8.2.

velocities exceed the following values:

Expansion Joint Gas, Liquid,
Diameter, in. ft/sec ft/sec
<6 4 2
>6 25 10
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(f) Inall piping systems containing bellows, the hydro- (g) The expansion joints shall be installed in locations
static end force caused by pressure, as well as the bellows accessible for scheduled inspection and all circumferential
spring force and rigid external anchors or a tie rod config- welds should be 100% radiographed to assure quality
uration, must resist the guide friction force. welds.

90
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Chapter IP-4
Service Requirements for Piping Components

IP-4.1 VALVES AND SPECIALTY COMPONENTS

The following requirements for valves shall also be met,
as agplicable, by other pressure-containing piping compo-
nents, such as traps, strainers, and separators. See
Nonmandatory Appendix A, para. A-7 for valve selection
consjderations.

IP-

(a
1P-8,
1P-4,

(b
acco
ture
ASM

.1.1 Valves

Listed Valves. Valve standards listed in Table
1.1-1 are suitable for use, except as stated in para.
1.2

Unlisted Valves. Unlisted valves may be used only in
rdance with para. IP-2.2.4, unless pressure-tempera-
ratings are established by the method set forth in
E B16.34.

IP-4.1.2 Specific Requirements

A bolted bonnet valve, whose bonnet is;secuf
body by fewer than four bolts or by,a U-bolt, sh|
used.

IP-4.2 BOLTING AND TAPPED HOLES FO
COMPONENTS

ed to the
b1l not be

(a) Bolting. Bolting_for components conforming to a

listed standard sHall'be in accordance with that
if specified therein.

(b) Tapped‘Holes. Tapped holes for pressure-
bolting in'metallic piping components shall be of
depth that the thread engagement will be at leq
eighths’ of the nominal thread diameter.

standard

retaining
sufficient
st seven-

91
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Chapter IP-5
Service Requirements for Piping Joints

IP-5.1 JCOPE

Pipingjoints shall be selected to suit the piping material,
with corsideration of joint tightness and mechanical
strength [under expected service and test conditions of
pressure| temperature, and external loading. Layout of
piping should, insofar as possible, minimize stress on
joints, giving special consideration to stresses due to
thermal ¢xpansion and operation of valves (particularly
a valve aft a free end).

IP-5.2

Joints
itis poss
welding
para. [P-

ELDED JOINTS

ay be made by welding in any material for which
ble to qualify welding procedures, welders, and
operators in conformance with the rules in
D.2.

IP-5.2.1
Welds

Welding Requirements

shall conform to the following:
(a) Welding shall be in accordance with para. IP-9.6.1
(b) Prgheating and heat treatment shall be in agcot-
dance with para. IP-9.9.
(c) Examination shall be in accordance with Chapter
IP-10.
(d) Adceptance criteria shall be those in Tables
IP-10.4.3f1 and 1P-10.4.3-2.

IP-5.2.2| Specific Requirements

(a) Bdcking Rings and Censumable Inserts. If backing

(c) Fillet Welds
(1) Fillet welds in accordance with para:\GR-B.4.7
may be used as primary welds to attach solcket
welding components and slip-on flanges.
(2) Fillet welds may also be used'to attach reinfprce-
ment and structural attachments, to supplement the
strength or reduce stress concentration of prifary
welds, and to prevent disassembly of joints.

(d) Seal Welds. Seal welds(see para. GR-3.4.8) m
used only to prevent leakage of threaded joints and
not be considered asycontributing any strength t
joints.

y be
shall
the

IP-5.3 FLANGED JOINTS

IP-5.3.1 ‘Listed and Unlisted Flange Joints

(a) Listed Flange Joints. Listed flanges, blanks) and
gaskets are suitable for use, except as stated elsewhere
in para. IP-5.3.

(b) Unlisted Flange Joints. Unlisted flanges, blanks
gaskets may be used only in accordance with |
IP-2.2.4.

and
ara.

IP-5.3.2 Selection, Design, and Installation gf
Flanged Joints

The following factors should be considered for leak-free
flanged joints:
(a) service conditions, e.g., external loads, berlding
moments, and thermal insulation

rings arefused where the-yesulting crevice is detrimental, (b) flangerating, type, material, facing, and facing finish
e.g., subject to embrijttlement, corrosion, vibration, or (c) design for access to the joint

other degradation «esulting from service, they shall be (d) installation (see ASME PCC-1)

removed and the/internal joint faces ground smooth. (1) condition of flange mating surfaces

When it|is impractical to remove the backing rings, (2) jointalignment and gasket placement beforg¢ bolt
welding [witheut backing rings or using consumable up

inserts orremovablenonretatie backinsrinss—showld 3—specitieationstortghtenring bolss{seepara.

be considered.
(b) Socket Welds

(1) Socket welded joints (see para. GR-3.4.7) should
be avoided where crevice corrosion or severe erosion may
occur.

(2) A drain or bypass in a component may be
attached by socket welding, provided the socket dimen-
sions conform to Figure 4 in ASME B16.5.
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[P-5.3.5)
(4) implementation of specified assembly proce-
dures

IP-5.3.3 Flange Facings

Flange facings shall be suitable for the intended service
and for the gaskets and bolting employed.
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IP-5.3.4 Flange Gaskets

(a) Seating Load. Gaskets shall be selected so that the
required seating load is compatible with the flange rating,
facing, strength of the flange, and bolting.

(b) Materials. Gasket materials shall be suitable for the
service conditions. Gasket materials not subject to cold
flow should be considered for temperatures significantly
above or below ambient.

(c

face

t materials are used in other fluid services, the
use pf tongue and groove or other gasket-confining
flange facings should be considered.

(d) Facing Finish. The effect of flange facing finish
shoulld be considered in gasket material selection.

gask

IP-

Bdlting includes bolts, bolt studs, studs, cap screws,
nuts) and washers.

(a) Bolting Procedures. The use of controlled bolting
prodedures should be considered in high, low, and
cycling temperature services, and under conditions in-
volving vibration or fatigue, to reduce
1) the potential for joint leakage due to differential
theral expansion
(2) the possibility of stress relaxation and loss of belt
on

Thermal Cycling. If stress relaxation and loss‘of bolt
tensjon is possible due to thermal cycling, bolt-hardware
shalll be strain hardened.

') Bolting Materials. Additional considerations for
ihg materials are in the course of \preparation.

.3.5 Flange Bolting

tens

(b)

(e] Unlisted Flange Bolting. Unlisted bolting may be
used| only in accordance with para. IP-5.3.
Selection Criteria.Belting selected shall be adequate
to sdat the gasket and\maintain joint tightness under all
design conditions:

(g) Specific<Bolting
1) LowYield Strength Bolting. Bolting having not
more thani207 MPa (30 ksi) SMYS shall not be used
for flanged joints rated ASME B16.5 Class 400 and
highcx, ITU1 fUl ﬂauscd J.Uilltb uoius lllCta}}iL Saol\cta,
unless calculations have been made showing adequate
strength to maintain joint tightness.

(2) Carbon Steel Bolting. Except where limited by
other provisions of this Code, carbon steel bolting may
be used with nonmetallic gaskets in flanged joints
rated ASME B16.5 Class 300 and lower for bolt metal
temperatures at -29°C to 204°C (-20°F to 400°F), inclu-
sive. If these bolts are galvanized, heavy hexagon nuts,
threaded to suit, shall be used.

93

(3) Bolting for Metallic Flange Combinations. Any
bolting that meets the requirements of para. IP-5.3.5
may be used with any combination of flange material
and facing. If either flange is to the ASME B16.1, ASME
B16.24, MSS SP-42, or MSS SP-51 specification, the
bolting material shall be no stronger than low yield
strength bolting unless

(-a) both flanges have flat faces and a full face
gasket is used or

It-up are
displace-
[P-2.2.10

spec1fled with consideration of sustained loads)
ment strains, and occasional loads (see-paras.
and IP-2.2.11), and strength of the flanges

IP-5.3.6 Tapped Holes for Flange Bolting

Tapped holes for flange bolts shall be of sufficipnt depth
that the thread engagement will be at least sevep-eighths
of the nominal thread.diameter.

IP-5.3.7 Joints Using Flanges of Different

Where flanges of different ratings are bolted [together,
the rating of the joint shall not exceed that of the lower
rated flange. Bolting torque shall be limited so pxcessive
loads are not imposed on the lower-rated flange.

Ratings

IP<5.3.8 Metal-to-Nonmetal Flanged Joints

Joints where a metallic flange is bolted to a nopmetallic
flange should be avoided. However, when such Joints are
necessary, both flanges shall be flat faced and full-faced
gaskets are preferred. If gaskets that extend only to the
inner edge of the bolts are used, the bolting torque shall be
limited to prevent overloading the nonmetallid flange.

IP-5.3.9 Slip-On Flanges

(a) Slip-on flanges shall be double welded as|shown in
Figure GR-3.4.7-2 when the service is
(1) subject to cyclic loading

(2) at temperatures below -101°C (-1509F)
(b) The space between the welds in doublg-welded
slip-on flanges shall be vented.
(c) Slip-on flanges shall be avoided where mpny large
temperature cycles are expected, particularly if the flanges
are not insulated.

IP-5.3.10 Socket Welding and Threaded Klanges

(a) Socket welding flanges are subject to the require-
ments for socket welding in para. IP-5.2.2(b).

(b) Threaded flanges are subject to the requirements
for threaded joints in para. IP-5.5.

IP-5.4 EXPANDED JOINTS

(a) Adequate means shall be provided to prevent sep-
aration of the joint. Safeguarding is required.
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(b) Consideration shall be given to the tightness of
expanded joints when subjected to vibration, differential
expansion or contraction due to temperature cycling, or
external mechanical loads.

IP-5.5 THREADED JOINTS
IP-5.5.1 Taper-Threaded Joints

listed in|ASME B16.11 for sizes smaller than DN_15
(NPS )| See Table IP-8.1.1-1 for male-taper thieaded
compongnts/joints. Provision should be made to coun-
teract foqces that would tend to unscrew taper-threaded
joints.

(e) THread Sealants. Taper-threaded joints with
suitable [thread sealants are acceptable for hydrogen
gas inside buildings.

(f) Seql Welding. Seal welding taper-threaded joints
should b¢ considered for hydrogen gas inside buildings.
Taper-thfeaded joints shall-hot be seal welded unless the
compositfion of the metals in the joint is known and proper
procedurifes for thegseimetals are followed. Thread sealants
shall not pe used'and the weld material shall cover the full
circumfefential length of the thread.

IP-8.1.1-1 shall be qualified as required by para.
[P-3.8.2 and other requirements for straight-threaded
joints to be determined. Joints listed in Table
[P-8.1.1-1 shall conform to ANSI-approved design stan-
dards that allow interchange and intermix of components
from one manufacturer with those of another manufac-
turer.

(b) Pressure Design of Unlisted Straight-Threaded Joints.
Straight-threaded joints not llsted in Table IP-8.1.1-1 may
3t the
type of fitting selected is also adequate for pressurg and
otherloadings. The design shall be qualified asrequired by
para. [P-3.8.2 and other requirements to/be deternjined
for straight-threaded joints. Components_of propri¢tary
joints not listed in Table 1P-8.1.1-1"shall not be ihter-
changed or intermixed with components from angther
manufacturer.

Pressure design of straight-threaded joints shall be
based on calculations consistent with design reqpire-
ments of this Code. These calculations shall be subptan-
tiated by testing in @ccordance with to-be-deternjined
procedures and protocols. The testing shall congider
such factorsyas’/assembly and disassembly, cyclic
loading, vibration, shock, hydrogen embrittlement,
thermal¢expansion and contraction, and other fagtors
to be detérmined.

IP-5.5.3 Tubing Joints

Flared, flareless, and compression-type tubing j
may be used. The tubing joints shall be suitable fo
tubing to be used. Tubing components shall nd
used beyond the pressure-temperature limits desigy
by the manufacturer or the applicable standards.

(a) Tubing Joints Conforming to Listed Standgrds.
Tubing joint standards listed in Table IP-8.1.1-1 are
suitable for use. Designs shall be checked for adequacy
of mechanical strength under applicable loadings epum-
erated in para. IP-2.1.

(b) Tubing joints Not Conforming to Listed Standards.
The design shall be qualified as required by
para. IP-3.8.2. Designs shall be checked for adequate
mechanical strength under applicable loadings enujmer-
ated in para.IP-2.1. Designers shall also consider assembly
and disassembly, hydrogen embrittlement, and qther
factors applicable to the particular application. Mating
of components from different manufacturers shall be

bints
" the
t be
ated

IP-5.5.2 Straight-Threaded Joints

Threaded joints in which the tightness of the joint is
provided by a seating surface other than the threads,
e.g., a union comprising male and female ends joined
with a threaded union nut, or other constructions
shown typically in Figure IP-9.14-1, may be used.

(a) Straight-Threaded Joints Conforming to Listed Stan-
dards. Straight-threaded joints listed in Table IP-8.1.1-1
are suitable for use. Joint designs listed in Table
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permitted only when specified in the engineering design.

IP-5.6 CAULKED JOINTS

Caulked joints such as bell type joints shall not be used.
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IP-5.7 BRAZED AND SOLDERED JOINTS
IP-5.7.1 Soldered Joints

Soldered joints and fillet joints made with solder metal
shall not be used.

IP-5.7.2 Brazed Joints

(a) Brazed joints are prohibited in piping systems with

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

IP-5.8 SPECIAL JOINTS

Special joints are those not covered in paras. IP-5.1
through IP-5.7. The design shall be qualified as required
by para. IP-3.8.2 and other requirements to be deter-
mined. Specific requirements are as follows:

La) Joint Intearitv Sepnaration of the igint
7T J 4 r J

shall be

desigmcomnditions greater tram Class 300:

(b} Brazed joints made in accordance with the provi-
sion$ in paras. GR-3.2, GR-3.8, [P-9.6.1, and IP-9.11 are
suitgble. They shall be safeguarded. The melting point
of brpzing alloys shall be considered where possible expo-
sure|to fire is involved.

prevented by a means with sufficient strengthl to with-
stand anticipated conditions of service.
(b) Joint Interlocks. Either mechanical or welded inter-
locks shall be provided to prevent separation of pny joint.
(c) Bell and Gland Type Joints. Bell type and gland type

joints shall not be used.
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Chapter IP-6
Flexibility and Support

IP-6.1 ANALYSIS OF DISPLACEMENT LOADS

Analysjs of displacement loads shall be in accordance
with ASME B31.3, para. 319, except that the allowable dis-
placemept stress range shall be in accordance with
para. IP-2.2.10(d).

IP-6.2 ANALYSIS OF SUSTAINED LOADS

Analysis of sustained loads shall be in accordancefwith
ASME B31.3, para. 320, except that the maximum str¢sses
shall be as defined in para. IP-2.2.10(c).

IP-6.3 PIPING SUPPORT

Piping support elements shall meet the requirements of
ASME B31.3, para. 321.
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Chapter IP-7
Specific Piping Systems

IP-7
IP-7

In
all p
men
insti
Systé
pres

IP-7

In
men

(a
strei
tiong

(b]
cont
disp

IP-7|

Pr
Cod
para

IP-7

Wi
tive

(@9
(a
and
(b

inle

1 INSTRUMENT PIPING

1.1 Scope

bure responsive devices.

1.2 Requirements

s of the Code and the following:

to piping or apparatus (see para. [P-3.4.4).

sal.

2 PRESSURE-RELIEVING SYSTEMS

5. [P-7.2.1 through 1P-7.2.3.

2.1 Stop Valves in Pressure-Relief Piping

r (b) and either. (c) or (d), below.

or discharge side of pressure relieving devices.

devid

devices.

(c) Stop valves installed in pressure relief piping shall
be so constructed or positively controlled that the closing
of the maximum number of block valves possible at one

strument piping within the scope of this Code includes
ping and piping components used to connect instru-
s to other piping or equipment. It does not include
uments, or permanently sealed fluid-filled tubing
ms furnished with instruments as temperature or

strument piping shall meet the applicable require-

Consideration shall be given to the mechanical
gth (including fatigue) of small instrument connec-

When blowing down or bleeding instrument piping
hining hydrogen, consideration shall be given to safe

essure-relieving systems within the scope of this
e shall conform to the requirements of

hen installing stop valves)between piping and protec-
Hevices, or between‘protective devices and points of
discharge, the stop valves shall meet the requirements of

Full-area stop valves may be installed on the inlet

Stop:valves of less than full area installed on the
and/or discharge side of pressure relieving (b) Relief set pressure? shall be in accordjnce with
relieving capacity below that required, nor adversely
affect the proper operation of the pressure relieving
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time will not reduce the pressure relieying
provided by the unaffected relieving deviges h
required relieving capacity.

(d) Asanalternative to (c) above,stop valves g
constructed and arranged that’they can be |
sealed in either the open or,losed position.

IP-7.2.2 Pressure Relief Discharge Piping

Discharge lines from.pressure relieving safet
shall be designed:to prevent accumulation of
that may cause flow blockage, e.g., dirt, water
When discharging directly to the atmosphere,
shall notdmpinge on other piping or equipment
be directed away from platforms and other areal
personhel. Reactions on the piping system due
tioh of safety relief devices shall be considg
adequate strength shall be provided to withst3
reactions.

Consideration shall be given to the tem
increase of hydrogen during depressurizati
designing a system (negative Joule-Thompson co
Refer to CGA G-5.5 for additional guidance.

IP-7.2.3 Pressure-Relieving Devices

(a) Pressure-relieving devices requl
para. IP-2.1.3 shall be in accordance with ASN
Section VIII, Division 1, UG-125(c), UG-126,
and UG-132 through UG-136, excluding UG-13

capacity
elow the

hall be so
bcked or

y devices
materials
ice, etc.
lischarge
and shall
5 used by
to actua-
red, and
nd these

berature
bn when
efficient).

ired by
E BPVC,
UG-127,
5(e) and

UG-136(c). The terms “design pressure”’ andl “piping

system” shall be substituted for “maximum 4
working pressure” and “vessel,” respectively,
paragraphs. The required relieving capacity of
sure relieving device shall include considerat

llowable
in these
hny pres-
on of all

piping systems that it protects.

(c) The maximum relieving pressure® shall be in accor-
dance with ASME BPVC, Section VIII, Division 1.

! The “design pressure” for pressure reliefis the maximum design pres-
sure permitted, considering all components in the piping system.

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

3 “Maximum relieving pressure” is the maximum system pressure

during a pressure relieving event.

(23)
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Chapter IP-8
Dimensions and Ratings of Components

IP-8.1 L
1P-8.1.1

Dimen
listed in
contain
Appendi

this Codg.

1P-8.1.2

Dimer
Table IH
conform
insofar a
such as t
to standg
IP-3.

1P-8.1.3

IMENSIONAL REQUIREMENTS

Listed Piping Components

sional standards for piping components are
Table 1P-8.1.1-1. Dimensional requirements
ed in specifications listed in Mandatory
k IX shall also be considered requirements of

Unlisted Piping Components

sions of piping components not listed in
-8.1.1-1 or Mandatory Appendix IX shall
to those of comparable listed components
5 practicable. In any case, dimensions shall be
b provide strength and performance equivalent
rd components except as provided in Chapter

Threads

The dimensions of piping connection threads not other-

wise covg
ification
standar
Appendis

red by a governing component standard.orspec-
bhall conform to the requirements of @pplicable
Is listed in Table IP-8.1.1-1 or Mandatory
IX.

IP-8.2 RATINGS OF COMPONENTS
IP-8.2.1 Listed Components

The pressure-temperature ratings of comporn
listed in Table IP-8.1.1-1 are accepted for pres
design in accordance with Chaptet)IP-3.

IP-8.2.2 Unlisted Compenents

The pressure-temperature ratings of unlisted p
components shall conform to the applicable provi
of Chapter IP-3.

Thermowelldesign shall include guidance from A

ents
sure

ping
ions

SME

PTC 19.3 TW in addition to the requirements stated i this

document.

IP-8.3"REFERENCE DOCUMENTS

The documents listed in Table IP-8.1.1-1 contain 1
ences to codes, standards, and specifications not list|
Table IP-8.1.1-1. Such unlisted codes, standards
specifications shall be used only in the context o
listed documents in which they appear.

The design, materials, fabrication, assembly, exan
tion, inspection, and testing requirements of this Cod|
not applicable to components manufactured in a
dance with the documents listed in Table IP-8.1
unless specifically stated in this Code or the listed d
ment.

efer-
d in
and
[ the

hina-
e are
Ccor-
L1-1,
ocu-
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Table IP-8.1.1-1
Component Standards

Designation Standard or Specification
Bolting
ASME B18.2.1 Square and Hex Bolts and Screws (Inch Series)
ASME B18.2.2 Square and Hex Nuts (Inch Series)
Metallic Fittings, Valves, and Flanges
ASME B16.5 Pipe Flanges and Flanged Fittings: NPS %, Through NPS 24 Metric/Inch Standard
ASMH B16.9 Factory-Made Wrought Buttwelding Fittings
ASMH B16.10 Face-to-Face and End-To-End Dimensions of Valves
ASMH B16.11 Forged Fittings, Socket-Welding and Threaded
ASMH B16.14 Ferrous Pipe Plugs, Bushings, and Locknuts With Pipe Threads
ASMH B16.34 Valves — Flanged, Threaded, and Welding End
ASMH B16.36 Orifice Flanges
ASMH B16.47 Large Diameter Steel Flanges: NPS 26 Through NPS 60 Metric/Inch Standard
ASMH B16.50 Wrought Copper and Copper Alloy Braze-Joint Pressure Fittings
MSS §P-42 Class 150 Corrosion Resistant Gate, Globe, Angle and Check Valves With Elanged and Butt Weld Ends
MSS $P-43 Wrought Stainless Steel Butt-Welding Fittings [Note (1)]
MSS $P-51 Class 150LW Corrosion Resistant Cast Flanges and Flanged Fittings
MSS $P-79 Socket-Welding Reducer Inserts
MSS $P-80 Bronze Gate, Globe, Angle and Check Valves
MSS $P-83 Class 3000 Steel Pipe Unions, Socket-Welding and Threaded
MSS $P-97 Integrally Reinforced Forged Branch Outlet Fittings & Socket Welding, Threaded, and Buttwelding Ends
MSS $P-105 Instrument Valves for Code Applications
MSS $P-119 Factory-Made Wrought Belled End Socket-Welding Fittings
MSS $P-134 Valves for Cryogenic Service Including Requirements for Body/Bonnet Extensions
Metallic Pipe and Tubes [Note (2)]
ASMH B36.10M Welded and Seamless Wrought Stéel Pipe
ASMH B36.19M Stainless Steel Pipe
API 5B Specification for Threading, Gaging and Thread Inspection of Casing, Tubing, and Line Pipe Threads
API 526 Flanged Steel PressuneRelief Valves
API 594 Check Valves: Flanged, Lug, Wafer and Butt-welding
API 599 Metal Plug Valyes — Flanged, Threaded and Welding Ends
API 600 Bolted Bonnet Steel Gate Valves for Petroleum and Natural Gas Industries
API 602 Steel ‘Gate, Globe and Check Valves for Sizes DN 100 and Smaller for the Petroleum and Natural Gas Industries
API 603 Corrosion-Resistant, Bolted Bonnet Gate Valves — Flanged and Butt-Welding Ends
API 608 Metal Ball Valves — Flanged, Threaded and Butt-Welding Ends
API 609 Butterfly Valves: Double Flanged, Lug- and Wafer-Type
Miscellaneous
ASMH B1.1 Unified Inch Screw Threads (UN and UNR Thread Form)
ASMHB-B1-20-1 Ripe Threads—GeneralPurp Hrehy
ASME B1.20.7 Hose Coupling Screw Threads (Inch)
ASME B16.20 Metallic Gaskets for Pipe Flanges — Ring-Joint Spiral Wound, and Jacketed
ASME B16.21 Nonmetallic Flat Gaskets for Pipe Flanges
ASME B16.25 Buttwelding Ends
ASME B16.48 Steel Line Blanks
ASME B46.1 Surface Texture (Surface Roughness, Waviness, and Lay)

GENERAL NOTE: It is not practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved edition
references, along with the names and websites of the sponsoring organizations, are shown in Mandatory Appendix II.
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Table IP-8.1.1-1
Component Standards (Cont’d)

NOTES:

(1) The ratings for MSS SP-43 fittings cannot be calculated based on straight seamless pipe as is done for ASME B16.9 buttwelding fittings. See
Section 3 of MSS SP-43 for specific pressure-temperature ratings of CR fittings.

(2) See also Mandatory Appendix IX.
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Chapter IP-9
Fabrication, Erection, and Assembly

IP-9.1 GENERAL

Hytdrogen piping systems shall be constructed in accor-
dande with the requirements of this Chapter and the speci-
fied|requirements of Chapters GR-1 and IP-2. The
reqyirements apply to all fabrication, erection, and
assemnbly operations or processes, whether performed
in a ghop or at a construction site.

IP-9.2 RESPONSIBILITY
Seg para. GR-1.2.

IP-9.3 CONTENT AND COVERAGE

THe content and coverage of this Chapter, Chapter GR-1,
and Chapter IP-2 shall apply in their entirety.

IP-9.4 PACKAGED EQUIPMENT PIPING

Inferconnecting piping is described in para. GR-1.4

IP-9.5 EXCLUSIONS
Sep para. GR-1.4(a).

IP-9.6 FABRICATION AND ERECTION

Metallic piping materials and components shall be
preppred for fabrication and erection by the requirements
inclyded in this Chapter andthe additional chapters of
Part|IP, along with the{general requirements of Part
GR, and mandatory dppendices. When required by the
engiheering designdspecifications, the nonmandatory
appgndices shalkbecome mandatory.

IP-9.6.1 Welding and Brazing

WEelding and brazing shall conform to the requirements

1P-9.6.3.1 Methods

(a) Hardness testing shall be carried put using either
the Vickers HV 10 or HV 5 method fih,accordgnce with
ASTM E92, or the Rockwell method“in accordgnce with
ASTM E18 using the 15N scale:

(b) For aluminum and alumihum alloy materipls, hard-
ness testing shall be carriéd’out in accordance wjith ASTM
B648.

(c) The HRC method may only be used for] welding
procedure qualification if the design stress does not
exceed two-thirds of SMYS and the welding pfocedure
specificatiomincludes postweld heat treatment]

(d) Other*hardness testing methods for weldipg proce-
dure qualification may be used when specified inthe engi-
neering design.

(e) The hardness survey shall be performef at nine
differentlocations. These include three different|locations
equally spaced (top, middle, bottom) on the wgld metal
and its corresponding HAZ on each side of the|weld. An
alternate survey may be used if specified in fhe engi-
neering design.

IP-9.6.3.2 Acceptance Criteria. Hardnesf testing
limits after PWHT shall be per Table GR-3.10f1. Other
hardness testing limits shall be based on the matdrial spec-
ification and/or the engineering design.

IP-9.6.3.3 Records. The hardness data|shall be
reported on the qualified WPS/PQR.

IP-9.7 CONSTRUCTION OF WELDMENTS
See para. GR-3.4.

IP-9.7.1 Welding Repairs
See para. GR-3.4.1.

A G cn oo
describedr para GR=O7Z7

IP-9.6.2 Welding and Brazing Materials

For welding and brazing materials, see para. GR-3.3.

IP-9.6.3 Procedure Qualification Hardness Tests

Hardness testing for welding procedure qualification
shall be performed in accordance with the requirements
of para. GR-3.10.

IP-9.7.2 Cleaning or Fipe Lomponent Surfaces
See para. GR-3.4.2.

IP-9.7.3 Joint Preparation and Alignment
See para. GR-3.4.3.

IP-9.7.4 Welding of Circumferential Joints
See para. GR-3.4.4.
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IP-9.7.5 Weld End Transition
See para. GR-3.4.5.

IP-9.7.6 Weld Reinforcement
See para. GR-3.4.6.

IP-9.7.7 Fillet and Socket Welds
See paras. GR-3.4.7 and IP-5.2.2(b) and (c).

IP-9.9.8 Partial Heat Treatment
See para. GR-3.6.8.

IP-9.10 SPECIFIC AND ALTERNATIVE HEAT
TREATMENT REQUIREMENTS

See para. GR-3.7.

1P-9.11 CONSTRUCTION OF BRAZEMENTS

IP-9.7.8| Seal Welding of Threaded Joints
See paras. GR-3.4.8 and [P-5.2.2(d).

1P-9.7.9| Welded Branch Connections
See pafa. GR-3.4.9.

IP-9.7.10 Mitered Joints
See pafa. GR-3.4.10.

IP-9.7.1}1 Fabricated or Flared Laps
See pafa. GR-3.4.11.

IP-9.8 PREHEATING FOR WELDMENTS
See pafa. GR-3.5 and Table GR-3.5.

IP-9.9 HEAT TREATMENT

For wleldments or bent and formed pipe, see
para. GR{3.6.

IP-9.9.1| PWHT Requirements
See pafa. GR-3.6.1 and Table GR-3.6.1-1,

IP-9.9.2| Governing Thickness
See pafa. GR-3.6.2.

1P-9.9.3| Dissimilar Matefials
See pafa. GR-3.6.3.

IP-9.9.4 Methods-of Heating
See paya. GR-3.6.4.

IP-9.9.5( PWHT Heating and Cooling Requirements

See para. GR-3.8.

IP-9.12 BENDING AND FORMING OF-PIPE AN
TUBE

The requirements of para. GR-3.9 ‘apply, in additi
the following requirements:

(a) Bending Procedure. Pipe.shall be hot or cold be
accordance with a written_procedure to any radius
will result in surfaces fre€ of cracks and buckles
procedure shall address at least the following, as apj
ble:

(1) material specification and range of sizeand t
ness

(2) .range of bend radii and fiber elongation

(3) minimum and maximum metal tempers
during-bending

(4) method of heating and maximum hold tim|

(5) description of bending apparatus and proce
to be used

(6) mandrels or material and procedure used {
the bore

(7) method for protection of thread and mach
surfaces

(8) examination to be performed

(9) required heat treatment

(10) postheat treatment dimensional adjusti
technique
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(b) Forming Procedure. Piping components shall be

formed in accordance with a written procedure,
temperature range shall be consistent with material
acteristics, end use, and specified heat treatment
thickness after forming shall be not less than req
by design. The procedure shall address at leas
following, as applicable:

(1) material specification and range of size and t

The
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Nness

See para. GR-3.6.5.

IP-9.9.6 Temperature Verification
See para. GR-3.6.6.

IP-9.9.7 Delayed Heat Treatment
See para. GR-3.6.7.

(2) maximum fiber elongation expected during

forming

(3) minimum and maximum metal temperature

during bending

(4) method of heating and maximum hold tim

(5) description of forming apparatus and proce
to be used

(6) materials and procedures used to pro
internal support during forming

(7) examination to be performed

e
dure

vide
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(8) required heat treatment
(c) Required Heat Treatment. For bending and forming
of pipe and tube, para. GR-3.9.1 applies.

IP-9.13 ASSEMBLY AND ERECTION

Chapter [P-6 shall apply in its entirety, in addition to the
requirements of paras. IP-9.13.1 through [P-9.18.

(e) Flange Facings. The flange facing shall be suitable
for the intended service and gasket and bolting employed.

IP-9.14 THREADED JOINTS

Paragraph IP-5.5 shall apply inits entirety, in addition to
the following requirements:
(a) Thread Compound or Lubricant. Any compound or

lubricant used on threads shall be suitable for the service
conditions and shall not reactwith eitherthe service ﬂu]d

(a) Piping Distortions. Any distortion of pipe or tube to
bring it into alignment for joint assembly that introduces a
detrimental strain in equipment or piping components is
prohiibited.

(b} Cold Spring. Before assembling any joints to be cold
sprupg, guides, supports, and anchors shall be examined
for efrors that might interfere with desired movement or
lead ko undesired movement. The gap or overlap of piping
priox to assembly shall be checked against the drawing
and [orrected if the gap varies from the gap specified

ecause it defeats the purpose of cold springing.
Flanged Joints. Before bolting up, flange faces shall

be aligned within 3 mm (% in.) maximum offset.

.13.2 Flanged Joints

agraph IP-5.3 shall apply inits entirety, in addition to
llowing requirements:

Preparation for Assembly. Any damage.td.the gasket
ng surface that would prevent gasket $eating shall be
red, or the flange shall be replaced.

Bolting Torque

1) In assembling flanged joints, the gasket shall be
rmly compressed to the proper design loading.

(2) Special care shall be used in assembling flanged
joints in which the flangeshave widely differing mechan-
ical properties. Tightening to a predetermined torque is
recojmmended.
(3) ASME RCC-1 may be used as a guide for assem-
flanged/joints.

(c}) Bolt Length. Bolts should extend completely
throyigh their nuts. Any bolts that fail to extend completely
throligh their nuts shall be considered acceptably engaged

seatil
repa

(b

unif

bling

or the piping material.

(b) Joints for Seal Welding. A threadeddeint fo be seal
welded shall be made up without thread comLound. A
joint containing thread compound that lealls during
leak testing may be seal welded in accordapce with
para. IP-5.5.1(f), provided all*'sgompound is femoved
from exposed threads.

(c) Straight Threaded<{Joints. Typical joirlts using
straight threads, with-sealing at a surface other than
the threads, are shown in Figure IP-9.14-1. (Jare shall
be taken to avoididistorting the seat when incofporating
such joints into piping assemblies by welding of brazing.

IP-9.15 “TUBING JOINTS

Paragraph IP-5.5.3 shall apply in its entirety, ir
tolthe following requirements:

(a) Flared Tubing Joints. The sealing surface o
shall be examined for imperfections before assel
any flare having imperfections shall be rejecte

(b) Flareless and Compression Tubing Joints. V|
manufacturer’s instructions call for a specified n
turns of the nut, these shall be counted from th
which the nut becomes finger tight.

addition

f the flare
mbly, and
.
Vhere the
umber of
b point at

IP-9.16 EXPANDED JOINTS AND SPECIAL

Paragraph IP-5.8 shall apply inits entirety, in agldition to
the following requirements: Expanded and spegial joints
(as defined in para. IP-5.8) shall be instajled and
assembled in accordance with the manufacturer’s instruc-
tions. The manufacturer’s instructions shall be permitted
to be modified by the engineering design. Joint members
shall be adequately engaged.

JOINTS

IP-9.17 PIPE ATTACHMENTS AND SUPPO
See paras. GR-3.4.12 and GR-3.4.13, and Cha

RTS
bter IP-6.

if the lack of complete engagement is not more than one
thread.

(d) Gaskets. No more than one gasket shall be used
between contact faces in assembling a flanged joint.

103

IP-9.18 CLEANING OF PIPING
See Nonmandatory Appendix A.
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Figure 1P-9.14-1
Typical Threaded Joints Using Straight Threads

"—\/S
"N
N
Gasket ‘

él{/ L. 22

Gasket

(a) (b) (c)

GENERAL NOTE: Threads are ASME B1.1 straight threads.
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Chapter IP-10
Inspection, Examination, and Testing

IP-1
Th

D.1 SCOPE

is Chapter includes the requirements for inspections
by opner, quality control examinations, NDE, and speci-
fied ftests by the construction organization. Inspection,
examination, and testing shall be in compliance with
the fequirements of Chapters GR-4 and GR-6, as well
as the applicable specific requirements in this Chapter
and fhe engineering design.

IP-1p.2 RESPONSIBILITY

Refer to para. GR-4.2.1 for the owner’s responsibility.

THe construction organization shall be responsible for
all eyaminations applying to quality control functions and
NDE| See para. GR-4.3.1.

IP-1p.3 INSPECTIONS BY OWNER’S INSPECTOR

records.
ctor with
ments of
n carried

(f) Paragraph GR-4.11 applies to examination]
In addition, the examiner shall provide thé Inspe
a certification that all the quality control requirg
the Code and of the engineering design‘have beg
out.

IP-10.4.1 Quality Control ‘Examinations

b criteria,
e Quality

Quality control examination extent, acceptanc
and methods shall.bé.in accordance with th
System Program described in Chapter GR-6.

IP-10.4.2 Extent of Required NDE

Piping\Systems, components, weldments, ¢r braze-
ments shall be examined to the extent specified in
paras.’ 1P-10.4.2.1 and IP-10.4.2.2 and to any greater
extent specified in the engineering design. This Part differ-
entiates extent of examination for lower pressure piping

In ‘pections by owner’s Inspector include inspections' based on the location of the plplng A “ventilated|location”
verifications, and audits of the construction of pipinhg is a location where leaking hydrogen cannot reach a
systems, which include fabrication, welding, heat ‘treat- concentration of 4% by volume in air.
ment, assembly, erection, examination, and testing, in IP-10.4.2.1 Visual Examination. At least the following
addifion to the construction orga?mza}tlon S document.ed shall be visually examined in accordance with
prodedures, personnel qualificationsj~and quality para. IP-10.4.5.2:
contfol records. See para. GR-4.2. (a) sufficient materials and components, sqlected at

random, to satisfy the examiner that they copform to
IP-10.4 EXAMINATION REQUIREMENTS specifications and are free from defects.

Prjior to initial operatipn)each piping installation, (b) at least 5% of fabrication, as defined in
inclyding components and\workmanship, shall be exam- ~ section GR-1.5.
ined|in accordance with\the requirements of this para- (c) 100% of all completed welds, except|those in
graph. Any additiédal NDE required by engineering components made in accordance with a listed ptandard.
design, and the.acceptance criteria to be applied, shall (d) assembly of threaded, bolted, and other [joints, at
be specified. random, to satisfy the examiner that they copform to

(a) Forbase’metal groupings of P- and S-Nos. 3, 4, 54, the applicable requirements of Chapter IP-9. WHen pneu-
5B, dnd 6€, materials, final NDE shall be performed after ~ Matic testing is to be performed, all threaded, bglted, and
compléion of any heat treatment. other mechanical joints shall be examined.

(b) For a welded branch connection, the examination {eJ aHgIITeTTt, SUppoTTs, amd Cord SPT1g;at random,

of, and any necessary repairs to, the pressure-containing
weld shall be completed before any reinforcing pad or
saddle is added.

(c) Paragraph GR-4.4 applies to personnel qualifica-
tion.

(d) Paragraph GR-4.7 applies to supplementary exam-
ination.

(e) Paragraph GR-4.8 applies to examinations to
resolve uncertainty.

105

during erection of piping.

(f) erected piping, at random, for evidence of defects
that would require repair or replacement, and for
other evident deviations from the intent of the design.

(g) brazed joints, at random, following cleaning of
braze deposit and affected base metal.

IP-10.4.2.2 Other Examination. Table IP-10.4.2.2-1
describes other than visual examination.

(23)

(23)
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Table IP-10.4.2.2-1

Required Nondestructive Examinations Other Than VT

Joint Type

Design Conditions up to
Class 150 in
Ventilated Location

Design Conditions up to

Class 150 Not in
Ventilated Location

Design Conditions
Above Class 150

Girth and miter groove welds
[Note (1)]

Longitudingl-graove welds

5% random hardness testing
[Note (2)]

5% random RT or UT

5% random RT or UT
5% random hardness testing
[Note (2)]

5% random RT or UT

10% random RT or UT
20% random hardness
testing [Note (2)]

10% random RT or UT

5% random hardness testing
[Note (2)]

5% random hardness testing
[Note (2)]

20% random hardness testing
[Note (2)]

Fillet weldg 10% random PT or MT 10% random PT or MT 20% random PT ¢r)MT
5% random hardness testing 5% random hardness testing 20% random hardnéss testing
[Note (2)] [Note (2)] [Note (2)]
NOTES:

(1) Girthand miter groove welds include other complete joint penetration weldments such as for branch connections and fabricated laps. When it
is impractical to RT or UT complete joint penetration branch connection weldments due to inaccessibility,stuech welds shall be examirjed by

MT or|PT, along with the required VT.

(2) Hardngss testing is only required for those materials with acceptance criteria described in TableslP<10.4.3-2.

IP-10.4.B Acceptance Criteria

(a) Acgeptance Criteria for Welds. Weld imperfections
shall be limited as specified in Table [P-10.4.3-1, and weld-
ment hafdness shall be limited as specified in Table
[P-10.4.3-2. (See Table IP-10.4.3-3 for letter symbols
used in Table 1P-10.4.3-1.)

(b) Acfeptance Criteria for Brazed Joints. The following
are unacfeptable for brazed joints:

(1) gracks

(2) lack of fill

(3) Voids in brazed deposit

(4) porosity in brazed deposit

(5) flux entrapment

(6) honcontinuous fill

(7) base metal dilution into brazed deposit

(8) hnsatisfactory surface appearance of the brazed
depositapd base metal, caused-by.overheating resulting in
porous aEd oxidized surfaces

IP-10.4.4 Procedures

Any exhminatiefyshall be performed in accordance with
a written| procedure that conforms to one of the methods
specified|in pata. IP-10.4.5, including special methods [see
para. 1P{10:4.5.1(b)]. Procedures shall be written as

IP-10.4.5 Types of Examination
IP-10.4.5.1 ‘General

(a) MetHods. Exceptasprovidedin (b), any examingtion
requiréd by this Code, by the engineering design, or bly the
Inspector shall be performed in accordance with one ¢fthe
methods specified herein.

(b) Special Methods. If a method not specified hergin is
to be used, it and its acceptance criteria shall be spedified
in the engineering design in enough detail to permit duali-
fication of the necessary procedures and examiners.

IP-10.4.5.2 Visual Examination (VT). Visual examina-
tion shall be performed in accordance with ASME BPVC,
Section V, Article 9.

IP-10.4.5.3 Radiographic Examination (RT). Examina-
tions for weldments and components shall be performed
in accordance with ASME BPVC, Section V, Article 2, jefer-
encing ASTM E390 for steel fusion welds and ASTM E[L648
for aluminum fusion welds.

IP-10.4.5.4 Liquid Penetrant (PT). Liquid penefrant
examination for weldments and components shall be
performed in accordance with ASME BPVC, Secti¢n V,
Article 6.

required in ASME BPVC, Section V, Article 1, T-150.
The employer shall certify records of the examination
procedures employed, showing dates and results of proce-
dure qualifications, and shall maintain them and make
them available to the Inspector.

IP-10.4.5.5 Magnetic Particle (MT). Magnetic particle
examination for weldments and components shall be
performed in accordance with ASME BPVC, Section V,
Article 7.

IP-10.4.5.6 Ultrasonic Examination (UT)

(a) UT shall be performed in accordance with ASME
BPVC, Section V Article 5, except that the following alter-
native is permitted for basic calibration blocks specified in

(23)
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Table IP-10.4.3-1
A | Criteria-for-Wetd | | Methods—for-Evatuating-Wetd fecti

Piping Design

Design Conditions
up to Class 150 in
a Ventilated
Location

Design Conditions
up to Class 150
Not in a Ventilated
Location

Design Conditions
Above Class 150

Type of Weld

Type of Weld Type of Weld

Examination Method

Radio- Magnetic
Girth Girth Girth graphy  Particle
and Longitudi- and Longitudi- and Longitudi- Weld i and . and Liquid
Miter nal Miter nal Miter nal Imperfection Visyal Ultrasonic _ Penetrant
Groove Groove Fillet Groove Groove Fillet Groove Groove Fillet [Note (1)]
A A \ A A A A A A Cracks v v v
B B B B B B B B B Lack of fusion and v v v
incomplete
penetration
C C C C C C C C C Surface porosity; v v v
inclusions, tungsten
D D NyA D D N/A D D N/A Internal porosity v
F F NyA F F N/A E E N/A Internal inclusions, slag v
or tungsten;
elongated indications
H H H H H H G G G Depth of undercut v v
] ] NJ/A ] ] N/A I I N/A Depth of surface v v
concavity
K K K K K K K K K Weld surface finish 0.D. v v
and L.D.
L L B L L L L L L Weld reinforcement v v
0.D. and L.D.

GENERAL NOTES:

(a) Girth and miter groove weldf include other complete joint penetration weldments such as for branch connections and fabricated laps.

(b) Fillet welds include socket a
(c) Weld imperfections are eval

nd seal welds, and attachment welds for slip-on flanges, branch reinforcement, and supports.
ated by one or more of the types of examination methods given, as specified in para. IP-10.4, or by“the’ engineering desig

(d) "N/A" indicates the Code dols not establish acceptance criteria or does not require evaluation of this kind of imperfection for this type”of weld. See Tab

(e) Check (v) indicates examin

(f) Ellipsis ( ... ) indicates exam
(g) Criteria given are for requirg
(h) Longitudinal groove welds (si

ion method generally used for evaluating this kind of weld imperfection.

nation method not generally used for evaluating this kind of weld imperfection.

d examination method(s). More stringent criteria may be specified in the engineering design.

hgle or double) include straight seam only. Criteria are not intended to apply to welds made in accordance with a standard-listed

Appendix IX, Table IX-1A.

n.
e [P-10.4.3-3 for letter symbols.

in Table [P-8.1.1-1 or Mandatory

NOTE: (1) The criteria value for the type of weld and design pressure is identified by the letter symbol for the measure and acceptable value limits of each NDE method.

€202-21°'1€94 ANSY
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Table IP-10.4.3-2

Hardness Testing Acceptance Criteria for Weldments

Maximum Vickers HV Rockwell 15N
Base Metal Brinell Maximum Maximum
P-No. [Note (1)] Base Metal Group Hardness Hardness Hardness
1 Carbon steel 200 200 67
3 Alloy steels, Cr < %% 225 225 69
4 Alloy steels, 4% < Cr < 2% 225 225 69
5A, 5B Alloy steels, 21/4% <Cr<10% 241 241 71

NOTE: (1)

P-Number from ASME BPVC, Section IX, QW/QB-422.

Table IP-10.4.3-3
Criterion Value Notes for Table IP-10.4.3-1

Criterion
Symbol Measure Acceptable Valué Limits [Note (1)]
A Cracks None of weld deposit, HAZ\and BM
B Lack of fusion and incomplete penetration None of weld deposit or.weld deposit to BM
C Surface porosity; inclusions, slag or tungsten None of weld depesit
D Size and distribution of internal porosity See ASME BPVC,\Section VIII, Division 1, Mandatory
Appendjx&
E Internal inclusions, slag or tungsten; elongated indications _ s
Individual length < T, /4 and <4 mm (73 in.)
Individual width < T4 and <2.5 mm (%; in.)
Cumulative length < T,, in any 12T,, weld length
F Internal inclusions, slag or tungsten; elongated indications _
Individual length <T, /3
Individual width <25 mm (% in.) and <T,, /3
Cumulative length <T,, in any T,, weld length
G Depth of undercut None allowed
H Depth of undercut [Note (2)] <1 mm (%, in.) and <T,, /4
I Depth of root surface concavity None below pipe component I.D.
Depth of root surface concavity [Note (3)] Total joint thickness, including weld reinforcement, 3T,
K Weld surface of 0.D. finish [Note (4)] Roughness average < 12.5 um R, (500 pin. R,) per
ASME B46.1
L Weld reinforcement.Q:D./and L.D. [Note (5)] See Table GR-3.4.6-1
NOTES:
(1) Wherd two limiting valuéslare separated by "and,” the lesser of the values determines acceptance. T,, is the nominal wall thickness pf the
thinney of two compdnents joined by a butt weld.

(2
3)

Depth
Conca
thinne
Weld

Forall

4
)

of undercutsshall be applied to the 0.D. and L.D. surfaces.
ity on the vOot side of a single groove weld is permitted when the resulting thickness of the weld is atleast equal to the thickness|
I meniber of the two sections being joined and the contour of the concavity is smooth without sharp edges.
metal’réinforcement, 0.D. and L.D., shall merge smoothly into the weld surfaces.

butt groove welds (single and double), heightis the lesser of the measurements made from the surfaces of the adjacent componen

ofthe

s.For

single groove welds, .D. reinforcement (internal protrusion) is included in a weld (see Figure GR-3.4.4-1). Weld reinforcement, 0.D. or 1.D.,
may be flush to the adjoining surfaces. For fillet welds and added reinforcement to nonbutt groove welds, height is measured from the
theoretical throat (see Figure GR-3.4.7-1). Internal protrusion does not apply.

108
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T-542.2.1 and T-542.8.1.1 (reference ASTM E164): When
the basic calibration blocks have not received heat treat-
ment in accordance with T-542.1.1(c) and T-542.8.1.1,
transfer methods shall be used to correlate the responses
from the basic calibration block and the component.
Transfer is accomplished by noting the difference
between responses received from the same reference
reflector in the basic calibration block and in the compo-
nent, and correcting for the difference. The reference

(a) Hardness readings shall be taken with a portable
hardness tester in accordance with ASTM A833 or
ASTM E110. Other hardness testing techniques may be
applied when specified by the engineering design.

(b) Hardness testing survey of circumferential weld-
ments shall be performed as follows:

(1) For piping < DN 150 (NPS 6), one test is required
per weld.
(2) For piping > DN 150 (NPS 6) but < DN 300 (NPS

reflector may be a v-notch (which must subsequently
be rpmoved), an angle beam search unit acting as a
reflector, or any other reflector that will aid in accom-
plishing the transfer. When the transfer method is
chospn as an alternative, it shall be used with the following
minimum requirements:
(1) For sizes < DN 50 (NPS 2), use once in each ten
ed joints examined.
(2) Forsizes>DN 50 (NPS 2)and <DN 450 (NPS18),
nce in each 1.5 m (5 ft) of welding examined.
(3) For sizes > DN 450 (NPS 18), use once for each
ed joint examined.
(4) Each type of material, and each size and wall
thickness, shall be considered separately in applying
the fransfer method. In addition, the transfer method
shalll be used at least twice on each type of weld joint.
(5) The reference level for monitoring discontinu-
shall be modified to reflect the transfer correction
1 the transfer method is used.
(6) Alinear-type discontinuity is unacceptable if the
amplitude of the indication exceeds the reference lével
and fits length exceeds 6 mm (% in.) for T, < 19’mm
(*4 in.), T,,/3 for 19 mm (%, in.) < T, < 57-mm (2%,
in.), pr 19 mm (% in.) for T,, > 57 mm (2¥;in.).

(b} For ultrasonic examination of longitudinal welds,
the following requirements shall be met:
(1) A calibration (referencé))standard shall be
ared from a representative sample. Longitudinal
1) reference notches shall' be introduced on the
- and inner surfaces_of the standard, in accordance
with Figure 2(c) of ASTM E213-20, to a depth not
greater than the lapgerof 0.1 mm (0.004 in.) or 4% of
spedimen thickn@ss and a length not more than 10
timep the notch-depth.
(2) The\pipe or tubing shall be scanned in both
mferential directions in accordance with Supplemen-
tary|Requirement S1 of ASTM E213-20. Removal of

weld
use

weld

ities
whe

prep
(axig
oute

circy

TZJ, tTwo tests are required per weld.

(3) For piping > DN 300 (NPS 12), three
required per weld.

(4) Tests at multiple locations,en @ weld shall be
equally spaced. The tests shall include weld metal and
its corresponding HAZ on each.side of the welf.

(5) Longitudinal welds aequire testing at pne loca-
tion in 20 ft of weldments; multiple locatioh testing
shall be at equally spaced intervals. The tests shall
include weld metal and its corresponding HAZ on each
side of the weld.

(c) Non-PWHT(as-welded condition) hardne
shall be conducted of the following:

(1) base metal Group P-1, carbon steel weldments
made using SAW or FCAW process. The Hardness
testing-method, area of survey, and acceptanlce limits
shall be specified by the engineering design.

(2) weldments containing carbon steel fil
with a minimum of 1.6% Mn. The hardnes
method, area of survey, and acceptance limitsg
specified by the engineering design.

(d) Production weldments that do not meet
ness test requirements (hard welds) shall be rem
replaced. The use of additional heat treatment
correct the hardness of the weldment re
supporting WPS/PQR with approval of the en
design.

tests are

s testing

er metal
5 testing
shall be

the hard-
oved and
that may
quires a
bineering

IP-10.5 TESTING
IP-10.5.1 Required Leak Tests

Prior to initial operation, and after completipn of the
applicable examinations and repairs reqyiired by
para. IP-10.4, each piping system shall be fested to
ensure tightness. Visual observation shall be made of a
hydrostatic leak test performed in accordapce with
ASME BPVC, Section V, Article 10 and paraIP-10.6,

external-weldreinforeementof-welded-pipe-may-benee
essary prior to this examination.

(3) Any indication greater than that produced by the
calibration notch represents a defect; defective pipe and
tubing shall be rejected.

IP-10.4.5.7 Hardness Control and Testing. Hardness
testing for production weldments shall be as follows:

109

except as provided herein.

(a) Where the owner or the engineering design
considers hydrostatic leak testing impracticable, either
a pneumatic test in accordance with para. IP-10.7 or a
combined hydrostatic-pneumatic test in accordance
with para. IP-10.8 may be substituted, recognizing the
hazard of energy stored in compressed gas.

(b) Where the owner or the engineering design
considers both hydrostatic and pneumatic leak testing
impracticable, the alternative specified in para.
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[P-10.10 may be used. A sensitive leak test in accordance
with para. IP-10.9 is also required.

IP-10.5.2 Requirements

The requirements in (a) through (f) apply to more than
one type of leak test.
(a) Limitations on Pressure
(1) Stress Exceeding Yield Strength. If the test pres-

jacket is completed if it is necessary to provide visual
access to joints of the internal line as required by
para. IP-10.5.3(a).

(2) Thejacketshall be leak tested in accordance with
para. [P-10.5.1 on the basis of the jacket design pressure
unless otherwise specified in the engineering design.

(f) Repairs or Additions After Leak Testing. If repairs or
additions are made following the leak test, the affected
piping shall be retested, except that for minor repairs

sure would produce a nominal pressure stress or longi-
_;;g_drm—rﬁor additions, the owner may walve retest requirements

tudinal [stress in excess of yield strength at test
temperature, the test pressure may be reduced to the
maximurh pressure that will not exceed the yield strength
at test temperature (see para. IP-2.2.7).

(2) [Fest Fluid Expansion. If a pressure test is to be
maintairled for a period of time and the test fluid in
the systejm is subject to thermal expansion, precautions
shall be faken to avoid excessive pressure.

(3) Preliminary Pneumatic Test. A preliminary test
using airfat no more than 170 kPa (25 psi) gage pressure
may be made prior to hydrostatic testing to locate major
leaks.

(b) Other Test Requirements

(1) Examination for Leaks. A leak test shall be main-
tained fof at least 10 min, and all joints and connections
shall be ¢xamined for leaks.

(2) Heat Treatment. Leak tests shall be conducted
after any| heat treatment has been completed.

(3) Low Test Temperature. The possibility of brittle
fracture ghall be considered when conducting leak tests at
metal temperatures near the ductile-brittle transition
temperature.

(c) Spécial Provisions for Testing

(1) Piping Components and Subassemblies;*Piping
compongnts and subassemblies may be tested'ejther sepa-
rately or|as assembled piping.

(2) Flanged Joints. Flanged joints.used to connect
piping dJomponents and subassemblies that have
previoudly been tested, and flanged joints at which a
blank or] blind is used to isolate equipment or other
piping dyring a test, need not'bé leak tested in accordance
with parj. [P-10.5.1.

(3) [losure Welds, The final weld connecting piping
systems ¢r components that have been successfully tested
in accordance with/para. IP-10.5 need not be leak tested,
provided|theiweld is subjected to in-process examination
and pass¢s with 100% radiographic examination in accor-

when precautionary measures are taken to)enjsure
sound construction.

IP-10.5.3 Preparation for Leak Test

(a) Joints Exposed. All joints, welds" (including sfruc-
tural attachment welds to pressure-containing compo-
nents), and bonds shall be left uninsulated|and
exposed for examination.'during leak testing, except
that joints previously tested in accordance with| this
Code may be insulated‘or covered. All joints mdy be
primed and painted prior to leak testing unless a sengitive
leak test (see para: IP-10.9) is required.

(b) Temportary Supports. Piping designed for vappr or
gas shall be\provided with additional temporary supgorts,
if necessary, to support the weight of test liquid.

(c)-Piping With Expansion Joints

{1) Anexpansionjointthatdepends on external main
anchors to restrain pressure end load shall be testgd in
place in the piping system.

(2) Aself-restrained expansion joint previouslyshop
tested by the manufacturer [see ASME B31.3 Appendlix X,
para.X302.2.3(a)] may be excluded from the system under
test, except that such expansion joints shall be installed in
the system when a sensitive leak test in accordancefwith
para. IP-10.9 is required.

(3) Apiping system containing expansion jointsfshall
be leak tested without temporary joint or anchor restraint
atthelesser of 150% of design pressure for a bellowsitype
expansion joint or the system test pressure determinfed in
accordance with para. IP-10.5. In no case shall a bellows-
type expansion joint be subjected to a test pregdsure
greater than the manufacturer’s test pressure.

(d) When a system leak test at a pressure greater|than
the minimum test pressure specified in (c) aboye or
greater than 150% of the design pressure within
the limitations of para. IP-10.5.2(a)(1) is requjred,

dance with para. IP-10.4.5.3 or 100% ultrasonic examina-
tion in accordance with para. IP-10.4.5.6.

(d) Externally Pressured Piping. Piping subject to
external pressure shall be tested at an internal gage pres-
sure 1.5 times the external differential pressure but not
less than 105 kPa (15 psi).

(e) Jacketed Piping

(1) The internal line shall be leak tested on the basis
of the internal or external design pressure, whichever is
more critical. This test must be performed before the

bellows-type expansion joints shall be removed from
the piping system or temporary restraints shall be
added to limit main anchor loads if necessary.

IP-10.5.4 Limits of Tested Piping

Equipment that will not be tested shall be either discon-
nected from the piping or isolated by blinds or other
means during the test. A valve may be used, provided
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the valve (including its closure mechanism) is suitable for
the test pressure.

IP-10.6 HYDROSTATIC LEAK TEST
IP-10.6.1 Test Fluid

The fluid shall be water unless there is the possibility of
damage due to freezing or to adverse effects of water on

IP-10.6.3 Hydrostatic Test of Piping With Vessels
as a System

(a) When the test pressure of piping attached to a
vessel is the same as or less than the test pressure for
the vessel, the piping may be tested with the vessel at
the piping test pressure.

(b) When the test pressure of the piping exceeds the
vessel test pressure and it is not considered practicable

the piping orthe process (see Nonmandatory Appendix B) to-isotate-the pipinsfromthe-vessel-thepipingand vessel
In thpt case, another suitable nontoxic liquid may be used. may be tested together at the vessel testqressure,
If the liquid is flammable, its flash point shall be at least provided the owner approves and the vessel tést|pressure
49°Q(120°F), and consideration shall be given to the test s not less than 77% of the piping test pressure dalculated
envifonment. in accordance with para. IP-10.6.2(b)!
(c) The provisions of para. IP+10.6.3 do not affect the
IP-10.6.2 Test Pressure pressure test requirements of-any applicable vegsel code.
Exlcept as provided in para. IP-10.6.3, the hydrostatic
test pressure at any point in a metallic piping system  IP-10.7 PNEUMATIC LEAK TEST
shalll be as follows:
(a) not less than 1.5 times the design pressure IP-10.7.1 Precautiofis
(b} when the design temperature is greater than the Pneumatic, testing involves the hazard of [released
tes't temperature, Fhe minimum test pressure at the energy stored.in compressed gas. Particular care must
poifft under con51d.er.at10n shall be c.alculated by therefor€)be taken to minimize the chance ¢f brittle
eq. (24). When the piping system Fontalns more than failure;dutring a pneumatic leak test. Test temperature
one material or more than one des‘g}’ temperature, €q. is important in this regard and must be copsidered
(2,4) shall be u.sed for every comb1nat19n, excluding when the designer chooses the material of congtruction.
pipq supporting elements anq boltln.g,. and the See para. IP-10.5.2(b)(3) and Nonmandatory Appendix B.
max]Jmum calculated value of Py is the minimum test
gage| pressure. IP-10.7.2 Pressure Relief Device
Pr = 1.5PR, ) A pressure relief device shall be provided, haying a set
whete pressure nothigher than 110% of the test pressufe, except
A = internal design gage pressure that for test pressures lower than 700 kPa (1'0( psi), the
P,| = minimum test gage pressure set pressure may be as high as 70 kP.a (10 psi) pove the
R| = ratio of S/ for components.without established test pressure but not hl.gher than 1.5 times the rafing of the
ratings, but shall not exceed 6.5 weakest components in the system.
= ratio of the component pressure rating at the test IP-10.7.3 Test Fluid
temperature to the component pressure rating at e
component design\temperature for components The gas used as test fluid, if not air, shall be nonflam-
with established\tatings, but shall not exceed 6.5 mable and nontoxic.
Y = stress valuevat design temperature (see
MandatoryAppendix IX, Table IX-1A) IP-10.7.4 Test Pressure
S7) = stress w@lile at test temperature The test pressure shall be not less than 1.1 fimes the
. o ) L design pressure and shall not exceed the lesger of the
Alternatively, for carbon steel piping with a minimum following:
specjfied.yield strength not greater than 290 MPa (42 ksi), (a) 1.33 times the design pressure
the LCSL PIrossurc fUl Lllt aabcux‘ul_y Ulp CUIITPUIICTIILS,

excluding pipe supporting elements and bolting, may
be based on R, for any of the components in the assembly.
(c) Ifthe test pressure as defined above would produce
a nominal pressure stress or longitudinal stress in excess
of the yield strength at test temperature, the test pressure
may be reduced to the maximum pressure that will not
exceed the yield strength at test temperature [see
paras. IP-2.2.7(c) and (d)]. For metallic bellows expansion
joints, see ASME B31.3, Appendix X, para. X302.2.3(a).
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(b) the pressure that would produce a nominal pres-
sure stress or longitudinal stress in excess of 90% of the
yield strength of any component at the test temperature

IP-10.7.5 Procedure

The pressure shall be gradually increased until a gage
pressure, which is the lesser of one-half the test pressure
or 170 kPa (25 psi), is attained, at which time a preliminary
check shall be made, including examination of joints in

(23)
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accordance with para. IP-10.4.5.2. Thereafter, the pres-
sure shall be gradually increased in steps until the test
pressure is reached, holding the pressure at each step
long enough to equalize piping strains. The pressure
shall then be reduced to the design pressure before exam-
ining for leakage in accordance with para. IP-10.5.2(b)(1).

IP-10.8 HYDROSTATIC-PNEUMATIC LEAK TEST

IP-10.10.2 Flexibility Analysis

A flexibility analysis of the piping system shall have
been made in accordance with the requirements of
ASME B31.3, para. 319.4.2(b), if applicable, or (c) and (d).

IP-10.10.3 Test Method

The system shall be subjected to a sensitive leak test in
accordance with para. IP-10.9.

If ac bhination hyr‘rncfafil‘ pnnnmal’il‘ lealk tost i
used, th¢ requirements of para. IP-10.7 shall be met, IP-10.11 MECHANICAL AND METALLURGICAL
and the pressure in the liquid-filled part of the piping ) TESTING
shall not|exceed the limits stated in para. IP-10.6.
When required by design, material specifications| and
IP-10.9 |SENSITIVE LEAK TEST qualifications for welding and brazing;.one or more df the
test: b ired, in addition.to’the test ireld fi
The tegt shall be in accordance with the Gas and Bubble t}e15e iﬁi}tlruitziiuérfeth;n ? inl lznstc;m ¢ test required fot
Test method specified in ASME BPVC, Section V, Article 10, (a) Mechanical Tests I()Teisi}I’e Ch.arpy Impact) and
or .by ang tl.le.r .method demonstrated to have equalssensr Bend). Destructive testing’of\the materials, components,
tivity. Sensitivity of the test shall be notless than 107~ atm - f . ) .
" welding materials, and welding and brazing test samples,
mL/s undleer test conditions. The test pressure shall be at for procedure qualifiéation, shall be conducted pef the
least thellesser of 105 kPa (15 psi) gage or 25% of the ) PPN L . . .
desi Th hallb duallvi d material specification, the engineering design, appligable
esign ptessure. epressuresharibe gracuatyncrease parts of this Céde,'and the ASME or ASTM testing ptan-
until a gdge pressure the lesser of one-half the test pres- dards
sure or 1170 kPa (25 psi) is attained, at which time a pre- (b) Metallurgical Tests (Chemistry). Testing condycted
liminary [check shall be made. Then the pressure shall be . -
. . . . of the materials and components, along with the test
gradually increased in steps until the test pressure is e . .
hed lth beine held 1 b at h samples for the qualification of welding materialg and
reached,the pressure being held long enough at eac procedures for welding and brazing, shall be condycted

step to efualize piping strains.

1P-10.10

The fo
used on
[P-10.5.1

ALTERNATIVE LEAK TEST

lowing procedures and leak test method may-be
ly under the conditions stated dn\para.

(b).

IP-10.10.1 Examination of Welds

Welds
welded p
to hydrof
this Cod¢

(a) Cir
complete
required
tion, in a

including those used in the manufacture of
ipe and fittings, which-have not been subjected
tatic or pneumatic leak-tests in accordance with
, shall be examined.as follows:
cumferential andlongitudinal groove welds with
weld joint penetration shall be examined by the
NDE methiod'in addition to the visual examina-
rcordance/with para. [P-10.4, Table 1P-10.4.3-1,
and Table IPZ10:4.3-3.
(b) All welds, including structural attachment welds,

per the material specification, the engineering design, ap-
plicable parts of this Code, and the ASME or ASTM tefting
standards.

(c) Ferrite Tests

IP-10.12 RECORDS OF TESTING

The records include the construction organizatjon’s
documentation of the testing and quality control
processes.

(a) Responsibility. It is the responsibility o
construction organization (piping design manufact
fabricator, and erector), as applicable, to prepar
records required by the construction organizat
QSP and documented procedures, along with the apj
ble parts of this Code, the engineering design, and th
plicable requirements of ASME or ASTM standards fd
specific testing methods.

(b) Retention of Records. Unless otherwise specifig¢d by

the
Lurer,

the
on’s
lica-
e ap-
r the

not covered 1n (a) above, shall be examined using the
liquid penetrant method in para. IP-10.4.5.4 or, for
magnetic materials, the magnetic particle method in
para. IP-10.4.5.5.
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the engineering design, owner, or jurisdiction, the speci-
fied records shall be retained for at least 5 yr after the
record is generated for the project.
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PART PL
PIPELINES

Chapter PL-1

PL-]

RY
pipe
for t

.1 SCOPE

les for this Part of the Code apply to transmission
ines, distribution pipelines, and service lines used
ransporting hydrogen from a production facility to

the point of final use.

PL-]

TH
nentj
exar
hydr

(23) PL-]
Th

.2 CONTENT AND COVERAGE

is Part sets forth requirements for materials, compo-
5, design, fabrication, assembly, erection, inspection,
hination, testing, operation, and maintenance of
ogen pipelines.

.3 EXCLUSIONS

is Part excludes the following:

Scope and Exclusions

(a) design and manufacture“of pressure
covered by the ASME BPVC

(b) pipeline systems with. temperatures abo
(450°F) or below -62°€-(~80°F)

(c) pipeline systems with pressures above
(3,000 psig)

(d) pipeline systems with a moisture conten
than 20 ppm {dew point at 1 atm = -55°C (-6

(e) pipeline systems designed to ASME B3
hydrogen-containing gas mixtures that have bee
strated'by engineering analysis or successful ej
toot adversely affect the integrity of the pipelin

vessels
ve 232°C
21 MPa

t greater
7°F)]

1.8 with
h demon-
perience
b systems
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Chapter PL-2
Pipeline Systems Components and Fabrication Details

PL-2.1 PURPOSE

The purpose of this Chapter is to provide requirements
for hydrggen pipeline systems covering

(a) spkcifications for, and selection of, all items and
accessoffies that are a part of the pipeline system,
other thdn the pipe itself

(b) ac¢eptable methods of making branch connections

(c) previsions to address the effects of temperature
changes

(d) mgthods for support and anchorage of exposed and
buried pjpeline systems

PL-2.2 PIPING SYSTEM COMPONENTS

All corhponents of pipeline systems, including valves,
flanges, fittings, headers, special assemblies, etc., shall
be desighed in accordance with the requirements of
this sectjon and recognized good engineering practices
to withsfand operating pressures and other specified
loadings| Components shall be designed to withstand
the speciffied field test pressure without failure, impaiz=
ment of [their serviceability, or leakage detectable by
the test procedure.

PL-2.2.] Unlisted Components

Compdnents not listed in Mandatery~Appendix II, but
which copform to a published specification or standard,
may be ysed within the following-limitations:

(a) The designer shall be¢satisfied that composition,
mechanilcal properties, method of manufacture, and
quality cgntrol are comparable to the corresponding char-
acteristids of listed ecomponents.

(b) Pressure design shall be verified in accordance with
para. PL{3.7.1.

PL-2.2.2 Valves and Pressure-Reducing Devices

(-d) API 609

(-e) API 600

(-f) API 602

(2) Valves having shell (body, bonnet, .Cover, anld/or

end flange) components made of cast/or ductile ironshall
not be used in hydrogen service,
(3) Pipeline valves purchased to API 6D reqpire-
ments shall be capable of pasSing the pressure fests
described in API 6D AnnéxyC, para. C4, using helium as
the test medium. Other valves shall be capable of
passing the pressure-tests described in API 598, Using
helium as the test/medium.
(b) Threaded valves shall be threaded according to
ASME B1.20.1%r API 5B.
(c) Pressiire reducing devices shall conform to thle re-
quirements of this Code for valves in comparable sefvice
condjitions.

PL-2.2.3 Flanges

(a) Flange Types and Facings
(1) Line or end flanges shall conform to all the re-
quirements of one of the following standards:
(-a) ASME B16 series standards liste|d in
Mandatory Appendix II
(-b) MSS SP-44
Flanges cast or forged integral with fittings or vhlves

are permitted in sizes and pressure classes covered bjy the
standards listed above, subject to the facing, bolting} and
gasketing requirements of this paragraph and the require-
ments for bolting and gaskets below.
(2) Threaded flanges that comply with ASME B16.5

are permitted.
(3) Lapped flanges are permitted in sizes and pres-
sure classes established in ASME B16.5.
(4) Slip-onwelding flanges are permitted in sizef and
pressure classes established in ASME B16.5. Slip-on

(a) Valves shall conform to standards and specifica-
tions referenced in this Code and shall be used only in
accordance with the service recommendations of the
manufacturer.

(1) Valves manufactured in accordance with the
following standards may be used:
(-a) ASME B16.34
(-b) ASME B16.38
(-c) API 6D

flTanges of rectangular section may be substituted for
hubbed slip-on flanges provided the thickness is increased
as required to produce equivalent strength as determined
by calculations made in accordance with ASME BPVC,
Section VIII, Division 1, Mandatory Appendix 2.

(5) Welding neck flanges are permitted in sizes and
pressure classes established in ASME B16.5, MSS SP-44,
and ASME B16.47 for large flanges. The bore of the flange
should correspond to the inside diameter of the pipe used.
For allowable weld end detail, see para. GR-3.4.5.
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(6) Castironand castductile iron flanges shall not be

used in hydrogen service.
(b) Bolting

(1) For all flange joints, the bolts or stud bolts used
shall extend either completely through the nuts or one
thread short of the full nut.

(2) For all flange joints, the bolting shall be made of
alloy steel conforming to ASTM A193, ASTM A320, or
ASTM A354, or of heat-treated carbon steel conforming

PL-2.2.4 Fittings Other Than Valves and Flanges

(a) Standard Fittings
(1) Steel butt welding fittings shall comply with
either ASME B16.9 or MSS SP-75 and shall have pressure
and temperature ratings based on stresses for pipe of the
same or equivalent material. For adequacy of fitting
design, the actual bursting strength of fittings shall be

at least equal to the computed bursting strength of
nine-of the desianated material and wuqll Hr\it‘].r'\ess
| ) o o *

to ASTM AZZ49. However, bolting may be made of T .
Grade B of ASTM A307 for ASME B16.5 Class 150 and (2) Steel socket-welding fittings shall ¢émpply with
300 [flanges at temperatures between -30°C (-20°F) ASME B16'.11' o )
and R00°C (400°F). (b) Special Fittings. When special, forged, wrjought, or
(3) Alloy-steel bolting material conforming to ASTM welded fittings are required tlo' din'lensions diffe Fing from
A193 or ASTM A354 shall be used for insulating flanges if those of regular shapes specifiediin.the applicaple refer-
such|bolting is made 3 mm (% in.) undersized. enced standards, the provisions) of para. PL-2|2.6 shall
(4) The materials used for nuts shall conform to apply. .
ASTM A194 or ASTM A307. ASTM A307 nuts may be (c) Branch Connectigns . .
used| only with ASTM A307 bolting. (1) Fabricated branch connections on steel pipe shall
(5) All carbon and alloy-steel bolts, stud bolts, and meet the design r.equi?efnents of paras. PL-2.3 af d_PL'2'4'
their nuts shall be threaded in accordance with the @ Mechamcal flttll’l.gS may k?e used for makln'g hot
folloing thread series and dimension classes required taps on plpeh'nes and mains, provided they are de'51gqed
by ASME B1.1: for the operating pressure and temperature of th¢ pipeline
(-a) Carbon Steel. All carbon-steel bolts and stud or maig. .
boltq shall have coarse threads having Class 2A dimen- & MS.S SP-97 fittings are'acceptable. .
siong, and their nuts shall have Class 2B dimensions. (@) SpecszI Com.ponents Fabr.‘lc'ated by Welding
(-b) Alloy Steel. All alloy-steel bolts and stud bolts (1) This sectlon' COVers piping syst'em corlpf)nfents
of 2§ mm (1 in.) and smaller nominal diameter shall be of cher than. assembhes. consisting of pipe andl fittings
the doarse-thread series; nominal diameters 28 mm (1% joined by c1rcum'ferentlal welds. .
in.) 3nd larger shall be of the 8-thread series. Bolts and (2) Allwelding shall be .p.erfo.rmed using prOCt.edures
studbolts shall have a Class 2A dimension; their nuts-shall and (')perators that are qualified in accordance| with the
havel a Class 2B dimension. requirements of para. GR-3.2.4.
(6) Bolts shall have regular square heads or heavy . (3) Branch connections shall meet the design re-
hexagonal heads conforming to ASME B18:2.1 and shall quirements of paras. PL'2.'3 and PL-2.4.
havelheavy hexagonal nuts conforming\to the dimensions (4 P refabrlc.::lted _ur.”ts' other than regulatly manu-
of ASME B18.2.2. factured buttwelding fittings, that employ platg and lon-
(c] Gaskets gitudinal seams, as contrasted with pipe that has been
(1) Material for gasket§ shall be capable of with- p.rodu(.:ed a'nd tested under one of the specifications
stanfling the maximum pfessure and of maintaining a listed in this Part,. shall be designed, constru ‘t.ed, and
seal funder any credible.conditions to which it might te,St?‘? under requ1remer'1ts of ASME BPVC, Sectlon VIIL
be syibjected in service: Gaskets should be designed to Division 1. These rt?quu‘ements. are not lflt )pded to
avoig@l complete failure of seal during a fire. apply to such part'lal assemblles'as split frings or
(2) Gaskets:uised under pressure and at tempera- collars, or to other f1eld-\{velded details. )
ture§ above 421°C (250°F) shall be of noncombustible (5) Prefabricated units produced under thjs section
matdrial. ofthe Code shall withstand a pressure test withopt failure,
(3). Flat-ring gaskets with an outside diameter leakage, distress, or distortion other than elastic distor-
exte hdime—to—the—inside—ofthebol-thotesav—betised tion at a pressure equal to the test pressure of the system
with raisd-face steel flanges, or with lapped steel flanges. in which they are installed, either before installation or

(4) Rings for ring joints shall be of dimensions estab-
lished in ASME B16.20. The material for these rings shall
be suitable for the service conditions encountered and
shall be softer than the flanges.

(5) The insulating material shall be suitable for the
temperature, moisture, and other conditions where it will
be used.

115

during the system test. When such units are to be installed
in existing systems, they shall be pressure tested before
installation, unless the complete system is pressure tested
after installation.
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PL-2.2.5 Pressure Design of Other Pressure-
Containing Components

Pressure-containing components that are not covered
by the standards listed in Mandatory Appendix II and for
which design equations or procedures are not given
herein may be used when the design of similarly
shaped, proportioned, and sized components has been
proven satisfactorily by successful service under compar-

PL-2.3 REINFORCEMENT OF FABRICATED
BRANCH CONNECTIONS

PL-2.3.1 Branch Connection Requirements

All fabricated branch connections shall meet the
following requirements:

(a) When branch connections are made to pipe in the
form of a single connection or in a header or manifold as a

able sery onditions- polaticn—maybeinade g 2 ate to
between [similarly shaped components with small differ- ~ control the stress levels in the pipe within safé)limits.
ences in dize or proportion.) In the absence of such service =~ The construction shall accommodate the stresses in
experienfce, the pressure design shall be based on an  the remaining pipe wall due to the opening|in the|pipe
analysis|consistent with the design requirements in  or header, the shear stresses produced, by the pregsure
this Code and substantiated by at least one of the acting on the area of the branch opening, and any extgrnal
following: loadings due to thermal movement,‘weight, vibratior, etc.
(a) prpoftests, as prescribed in UG-101 of ASME BPVC, The following paragraphs provide/design rules fof the
Section VIII, Division 1 usual combinations of the abeveloads, except for ekces-
(b) exiperimental stress analysis, as prescribed in  sive external loads.
Section VIII, Division 2 (b) The reinforcementrequired in the crotch sectipn of
(c) finjte element analysis a welded branch connection shall be determined by the
rule that the metal area available for reinforcement|shall
PL-2.2.6 Closures be equal to or gteater than the required area as defingd in
(a) Quiick Opening Closures. A quick opening closure is a this pa’lll:}e;graph as (\;vell asm Nonrr;andatz;y _A;()jp?n ()lzl( E
pressurefcontaining component (see para. PL-2.2.5) used (© < requlre. cross-sectional area, AR, Is definpd as
) . . . the product of d times t
for repeatted access to the interior of a piping system. It is
not the irftent of this Code to impose the requirements of a AR = dt
specific design method on the designer or manufacturer of Nere
a quick opening closure. Quick opening closures shall have - _ o
pressurefand temperature ratings equal to or in excess of d = }gll‘;e;lt::v?;hh ;(l;r;ig;gfg}iiﬁlglsgf}?e(;i?:;r;%ﬁ ?:;E
the design requirements of the piping system to which or the inside diameteII') of the branch conne 'tion
they arq attached. Quick opening closures shall"be ¢ = nominal header wall thickness reauired b
equippefl with safety locking devices in compliance ara. PL-3.7 1 for the desien regsure anzll
with ASME BPVC, Section VIII, Division 1; UG-35(b). para. e Wh he bi g0 b 1l thick
Weld enld preparation shall be in aceordance with Femperature. en the pipe wa thic 1058
para. GRI3.4.3. 1nclu.des ap allowance for corrosion or er051-or.1,
(b) Clgsure Fittings. Closure fittings.commonly referred all dlmensmr.ls used sha-ll result after the aptici-
to as “wdld caps” shall be designéd and manufactured in pated corrosion or erosion has taken place.
:::;rsli;_c;;(l\:)t(g)?SME BEQI or MSS SP-75. [See (d) The area available for reinforcement shall b¢ the
(c) Cldsure Heads. Clogure heads such as flat, ellipsoidal sum of ) .
[other tHan in para. PL;2.2.4(b)], spherical, or conical (1) t_he cross-s_ect1on.al area result1r¥g from any
heads afe permjtted for use under this Part. Such excess. thlckness av-allable in the header th1c1-<ness. over
items may be d€signed in accordance with ASME the minimum required for the header as defined ih (c)
BPVC, Sdction ‘VIII, Division 1. For closure heads not abgve apd that lies within the reinforcement ar¢a as
designed|ta Section VIII, Division 1, the maximum allow- defined in (e) below. ) )
able stressesformmatertatsused i these closure reads (2] Lhe cross-seclional ared resulling lonfany

shall be established under the provisions of para.
PL-3.7 and shall not exceed a 50% SMYS. If welds are
used in the fabrication of these heads, they shall be exam-
ined in accordance with the provisions of this Part. Closure
heads shall have pressure and temperature ratings equal
to or in excess of the design requirement of the piping
system to which they are attached.
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excess thickness available in the branch wall thickness
over the minimum thickness required for the branch
and that lies within the reinforcement area as defined
in (e) below.

(3) the cross-sectional area of all added reinforcing
metal that lies within the reinforcement area, as defined in
(e) below, including that of solid weld metal that is conven-
tionally attached to the header and/or branch.
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(e) Theareaofreinforcement, shownin Nonmandatory
Appendix F, is defined as a rectangle whose length shall
extend a distance, d, on each side of the transverse center-
line of the finished opening and whose width shall extend a
distance of 2% times the header wall thickness on each
side of the surface of the header wall. In no case, however,
shall it extend more than 2% times the thickness of the
branch wall from the outside surface of the header or of the
reinforcement, if any.

cred]t shall be taken for the additional strength of material
havipg a higher strength than that of the part to be rein-
forcqd.

(h) When rings or saddles cover the weld between
branch and header, a vent hole shall be provided in
the fring or saddle to reveal leakage in the weld
between branch and header, and to provide venting
during welding and heat-treating operations. Vent
should be plugged during service to prevent
creyice corrosion between pipe and reinfercing
menpber, but no plugging material that would be
capdble of sustaining pressure within-the crevice
should be used.

(i)} The use of ribs or gussets shall notbe considered as
contfibuting to reinforcement of theybranch connection.
This| does not prohibit the usé_of ribs or gussets for
purposes other than reinforcement, such as stiffening.

()| The branch shall be attached by a weld for the full
thickness of the branch erheader wall plus a fillet weld, as
requiired by para. GR=3:4.9. The use of concave fillet welds
is preferred to further minimize corner stress concentra-
tion.|Ring or saddle reinforcement shall be attached as
reqyired by para. GR-3.4.9. When a full fillet is not
used, it js rfecommended that the edge of the reinforce-

menf be-relieved or chamfered at approximately 45
1

sate for the inherent weakness of such construction. The
use of encircling ribs to support the flat or reentering
surfaces is permissible and may be included in the
strength calculations. The designer is cautioned that
stress concentrations near the ends of partial ribs,
straps, or gussets may defeat their reinforcing value.

PL-2.3.2 Special Requirements

In addition to the requirements of para. PL-2.3.1, branch
connections must meet the requirements desfribed in
Table PL-2.3.2-1.

(a) Smoothly contoured wrought steel tees ¢f proven
design are preferred. When tees cannot be used) the rein-
forcing member shall extend around the circumference of
the header. Pads, partial saddles, or other typep of loca-
lized reinforcement are prohibited.

(b) Smoothly contoured tees of proven dg¢sign are
preferred. When teesiare not used, the reinforcing
member should becof-the complete encirclemlent type,
but may be of the pad type, saddle type, or 4 welding
outlet fitting type!

(c) The reinforcement member may be of the complete
encirclemeénttype, pad type, saddle type, or weldjng outlet
fitting'type. The edges of reinforcement membefs should
be tapered to the header thickness. Itis recommepded that
legs of fillet welds joining the reinforcing meEber and

header do not exceed the thickness of the heagler.

(d) Reinforcement calculations are not reqpired for
openings 50 mm (2 in.) and smaller in diameter, or inte-
grally reinforced forged branch outlet fittings copforming
to MSS SP-97. Care should be taken to providg suitable
protection against vibrations and other exterrjal forces
to which these small openings are frequently Jubjected.

(e) All welds joining the header, branch, and reinfor-
cing member shall meet the requirenjents of
para. GR-3.4.9. See Nonmandatory Appendix F

(f) Theinside edges of the finished opening shjll, when-
ever possible, be rounded to a 3 mm (% in.) radjus. If the
encircling member is thicker than the head¢r and is
welded to the header, the ends shall be taperjed down
to the header thickness and continuous fillet welds
shall be made.

(g9) Reinforcement of openings is not mafdatory;
however, reinforcement may be required fofr special
cases involving pressures over 690 kPa (100 psi), thin
wall pipe, or severe external loads.

de g tomerge—with—the—edge—ofthefiHet—{See
Nonmandatory Appendix F.)

(k) Reinforcementringsand saddles shall be accurately
fitted to the parts to which they are attached.
Paragraph GR-3.4.9 describes some acceptable forms of
reinforcement.

(1) Branch connectionsattached atan angle less than 85
deg to the run become progressively weaker as the angle
decreases. Any such design mustbe given individual study,
and sufficient reinforcement must be provided to compen-

(h) 1f a reinforcement member is required and the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than half the
circumference of the header, then a complete encircle-
ment type of reinforcement member shall be used, regard-
less of the design hoop stress, or a smoothly contoured
wrought steel tee of proven design may be used.

(i) The reinforcement may be of any type meeting the
requirements of para. PL-2.3.1.
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Table PL-2.3.2-1
Reinforcement of Fabricated Branch Connections, Special Requirements

Ratio of Design Hoop

Ratio of Nominal Branch Diameter to Nominal Header Diameter

Stress to Minimum
Specified Yield Strength

in the Header 25% or Less

More Than 25% Through 50%

More Than 50%

20% or less (g) (8) (h)
More than 20% through 50% (d), (i) (h), ()
More than 50% (c), (d), (e) (b), (e) (), (e), ()

GENERAL NOTE: The letters in the table correspond to the subparagraphs of para. PL-2.3.2.

PL-2.4 MULTIPLE OPENINGS AND EXTRUDED
UTLETS

PL-2.4.1 Reinforcement of Multiple Openings

(a) When two or more adjacent branches are spaced at
less than| 2 times their average diameter (so that their
effective|areas of reinforcement overlap), the group of
openings shall be reinforced in accordance with
para. PL{2.3. The reinforcing metal shall be added as a
combined reinforcement, the strength of which shall
equal thp combined strengths of the reinforcements
that woyld be required for the separate openings. In
no case shall any portion of a cross section be considered
to apply fo more than one opening or be evaluated more
than oncp in a combined area.

(b) When more than two adjacent openings are to be
provided| with a combined reinforcement, the minimum
distance [between centers of any two of these openings
shall pr¢ferably be at least 1/ times their average
diameter} and the area of reinforcement betwéen them
shall be ft least equal to 50% of the total required for
these tw@ openings on the cross section being considered.

(c) When the distance between centérsjof two adjacent
openingslis less than 1% times their avérage diameter, as
considere¢d under (b) above, nocredit for reinforcement
shall be gjven for any of the metalbetween these two open-
ings.

(d) Any number of cleSely spaced adjacent openings in
any arragement may be reinforced as if the group were
treated a$ one assuriied opening of a diameter enclosing all
such opehings.

PL-2.4.2 Extruded Outlets

(b) These rules do not apply to any nozzles or branch
connections in which additional nonintegral materjal is
applied in the form of rings, pads,‘or saddles.

(c) Theserules apply only to cases where the axis ¢f the
outletintersects and is perpendicular to the axis of thg run.

(d) See Nonmandatory-Appendix F for the pertinent
dimensions and limiting eonditions.

(e) The required area'is defined as

A = Kt,D,

where

K = 1.0for d/D > 0.60
0.6+ %(d/D) for 0.60 > d/D > 0.15
0.70 for d/D < 0.15

The design must meet the criterion that the reinfprce-
ment area defined in (f) below is notless than the reqtiired
area.

(f) The reinforcement area shall be the sum of areps 4,
+ A, + A3 as defined below.

(1) AreaA;isthearealying within the reinforcenent
zone resulting from any excess thickness available ih the
run wall, i.e., A1 = D (T, - ¢,).

(2) AreaA;isthearealying within the reinforcenent
zone resulting from any excess thickness available ih the
branch pipe wall, i.e., 4, = 2L(T} - tp).

(3) AreaAj;isthearealying within the reinforcenent
zone resulting from excess thickness available if the
extruded outlet lip, i.e., A3 = 2r, (T, - tp).

(g) Forreinforcement of multiple openings, the rules in
para. PL-2.4.1 shall be followed, except that the reqtiired
area and the reinforcement area shall be as given in para.
PL-2.4.2.

(h) The manufacturer shall he responsible for ektab-

(a) The rules in this paragraph apply to steel extruded
outlets in which the reinforcementis integral. An extruded
outletis an outletin which the extruded lip at the outlet has
a height above the surface of the run that is equal to or
greater than the radius of curvature of the external
contoured portion of the outlet, as required by
para. GR-3.4.9 and Figure GR-3.4.9-4. See Nonmandatory
Appendix F.

lishing and marking, on the section containing extruded
outlets, the following: the design pressure, temperature,
and that these values were established under provisions of
this Code. The manufacturer’s name or trademark shall be
marked on the section.
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Table PL-2.5.2-1

(d) Calculations shall take into account stress intensi-

Thermal Expansion of Carbon and Low Alloy Steel fication factors found to exist in components other than
Total plain straight pipe. Credit may be taken for the extra flex-
Expansion, Total Expansion, ibility of such components. The flexibility factors and
mm/m, in Going i_n-/100 ft, in stress intensification factors shown in ASME B31.8,
From 20°C to Going From 70°F Appendix E, Table E-1 may be used.
Temperature, Indicated Temperature, to Indicated A . .. .

oC Temperature oF Temperature (e) Properties of pipe and fittings for these calculations
50 08 50 09 shall be based on nominal dimensions, and the joint factor
20 0 70 0 E shall be taken as 1.00.

e 0.7 150 06 — (] The total Tange m temperature shall be cq nsldered
00 10 200 10 in all expansion calculations, whether pipinjg is cold
o5 1'3 250 1'5 sprung or not. In addition to the expansion of the line

' ' itself, the linear and angular movements of the equipment
150 1.6 300 19 S s
I 20 350 "4 to which it is attached shall be considéred.
' ' (g) Flexibility calculations shall be basefl on the
D00 2.3 400 2.8 . .
modulus of elasticity corresponding to thp lowest
D25 2.6 450 3.3 .
temperature of the operational cycle.
P50 3.0 500 3.7

PL-2.5 EXPANSION AND FLEXIBILITY

PL-2.5.1 Application

Paragraph PL-2.5 is applicable to piping meeting the
defirjition of unrestrained piping in para. PL-2.6.1(c).

PL-2.5.2 Amount of Expansion

THe thermal expansion of the more common grades af
stegl used for piping may be determined frem
Table PL-2.5.2-1. For materials not included in Table
PL-25.2-1 or for more precise calculations, reference

may |[be made to authoritative source data.

PL-2.5.3 Flexibility Requirements
(a

cient
tion
exce
able
men

Pipeline systems shall be designed to have suffi-
flexibility to prevent thermal’expansion or contrac-
rom causing excessive stresses in the piping material,
bsive bending or unustial loads at joints, or undesir-
forces or momentsiat/points of connection to equip-
or at anchoragélor guide points. Formal calculations
shalll be performéd Wwhere reasonable doubt exists as to
the gdequate flexibility of the system. See para. PL-2.6.6
for fuirther guidance.

(b} Flexibility shall be provided by the use of bends,
loopk, ‘or-offsets, or provision shall be made to absorb

(h) In order to modify.'the effect of expanjsion and
contraction, runs of-pipe may be cold sprung. Cold
spring may be takel into account in the calculations of
the reactions, proyided an effective method of pbtaining
the designed‘eold spring is specified and used. See addi-
tional discussion of cold spring in ASME B31.3, para.
319.2.4.

PL-2:5.4 Reactions

(a) Reaction forces and moments to be usgd in the
design of restraints and supports for a piping system,
and in evaluating the effects of piping displdcements
on connected equipment, shall consider the full range
of thermal displacement conditions plus wdight and
external loads. Cold spring may be useful for mdintaining
reactions within acceptable limits.

(b) The reactions for thermal displacementg shall be
calculated using the elastic modulus correspqgnding to
the lowest temperature of an operational cyclq.

(c) Consideration shall be given to the load}carrying
capacity of attached rotating and pressure-cgntaining
equipment and the supporting structure.

PL-2.5.5 Modulus of Elasticity

The modulus of elasticity for carbon and low 3
at various temperatures is given in Table PI
Values between listed temperatures may be lineg
polated.

lloy steel
-2.5.5-1.
rly inter-

thermal changes by the Use of expansion Joints of the
bellows type. If expansion joints are used, anchors or
ties of sufficient strength and rigidity shall be installed
to provide for end forces due to fluid pressure and
other causes.

(c) In calculating the flexibility of a piping system, the
system shall be treated as a whole. The significance of all
parts of the line and all restraints, such as rigid supports or
guides, shall be considered.
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PL-2.6 DESIGN FOR LONGITUDINAL STRESS
PL-2.6.1 Restraint

(a) The restraint condition is a factor in the structural
behavior of the pipeline. The degree of restraint may be
affected by aspects of pipeline construction, support
design, soil properties, and terrain. This paragraph is ap-
plicable to steel piping. For purposes of design, this Code
recognizes two axial restraint conditions, “restrained” and
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Table PL-2.5.5-1

St = Ea(Ty — Tp)

(23) Modulus of Elasticity for Carbon and Low Alloy Steel where
Modulus of Modulus of E = elastic modulus at the ambient temperature
Tempf(r:at“re' ;l;':t;c’ltzg Tempf;at“re' f)]:isilcll:)% T, = pipetgmperature atthe time of installation, tie-in,
or burial
=75 209 ~100 301 T, = warmest or coldest pipe operating temperature
25 207 70 294 a = coefficient of thermal expansion
100 198 200 28.8
150 195 300 28.3 If 2 section-of pipe-can-operate sither warmer orcolder
200 192 400 27.4 than the installed temperature, both conditions fof F may
250 189 500 27.3 need to be examined.
(d) The nominal bending stress in straight pige or
large-radius bends due to weight on other extgrnal
“unrestrpined.” Guidance in categorizing the restraint  10ads is
conditior} is given below. Sg=M/Z
(b) Piping in which soil or supports prevent axial dis-
placement of flexure at bends is restrained. Restrained where
piping mhy include the following: M = bending moment @eross the pipe cross section
(1) ktraight sections of buried piping Z = pipe section modulus
(2) bends and adjacent piping buried in stiff or
consolidgted soil (e) The nominakbending stress in fittings and compo-
(3) [sections of above-ground piping on rigid nents due to weight or other external loads is
supports Sp=MR/Z
(c) Piping that is freed to displace axially or flex at
bends i} unrestrained. Unrestrained piping may  where/My is the resultant intensified moment acrosf the
include the following: fittitig'or component. The resultant moment shall be cplcu-
(1) above-ground piping thatis configured to accom- lated as
modate thermal expansion or anchor movements through 1/2
flexibility Mg = [(075iM)> + (0.75iM,)* + M|
(2) bends and adjacent piping buried in softxr
unconsoljdated soil where
(3) pnunbackfilled section of otherwise buried pipe- i; = in-plane stress intensification factor from ASME
line thatlis sufficiently flexible to displace laterally or B31.8, Mandatory Appendix E, Table E-1
which contains a bend i, = out-of-plane stress intensification factor from
(4) pipe subject to an end cap préssure force ASME B31.8, Mandatory Appendix E, Tabl¢ E-1
(23) PL-2.6.2 Calculation of Longitudinal Stress 1\1\2 - gtlf ljfr_lsl:f: %l:fdri?l;mnfgfnem
Components M, = torsional moment
(a) Thie longitudinal stress-due to internal pressure in
restrained pipelines is The product 0.75; 2 1.0.
S = 03s (f) The stress due to axial loading other than thermal
p ~°H expansion and pressure is
where Sx = R/A
Su = hoopTstress where

(b) The longitudinal stress due to internal pressure in
unrestrained pipeline is

where

Sp = 058y

Sy = hoop stress

(c) Thelongitudinal stress due to thermal expansion in
restrained pipe is

120

A = pipe metal cross-sectional area
R = external force axial component

PL-2.6.3 Summation of Longitudinal Stress in

Restrained Pipe

(a) The netlongitudinal stresses in restrained pipe are

SL=SP+ST+SX+SB

Note that S;, Sg, Sx, or Sg can have negative values.
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(b) The maximum permitted value of S; shall not
exceed 0.9ST, where S is the SMYS per para.
PL-3.7.1(a) and T is the temperature derating factor
per Table PL-3.7.1-3.

(c) Residual stresses from construction are often
present, for example, bending in buried pipelines
where spanning or differential settlement occurs.
These stresses are often difficult to evaluate accurately,
and can be disregarded in most cases. It is the engineer’s

(2) can be readily judged adequate by comparison
with previously analyzed systems

(3) is of uniform size, has no more than two points of
fixation, no intermediate restraints, and falls within the
limitations of the following empirical equation:

K> DY/(L — U)?

D = nominal outside diameter of pipe, mm (in.)

resppnsIbility to determine It SUch stresses should be eval-
uatefl.

PL-2.6.4 Combined Stress for Restrained Pipe

(a) The combined biaxial stress state of the pipeline in
the qperating mode is evaluated using the calculation in
eithqr (1) or (2) below
(1) 1S5 — S1

2) (St - SuSm + sﬁl)l/2

THe maximum permitted value for the combined biaxial
stregs is kST, where Sis the SMYS per para. PL-3.7.1(a), Tis
the temperature derating factor per Table PL-3.7.1-3, and
k is gefined in (b) and (c) below.

(b} For loads of long duration, the value of k shall not
excepd 0.90.

(c] For occasional nonperiodic loads of short duration,
the yalue of k shall not exceed 1.0.

(d} S, in para. PL-2.6.3 is calculated considering both
the fensile and compressive values of Sg.

(e] Stresses induced by loads that do not occur, simul-
tanepusly need not be considered to be additive.

(f] The biaxial stress evaluation described above
applles only to straight sections of pipe.

PL-2.6.5 Summation of Longitudinal Stresses in
Unrestrained Pipe

(a) The net longitudinal stress in unrestrained pipe is
S, =8p+'Sx + SB

(b) The maximum_permitted longitudinal stress in
unrestrained pipé i$

Sp < 0.758T

whefre
S [ \SMYS per para. PL-3.7.1(a)

K = 208 for SI units
= 0.03 for U.S. Customary units
L = developed length of piping betWeen arjchors, m
(f)
U = straight line separation between anchots, m (ft)
Y = resultant of total displacement strains, mn (in.), to
be absorbed by the System

NOTE: No general proofican-be offered that this empifical equa-
tion always yields cofisefvative results. It is not applicable to
systems used in seévere cyclic conditions. It shoulfl be used
with caution in configurations such as unequal leg U-bends
having L/Us2:5; nearly straight “sawtooth” runs, where i =
5 due to ¢hin‘walled design; or where displacemepts not in
the diréetion connecting anchor points constitute a [large part
of the.total displacement. There is no assurance that terminal
reactions will be acceptably low even if a piping system falls
Wwithin the limitations of (a)(3) above.

(b) Any piping system that does not meet ope of the
criteria in (a) above should undergo a flexibiljty stress
analysis by a simplified, approximate, or compgehensive
method, as deemed appropriate.

PL-2.6.7 Flexibility Stresses and Stresseg Due to

Periodic or Cyclic Loading

Calculations and good practices for pipelin¢ compo-
nents subject to stresses due to periodic pr cyclic
loading should conform to para. IP-2.2.10.

PL-2.6.8 Local Stresses

(a) High local stresses are usually generated| at struc-
tural discontinuities and sites of local loadings. |Although
they may exceed the material yield strength, such stresses
may often be disregarded because they are log¢alized in
influence and may be self-limiting or relieved by local
deformation. Examples include stresses in branch connec-

T = temperature derating factor per Table PL-3.7.1-3

PL-2.6.6 Flexibility Analysis for Unrestrained
Piping
(a) Thereisno need for formal flexibility analysis for an
unrestrained piping system that

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

tiOTS TauSed by Pressure or exXtermat toads, or siresses at
structural discontinuities. This Code does not fully
address the maximum allowable value for local stresses.
It is the engineer’s responsibility to determine whether
such stresses must be evaluated.

(b) The maximum allowable sum of circumferential
stress due to internal pressure and circumferential
through-wall bending stress caused by surface vehicle
loads or other local loads is 0.9ST, where S is the
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SMYS per para. PL-3.7.1(a) and T is the temperature
derating factor per Table PL-3.7.1-3.

(c) Localstressesin (a) or (b) above caused by periodic
or repetitive loads may require further limitations in
consideration of fatigue.

PL-2.7 SUPPORTS AND ANCHORAGE FOR
EXPOSED PIPING

member and not to the pipe. The connection of the pipe to
the encircling member shall be by continuous welds,
rather than intermittent welds. If there are continuous
welds, a vent hole shall be provided at the side of the encir-
cling member. Vent holes may be plugged during service to
prevent, e.g., entry of injurious fluids, but the plugging
material shall not be capable of sustaining pressure.

PL-2.8 ANCHORAGE FOR BURIED PIPING

PL-2.7.1 Piping and Equipment

Pipingland equipment shall be supported in a substan-
tial and yorkmanlike manner, so as to prevent or reduce
excessivdg vibration, and shall be anchored sufficiently to
prevent findue strains on connected equipment.

PL-2.7.2 Provision for Expansion

Suppofts, hangers, and anchors should be so installed as
not to intprfere with the free expansion and contraction of

(a) All exposed pipe joints shall be able to sustain the
i end force due to the internal pressure; i.e., the
design pifessure times the internal area of the pipe as well
as any additional forces due to temperature expansion or
contractipn or to the weight of pipe(and contents.

(b) 1f jompression or sleeve-typé couplings are used in
exposed [piping, provision shall be made to sustain the
longitudihal forces noted in{a) above. If such provision
is not mdde in the manufacture of the coupling, suitable
bracing qr strapping shall be provided, but such design
must nof interfere with' the normal performance of the
coupling|nor with/its proper maintenance. Attachments
must mept thetrequirements of para. PL-2.7.5.

PL-2.7.5

(a) Ifthe pipe is designed to operate at a hoop stress of
less than 20% of the SMYS, structural supports or anchors
may be welded directly to the pipe.

(b) Ifthe pipe is designed to operate at a hoop stress of
20% or more of the SMYS, support of the pipe shall be
furnished by a member that completely encircles it.
Where it is necessary to provide positive attachment,
as at an anchor, the pipe may be welded to the encircling
member; the support shall be attached to the encircling
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PL-2.8.1 Pipe Bends or Offsets

Bends or offsets in buried pipe cause longitudinal f
that must be resisted by anchorage at|the ben
restraint due to friction of the soil,,or by longitu
stresses in the pipe.

rces
i, by
Hinal

PL-2.8.2 Anchorage at Bends

If the pipe is anchored byhearing at the bend, care
be taken to distribute the load on the soil so tha
bearing pressure is~within the capability of the
involved.

shall
[ the
soil

PL-2.8.3 Restraint Due to Soil Friction

raint
ated

Where there is doubt as to the adequacy of rest
friction, calculations shall be made and indic
anchoring shall be installed.

PL-2.8.4 Forces on Pipe Joints

If anchorage is not provided at the bend
para. PL-2.8.2), pipe joints that are close to the ppints
of thrust origin shall be designed to sustain the longitu-
dinal pullout force. If such provision is not made ip the
manufacture of the joints, bracing or strapping|that
absorbs the pressure thrust shall be provided.

(see

PL-2.8.5 Supports for Buried Piping

In pipelines, especially those that are highly stre
from internal pressure, uniform and adequate sugport
of the pipe in the trench is essential. Unequal settlenjents
may produce added bending stresses in the pipe. Lateral
thrusts at branch connections may greatly increase the
stresses in the branch connection itself, unless thie fill
is thoroughly consolidated or other provisiong are
made to resist the thrust. Rock shield shall nqt be

3 e et e Habte kit and
padding are placed in the ditch to provide a continuous
and adequate support of the pipe in the trench.

When openings are made in a consolidated backfill to
connect new branches to an existing line, care shall be
taken to provide firm foundation for both the header
and the branch in order to prevent differential move-
ments.

ssed
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PL-2.8.6 Interconnection of Underground Lines

Underground lines are subjected to longitudinal
stresses due to changes in pressure and temperature.
For long lines, the friction of the earth will prevent
changes in length from these stresses, except for
several hundred feet adjacent to bends or ends. At
these locations, the movement, if unrestrained, may be

of considerable magnitude. If a connection to a relatively
unyielding line or other fixed object is made at such aloca-
tion, the line shall have ample flexibility to compensate for
differential movement, or the line shall be provided with
an anchor sufficient to develop the forces necessary to
limit the movement.
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Chapter PL-3
Design, Installation, and Testing

PL-3.1 PROVISIONS FOR DESIGN

PL-3.1.1 Conditions

The dd
address
transmis
tional stj
shall be
enginee
include
mechani
ments, e
and pres
found in
Temperd
as the d
values e
consider
lower or

sign requirements of this Code are intended to
conditions encountered in the hydrogen gas
bion industry. Conditions that may cause addi-
ess in any part of a line or its appurtenances
further addressed following recognized good
ing practice. Examples of such conditions
ong self-supported spans, unstable ground,
al or acoustic vibration, weight of special attach-
rthquake-induced displacements, temperature
sure differential, and the soil and conditions
the Arctic or another harsh environment.
ture and pressure differences shall be taken
ifference between the lowest and highest
kpected during pressure test and operation,
ng recorded data and the possible effects of
higher air and ground temperatures.

PL-3.1.2

The quhlity of the hydrogen gas to be transported:in the
pipeline, |or by the pipeline system, shall be censidered
when d¢signing facilities. Steps shalltbe taken to
control ¢r minimize adverse effectssof‘the hydrogen
gas components when either of the(following may be a
concern:

(a) Co
fuel cell
may trar

Quality

mmposition. For certain(applications, such as for
5, pure hydrogen,is transported. A pipeline
sport blends of-hydrogen and other fuel gases
such as methane, propane, etc. Potential concern may
include hydrogen leakdetection along cross-country pipe-
lines. Thfs may require advanced investigative assess-

investigated for ensuring negligible lmpact on material
degradation.

PL-3.1.3 Damage

The most significant factor contributing to the failure of
a hydrogen gas pipeline is damage to the line caused by
third-party activities. Damage can occur during construc-
tion of other facilities in the right-of-way associated with
providing services for dwellings and other commercial or
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industrial enterprises. These services include watex
and electrical supply, sewage systems, drainage\line
ditches, buried power and communication eables
streets and roads. They become moré prevalent
the possibility of damage to the pipeline becd
greater, with larger concentrations.of buildings inte
for human occupancy. Determining the Location
provides a method of assessing’the degree of expq
of the line to damage.
(a) Asurveyofbuildingdensity shall be carried ouf (see
paras. PL-3.2, PL-3.3and PL-3.4) to determine the opera-
tional and design{requirements necessary to protedt the
integrity of the pipeline in the presence of activitieq that
might cause damage.
(b) If buildings intended for human occupancy are
found te be within the potential impact area of a proposed
hydrogen pipeline, a full risk assessment shall be ca}ried
out (see para. PL-3.5).

, gas
and
and
and
mes
hded
Class
sure

PL-3.2 BUILDINGS INTENDED FOR HUMAN
OCCUPANCY

PL-3.2.1 Determination of Number of Buildings
Intended for Human Occupancy

(a) To determine the number of buildings intendgd for
human occupancy for a pipeline, lay out a zone 0.4 kip (%,
mile) wide along the route of the pipeline with the pipgline
on the centerline of this zone, and divide the pipeling into
random sections 1.6 km (1 mile) in length such that the
individual lengths will include the maximum numbjer of
buildings intended for human occupancy. Count the
number of buildings intended for human occuppncy
within each 1.6-km (1-mile) zone. For this purpose,
each separate dwelling unit in a multiple dwelling| unit
building is to be counted asa separate building intepded

ere il 1.6
km [1 mlle) oflower stress level plpellne shall be lnstalled
ifthere are physical barriers or other factors that will limit
the further expansion of the more densely populated area
to a total distance of less than 1.6 km (1 mile). It is
intended, however, that where no such barriers exist,
significant allowance shall be made in determining the
limits of the lower stress design to provide for probable
further development in the area.

(23)
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(b) When a cluster of buildings intended for human
occupancy indicates thatabasic 1.6 km (1 mile) of pipeline
should be identified as a Location Class 2 or Location Class
3, the Location Class 2 or Location Class 3 shall be termi-
nated no closer than 200 m (660 ft) from the nearest
building in the cluster.

(c) For pipelines shorter than 1.6 km (1 mile) in length,
a Location Class that is typical of the Location Class that
would be required for 1.6 km (1 mile) of pipeline with the

PL-3.3 CONSIDERATIONS NECESSARY FOR
CONCENTRATIONS OF PEOPLE IN
LOCATION CLASS 1 OR CLASS 2

PL-3.3.1 Consequences of Failure

In addition to the criteria contained in para. PL-3.2,
additional consideration shall be given to the possible
consequences of a failure near areas where a concentra-

tion-of peopleistikelysuchasahouse-ofworship, school,

same bullding population density shall be assigned.

PL-3

.2.2 Location Classes for Design and
Construction

(a]
mile
hum
area
graz

Location Class 1. A Location Class 1 isany 1.6-km (1-
section that has ten or fewer buildings intended for
hn occupancy. A Location Class 1 is intended to reflect
5 such as wasteland, deserts, wetlands, mountains,
ng land, farmland, and sparsely populated areas.
1) Class 1, Division 1. As recognized in ASME B31.8,
Division is not applicable to hydrogen service and is
ecognized in this Code.
(2) Class 1, Division 2. This Divisionis a Location Class
1 whiere the design factor of the pipe is equal to or less than
0.72]and has been tested to 1.1 times the maximum oper-
ating pressure. [See Table PL-3.7.1-6 for exceptions to
design factor.]

(b} Location Class 2. A Location Class 2 isany 1.6-km (1-
mile) section that has more than 10 but fewer than 46
buildlings intended for human occupancy. A Location
Clasg 2 is intended to reflect areas where the degtree of
popylation is intermediate between Location_Class 1
and Location Class 3, such as fringe areas around cities
and fowns, industrial areas, ranch or country estates, etc.

(c] Location Class 3. A Location Class.3 isany 1.6-km (1-
mile) section that has 46 or more buildings intended for
humfan occupancy, except when-a Location Class 4
prevpils. A Location Class 3 js intended to reflect areas

this
not 1

rea of an
5 2. If the
of para.
depth of
all times

multiple dwelling unit, hospital, or recreational
organized character in Location Class 1 ar(Clas
facility is used infrequently, the requirements
PL-3.3.2 need not be applied. Howeyver, the
cover shall be adequate to assure integrity at
during the life of the facilities.

PL-3.3.2 Dense Concentration

ncentra-
schools,
reational
[lass 2, or
[lass 4.

Pipelines near places)of public assembly or c
tions of people,such as houses of worship,
multiple dwelling unit buildings, hospitals, or red
areas of an organized nature in Location Class 1,
Class 3, shallmeet requirements for Location

PL-3.3:3 Low Concentration

Concentrations of people referred to in paras| PL-3.3.1
and PL-3.3.2 above are not intended to include groups of
fewer than 20 people per instance or locatior], but are
intended to cover people in an outside area as well as

in a building.
PL-3.4 INTENT
PL-3.4.1 Definition

Location Class (1, 2, 3, or 4) as described in thelprevious
paragraphs is defined as the general description of a
geographic area having certain characterisftics as a

such as sub.urba.n housmg devel(.)pments, shopping basis for prescribing the types of design, congtruction,

centprs, residential areas, industrial areas, and other and methods of testing to be used in those Ipcations

popylated areas not meeting Location Class 4 require- or in areas that are comparable. A numbered Location’

mens. . ) . Class does not necessarily indicate that a pprticular
(d Locat.zon Class-4..Locat10n Class 4 includes areas design factor suffices for all construction in that particular

whete multistory buildings are prevalent, where traffic location or area.

is hgavy or'dense, and where there may be numerous

othef utilities underground. Multistory means four or PL-3.4.2 Future Development

morg floors above ground, including the first or

ground floor. The depth of basements or number of base- When classifying locations, consideration shall be given

ment floors is immaterial.
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to the possibility of future development of the area. If such
future development appears likely to be sufficient to
change the Class Location, this shall be taken into consid-
eration in the design and testing of the proposed pipeline.
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Table PL-3.6.1-1
Location Class

Original [Note (1)] Current
Number of Location  Number of
Location Class Buildings Class Buildings Maximum Allowable Operating Pressure (MAOP)
Designed to Option A [Note (2)]
1 Division 2 0-10 1 11-25 Previous MAOP but not greater than 50% S, [Note (3)]
1 0-10 2 26-45 0.800 x test pressure but not greater than 50% S,,
+ 6—16 2 4665 G-667~—testpressure-but-petereaterthan568%—5
1 0-10 3 66+ 0.667 x test pressure but not greater than 50%-S,,
1 0-10 4 [Note (4)] 0.555 x test pressure but not greater than 40%S,,
2 11-45 2 46-65 Previous MAOP but not greater than 50%"S,,
2 11-45 3 66+ 0.667 x test pressure but not greaterthan 50% S,,
2 11-45 4 [Note (4)] 0.555 x test pressure but not greater than 40% S,,
3 46+ 4 [Note (4)] 0.555 x test pressure but not’greater than 40% S,,
Designed |to Option B [Note (5)]
1 Division 2 0-10 1 11-25 Previous MAOP buit not greater than 72% S,,, [Note (B)]
1 0-10 2 26-45 0.800 x test/pressure but not greater than 72% S,
1 0-10 2 46-65 0.667 x tést pressure but not greater than 60% S,
1 0-10 3 66+ 0.667 x‘{est pressure but not greater than 60% S,
1 0-10 4 [Note (4)] 0,555 % test pressure but not greater than 50% S,,
2 11-45 2 46-65 Previous MAOP but not greater than 60% S,
2 11-45 3 66+ 0.667 x test pressure but not greater than 60% S,,
2 11-45 4 [Note(4)] 0.555 x test pressure but not greater than 40% S,,
3 46+ 4 [Note (4)] 0.555 x test pressure but not greater than 40% S,,

NOTES:
(1) At timp of design and construction.

(2) For usp with design option A, prescriptive design méthod [see para. PL-3.7.1(b)(1)]. Existing hydrogen pipelines not designed to thi4 Code

shall yse this portion of the table for Location Class"and MAOP changes.

(3) Smis the maximum allowable operating stress, Calculated as specified minimum yield strength x H; where Hyis the material perforance
factor from Mandatory Appendix IX, Table IX-5A.or IX-5B. Material performance factors account for the adverse effects of hydrogen gas pn the

(4) Multis
(5) Foru

ory buildings become prevalent.

PL-3.5 RISK ASSESSMENT

(a) Thie potentiakimpactradius ofaproposed hydrogen
pipeline [shall be détermined according to para. 3.2 of
ASME BB1.8S,\modified by the substitution of the
following itiformula (1):

mechIical properties of carbon steelsfused in the construction of pipelines.

with design option B, perfermance-based method, para. PL-3.7.1(b)(2).

PL-3.6 LOCATION CLASS AND CHANGES IN
NUMBER OF BUILDINGS INTENDED FPR
HUMAN OCCUPANCY

PL-3.6.1 Continuing Surveillance

r = 047,pd*

(b) If one or more buildings intended for human occu-
pancy are found to be within the potential impact area of a
proposed hydrogen pipeline, a full risk assessment shall
be carried out. A method of risk assessment suitable for
hydrogen pipelines is contained in section 4.6 of CGA
G-5.6.

Upon initiating Nydrogen service in a pipeline designed
and constructed or converted to hydrogen service, the
operating company shall determine the Location Class
in accordance with Table PL-3.6.1-1.

(a) Existing pipelines or mains operating athoop stress
levels in excess of 20% of specified minimum yield
strength shall be monitored at intervals not exceeding
3 yr to determine if additional buildings intended for
human occupancy have been constructed. The total
number of buildings intended for human occupancy
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shall be counted to determine the current Location Class in
accordance with the procedures specified in
paras. PL-3.2.2(a) and PL-3.2.2(b).

(b) In accordance with the principles stated in
para. PL-3.1, the operating company shall determine
the changes that should be made, such as limiting oper-
ating stress levels, frequency of patrolling, and cathodic
protection requirements, as additional buildings intended
for human occupancy are constructed.

(c) €N there 15 an Increase 1n the number of bul
ings fintended for human occupancy to or near the upper
limif] of the Location Class listed in Table PL-3.6.1-1, a
study shall be completed within 6 months of perception
of the increase. The study shall include
(1) the design, construction, and testing procedures
follopved in the original construction and a comparison of
such| procedures with the applicable provisions of this
Codg.
(2) the physical conditions of the pipeline or main to
the dxtent that this can be ascertained from current tests
and pvaluation records.

(3) operating and maintenance history of the pipe-
line pr main.

(4) the maximum operating pressure and the corre-
sponlding operating hoop stress. The pressure gradient
may [be taken into account in the section of the pipeline
or main directly affected by the increasing number of
buildings intended for human occupancy.

(5) the actual area affected by the increase in the
numper of buildings intended for human occupahey
and |physical barriers or other factors that may limit
the flirther expansion of the more densely populated area.

(d} The study shall determine if a change-of Location
Clasg is needed. If needed, the patrols and.leakage surveys
shalllimmediately be adjusted to the intervals established
by the operating company for the(new Location Class.

(e] Needed changes in operating conditions and pipe-
line facilities operation shall(be implemented within 18
months after the change in Docation Class.

PL-3.6.2 Confirmation or Revision of MAOP
If{:e study described in para. PL-3.6.1 indicates that the

estalplished MAQP of a section of pipeline or main is not
cominensurate’with the existing Location Class, and the
sectipn iS4 satisfactory physical condition, the MAOP of
that|section shall be confirmed or revised within 18

- may be increased to

higher test pressure for a period of not less than 2 h in
compliance with the applicable provisions of this Code. If
the new strength test is not performed during the 18-
month period following the Location Class change, the
MAOP must be reduced so as to not exceed the design
pressure commensurate with the requirements of
Table PL-3.6.1-1 for design options A or B at the end
of the 18-month period. However, if the test is performed
any time after the 18-month period has expired, the MAOP
€ level it would have achigved if the
test had been performed during that 18-month period.
(c) An MAOP that has been confirmed o1 revised
according to (a) or (b) above shall not,exceed that estab-
lished by this Code. Confirmation or'revision acdording to
para. PL-3.6.2 shall not preclude’the applicatioq of para.
PL-3.14.
(d) Where operating.onditions require [that the
existing MAOP be maintaitied, and the pipelirje cannot
be brought into conipliance as provided in (q), (b), or
(c) above, the pipe within the area of the Location
Class change shall be replaced with pipe comnjensurate
with the reqaitements of Chapter PL-3, using the design
factor obtained from Table PL-3.7.1-1 or Table HL-3.7.1-2
for thesappropriate design option and Locatior} Class.

PL-3.6.3 Pressure-Relieving or Limiting Devices

Where the MAOP of a section of pipeline of main is
lowered in accordance with para. PL-3]6.2 and
becomes less than the MAOP of the pipeline of main of
which itis a part, a suitable unconfined pressurefrelieving
or pressure-limiting device shall be installed fin accor-
dance with provisions of paras. PL-3.13.1 and RL-3.13.2.

PL-3.6.4 Review of Valve Locations

Where the study required in para. PL-3.6.1 findicates
that the Location Class has changed, the sectipnalizing
valve locations shall be reviewed to detefmine if
access to the valves has been affected. Access foutes to
the valves shall be evaluated. The effects of eyacuating
the pipeline in the vicinity of the valves shall pe deter-
mined. New routes and evacuation and valve] location
plans shall be developed as required.

PL-3.6.5 Concentrations of People in Lodation
Classes 1 and 2

months following the Location Class change as follows:
(a) Ifthesectioninvolved has been previously tested in
place for a period of not less than 2 h, the MAOP shall be
confirmed or reduced so that it does not exceed that
allowed in Table PL-3.6.1-1 for design options A or B.
(b) Ifthe previous test pressure was not high enough to
allow the pipeline to retain its MAOP or to achieve an ac-
ceptablelower MAOP in the Location Class according to (a)
above, the pipeline may either retain its MAOP or become
qualified for an acceptable lower MAOP ifitis retested ata

(aJ Where a facility such as a hospital, school, hotel, or
recreational area of an organized character such as a
sports facility, fairground, or amusement park is built
near an existing steel pipeline in Location Class 1 or
Class 2, consideration shall be given to the possible conse-
quence of a failure, even though the probability of such an
occurrence is very unlikely if the line is designed,
constructed, and operated in accordance with this Code.

(1) Where such facility results in frequent concentra-
tions of people, the requirements of (b) below shall apply.
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(2) However, (b) below need not be applied if the
facility is used so infrequently that the probability that
the pipeline fails while it is occupied is acceptably low.
This can be determined by a risk assessment carried
out per para. PL-3.5.

(b) Pipelines near a place of public assembly as
outlined in (a) above shall have a maximum allowable
hoop stress not exceeding 40% SMYS, or the operating
company may make the study described in para.
PL-3.6.1[CJ and determine that compliance wi €
following will result in an adequate level of safety:

(1) 'he segment is hydrostatically retested for at
least 2 h|to a minimum stress level of 100% of S,,,.

(2) Patrols and leakage surveys are conducted at
intervals|consistent with those established by the oper-
ating company for Location Class 3.

(3) If any nearby facility is likely to encourage addi-
tional copstruction activity, provide appropriate pipeline
markers.

PL-3.7 STEEL PIPELINE

PL-3.7.1 Steel Piping Systems Design

Requirements

(a) Stdel Pipe Design Formula. The design pressure for
steel gas piping systems or the nominal wall thickness fora
given d¢sign pressure shall be determined by the
following formula [for limitations, see (b) below]:

P = Z—StFETHf
D

where
rlominal outside diameter of pipe
Ipngitudinal joint factor obtained from
Mandatory Appendix IX, TableX-3B

design factor obtained from(Table PL-3.7.1-1 or
Table PL-3.7.1-2 as applicable, depending upon
the fracture control ©option specified in (b)
Helow used in the desjgn. In setting the values
df the design factor, F, due consideration has
Heen given and@llowance has been made for
the various_unhderthickness tolerances provided
fpr in thelpipe specifications listed and approved
fpr usage“in this Code.

matetial performance factor from Mandatory
.

rated by reference herein are tabulated for conve-
nience in Mandatory Appendix IX, Table IX-1B.
T = temperature derating factor obtained from
Table PL-3.7.1-3
t = nominal wall thickness

NOTE: See additional requirements for minimum wall thickness
in (e) below.

ness
criterion or other method shall be specified to control|frac-
ture propagation when a pipeline is designed te-operate at
a hoop stress over 40% of the SMYS. Whén 4 fragture
toughness criterion is used, control shall.be achipved
by ensuring that the pipe has adequate ductility.|Two
options are provided on fracturescontrol. Optipn A
(prescriptive design method) shall’be used with dg¢sign
factors, F, specified in Table RL<3¢7.1-1. Option B (pgrfor-
mance-based design method)*shall be used with d¢sign
factors, F, specified in Table PL-3.7.1-2 or with d¢sign
factors specified in Table PL-3.7.1-1. The pipe maferial
tensile requirementsshall be specified on the purchgsing
specification ahd ‘shall comply with the chemicall and
tensile requirements of API 5L Product Specification
Level 2 (PSL2), with supplementary testing as follqws:
(1) “Option A (Prescriptive Design Method).| The
follewing requirements apply:
(-a) Brittle Fracture Control. To ensure thaf the
pipe has adequate ductility, fracture toughness tepting
shall be performed in accordance with the testing pfoce-
dures of Annex G of API 5L. These can be applied prov}ding
test specimens meet the minimum sizes given in Tabje 22
of API 5L. Toughness testing for brittle fracture contfol is
notrequired for DN 100 (NPS 4) and smaller pipe. Th¢ test
temperature shall be the colder of 0°C (32°F) or the lowest
expected metal temperature during service or dyring
pressure testing, if the latter is performed with air or
gas, having regard to past recorded temperature [data
and possible effects of lower air and ground temperatjres.
The average shear value of the fracture appearante of
three Charpy specimens from each heat shall ngt be
less than 80% for full-thickness Charpy specinjens,
85% for reduced-size Charpy specimens, or 40% for
drop-weight tear testing specimens.

ppendix X, Table IX-5A Material performance
factors account for the adverse effects of
hydrogen gas on the mechanical properties of
carbon steels used in the construction of pipe-
lines.

P = design pressure, kPa (psig) [see also (b) below]

S = SMYS, stipulated in the specifications under
which the pipe was purchased from the manufac-
turer or determined in accordance with (d) below.
The SMYS of some of the more commonly used
pipeline steels whose specifications are incorpo-

Table PL-3.7.1-1
Basic Design Factor, F
(Used With Option A)

Location Class

Design Factor, F

Location Class 1, Division 2 0.50
Location Class 2 0.50
Location Class 3 0.50
Location Class 4 0.40
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Table PL-3.7.1-2
Basic Design Factor, F
(Used With Option B)

Location Class Design Factor, F

Location Class 1, Division 2 0.72
Location Class 2 0.60
Location Class 3 0.50
Location Class 4 0.40

Charpy energy per specimen fracture area of each
specimen shall meet the following criteria:

(-1) 27] (20 ft-1b) for full-size CVN specimens or
2187 (161 ft-Ib/in.?) for subsize CVN specimens for pipe
up to DN 1400 (NPS 56)

(-2) 427 (30 ft-1b) for full-size CVN specimens or
328 (242 ft-1b/in.?) for subsize CVN specimens for pipe
larger than DN 1400 (NPS 56)

(2) Option B (Performance-Based Design Method).

Table PL-3.7.1-3
Temperature Derating Factor, T, for Steel Pipe

Temperature Derating

Temperature, °C (°F) Factor, T
121 dr less (250 or less) 1.000
149 (B00) 0.967
177 (B50) 0.933
204 (H00) 0.900
232 (#50) 0.867

GENHRAL NOTE: For intermediate temperatures, interpolate for
derat|ng factor.

(-b) Ductile Fracture Arrest. To ensure that the
pipeline has adequate toughness to arrest a ductile frac-
turethe pipe shall be tested in accordance with Annex G of
API 3L. This can be applied providing test specimens meet
the minimum sizes given in Table 22 of API 5L. Toughness
testipg for ductile fracture control is not required-for DN
100 [NPS 4) and smaller pipe. The test temperature shall
be the colder of 0°C (32°F) or the lowest expected metal
temperature during service. The average of the Charpy
energy values from each heat shall\meet or exceed the
requiirements specified by the following equation:

CVN = 0.008(RT)*¥ 5,2

where
CYUN = full-size specimen CVN energy, ft-1b
R = radius of pipe, in.
T = nominal pipe wall thickness, in.
b, = hoop/stress due to design pressure, ksi

(#¢) Pipe Strength. Maximum ultimate tensile

The following requirements apply:
(-a) The pipe and weld material shall be|qualified

for adequate resistance to fracture in hydrogen|gas at or
above the design pressure and at ambient tenjperature
using the applicable rules provided.in Article KD-10 of
ASME BPVC, Section VIII, Division* 3, except §s shown
below.
(-1) The purposé,ofthis test is to quyalify the
construction material by testing three heats of the mate-
rial. The threshold stress intensity values, Ky shall be
obtained from the ‘thickest section from each heat of
the material andyheat treatment. The test slecimens
shall be in thefinal heat-treated condition (if agplicable)
to be usedin pipe manufacturing. A set of three specimens
shall be tested from each of the following locations: the
base metal, the weld metal, and the HAZ of welded joints,
welded with the same qualified WPS as intendgd for the
piping manufacturing. A change in the welding procedure
requires retesting of welded joints (weld metal gnd HAZ).
The test specimens shall be in the TL direction. If|TL speci-
mens cannotbe obtained from the weld metal and the HAZ,
then LT specimens may be used. The values of Kp; shall be
obtained by use of the test method described in KD-1040.
The lowest measured value of Kj shall be used infthe pipe-
line design analysis.
(-2) When using Option B, the material perfor-

mance factor, Hg; used in (a) shall be 1.0.
(-3) The values obtained in (-1) above may be

used for other pipes manufactured from the samg material
specification/grade or similar specification/gragle having
the same nominal chemical composition as defined in
Table PL-3.7.1-4 and same heat treatment cpndition,
providing its tensile and yield strengths do ng¢t exceed
the values of the material used in the quallification
tests by more than 5%. The welded joints shall meet
the requirements of the WPS used for qualifying the
construction material.

Lo

strength of the pipe shall not exceed 690 MPa (100 Kksi1).

(-d) Weld Metal Strength. Maximum ultimate
tensile strength of the weld metal shall not exceed 690
MPa (100 ksi).

(-e) Yield Strength. Minimum specified yield
strength shall not exceed 480 MPa (70 ksi).

(-f) Charpy Tests. Weld procedure shall be quali-
fied by Charpy tests. Three specimens from weld metal
and three specimens from HAZ shall be tested at test
temperature specified in (b)(1)(-b) above. Minimum

{—H—Catertate-maximumKrreqtired-at design
pressure for the following elliptical surface crack. Where
K, is the applied stress intensity factor, the critical crack
size is developed by applicable fatigue loading. Fatigue
design rules specified in Article KD-10 shall be used,
or depth =t/4, length = 1.5¢, where t is the pipe wall thick-
ness. Inlieu of measuring fatigue crack growth rate (FCGR)
properties as required in Article KD-10, the following
properties may be used for fatigue analysis per KD-
1010. The following FCGR properties are only applicable
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Table PL-3.7.1-4
Nominal Chemical Composition Within a Specification/Grade

Material Specification/Grade
(Same Nominal Chemical Composition)

Carbon Content, %

Sulfur Content, %

C-Mn Steels
Al <0.10 <0.005
A2 <0.10 >0.005 but <0.010
A3 >0.10 but <0.20 <0.005
A4 010 but _(\ 20 0005 hut _n 010
AS >0.20 <0.005
A6 >0.20 >0.005 but <0.010
C-Mn-Mifroalloy Steels (HSLA)
B1 <0.12 <0.007
B2 <0.12 >0.007 but <0.010
B3 >0.12 but <0.20 <0.007
B4 >0.12 but <0.20 >0.007 but <0010
B5 >0.20 <0.007
B6 >0.20 >0.007:but<0.010

for carboh steels in gaseous hydrogen service up to 20 MPa
(3,000 p$i):
(+a) Equation (1) shall be used for FCGR
1

propertigs.
da b1 p2\ ! b3 ! - 1
N LIAKY! + (aZAK ) + (a3AK ) M)

(+b) Equation (1) is applicable for carbon
steel maferials.

(+c) Equation (1) is applicable fop design
pressure|not to exceed 20 MPa (3,000 psi).

(+d) Equation (1) is applicable‘for R ratio <
0.5. R ratio is defined in eq. (2).

R = Kpin/Komi 2
where
al, b1
a2, b2
a3, b3l = constants (values are given in Table
PE-3.7.1-5)

da/dN =_crack growth rate, mm/cycle (in./cycle)

Kmax = maximum applied stress intensity falctor,
MPa-ym (ksivin.)
Knmin- 5 minimum applied stress intensity factor,
MPa-ym (ksivin.)

AK = range of stress intensity factor, MP4-vm

(ksivin.)

(-5) Measure K;y in H, gas as specifidd in
KD-1040. Kj is the threshold stress intensity factoy.
(-6) Ky shall be equal to or higher than the
calculated value of Kj4. In any case, K;y shall ngt be
less than 50 ksi-+/in.
(-b) Phosphorus content of pipe material shall not
exceed 0.015% by weight. The pipe material shall be
manufactured with inclusion shape controlled pracfices.
(-c) Pipe material shall meet all applicable rules of

API 5L, PSL 2. (See Nonmandatory Appendix G for a ghide-
line to obtain higher toughness material.)
(-d) Brittle fracture control: all rules specifigd in
(b)(1)(-a) above shall be met.
(-e) Ductile fracture arrest: all rules specifig¢d in
(b)(1)(-b) shall be met.
(-f) Maximum ultimate tensile strength of the|pipe

shall not exceed 760 MPa (110 ksi).

! Details of measurements and modeling that form the basis of this
equation can be found in the following references:

(a) Slifka, A. ]., Drexler, E. S., Amaro, R. L., Hayden, L. E,,
Stalheim, D. G., Lauria, D. S., and Hrabe, N. W. (2018).
“Fatigue Measurement of Pipeline Steels for the Application
of Transporting Gaseous Hydrogen.” ASME Journal of Pressure
Vessel Technology, 140 (1), 011407-1-011407-12.

(b) Amaro, R. L., White, R. M., Looney, C. P., Drexler, E. S., and
Slifka, A. J. (2018). “Development of a Model for Hydrogen-
Assisted Fatigue Crack Growth in Pipeline Steel.” ASME
Journal of Pressure Vessel Technology, 140 (2), 2021403-1-
021403-13.

(-gJ Maximum ultimate tensile strength of the
weld metal shall not exceed 760 MPa (110 Kksi).

(-h) Minimum specified yield strength shall not
exceed 550 MPa (80 ksi).

(c) Limitations on Design Pressure, P, in (a). The design
pressure obtained by the formulain (a) shall be reduced to
conform to the following: P shall not exceed 85% of the
mill test pressure for all pipes in the pipeline, provided,
however, that pipe, mill tested to a pressure less than 85%
of the pressure required to produce a hoop stress equal to
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Table PL-3.7.1-5
Material Constants for Fatigue Crack Growth Rate,

(2) Transportation, installation, or repair of pipe
shall not reduce the wall thickness at any point to a thick-
ness less than 87.5% of the nominal wall thickness as
determined by (a) for the design pressure to which the
pipe is to be subjected.

(f) Design Factors, F, and Location Classes. The design
factor in Table PL-3.7.1-1 shall be used for the designated
Location Class when using the Option A methodology. All
exceptions to basic design factors to be used in the design

da/dN
Values
Material Constant SI U.S. Customary
al 4.0812 E-09 2.1746 E-10
b1l 3.2106 3.2106
a2 4.0862 E-11 2.9637 E-12
[ A 0.4044 0.4044
a3 4.8810 E-08 2.7018 E-09
b3 3.6147 3.6147

the gpecified minimum yield, may be retested with a mill
typefhydrostatic test or tested in place after installation. In
the gvent the pipe is retested to a pressure in excess of the
mill fest pressure, then P shall not exceed 85% of the retest
prespure rather than the initial mill test pressure. It is
mandatory to use a liquid as the test medium in all
testy in place after installation where the test pressure
excepds the mill test pressure. This paragraph is not to
be cpnstrued to allow an operating pressure or design
pressure in excess of that provided for by (a).

(d} Limitations on SMYS, S, in (a)
(1) When pipe thathas been cold worked for meeting
the §MYS is subsequently heated to a temperature higher
than|482°C (900°F) for any period of time or over 315°C
(600PF) for more than 1 h, the maximum allowable pres-
sure|at which it can be used shall not exceed 75% of the
valug obtained by use of the steel pipe design,formula
given in (a).
(2) In no case where the Code refers to the specified
minifmum value of a mechanical property shall the higher
actugl value of a property be substituted in the steel pipe
design formula given in (a). If the-actual value is less than
the specified minimum value ofa méchanical property, the
actugl value may be used, when.it is permitted by the Code.

(e) Additional Requirements for Nominal Wall Thick-
ness|t, in (a)
(1) The nominal‘wall thickness, ¢, required for pres-
sure| containment Jas determined by (a) may not be
adequate for,other forces to which the pipeline may be
subjected (See’para. PL-3.1.1). Consideration shall also
be gjverto  loading due to transportation or handling
of thle pipe during construction, weight of water during

formula for Uption A methodology are given|in Table
PL-3.7.1-6. The design factor in Table PL=8.72J1-2 shall
be used for the designated Location Class‘wHen using
the Option B methodology. All exceptions|to basic
design factors to be used in thedeSign formula for
Option B methodology are given“in'Table PL-3|7.1-7.

PL-3.7.2 Protection of Pipelines and Maips From
Hazards

(a) When pipelines.and mains must be installed where
they will be subje¢t to natural hazards, such as washouts,
floods, unstable-soil, landslides, earthquak¢-related
events (suchyas surface faulting, soil liquefacfion, and
soil and slope instability characteristics), or other condi-
tions that may cause serious movement of, or 3bnormal
loads.'on, the pipeline, reasonable precautiong shall be
takeén to protect the pipeline, such as incregsing the
wall thickness, constructing revetments, preventing
erosion, and installing anchors.

(b) Where pipelines and mains cross areaq that are
normally underwater or subject to flooding (ile., lakes,
bays, or swamps), sufficient weight or anchorjage shall
be applied to the line to prevent flotation.

(c) Because submarine crossings may be subject to
washouts due to the natural hazards of changes in the
waterway bed, water velocities, deepening of the
channel, or changing of the channel locatiqn in the
waterway, design consideration shall be given to
protecting the pipeline or main at such cross|ngs. The
crossing shall be located in the more stable bank and
bed locations. The depth of the line, locatign of the
bends installed in the banks, wall thickness of|the pipe,
and weighting of the line shall be selected based on
the characteristics of the waterway.

(d) Where pipelines and mains are exposed, guch as at
spans, trestles, and bridge crossings, the pipelines and
mains shall be reasonably protected by distanceg or barri-

testing, and soil loading and other secondary loads
during operation, such as earthquake or soil/ground
movements. See para. PL-3.7.3(d) for suggested
methods to provide additional protection. Consideration
should also be given to welding or mechanical joining re-
quirements. Standard wall thickness, as prescribed in
ASME B36.10M, shall be the least nominal wall thickness
used for pipe DN 100 (NPS 4) and below. Pipe sizes above
DN 100 (NPS 4) shall have a wall thickness of at least 6.4
mm (0.25 in.).

cades from accidental damage by vehicular traffic or other
causes.
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Table PL-3.7.1-6
Design Factors for Steel Pipe Construction (Used With Option A)

Design Factor by Location Class

Facility 1, Div. 2 2 3 4

Pipelines, mains, and service lines 0.50 0.50 0.50 0.40
Crossings of roads, railroads without casing:

(a) Private roads 0.50 0.50 0.50 0.40

(b) Unimproved public roads 0.50 0.50 0.50 0.40

(c) Roads; highways, or public streets with hard suriaces, and railroads U.50 U.50 U0.50 7.40
Crossings pf roads, railroads with casing:

(a) Priv4te roads 0.50 0.50 050 g.40

(b) Unimproved public roads 0.50 0.50 0.50 g.40

(c) Roads, highways, or public streets, with hard surface and railroads 0.50 0.50 0.50 d.40
Parallel encroachment of pipelines and mains on roads and railroads:

(a) Privqte roads 0.50 0.50 0.50 J.40

(b) Unimproved public roads 0.50 0.50 0.50 d.40

(c) Roads, highways, or public streets with hard surfaces, and railroads 0.50 0.50 0.50 g.40
Fabricated| assemblies 0.50 0.50 0.40 d.40
Pipelines ¢n bridges 0.50 0.50 0.50 d.40
Pressure/flow control and metering facilities 0.50 0.50 0.50 d.40
Compressqr station piping 0.50 0.50 0.50 g.40
Near conc¢ntration of people in Location Class 1, Class 2, or Class 3 (see para. PE-3.3.2) 0.40 0.40 0.40 d.40

Table PL-3.7.1-7
Design Factors for Steel Pipe Construction (Used With Option B)
Design Factor by Location Class
Facility 1, Div. 2 2 3 1

Pipelines, mains, and service lines 0.72 0.60 0.50 0.40
Crossings pf roads, railroads without casing:

(a) Priv4te roads 0.72 0.60 0.50 0.0

(b) Unimproved public roads 0.60 0.60 0.50 0.0

(c) Roads, highways, or public streets.with’hard surfaces, and railroads 0.60 0.50 0.50 0.0
Crossings pf roads, railroads with casing:

(a) Priv4te roads 0.72 0.60 0.50 0.0

(b) Unimproved public roads 0.72 0.60 0.50 0.0

(c) Roads, highways, orpublic streets with hard surfaces, and railroads 0.72 0.60 0.50 0.0
Parallel encroachment of\pipelines and mains on roads and railroads:

(a) Priv4te roads 0.72 0.60 0.50 0.0

(b) Unimproyed public roads 0.72 0.60 0.50 0.0

(c) Roads,thighways, or public streets with hard surfaces, and railroads 0.60 0.60 0.50 0.40
Fabricated assemblies 0.60 0.60 0.50 0.40
Pipelines on bridges 0.60 0.60 0.50 0.40
Pressure/flow control and metering facilities 0.60 0.60 0.50 0.40
Compressor station piping 0.50 0.50 0.50 0.40
Near concentration of people in Location Classes 1 and 2 (see para. PL-3.3.2) 0.50 0.50 0.50 0.40
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(23) PL-3.7.3 Cover, Clearance, and Casing

Requirements for Buried Steel Pipelines
and Mains

(a) Cover Requirements for Mains. Buried mains shall be
installed with a cover notless than 910 mm (36 in.). Where
this cover provision cannotbe met or where external loads
may be excessive, the main shall be encased, bridged, or
designed to w1thstand any such ant1c1pated external loads.
Whe
plowing; in areas subject to erosion; or in locations where
futuge grading is likely, such as road, highway, railroad,
and [ditch crossings; additional protection shall be
proyided [see (d) below for suggested methods to
provide additional protection].

1) Buried pipelines shall be installed with a cover
notlessthan 910 mm (36 in.) for normal excavation, or not
less than 610 mm (24 in.) for rock excavation. Minimum
covef in agricultural areas shall be notless than 1220 mm
(48 n.).

(2) When considering converting an existing pipe-
fransporting other fluids to hydrogen gas transmis-
services, a depth of cover survey shall be performed
sure that the existing pipeline has cover that meets
equirements of this section. Although depth of cover
20 mm (48 in.) is preferred in agricultural areas, any
erted pipeline in agricultural areas must have a
mum of 910 mm (36 in.) of cover, provisions must
hade to lower the pipeline to provide thi§
mum cover, or additional cover may be added
ided that it remain in place throughout the operation
e pipeline.

Clearance Between Pipelines or Mginssand Other
rground Structures. There shall be-at least 460
(18 in.) of clearance between any buried pipeline
ny other underground structuresnot used in conjunc-
with the pipeline. When sdch Clearance cannot be
hed, precautions to protéct the pipe shall be taken,
as the installation of casing, bridging, or insulating
rial.

Casing Requirements Under Railroads, Highways,
s, or Streets. £€asings shall be designed to withstand
uperimposed-loads. Where there is a possibility of
r entering,the casing, the ends of the casing shall
paled.“If\sthe end sealing is of a type that will retain
AOP of the carrier plpe the casmg shall be de51gned
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pipe. Casmg vents should be 1nstalled and they should be
protected from the weather to prevent water from
entering the casing. Requirements for crossings within
casing of railroads and highways are shown in
Table PL-3.7.1-6.

(d) Additional Underground Pipe Protection. The pipe
design factor, F, shall be in accordance with
Table PL-3.7.1-6 for the crossing of roads and railroads.
The guidance provided by API RP 1102, GRI Report No.
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91/0284, or Gas Piping Technology Committee’s Guide
Material Appendix G-15 may be considered for design
and installation of pipeline crossing. The pipeline operator
shall evaluate the need for extending additional pipe
protection over the pipeline when the road or railroad
right-of-way width is undefined, based on anticipated
loading from traffic or heavy equipment performing main-
tenance activities adjacent to the road or railroad. Varying
degrees of additional protection from third-party damage
hrallel to)
ved using
ngly or in

the right-of-way of road or railroad may be achié
the following techniques, or variants thereof; si
combination:

(1) A physical barrier or marker'may be
above or around the pipe [see para. GR-5.12.2
physical barrier is used, the‘potential conflict
right-of-way maintenancegdctivities should be re
Physical barrier or marker'methods include

(-a) a concrete-or steel barrier placed 4

installed
(d)]. If a
with the
Cognized.

bove the
pipe

(-b) a comgcrete slab placed vertically adjacent to
the pipe on‘each side and extended above the top of
pipe elevation

(-c) damage-resistant coating materiall
concrete

(-d) extra depth of cover additiona
required in (a)(1) above

(-e) buried high-visibility warning tag
parallel to and above the pipe

(-f) pipe casing [see (c) above]

(2) A heavier wall thickness than is requir
pipe design factor, F, in accordance with Table H
or Table PL-3.7.1-6, may be used.

(3) Pipeline alignment should be as str{
perpendicular to the road or railroad aligy
possible, to promote reliable marking of the pip
through the right-of-way and at the right-of-w|
Additional underground pipe protection shal
in conjunction with an effective educational
[see para. GR-5.2.2(d)], continuing surveillance
lines (see para. GR-5.12.1), pipeline patrol
para. GR-5.12.2), and utilization of progra3
provide notification to operators regarding in
excavation activity, if available.

such as
to that

e placed

bd by the
L-3.7.1-1
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ing (see
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d Mains

PL-3.7.4 Installation of Steel Pipelines an

All construction work performed on piping systems in
accordance with the requirements of this Code shall be
done in accordance with construction specifications
that shall cover all phases of the work, and shall be in
sufficient detail to cover the requirements of this Code.
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Table PL-3.7.5-1
Maximum Degree of Bending

Minimum Radius of
Bend in Pipe

Deflection of

Nominal Pipe Longitudinal Axis,

PL-3.7.6 Pipe Surface Requirements Applicable to
Pipelines and Mains to Operate at a Hoop
Stress of 20% or More of the SMYS

Gouges, grooves, and notches have been found to be an

Size deg Diameters ) a - )
Smaller than 12 See para. PL-3.7.5(a) 18D important cause of pipeline failures, and all. hfarmful
defects of this nature must be prevented, eliminated,
12 3.2 18D . . .
or repaired. Precautions shall be taken during manufac-
14 2.7 21D . . . .
ture, hauling, and installation to prevent the gouging or
16 2.4 24D . o
51 UUVllls Ul plPC.
18 21 27D (a) Detection of Gouges and Grooves
20 and larger 19 30D (1) Examination shall be made to determine'th3

PL-3.7.3 Bends, Elbows, and Miters in Steel
Pipelines and Mains

(a) Chinges in direction and orientation may be made
by the usp of bends, elbows, or miters under the following
limitatiofs:

(1) A bend shall be free from buckling, cracks, or
other evidence of mechanical damage.

(2) The maximum degree of bending on a field cold
bend mdy be determined by either method in Table
PL-3.7.511. The first column expresses the maximum
deflectipn in an arc length equal to the nominal
outside diameter, and the second column expresses the
minimurh radius as a function of the nominal outside
diameter

(3) A field cold bend may be made to a shorter
minimunp radius than permitted in (a)(2) above, provided
the completed bend meets all other requirements ofithis
section and the wall thickness after bending is\not less
than the|minimum permitted by para. PL-3.7%1(a). This
may be demonstrated through appropriate testing.
Note thaf cold bending may make line pipe more suscep-
tible to the effects of hydrogen embrittlément.

(4) For pipe smaller than DN-300 (NPS 12), the re-
quirements of (a)(1) above mastbe met, and the wall

t the
coating machine does not cause harmfullgouggs or
grooves.
(2) Lacerations of the protective coating shall be
carefully examined prior to the pepair of the coati;lg to
determine if the pipe surface has‘been damaged.
(3) Field examination oftuncoated pipe shall erJsure
that gouged or grooved pipe,will not get into the finished
pipeline or main.
(b) Field Repair of-Gouges and Grooves
(1) Injurious_gouges or grooves shall be remofed.
(2) Gouges, or grooves may be removed by grijding
to a smooth €ontour, provided that the resulting|wall
thickness i$'not less than the minimum prescribgd by
this Code for the conditions of usage [see para.
PL-3(A1(b)(5)(-b)].
{3) When the conditions outlined in (2) above cgnnot
be met, the damaged portion of pipe shall be cut ouf as a
cylinder and replaced. Insert patching is prohibited.
(c) Dents
(1) A dent may be defined as a depression
produces a gross disturbance in the curvature o
pipe wall (as opposed to a scratch or gouge, W
reduces the pipe wall thickness). The depth of a
shall be measured as the gap between the lowest
of the dent and a prolongation of the original cor
of the pipe in any direction.
(2) A dent, as defined in (1) above, which contdins a

that
[ the
hich
dent
boint
tour

thicknegs after bending shall not be less than the  stressconcentrator such as a scratch, gouge, groove, qr arc
minimump permitted by para. PL-3.7.1(a). This may be  burn, shall be removed by cutting out the damaged poftion
demonstfated through-appropriate testing. of the pipe as a cylinder.

(5) Hot bends made on cold worked or heat treated (3) All dents that affect the curvature of the pipe at
pipe shall be desighed for lower stresslevelsinaccordance  the longitudinal weld or any circumferential weld shall be
with pary. PL-8.7:1(b)(4). removed. All dents that exceed a maximum depth 0f|6.35

(b) Fartory-made, wrought-steel welding elbows or mm (%, in.) in pipe DN 300 (NPS 12) and smaller or 4% of
transverisesegments cut therefrom may be used for the nominal pipe diameterin all pipe greater than DN 300

changes in direction, provided that the arc length
measured along the crotch is at least 25 mm (1 in.) on
pipe sizes DN 50 (NPS 2) and larger.

134

(NPS 12) shall not be permitted in pipelines or mains
intended to operate at hoop stress levels of 40% or
more of the SMYS. When dents are removed, the
damaged portion of the pipe shall be cut out as a cylinder.
Insert patching and pounding out of the dents is prohib-
ited.
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(d) Notches and Arc Burns

(1) Notches on the pipe surface can be caused by
mechanical damage in manufacture, transportation, hand-
ling, or installation, and when determined to be mechani-
cally caused, shall be treated the same as gouges and
grooves in (a) above.

(2) Stress concentrations that may or may not
involve a geometrical notch may also be created by a
process involving thermal energy in which the pipe
surffce 15 Neated sulficiently to change 1ts mechanica
or njetallurgical properties. These imperfections are
ternmjed “metallurgical notches.” Examples include an
arc purn produced by accidental contact with a
welding electrode or a grinding burn produced by exces-
sive force on a grinding wheel. Metallurgical notches may
result in even more severe stress concentrations than a
mechanical notch and shall be prevented or eliminated in
all plpelines intended to operate at hoop stress levels of
20%] or more of the SMYS.

(3) Arc burns shall be eliminated as follows:

(-a) The metallurgical notch caused by arc burns
shalllbe removed by grinding, provided the grinding does
not ffeduce the remaining wall thickness to less than the
minimum prescribed by this Code for the conditions of
use.
(-b) Inall other cases, repair is prohibited, and the
portjon of pipe containing the arc burn mustbe cutoutasa
cylinder and replaced with a good piece. Insert patching is
prohiibited. Care shall be exercised to ensure that the hedt
of gifinding does not produce a metallurgical notch.

(-c) Complete removal of the metallurgicalnotch
creafed by an arc burn can be determined as follows: after
visible evidence of the arc burn has been removed by
grindling, swab the ground area with a 20% solution of
amnjonium persulfate. A blackened spot is evidence of
a m¢tallurgical notch and indicates that additional
grindling is necessary.

PL-3.7.7 MiscellaneousOperations Involved in the
Installation of Steel Pipelines and Mains

(a) Handling, Hatiling, and Stringing. Care shall be taken
in the selection of the handling equipment and in handling,
haulfjng, unleading, and placing the pipe so as not to
damage the \pipe.

(b) Installation of Pipe in the Ditch. On pipelines oper-
ating athoop stress levels of 20% or more of the SMYS, itis

(c) Backfilling

(1) Backfilling shall be performed in a manner to
provide firm support under the pipe.

(2) If there are large rocks in the material to be used
for backfill, care shall be used to prevent damage to the
coating by such means as the use of rock-shield material,
by making the initial fill with rock-free material sufficient
to prevent damage, or by installing a protective coating on
the pipe to prevent damage from rocks or other debris.

ere the trenc ooded to consolidate the
backfill, care shall be exercised to see that the pipe is
not floated from its firm bearing on the trench bottom.

PL-3.8 HOT TAPS

A hot tap shall not be consjdered a routine pfocedure,
but shall be used only when there is no practicall alterna-
tive. A hot-tap thermal analysis program shall be used to
review, analyze, and provide the product flow pnd weld
parameters during‘the hot tap. Examples of cpnditions
where hot tapping.is not permitted are as follgws:

(a) with apipewall thickness less than 6.35 njm (0.250
in.)

(b) if the hardness of the pipeline is measured greater
than 225 BHN (Brinell hardness number)

(c)»Where the hot-tap fitting will not have a flearance
greater than 75 mm (3 in.) from a girth weld

(d) in piping that has any type of internal [lining or
coating

(e) upstream of rotating or reciprocating equipment,
unless the equipment is protected by a strainef or filter

PL-3.9 PRECAUTIONS TO PREVENT COMBUSTION
OF HYDROGEN-AIR MIXTURES DURING
CONSTRUCTION OPERATIONS

PL-3.9.1 Leakage Prevention

Operations such as gas or electric welding anld cutting
with cutting torches cannot be safely performed on
hydrogen gas pipelines, mains, or auxiliary equipment,
unless all possibility of leakage of hydrogen|into the
workarea is eliminated. The following procedurgs are rec-
ommended:

(a) removal of a pipe spool between the pressurized
pipeline and the work area

(b) closure of two valves, with continuous mpnitoring

important that stresses imposed on the pipeline by
construction be minimized. The pipe shall fit the ditch
without the use of external force to hold it in place
until the backfill is completed. When long sections of
pipe that have been welded alongside the ditch are
lowered in, care shall be exercised so as not to jerk
the pipe or impose any strains that may kink or put a
permanentbend in the pipe. Slack loops are not prohibited
by this paragraph where laying conditions render their
use advisable.

of an open vent valve by means of a hydrogen gas detector
(double block and bleed)
(c) closure of an integral double block and bleed valve,
with continuous monitoring of the open body vent valve
(d) closure of a valve, and installation of a blind flange
or spectacle blind on the downstream flange of the valve or
(e) use of a venturi air mover to draw hydrogen gas
away from the work area

(23)
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PL-3.9.2 Purging of Pipelines

When a pipeline is to be placed in service, the air in it
shall be displaced. In order to avoid the creation of a
combustible mixture, a slug of inert gas shall be introduced
between the hydrogen and air. The hydrogen gas flow shall
then be continued without interruption until all the airand
inert gas have been removed from the facility. The vented
gases shall be monitored and the vent closed before any
substantj i i
atmosphlere. Dead-ended legs of the pipeline system
that cannot be sweptby inert gas mustbe pressure purged.

PL-3.9.3

Wheng
hydroger]
injury or
examples

(a) pr

(b) in{
gas pipes

(c) taK

(d) pr
type, in g

Accidental Ignition

ver the accidental ignition in the open air of
gas-air mixture mightbe likely to cause personal
property damage, precautions shall be taken. For

bhibit smoking and open flames in the area
tall a metallic bond around the location of cuts in
to be made by means other than cutting torches
e precautions to prevent static electricity sparks
bvide a fire extinguisher of appropriate size and
ccordance with NFPA 10

PL-3.10( TESTING AFTER CONSTRUCTION

PL-3.10

Pipelin
requiren]
assembli
tions. Th

1 Pipeline Testing

e systems shall be tested after construction to the
ents of this Code except for pretested fabricated
bs, pretested tie-in sections, and tie-in connec-
e circumferential welds of welded tie-in.cénnec-
tions nof pressure tested after construction shall be
examined by radiographic, ultrasonic, or gther nondes-
tructive jethods in accordance with para=PL-3.19.2.

PL-3.10{2 Test Required to Prove-Strength of

Pipelines and Mains

es shall be tested atapressure of atleast 150% of
I at least 2 h. Water is the preferred medium.

Pipelin
MAOP fo

PL-3.103 Test Levet

In seldcting, the\test level, the designer or operating
company should be aware of the provisions of para.
PL-3.6 and\the relationship between test pressure and

PL-3.10.5 Location Classes 3 and 4

Air or inert gas testing may be used in Location Classes 3
and 4, provided that all of the following conditions apply:

(a) The maximum hoop stress during the test is less
than 50% of the SMYS in Location Class 3 and less
than 40% of the SMYS in Location Class 4.

(b) The maximum pressure at which the pipeline or
main is to be operated does not exceed 80% of the

Hinal
B of

(c) The pipe involved is new pipe having a longitu
joint factor, E, in Mandatory Appendix IX, Table IX-
1.00.

PL-3.10.6 Records

The operating company shall maintain in its file, fo
useful life of each pipeline andnaiH, records showin|
procedures used and the data developed in establishi
MAOP.

r the
p the
g its

PL-3.10.7 Leak Tests for Pipelines or Mains

hfter
n to
Fates
and

(a) Each pipeline and main shall be tested
construction{and before being placed in operatid
demonstrate. that it does not leak. If the test indi
that a leak“/exists, the leak or leaks shall be located
eliminated.

(b) The test procedure used shall be capab
disclosing all leaks in the section being tested|
shall be selected after giving due consideration to the
metric content of the section and to its location.
requires the exercise of responsible and experienced
ment, rather than numerical precision.

(c) In all cases where a line is to be stressed
strength proof test to a hoop stress level of 20
more of the SMYS of the pipe, and gas or air is thg
medium, a leak test of at least 10 min duration
be made at a pressure in the range from 690 kPa |(100
psi) to that required to produce a hoop stress of 20%
of the minimum specified yield, or the entire length of
the pipeline shall be examined with a hydrogen detgctor
while the hoop stress is held at approximately 20% df the
specified minimum yield.

(d) Alltesting of pipelines and mains after constru
shall be done with due regard for the safety of empld
and the publicduring the test. When air or inert gas is yised,
suitable steps shall be taken to keep persons not woyking

e of
and
Uolu-
This
udg-

in a
o or
test
chall

Ction
yees

operating pressure when the pipeline experiences a
future increase in the number of dwellings intended
for human occupancy.

PL-3.10.4 Crossings

Other provisions of this Code notwithstanding, pipe-
lines and mains crossing highways and railroads may
be tested in each case in the same manner and to the
same pressure as the pipeline on each side of the crossing.
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on the testing operations out of the testing area when the
hoop stress is first raised from 50% of the specified
minimum yield to the maximum test stress, and until
the pressure is reduced to the maximum operating pres-
sure.
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PL-3.11 COMMISSIONING OF FACILITIES

PL-3.11.1 Procedures

Written procedures shall be established for commis-
sioning. Procedures shall consider the need to isolate
the pipeline from other connected facilities and the
transfer of the constructed pipeline to those responsible
for its operation. Commissioning procedures, devices, and
fluids_shall be selected to ensure that nothing is intro-

PL-3.12 PIPE-TYPE AND BOTTLE-TYPE HOLDERS

PL-3.12.1 Pipe-Type Holders

A pipe-type holder shall be designed, installed, and
tested in accordance with the provisions of this Code ap-
plicable to a pipeline installed in the same location and
operated at the same maximum pressure.

PL-3.12.2 Bottle-Type Holders

duced into the pipeline system that will be incompatible
withfthe hydrogen gas to be transported, or with the mate-
rials|in the pipeline components.

PL-3

Cdnsideration shall be given to the need for cleaning and
drying the pipe and its components beyond that required
for removal of the test medium.

.11.2 Cleaning and Drying Procedures

PL-:

.11.3 Functional Testing of Equipment and
Systems

AS
stati
be f
Systé
mon
Systg
a fin
intr
corr

a part of commissioning, all pipeline and compressor
bn monitor and control equipment and systems shall
lly function-tested, especially including safety
ms such as pig trap interlocks, pressure and flow
toring systems, and emergency pipeline shutdown
ms. Consideration should also be given to performing
] test of pipeline valves before the hydrogen gas is
duced, to ensure that each valve is operating
ectly.

PL-3.11.4 Start-Up Procedures and Introduction of

Transported Hydrogen Gas

\'\
intrd
shall

(a
tiondl

(b]

(C)

(d|

(e)

0,

resp

PL-3.11.5 Documentation and Records

Fitten start-up procedures shall be prepared before
ducing the transported hydrogen'into the system and
require the following:

the system be mechanically complete and opera-

all functional tests be performed and accepted

all necessary safety systems be operational

operating procedures be available

a communications system be established

transfet/of the completed pipeline system to those
bnsible-for its operation

wned or
perating

Bottle-type holders shall be located on land
under the exclusive control and use of thé g
company.

PL-3.12.3 Installation of Pipe-Type and Bottle-

Type Holders

(a) The storage site shall be entirely surrourlded with
fencing to prevent accéss by unauthorized perfons.

(b) The minimum,clearance between contaijners and
the fenced boundaries of the site is fixe¢l by the
maximum operating pressure of the holder as [follows:

(1) lessthan 7 MPa (1,000 psi), 7.6 m (2% ft)
(2) <’MPa (1,000 psi) or more, 30 m (100 ft)
(c) The minimum distance between pipe containers or

bottleés’shall be determined by the following fqrmula:
3DPF

c=2"°
K

where

minimum clearance between pipe contpiners or
bottles, mm (in.)

D = outside diameter of pipe container or bgttle, mm
(in.)
F = design factor [see para. PL-3.7.1(a)]
K = 6895 for SI units
= 1,000 for U.S. Customary units
P = maximum allowable operating presdure, kPa
(psig)

(d) Bottles shall be buried with the top| of each
container below the normal frost line, but il no case
closer than 610 mm (24 in.) to the surface. Ripe-type
holders shall be tested in accordance with the pgovisions

of para. PL-3.10.2 for a pipeline located in the sgme Loca-
tion Class as the holder site, provided, however, thatin any
case where the test pressure will produce a hoop} stress of

The following commissioning records shall be main-
tained as permanent records:

(a) cleaning and drying procedures

(b) cleaning and drying results

(c) function-testing records of pipeline monitoring

(d) control equipment systems

(e) completed prestart checklist
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80% or more of the SMYS of the pipe, water shall be used as
the test medium.

PL-3.12.4 Special Provisions Applicable to Bottle-
Type Holders Only

Bottle-type holders shall be designed according to
ASME BPVC, Section VIII, Division 1.
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PL-3.12.5 General Provisions Applicable to Both
Pipe-Type and Bottle-Type Holders

Provision shall be made to prevent the formation or
accumulation of liquids in the holder, connecting
piping, and auxiliary equipment that might cause corro-
sion or interfere with the safe operation of the storage
equipment. Relief valves shall be installed in accordance
with provisions of this Code that will have relieving ca-
pacity adj H i i
line and
design p

thereby on the storage holder to 110% of the
essure.

CONTROL AND LIMITING OF HYDROGEN
GAS PRESSURE

PL-3.13

PL-3.13]1 Basic Requirement for Protection

Against Accidental Overpressuring

Every pipeline, main, distribution system, customer’s
meter and connected facilities, compressor station,
pipe-typ¢ holder, bottle-type holder, container fabricated
from pige and fittings, and all special equipment, if
connectpd to a compressor or to a hydrogen gas
source where the failure of pressure control or other
causes nhight result in a pressure that would exceed
the MAOP of the facility, shall be equipped with suitable
pressurg-relieving or pressure-limiting devices. Any
device used for controlling the pressure of a hydrogen
gas pipeline shall have a set point no greater than the
MAOP of|the pipeline.

PL-3.13{2 Control and Limiting of Gas Pressuare in
Holders, Pipelines, and ALl Facilities

That Might at Times Be Bottle Tight
(a) Su

pressuriy

(1)
provisior

(2)
relief va
system o

(3)
of ASME

(b) Th
tion, the
line or 1
requirements of this Code. For a pipeline or main, the
MAOP shall not exceed the least of the following three
items:

(1) the design pressure (defined in para. GR-1.5) of
the weakest element of the pipeline or main. Assuming
that all fittings, valves, and other accessories in the
line have an adequate pressure rating, the MAOP of a pipe-
line or main shall be the design pressure determined in
accordance with para. PL-3.7.1(a) for steel.

table types of protective devicés to prevent over-
g of such facilities include

bpring-loaded relief valves of types meeting the
s of ASME BPVC, Section VIII

pilot-loaded backpressure regulators used as
lves, so designed that failure of the pilot
I control lings'will cause the regulator to open
Fupture disks.of the type meeting the provisions
BPVC, Section VIII, Division 1

e MAOPfor steel pipelines or mains is, by defini-
maximum operating pressure to which the pipe-
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(2) the pressure obtained by dividing the pressure to
which the pipeline or main is tested after construction by
1.4.

(3) the maximum safe pressure to which the pipeline
or main should be subjected based on its operating and
maintenance history.

PL-3.13.3 Control and Limiting of Hydrogen Gas
Pressure in High-Pressure Steel
istribution Systems

hain,
at a
hall
uate
and
brate

(a) Each high-pressure distribution system.or 1
supplied from a source of hydrogen gas that is
higher pressure than the MAOP for the|system,
be equipped with pressure regulatingdevices of aded
capacity and designed to meet the’pressure, load
other service conditions under which they will op
or to which they may be subjected.

(b) In addition to the-pressure regulating deyices
prescribed in (a) aboVe,;a suitable method shall be
provided to preventiaccidental overpressuring|of a
high-pressure distribution system. Suitable typg¢s of
protective devices to prevent overpressuring of high-
pressure distribution systems include

(1) relef valves as prescribed in pa
PL-3.13.2(a)(1) and PL-3.13.2(a)(2).

(29 weight-loaded relief valves.

(3) amonitoring regulator installed in series wit]
primary pressure regulator.

(4) a series regulator installed upstream from the
primary regulator and set to limit the pressure of the
inlet of the primary regulator continuously tq the
MAOP of the distribution system or less.

(5) an automatic shutoff device installed in sgries
with the primary pressure regulator and set to shyt off
when the pressure on the distribution system regdches
the MAOP or less. This device must remain closed Juntil
manually reset. It should not be used where it npight
cause an interruption in service to alarge number of cjisto-
mers.

(6) spring-loaded, diaphragm-type relief valve

ras.

h the

S.

PL-3.13.4 MAOP for High-Pressure Distributipn
Systems

This pressure shall be the maximum pressure to which
the system can be subjected in accordance with the re-
i i itirer of
the following:

(a) the design pressure of the weakest element of the
system as defined in para. GR-1.5

(b) the maximum safe pressure to which the system
should be subjected based on its operation and mainte-
nance history
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(23) PL-3.13.5 Control and Limiting of the Pressure of

Hydrogen Gas Delivered From High-
Pressure Distribution Systems

When the pressure of the hydrogen gas and the demand
by the customer are greater than those applicable under
the provisions of this paragraph, the requirements for
control and limiting of the pressure of hydrogen gas deliv-
ered are included in para. PL-3.13.3.

nd a service regulator having the
follgwing characteristics is used, no other pressure
limitfng device is required:

1) a pressure regulator capable of reducing distri-
butipn line pressure to pressures recommended for
hougehold appliances

2) a single port valve with orifice diameter no
greater than that recommended by the manufacturer
for the maximum gas pressure at the regulator inlet

3) avalve seat made of resilient material designed
to withstand abrasion of the hydrogen gas, impurities in
gas, dnd cutting by the valve, and designed to resist perma-
nent|deformation when it is pressed against the valve port
4) pipe connections to the regulator not exceeding
0 (NPS 2)

5) the capability under normal operating conditions

DN

the dharacteristics listed in (a) aboye\is used, or if the gas
contjins materials that seriously{ntetrfere with the opera-
tion pf service regulators, suitable protective devices shall
be inkstalled to prevent unsafe‘overpressuring of the custo-
mer’f appliances, shouldthe service regulator fail. Some of
the quitable types of-protective devices to prevent over-
presguring of the eustomers’ appliances are

1) a monitering regulator

2) a relief'valve

3) am-automatic shutoff device

These devices may be installed as an integral part of the
service rpgnqunr Qras a cppnrnfp unit

higher than 410 kPa (60 psi). A device shall be installed
between the secondary regulator and the service regu-
lator to limit the pressure on the inlet of the service regu-
lator to 410 kPa (60 psi) or less in case the secondary
regulator fails to function properly. This device may be
either a relief valve or an automatic shutoff that shuts
if the pressure on the inlet of the service regulator
exceeds the set pressure [410 kPa (60 psi) or less] and
remains closed until manually reset.

gulator set
to limit to a maximum safe value the pressure/¢f the gas
delivered to the customer.

(3) a service regulator with a reljefivalve yented to
the outside atmosphere, with the relief valve set to open so
that the pressure of gas going to‘the customer|shall not
exceed a maximum safe value. The relief valvg may be
either built into the service'regulator or may be gseparate
unitinstalled downstreamfrom the service regulptor. This
combination may be used alone only in cases where the
inlet pressure on thesérvice regulator does not exceed the
manufacturer’s safe working pressure rating of the service
regulator, and/it is not recommended for use where the
inlet pressure on the service regulator exceedq 860 kPa
(125 psi).'For higher inlet pressures, the method in (1) or
(2) above should be used.

PL-3.13.6 Requirements for Design of Préssure-
Relief and Pressure-Limiting
Installations

(a) Pressure-relief or pressure-limiting devid
rupture disks shall
(1) be constructed of materials such that t
tion of the device will not normally be impaired
sion of external parts by the atmosphere or inte
by gas
(2) have valves and valve seats that are des
to stick in a position that will make the device in
and resultin failure of the device to performin th
for which it was intended
(3) be designed and installed so that thd
readily operated to determine if the valve is
be tested to determine the pressure at which
operate, and can be tested for leakage whg
closed position
(b) Rupture discs shall meet the requirenmpents for
design as set out in ASME BPVC, Section VIII, Diivision 1.

es except

e opera-
by corro-
nal parts

gned not
hperative
e manner

y can be
free, can
they will
n in the

(c) If the MAOP of the distribution system exceeds 410
kPa (60 psig), suitable methods shall be used to regulate
and limit the pressure of the gas delivered to the customer
to the maximum safe value. Such methods may include the
following:

(1) a service regulator having the characteristics
listed in (a) above and a secondary regulator located
upstream from the service regulator. In no case shall
the secondary regulator be set to maintain a pressure
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(c) The discharge stacks, vents, or outlet ports of all
pressure relief devices shall be located where gas can
be discharged into the atmosphere without undue
hazard. As it is likely that hydrogen will ignite sponta-
neously when released, consideration should be given
to all exposures in the immediate vicinity when deciding
on the location of a vent to atmosphere. API 521 should be
used to determine a safe setback distance from hydrogen
vents. The possibility of ignition may be reduced by
injecting an inert gas into the vent stack. Where required
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to protect devices, the discharge stacks or vents shall be
protected with rain caps to preclude the entry of water. A
permanent flare shall be installed if the presence of a flame
at the stack or vent is considered unacceptable. A
discharge rod welded to the vent must be extended
above the gas discharge point so normal venting GH,
is always below the flammability point at the discharge
rod tip for systems with static vent stacks where ignition
of the vented GH, is a concern.

between|the system to be protected and the pressure
relieving| device and the vent line shall be of adequate
size to pfevent hammering of the valve and to prevent
impairment of relief capacity.

(e) Pre¢cautions shall be taken to prevent unauthorized
operation of any stop valve that will make a pressure relief
valve inoperative. This provision shall not apply to valves
that will[isolate the system under protection from its
source of pressure. Acceptable methods for complying
with this| provision are as follows:

(1) Lock the stop valve in the open position. Instruct
authorize¢d personnel of the importance of not inadver-
tently l¢aving the stop valve closed and of being
present ¢luring the entire period that the stop valve is
closed sp that they can lock it in the open position
before they leave the location.

(2) lInstall duplicate relief valves, each having
adequatg capacity by itself to protect the system, and
arrange the isolating valves or three-way valve so that
mechanifally it is possible to render only one safety
device injoperative at a time.

(f) Prdcautions shall be taken to prevent unautherized
operation of any valve that will make pressure limiting
devices itoperative. This provision applies .to-isolating
valves, Hypass valves, and valves on control or float
lines thdt are located between the pressure limiting
device qnd the system that the device protects. A
method sjmilar to (e)(1) above shall be considered accept-
able in cpmplying with this provision.

(9) When a monitoring«regulator, series regulator,
system rglief, or system-shuitoff is installed at a district
regulator station to protect a piping system from over-
pressuring, the installation shall be designed and installed
to prevemt any single incident, such as an explosion in a
vault or damageby a vehicle, from affecting the operation
of both the oyerpressure protective device and the district

pacity and shall be set to operate to prevent the pressure
from exceeding the following levels:

(1) Other than in low-pressure distribution systems,
the required capacity is at the MAOP plus 10%.

(2) For low-pressure distribution systems, the
required capacity is a pressure that would cause the
unsafe operation of any connected and properly adjusted
gas burning equipment.

(3) When more than one pressure-regulating or
tion
such
tion
Vices
med
acity
htion
er is

system and pressure relief devices are installed, at
stations, the relieving capacity at the remote”st3
may be taken into account in sizing the relief de
at each station. In doing this, however,‘the assu
remote relieving capacity must be limited to the cap
of the piping system to transmit gastethe remote loc
or to the capacity of the remote‘eliéf device, whichey
less.

(4) Where the safety‘device consists of an addit
regulator that is associated with or functions in com
tion with one or mornéregulators in a series arrange
to control or limit‘the pressure in a piping system, sui
checks shall beymade. These checks shall be conduct
determine. that the equipment will operate in a sat
tory manner to prevent any pressure in excess o
established MAOP of the system, should any one o
associated regulators malfunction or remain iq
wide-open position.

onal
bina-
ment
fable
bd to
sfac-
[ the
f the

the

PL-3.14 UPRATING

This section prescribes minimum requirement
uprating pipelines or mains to higher MAOPs.

(a) A higher MAOP established under this section
not exceed the design pressure of the weakest elemg
the segment to be uprated. It is not intended that th
quirements of this Code be applied retroactively to
items as road crossings, fabricated assemblies, minij
cover, and valve spacings. Instead, the requirement
these items shall meet the criteria of the operd
company before the uprating is performed.

(b) A plan shall be prepared for uprating that
include a written procedure that will ensure compl
with each applicable requirement of this section.

(c) Before increasing the MAOP of a segment tha
been operating at a pressure less than that determin
para. PL-3.13.2(b), the following investigative and co

5 for

may
ntin
e re-
such
mum
s for
ting

shall
ance

[ has
d by
Frec-

regulator-fsee—para—PE31+53—Speeiat-attention—shatt-be
given to control lines. All control lines shall be protected
from falling objects, excavations by others, or other fore-
seeable causes of damage, and shall be designed and
installed to prevent damage to any one control line
from making both the district regulator and the overpres-
sure protective device inoperative.

(h) Each pressure relief station, pressure limiting
station, or group of such stations installed to protect a
piping system or pressure vessel shall have sufficient ca-
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tive measures shall be taken:

(1) The design, initial installation, method, and date
of previous testing, Location Classes, materials, and equip-
ment shall be reviewed to determine that the proposed
increase is safe and consistent with the requirements of
this Code.

(2) The condition of the line shall be determined by
leakage surveys, other field examinations, and examina-
tion of maintenance records.
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(3) Repairs, replacements, or alterations disclosed to
be necessary by (c)(1) and (c)(2) above shall be made
prior to the uprating.

(d) A new test according to the requirements of this
Code should be considered if satisfactory evidence is
not available to ensure safe operation at the proposed
MAOP.

(e) When gas upratings are permitted under (b) above,
the gas pressure shall be increased in increments, with a

ating conditions, a higher MAOP may be established in
Location Class 1 as follows:

(-a) perform the requirements of (c) above.

(-b) selecta new MAOP consistent with the condi-
tion of the line and the design requirements of this Code,
provided the new MAOP does not exceed 80% of that
permitted for a new line to operate under the same condi-
tions and the pressure is increased in increments as
provided in (c) above

leak [SUTvey performed after each Incremental Increase.
The humber of increments shall be determined by the
operptor after considering the total amount of the pres-
surefincrease, the stresslevel at the final MAOP, the known
condition of the line, and the proximity of the line to other
strugtures. The number of increments shall be sufficient to
ensujre that any leaks are detected before they can create a
potential hazard. Potentially hazardous leaks discovered
shalllbe repaired before further increasing the pressure. A
final|leak survey shall be conducted at the higher MAOP.

(f] The new MAOP shall not exceed the pressure
allowed by the steel pipe design formula [para.
PL-3}7.1(a)].

(g} Records for uprating, including each investigation
requiired by this section, corrective action taken, and pres-
sure(test conducted, shall be retained as long as the facil-
ities|involved remain in service.

(h) The MAOP of steel pipelines or mains may be
incrg¢ased after compliance with (c) above and one of
the following provisions:

(1) Ifthe physical condition of the line as determined
) above indicates the line is capable of withstanding
esired higher operating pressure, is in general agree-
with the design requirements of this-€ode, and has
ously been tested to a pressure equalto or greater
that required by this Code for.axnew line for the
osed MAOP, the line may(be*operated at the
er MAOP.
(2) Ifthe physical condition of the line as determined
) above indicates that'the ability of the line to with-
l the higher maximum operating pressure has not
satisfactorily~verified or that the line has not
previouslytested to the levels required by this
for a new-line for the proposed higher MAOP, the
line may be epérated at the higher MAOP if it shall success-
fullywithstand the testrequired by this Code for anewline
to operate’under the same conditions.

by (4
the d
men
prev|
than|
proj
high

by (¢
stan
beeq]
beer]
Codse

by (c) above verifies its capability of operating at a higher
pressure, a higher MAOP may be established according to
para. PL-3.13.2(b) using, as a test pressure, the highest
pressure to which the line has been subjected, either
in a strength test or in actual operation.

(4) Ifitisnecessarytotestapipeline or mainbefore it
can be uprated to a higher MAOP, and if it is not practical to
test the line either because of the expense or difficulties
created by taking it out of service or because of other oper-
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PL-3.15 VALVES

PL-3.15.1 Required Spacing of Valves

Ew trans-
en deter-
primary

(a) Sectionalizing valves shall be installed in n|
mission pipelines at the time of construction. Wh
mining the sectionalizing<{yalve spacing,
consideration shall be given to locations thaf provide
continuous accessibilify to the valves. Othef factors
involve the conservation of gas, time to blow flown the
isolated section, continuity of gas service, necessary oper-
ating flexibility, expected future development within the
valve spacing section, and significant natural cpnditions
that may‘adversely affect the operation and secutity of the
line,

(b). Notwithstanding the considerations in (|
the’/spacing between valves on a new transmis
shall not exceed the following:

(1) 32km (20 mi)inareas of predominantlyj
Class 1
(2) 24km (15 mi)inareas of predominantly
Class 2
(3) 16km (10 mi)inareas of predominantlyj
Class 3
(4) 8 km (5 mi) in areas of predominantlyj
Class 4

(c) The spacing defined in (b) above may be|adjusted
slightly to permit a valve to be installed in a mqre acces-
sible location, with continuous accessibility heing the
primary consideration.

(d) Novalves shall be installed in a confined space or in
a vault unless adequate ventilation is provided.

h) above,
sion line

Location
Location
Location

Location

PL-3.15.2 Spacing of Valves on Distributign Mains

Valves on distribution mains, whether for ope
emergency purposes, shall be installed in high

rating or
pressure
BHEER-5Y A éduce the
time to shut down a section of main in an emergency. In
determining the spacing of the valves, consideration
should be given to the operating pressure and size of
the mains and local physical conditions, as well as the
number and type of consumers that might be affected
by a shutdown.
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PL-3.15.3 Location of Valves

(a) Transmission System Valves

(1) Sectionalizing block valves shall be accessible
and protected from damage and tampering. If a blowdown
valve is involved, it shall be located where the gas can be
blown to the atmosphere without undue hazard.

(2) Sectionalizing valves may be installed above
ground, in a vault, or buried. In all installations, an oper-
ating dew s e i
accessib
suitably
of the at

&)
section o
down to
the conn
that undg
blown d

4
valves, n
valves pri
a piping
discretio

(b) Dis

&)
each reg
of gas in
the valve
to permit
such as 3

)
atingor e
that will
tion duri
buried bd
stem or 1
be instal
loads to

e to authorized persons. All valves shall be
supported to prevent settlement or movement
ached piping.

Blowdown valves shall be provided so that each
Fpipeline between main-line valves can be blown
bpen atmosphere only. The sizes and capacity of
bctions for blowing down the line shall be such
r emergency conditions the section of line can be
wn as rapidly as is practicable.

[his Code does not require the use of automatic
r does the Code imply that the use of automatic
esently developed will provide full protection to
ystem. Their use and installation shall be at the
h of the operating company.

tribution System Valves

A valve shall be installed on the inlet piping of
ilator station controlling the flow or pressure
a distribution system. The distance between
and the regulator or regulators shall be sufficient
the operation of the valve during an emergency,
large gas leak or a fire in the station.

Valves on distribution mains, whether for-oper-
mergency purposes, shall be located in amahner
provide ready access and facilitate their opera-
hg an emergency. Where a valve is.installed in a
xor enclosure, only ready accesstothe operating
hechanism is implied. The beX pbr’ enclosure shall
ed in a manner to avoid-trahsmitting external
the main.

PL-3.16| VAULT PROVISIONS FOR DESIGN,
CONSTRUCTION, AND INSTALLATION OF

PIPELINE:=COMPONENTS

(a) Ve']ves and\pressure control stations shall prefer-

ably be irfstalled above ground. Where itis not desirable to
install vdlves above ground, valves shall be placed in a

(2) Sufficientworking space shall be provided so that
all of the equipment required in the vault can be properly
installed, operated, and maintained.

(3) Inthe design of vaults for pressure-limiting, pres-
sure-relieving, and pressure-regulating equipment,
consideration shall be given to the protection of the
installed equipment from damage, such as that resulting
from an explosion within the vault that may cause portions
of the roof or cover to fall into the vault.

ture, provision shall be made to prevent the passage of
gases or liquids through the opening an'dto dqvert
strains in the piping. Equipment and piping shall be
suitably sustained by metal, masonry,”or condrete
supports. The control piping shall ‘be placed|and
supported in the vault so that its)exposure to injufy or
damage is reduced to a minimum:.

(5) Vault openings shall belocated so as to mini
the hazards of tools or other'objects falling on the
lator, piping, or otherequipment. The control piping
the operating parts of the equipment installed shall n
located under a yault opening where workmen can st
them when entering or leaving the vault or pit, unless
parts are suitably protected.

(6) Whenever a vault opening is to be located 3
equipment that could be damaged by a falling coy
ciretilar cover should be installed or other suitable pré
tions should be taken.

(c) Accessibility shall be considered in selecting :
for a vault. Some of the important factors to consid
selecting the location of a vault are as follows:

(1) Exposure to Traffic. The location of vaullts in
street intersections or at points where traffic is heavy
or dense should be avoided.

(2) Exposure to Flooding. Vaults should n(
located at points of minimum elevation, near d
basins, or where the access cover will be in the cd
of surface waters.

(3) Exposure to Adjacent Subsurface Hazards. V|
should be located as far as is practical from water, ele|
steam, or other facilities.

(d) The top of the vault shall contain a ventil
system designed to prevent the buildup of hydr
Vents associated with the pressure-regulating or
sure-relieving equipment must not be connected t

vault ventilation.
Lo
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concrete vault that has adequate ventilation. Vaults
shall be used only when there is no other practicable alter-
native.

(b) Vaults for valves, pressure-relieving, pressure-
limiting, or pressure-regulating stations, etc., shall be
designed and constructed in accordance with the
following provisions:

(1) Vaults shall be designed and constructed in
accordance with good structural engineering practice
to meet the loads that may be imposed on them.
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(1) Provisions shall be made to minimize the
entrance of water into vaults. Nevertheless, vault equip-
ment shall always be designed to operate safely if
submerged.

(2) No vault containing hydrogen gas piping shall be
connected by means of a drain connection to any other
substructure, such as a sewer.

(3) Electrical equipment in vaults shall conform to
the requirements of ANSI/NFPA 70.
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PL-3.17 LOCATION FOR CUSTOMERS’ METER AND
REGULATOR INSTALLATIONS

(a) All hydrogen gas metering and associated facilities
shall be installed above grade and fully protected.

(b) Customers’ meter installations shall notbe used ata
maximum operating pressure higher than the manufac-
turer’s rating for the meter.

(c) Meter and regulator installations shall be protected

Meters and service regulators shall not be installed
e rapid deterioration from corrosion or other causes
iely to occur, unless proven measures are taken to
bct against such deterioration.

A suitable protective device, such as a backpressure
ator or a check valve, shall be installed downstream
of thle meter under the following conditions:

(1) If the nature of the utilization equipment is such
t may induce a vacuum at the meter, install a back-
bure regulator downstream from the meter.

(2) Install a check valve or equivalent if the utiliza-
tion fequipment might induce a backpressure or the gas
utilization equipment is connected to a source of
oxygen or compressed air.

All service regulator vents and relief vents, where
requjired, shall terminate in the outside air in rain- and
inse¢t-resistant fittings. The open end of the vent shall
be lgcated where the gas can escape freely into the atmo-
sphejre and away from any openings into the buildings if @
regujator failure resulting in the release of gas occurs.At
locatfions where service regulators might be submierged
duripg floods, either a special antiflood type\breather
vent|fitting shall be installed or the vent.line’ shall be
extended above the height of the expected-flood waters.

(g} All metersand regulators shall be.installed in sucha
manher as to prevent undue stresses\on the connecting
piping and/or the meter. Lead (Pb)connections or other
connlections made of material'that can be easily damaged
shalll not be used. The use(of Sstandard weight close (all
thread) nipples is prohibited.

that
pres

PL-3.18 HYDROGEN GAS SERVICE LINES

PL-3.18.1 General Provisions Applicable to Steel

Lines

(a) Installation of Service Lines. Service lines shall be

(2) The use of soft seat service line valves is not rec-
ommended when the design of the valves is such that
exposure to excessive heat could adversely affect the
ability of the valve to prevent the flow of hydrogen gas.

(3) Avalve incorporated in a meter bar that permits
the meter to be bypassed does not qualify under this Code
as a service line valve.

(4) Service line valves on service lines with pressure
in excess 0f 410 kPa (60 psig), installed either inside build-

constructed to minimize the possibility of.thé r¢moval of
the core of the valve accidentally or willfully withfordinary
household tools.

(5) The operating company’shall make ceftain that
the service line valves installed on high-pressure service
lines are suitable for this uSe, éither by making their own
tests or by reviewing the tésts made by the manufacturers.

(6) Onservice lines designed to operate at pressures
in excess of 410 kPa\(60 psig), the service line valves shall
be the equivalentofa pressure lubricated valve of aneedle
type valve. Other types of valves may be used where tests
by the manufacturer or by the user indicate that they are
suitable for this kind of service.

(e)Location of Service Line Valves

(1) Service line valves shall be installed oh all new
service lines (including replacements) in alocatign readily
accessible from the outside.

(2) Valves shall be located upstream of th¢ meter if
there is no regulator, or upstream of the regulatgr if there
is one.

(3) All service lines operating at a pressu
than 70 kPa (10 psig) and all service lines DN 50
larger shall be equipped with a valve located on the service
line outside of the building, except that wheneyer gas is
supplied to a theater, house of worship, school, factory, or
other building where large numbers of persons gssemble,
an outside valve will be required, regardless of the size of
the service line or the service line pressure.

(4) Underground valves shall be located in § covered
durable curb box or standpipe designed to permit ready
operation of the valve. The curb box or standpipf shall be
supported independently of the service line.

(d) Location of Service Line Connections to Malin Piping.
It is recommended that service lines be connected to
either the top or the side of the main. The cqnnection

e greater

installed at a depth that will protect them from excessive
external loading and local activities, such as gardening,
landscaping, etc. It is required that a minimum of 610
mm (24 in.) of cover be provided. Pipeline warning
tape shall be placed 150 mm (6 in.) above the service line.
(b) Types of Valves Suitable for Service Line Valves

(1) Valves used as service line valves shall meet the

applicable requirements of para. PL-2.2.2.
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to-the-topof-the-maintspreferred-te-mintmize-the possi-
bility of dust and moisture being carried from the main
into the service line.

(e) Testing of Service Lines After Construction. Each
service line shall be tested after construction and
before being placed in service to demonstrate that it
does not leak. The service line connection to the main
need not be included in this test if it is not feasible to
do so. Test requirements are as follows:
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(1) Service lines to operate at a pressure of less than
7 kPa (1 psig), which do not have a protective coating
capable of temporarily sealing a leak, shall be given a
standup air or gas pressure test at not less than 70
kPa (10 psig) for at least 5 min.

(2) Service lines to operate at a pressure of less than
7 kPa (1 psig), which have a protective coating that might
temporarily seal aleak, and all service lines to operate ata
pressure of 7 kPa (1 psig) or more, shall be given a standup

(2) Steel service lines, where installed underground
under buildings, shall be encased in a gas-tight conduit.
When such a service line supplies the building it subtends,
the conduit shall extend into a normally usable and acces-
sible portion of the building. At the point where the
conduit terminates, the space between the conduit and
the service line shall be sealed to prevent the possible
entrance of any gas leakage. The casing shall be vented
at a safe location.

air or gaJ pressure test for at least b min at the proposed
maximurh operating pressure or 620 kPa (90 psig), which-
ever is gfeater. Service lines of steel, however, that are
operating at hoop stress levels of 20% or more of the
SMYS shdll be tested in accordance with the requirements
for testirlg mains. (See para. PL-3.10.)

PL-3.18/2 Steel Service Lines

(a) Dekign of Steel Service Lines

(1) Pteel pipe, when used for service lines, shall
conform fo the applicable requirements of Chapter GR-2.

(2) Bteelservice pipe shall be designed in accordance
with the fequirements of para. PL-3.7.1. Where the pres-
sure is lefs than 690 kPa (100 psig), the steel service pipe
shall be designed for at least 690 kPa (100 psig) pressure.

(3) Pteel pipe used for service lines shall be installed
in such amanner that the piping strain or external loading
shall not|be excessive.

(4) Allunderground steel servicelines shall be joined
by threaded and coupled joints, compression-type fittings,
or by qualified welding or brazing methods, procedures;
and operptors.

(b) Indtallation of Steel Service Lines in Bores.

(1) When coated steel pipe is to be installed as a
service [line in a bore, care shall be exercised to
prevent lamage to the coating during idstallation.

(2) When aservice line is to be installed by boring or
driving, dnd coated steel pipe is to.be'used, it shall not be
used as the bore pipe or drive pipeand left in the ground as
part of the service line unlessit-has been demonstrated
that the foating is sufficiently’durable to withstand the
boring of driving operdtion in the type of soil involved
without gignificant damage to the coating. Where signifi-
cant danjage to the.coating may result from boring or
driving, the coated service line should be installed in
an overs|zed.bore or casing pipe of sufficient diameter
to accommedate the service pipe.

PL-3.19 INSTALLATION INSPECTION

(a) Inspection shall conform to the applicable require-
ments of section GR-1.5 and Chapters GR+4 and GH-6.
(b) The installation inspection provisions for pipellines

and other facilities to operate at hoop) stresses of 20P6 or
more of the SMYS shall be adequate’to make possible the
following examinations at suffieient intervals to erjsure
good quality of workmanghip:

(1) fit-up of the joints before the weld is mad

(2) root pass before subsequent weld passe
applied

(3) compléeted welds before they are covered
coating

(4) ,surface of the pipe for serious surface defectf just
prior to the coating operation [see para. PL-3.7.6(a))(2)]

(5) condition of the ditch bottom just before the{pipe
is\Jowered in, except for offshore pipelines

(6) surface ofthe pipe coatingasitislowered intjo the
ditch to find coating scratches that indicate the pipe mhight
have been damaged after being coated

(7) fit of the pipe to the ditch before backfilling

(8) repairs, replacements, or changes ordered before
they are covered

(9) special tests and examinations as are requirg¢d by
the specifications, such as nondestructive testing of welds
and electrical testing of the protective coating

(10) backfill material prior to use and observe rck-
fill procedure to ensure no damage occurs to the coating in
the process of backfilling

4%

are

with

PL-3.19.1 Weld Examination Requirements

Examination of welds must be conducted by NDE| per-
sonnel. Chapter GR-4 applies. The following examingtion
and tests for quality control of welds on hydrogen pipgline
systems must be conducted:

(c) Coated Pipe. In exceptionally rocky soil, coated pipe
shall not be inserted through an open bore if significant
damage to the coating is likely.

(d) Installation of Service Lines Into or Under Buildings

(1) Underground steel service lines, when installed
below grade through the outer foundation wall of a
building, shall be either encased in a sleeve or otherwise
protected against corrosion. The service line and/or
sleeve shall be sealed at the foundation wall to prevent
entry of gas or water into the building.
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(M) Edb‘ll VVt‘ld blld‘l‘l ‘UC vibua‘ﬁ_y UAdlllillUd.

(b) In addition, all butt welds shall be examined
through radiographic examination or ultrasonic testing.
Fillet and socket welds shall be examined by magnetic
particle testing, or other comparable and acceptable
methods of nondestructive testing. Each weld shall be
examined over its entire circumference.

(c) Ifacircumferential weld occurs in a bend section, or
if postweld heat treating has been performed, nondestruc-
tive testing shall be done after these procedures.

(23)

(23)
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PL-3.19.2 Visual Examination and Acceptance
Criteria

Quality control verifications and visual examinations
shall be performed based on the following requirements.
Visual examination shall be as defined in Chapter GR-1.
Visual examinations of welds and components shall be
performed in accordance with ASME BPVC, Section V,
Article 9, including the following:

(2) When radiographic examination is required for
complete joint penetration weldments (circumferential,
longitudinal, branch, and miter joint connections), the
full length or circumference of the weld shall be radio-
graphed.

(3) Acceptance criteria shall be based on the require-
ments of API 1104 and the specific requirements of engi-
neering design.

(b) Brazements and Components. The extent of radio-

h shall be

following

((1 matariale comnonantc r\v\r‘ nraductschall catichy

““““““““““““““““““““““““““““““““““““““ graphic examination and the acceptance Criterl
t.he (_uah‘ey Control examiner that they conform to speci- specified by engineering design.
fied requirements.

(b)) 100% visual examination of all weldments and PL-3.19.4 Liquid Penetrant Examination
brazpments. o o

(c) 100% visual examination of longitudinal weld- Liquid penetrant examination (for ferrous of nonfer-
menfs used for the fabrication of pipe and pipe compo- ~ OUS .materlals) shall be perfornted based on the
nentf. This does not include the manufacturing of pipe ~ requirements:

or pipe components to a specification or standard.

(d) the assembly of threaded, bolted, and other joints
shall| satisfy the examiner that they conform to the appli-
cabl¢ requirements of para. PL-2.2. When leak testing is to
be performed, all threaded, bolted, and other mechanical
joints shall be examined.

(e) examination during erection of piping, including
checking of alignment, supports, and cold spring.

(f] examination of erected piping for evidence of
defefts that would require repair or replacement, and
for other evident deviations from the intent of the design.

(g) Acceptance Criteria for Weldments. NDE visual
exanpination criteria shall be based on the requirements
of ARI 1104 and the specified requirements of enginéering
design.

(h) Acceptance Criteria for Brazements. Final-examina-
tion pf brazements shall be performed based on the defi-
nition of visual examination. Visual examination shall
inclyde postbraze cleaning of brazed-deposit and affected
base| metal. The following indications, defects, or condi-
tiong are unacceptable:

1) cracks

2) lack of fill

(3) voids in brazed ‘deposit

(4) porosity inbrazed deposit

5) flux entrapment

6) noncontinuous fill

7) basemetal dilution into brazed deposit

(8) unsatlsfactory surface appearance of the brazed

depdsi J
porous and 0X1dlzed surfaces

PL-3.19.3 Radiographic Examination

Radiographic examination shall be performed based on
the following requirements:
(a) Weldments and Components
(1) Examinations shall be performed in accordance
with API 1104 or ASME BPVC, Section V, Article 2, refer-
encing ASTM E390 and ASTM E1648.

145

(a) Weldments and Components
(1) Examinations.Shall be performed in adcordance
with ASME BPVC, Section V, Article 6.
(2) Liquid pénetrant examination shall be pprformed
on all welds connecting to hydrogen piping systein compo-
nents thataré.not radiographed.
(3) Othér examinations shall be as specifiedl by engi-
neering-design.
(4) Acceptance criteria shall be based on th¢ require-
ments of API 1104 and the specific requirements of engi-
neering design.
(b) Brazements and Components. The extent
penetrant examination and the acceptance
shall be specified by engineering design.

of liquid
criteria

PL-3.19.5 Magnetic Particle Examination

Magnetic particle examination (for ferrous materials)
shall be performed based on the following requjrements:
(a) Weldments and Components
(1) Examinations shall be performed in adcordance
with ASME BPVC, Section V, Article 7.

(2) Magnetic particle examination
performed on all welds connecting to hydrogg
system components that are not radiographed

(3) Other examinations shall be as specifie
neering design.

(4) Acceptance criteria shall be based on th¢ require-
ments of API 1104 and the specific requirements of engi-
neering design.

hall be
n piping

|l by engi-

magnetic particle examination and the acceptance criteria
shall be specified by engineering design.

PL-3.19.6 Ultrasonic Examination

Ultrasonic examinations shall not be substituted for
radiography. Ultrasonic examination shall be used
when specified by engineering design and shall be
performed based on the following requirements:

(23)

(23)
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(a) Ultrasonic examination of welds shall be performed
in accordance with API 1104 or ASME BPVC, Section V,
Article 5.

(b) Acceptance criteria shall be based on API 1104.

PL-3.19.7 Hardness Control and Testing

Hardness testing shall be conducted for welding proce-
dure qualification, hot and cold bent formed piping, pipe
components, and production weldments.

PL-3.21 STEEL PIPELINE SERVICE CONVERSIONS (23)

The intent of this section is to set out requirements to
allow an operator of a pipeline previously used for service
not covered by this Code to qualify that pipeline for service
under this Code. For a dual service pipeline used alter-
nately to transport natural gas under ASME B31.8 or
hydrogen under this Code, only the initial conversion
to hydrogen service requires qualification testing. The

Fn"nmring prnr‘ndnrn shall be followed:

(a) Welding Procedure Qualifications. Hardness testing
for weldiphg procedure qualification shall be performed in
accordanice with the requirements of para. GR-3.10.

(b) Prpduction Weldments

(1) Hardness testing shall be conducted on weld-
ments as| follows:
(-¢) non-PWHT (as-welded condition) base metal
Group P1, carbon steel weldments made using SAW or
FCAW process
(-b) non-PWHT (as-welded condition) weldments
containirfjg carbon steel filler metal with a minimum of
1.6% Mn|

(
PWHT

(2) The extent of hardness testing shall be based on

the design criteria as follows:

(-¢) MAOP < 40% SMYS: 5% random

(-b) MAOP = 40% SMYS: 20% random
(-¢) MAOP = 14 MPa (2,000 psig) and all cyclic
service cpnditions: 100%

(3) Hardness readings shall be taken with a portable
hardnesq tester in accordance with ASTM A833 or ASTM
E110. Other hardness testing techniques may be-applied
when spécified by the engineering design.

(4) Hardness testing survey shall be péerformed as
follows:

(-¢) The minimum number of-hardness test loca-
tions shalll be based on pipe diameters: <NPS 6, one test
required{ >NPS 6 but <NPS 12, two-tests required; >NPS
12, thregq tests required.

(-b) Testing at multiple locations shall be at
equally gpaced intervals of°0 deg, 90 deg, and 180 deg.
The testq shall include weld metal and its corresponding
HAZ on gach sidesof the weld.

(-¢) The ‘makXimum hardness is 237 BHN. Other
hardnesq limits shall be as specified by the engineering
design.

') any weldments that have been subjected to

(a) Carry out a risk assessment accordinlg to
para. PL-3.5, if the potential impact calculatiolr [para.
PL-3.5(a)] requires this.

(b) Prepare a written procedure outlining the ste
be followed during the study and conyersion of the
line system. Note any unusual conditions relating td
conversion.

(c) Maintain for the life ofthe/pipeline a record df the
studies, inspections, tests, tepairs, replacements| and
alterations made in cofinection with conversion of the
existing pipeline to hydrogen service under this Cqde.

(d) Study all available information on the original pipe-
line design, inspéction, and testing. Particular atteption
should be paid to welding procedures used and qther
joining methods, internal and external coating, pipe,
and other material descriptions.

(e)~Study available operating and maintenance fata,
inclrding leak records, inspections, failures, catfodic
protection, and internal corrosion control practiced.

(f) Consider the age of the pipeline and the length of
time it may have been out of service.

(g9) Examine all above-ground segments of the pipgline
for physical condition. During the examination, id¢gntify
the material, where possible, for comparison with gvail-
able records.

(h) Establish the number of buildings near the pipgline
or main intended for human occupancy and determinfe the
design factor for each segment in accordance with
para. PL-3.2 and Table PL-3.7.1-1.

(i) The MAOP shall be determined by the steel p
design formula in para. PL-3.7.1(a), taking into acd
any changes in Location Class since original constru
It shall not exceed 15.3 MPa (2,200 psi).

(j) The material performance factor, Hj; shall be deter-
mined from Chapter GR-2 and the hydrostatic test|data
available, using the material description from the| mill
certificates, if these are in the owner’s possession.

ps to
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PL-3.20 REPAIR OR REMOVAL OF DEFECTIVE
WELDSINPIPING INTENDED TO OPERATE
AT HOOP STRESS LEVELS OF 20% OR
MORE OF THE SMYS

Defective welds shall be repaired or removed. If a repair
is made, it shall be in accordance with API 1104. Welders
performing repairs shall be qualified in accordance with
para. GR-3.2.4.
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(k) If the original mill certificates are unavailable, the
material description shall be determined by chemical and
physical analysis of samples of the pipeline material. The
sampling rate shall be one examination per 1.6 km (1 mi)
of pipeline. The material performance factor, H for a pipe-
line shall be the lowest value obtained from any of the
samples.

(1) The pipe material shall be qualified to meet either
Option A or Option B requirements for fracture control
and arrest shown in para. PL-3.7.1(b). If the material
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cannot be qualified, the MAOP shall be selected to limit
hoop stress to 40% SMYS of the pipe at all points on
the pipeline.

(m) An evaluation shall be carried out for any factors
that may have caused a reduction in wall thickness during
the operating life of the pipeline. These include imperfect
cathodic protection, internal corrosion caused by
products or contaminants being transported, and
damage due to surface activities.

pipeline shall be done using a suitable internal inspection
device. The wall thickness, t, used in the steel piping design
formula [see para. PL-3.7.1(a)] shall be the minimum wall
thickness determined by the internal inspection. Alterna-
tively, suitability of the pipeline may be evaluated by using
the rules of ASME B31G.

(p) 1f internal inspection of the pipeline is not carried
out, a hydrostatic test shall be performed. The test pres-
sure to be used to confirm the MAOP calculated in (h)

(nf~Weld and base metal coupons shall be subject to
laboratory analysis to assess the presence of weld inclu-
siong (such as slag), hardness, yield strength, and ultimate
tensjle strength. A minimum of one sample per 1.6 km (1
mi) $hould be examined.

(o} If there is reason to believe that there has been a
reduiction in wall thickness since original construction,
measurement of wall thickness along the length of the

above shall be the test pressure obtaimed at the hjgh eleva-
tion point of the minimum strength test sectionfand shall
not be higher than the pressure required)to produce a
stress equal to the yield strength as determined Hy testing.

(q) Determine that all valves, flahges, and other pres-
sure-rated components have adequate ratings.

(r) The pipeline depth of-cover is to be as
para. PL-3.7.3.

stated in
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MANDATORY APPENDIX I
DESIGN OF ABOVEGROUND HYDROGEN GAS PIPELINE
FACILITIES

I-1 COMPRESSOR STATIONS

I-1.1 C

1-1.1.1
compres
stations S
centproy
mize th

pressor Station Design

Location of Compressor Building. The main
sor building for hydrogen gas compressor
hall be located at such clear distances from adja-
erty not under control of the company as to mini-
e hazard of communication of fire to the
compress$or building from structures on adjacent prop-
erty. Sufficient open space should be provided around
the building to permit the free movement of firefighting
equipment.

I-1.1.2
buildingg
handling
bustible

I-1.1.3| Exits. A minimum of two exits shall be provided
for each pperating floor of a main compressor building,
basements, and any elevated walkway or platform;3 m
(10 ft) of more above ground or floor level. fhdividual
engine cptwalks shall not require two exits."Exits of
each such building may be fixed ladders;.stairways, etc.
The max{mum distance from any point on an operating
floor to gn exit shall not exceed 23 m(75 ft), measured
along thq centerline of aisles or walkways. Exits shall be
unobstructed doorways located.to provide a convenient
possibility of escape and shall provide unobstructed
passage fo a place of safety. Door latches shall be of a
type thdt can be réadily opened from the inside
without ¢ key. AlL swinging doors located in an exterior
wall shall swing\outward.

I1-1.1.4| Fenced Areas. Any fence that may hamper or
prevent ¢scape of persons from the vicinity of a compres-

Building Construction. All compressor station
that house hydrogen gas piping or equipment
hydrogen gas shall be constructed of noncom-
br limited combustible materials.

I-1.2 Electrical Facilities

All electrical equipment and wiring installdd in
hydrogen gas transmission and distribution compré¢ssor
stations shall conform to the requiyéments of NFPA 70,
insofar as the equipment Commercially available
permits. Electrical installations located in hazarflous
areas, as defined in NFRA7Z0, and that are to remdin in
operation during compressor station emergency $hut-
down, as provided inpara. I-1.3.2.1(a), shall be designed
to conform to NFRA 70 for Class I, Division 1 requiremients.

I-1.3 Compressor Station Equipment

ould
ance
hre a
cted

I-1.3.1"Fire Protection. Fire protection facilities sh
be provided in accordance with the American Insui
Association’s recommendations. If the fire pumps
part of such facilities, their operation shall not be aff¢
by emergency shutdown facilities.

I-1.3.2 Safety Devices
1-1.3.2.1 Emergency Shutdown Facilities

(a) Each transmission compressor station shalll be
provided with an emergency shutdown system by
means of which the hydrogen gas can be blocked out
of the station and the station hydrogen gas piping
blown down. Operation of the emergency shutdown
system also shall cause the shutdown of all hydrpgen
gas compressing equipment and all hydrogen gas fired
equipment. Operation of this system shall deenefgize
the electrical facilities located in the vicinity of hydrpgen
gas headers and in the compressor room, except thos¢ that
provide emergency lighting for personnel protection and
those that are necessary for protection of equipment] The
emergency shutdown system shall be operable from any

sor station in an emergency shall be provided with a
minimum of two gates. These gates shall be located to
provide a convenient opportunity for escape to a place
of safety. Any such gates located within 61 m (200 ft)
of any compressor plant building shall open outward
and shall be unlocked (or capable of being opened
from the inside without a key) when the area within
the enclosure is occupied. Alternatively, other facilities
affording a similarly convenient exit from the area may
be provided.
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one of at least two locations outside the hydrogen gas area
of the station, preferably near exit gates in the station
fence, but not more than 150 m (500 ft) from the
limits of the stations. Blowdown piping shall extend to
a location where the discharge of hydrogen gas is not
likely to create a hazard to the compressor station or
surrounding area, or cause any fire. Any blowdown
shall be made to an unconfined space.

(23)
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(b) Each compressor station supplying hydrogen gas
directly to a distribution system shall be provided with
emergency shutdown facilities located outside the com-
pressor station buildings, by means of which all hydrogen
gas can be blocked out of the station. These shutdown
facilities can be either automatic or manually operated,
as local conditions designate.

1-1.3.2.2 Engine Overspeed Stops. Every compressor

rs, shall be provided with an automatic device that is
gned to shut down the unit before the maximum safe
of either the prime mover or driven unitis exceeded.

line ¢f each positive displacement transmission compres-
sor hetween the gas compressor and the first discharge
block valve. If a pressure relief valve is the primary over-
protection device, the relieving capacity shall be equal to
or grieater than the capacity of the compressor. If the relief
valvé¢s on the compressor do not prevent the possibility of
overpressuring the pipeline as specified in para. PL-3713,a
prespure-relieving or pressure-limiting device,'shall be
instqlled on the pipeline to preventit from b€ing overpres-
surefl beyond the limits required by this‘Code. Any pres-
sure|relief shall discharge to unconfined space and be

-1.3.3.3 Venting. Vent lines.provided to exhaust the
hydrjogen gas from the pressure relief valves to atmo-
sphefre shall be extended®o)alocation where the hydrogen
gas thay be discharge@-without undue hazard. Vent lines
shalll have sufficientCapacity so that they will not inhibit
the performance.of the relief valve. Any pressure relief
shall apply, to' inconfined space and be remote from
any hazardsy See CGA G-5.5-2004.

.3.4-Cooling and Lubrication Failures. All hydrogen

with vent slots or holes in the baffles to prevent hydrogen
gas from being trapped in the muffler.

1-1.3.5.2 Building Ventilation. Ventilation shall be
ample to ensure that employees are not endangered
under normal operating conditions (or such abnormal
conditions as a blown gasket, packing gland, etc.) by accu-
mulations of hazardous concentrations of flammable
hydrogen gases in rooms, sumps, attics, pits, or similarly
ch 0S€d DIaCce 0 0_al C

I-1.3.6 Hydrogen Gas Detection and Alarm|Systems

1-1.3.6.1 Each compressor building in a co
station where hazardous concentrations of hyd
may accumulate shall have a fixedhydrogen gas
and alarm system unless the-buijlding is const
that at least 50% of its upright'side area is per
open to the atmosphere otddéquately ventilated
(Class 1, Division 1, as'defined by NFPA 70, artic
natural ventilation.

npressor
ogen gas
Hetection
ucted so
manently
by forced
e 500) or

1-1.3.6.2, Ex¢ept when shutdown of the

necessary fer‘maintenance, each hydrogen gas
and alarmy system required by this section sha

(a) «€entinuously monitor the compressor buil
conééntration of hydrogen gas in air of not more
ofithe lower explosive limit

(b) warn persons about to enter the buil
persons inside the building of the danger if tha
tration of hydrogen gas is exceeded

ystem is
Hetection
1
ding for a
han 25%

Hing and
L concen-

1-1.3.6.3 The compressor building configuration
shall be considered in selecting the number, {ype, and
placement of detectors and alarms.

1-1.3.6.4 Alarm signals shall be unique aipd imme-
diately recognizable, considering background lIoise and
lighting, to personnel who are inside or imnpediately
outside each compressor building.

I-1.4 Compressor Station Piping

I-1.4.1 Hydrogen Gas Piping. The following aj
provisions applicable to all hydrogen gas pipin

(a) Specifications for Hydrogen Gas Piping. All
sor station hydrogen gas piping, other than in;
control, and sample piping, to and including cof
to the main pipeline, shall be of steel and shall us
factor, F, per Table PL-3.7.1-1.

e general
g:

Compres-
trument,
inections
e a design

gas cCOmpressor units shall be equipped with shutdown or
alarm devices to activate in the event of inadequate
cooling or lubrication of the units.

I-1.3.5 Explosion Prevention

1-1.3.5.1 Mufflers. The external shell of mufflers for
engines using hydrogen gas as fuel shall be designed in
accordance with good engineering practice and shall
be constructed of ductile materials. It is recommended
that all compartments of the muffler be manufactured
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(b) Installation of Hydrogen Gas Piping. The provisions
of para. PL-3.7.4 shall apply, where appropriate, to
hydrogen gas piping in compressor stations.

(c) Testing of Hydrogen Gas Piping. All hydrogen gas
piping within a compressor station shall be tested
after installation in accordance with the provisions of
para. PL-3.10.5 for pipelines and mains in Class 3 loca-
tions, except that small additions to operating stations
need not be tested where operating conditions make it
impractical to test.
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(d) Identification of Valves and Piping. All emergency
valves and controls shall be identified by signs. The func-
tion of allimportant hydrogen gas pressure piping shall be
identified by signs or color codes.

I1-1.4.2 Fuel Gas Piping. The following are specific
provisions applicable to compressor station fuel hydrogen
gas piping only:

(a) All fuel hydrogen gas lines within a compressor
station t i ildi i i
areas shfall be provided with master shutoff valves
located dutside of any building or residential area.

(b) THe pressure-regulating facilities for the fuel
hydrogen gas system for a compressor station shall be
provided with pressure-limiting devices to prevent the
perating pressure of the system from being
by more than 25%, or the MAOP by more

hydrogen gas from entering the power cylinders of an
engine and actuating moving parts while work is in
progress|on the engine or on equipment driven by the
engine.

I1-2 DESJGN OF INSTRUMENT, CONTROL, AND
SAMPLE PIPING

1-2.1 Scppe

1-2.1.1| The requirements given in this section apply to
the desigh of instrument, control, and sampling piping for;
safe and jproper operation of the piping itself and do not
cover defign of piping to secure proper functioning of
instrumepnts for which the piping is installed.

1-2.1.2] This section does not apply to,permanently
closed piping systems, such as fluid-filled;*temperature
responsiye devices.

1-2.2 Materials and Design

1-2.2.)} The materials emiployed for valves, fittings,
tubing, aipd piping shall beydesigned to meet the particular
conditior}s of service.

1-2.2.2 Takeoff'connections and attaching bosses,
fittings, ¢r adapters shall be made of suitable material
and shall be-gapable of withstanding the maximum
service pfessure and temperature of the piping or equip-

1-2.2.4 Piping subject to clogging from solids or
deposits shall be provided with suitable connections
for cleaning.

1-2.2.5 Pipe or tubing required under this section may
be specified by the manufacturers of the instrument,
control apparatus, or sampling device, provided that
the safety of the pipe or tubing as installed is at least
equal to that otherwise required under the Code.

2. 1 be
protected by heating or other suitable means’from

damage due to freezing.

1-2.2.7 Pipinginwhichliquids may accimulate shall be
provided with drains or drips.

1-2.2.8 The arrangement of piping and supports shall
be designed to provide not onlyfor safety under operpting
stresses, but also to provide pfotection for the piping
against detrimental saggihg) external mechanical ifjjury,
abuse, and damage due(to unusual service condifions
other than those conngcted with pressure, temperature,
and service vibrdtion.

1-2.2.9 Sditable precautions shall be taken to prptect
against corrosion (see para. GR-5.3.1.2).

1-2.2;10 Joints between sections of tubing and/or pipe,
or bétween tubing and/or pipe and valves or fittings,shall
be,made in a manner suitable for the pressurel and
temperature conditions, such as by means of flared, flare-
less, and compression type fittings, or equal, or theyjmay
be of the brazed, screwed, or socket-welded type. If
screwed-end valves are to be used with flared, flarg¢less,
or compression type fittings, adapters are required| Slip
type expansion joints shall not be used; expansion shall be
compensated for by providing flexibility within the p]ping
or tubing system itself.

1-2.2.11 After instrument, control, and sample p|ping
has been installed and filled with hydrogen, all joints|shall
be examined using a hydrogen gas detector. Any leaks
detected shall be repaired before the system is accgpted
for operational service.

I1-3 MISCELLANEOUS PIPING ASSEMBLIES

I-3.1 Design and Location of Metering and
Pressure/Flow Control

ment to which they are attached. They shall be designed to
satisfactorily withstand all stresses without failure by
fatigue.

1-2.2.3 A shutoffvalve shall be installed in each takeoff
line as near as practicable to the point of takeoff. Blow-
downvalves shall be installed where necessary for the safe
operation of piping, instruments, and equipment.

I1-3.1.1 All piping and piping components, up to and
including the outlet stop valve(s) of individual meter
and pressure/flow control runs, shall meet or exceed
the maximum design pressure of the inlet piping
system. Threaded reducing bushings should not be
used in pressure/flow control facilities where they are
subject to high-frequency piping vibrations. The design
requirements of para. PL-3.3 and Table PL-3.7.1-1
apply to the design requirements of this section.
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1-3.1.2 All piping shall be tested in accordance with
para. PL-3.10 and the Location Class requirements of
Table PL-3.7.1-1. Instrumentation devices such as trans-
mitters, recorders, controllers, etc., excluding testing in-
strumentation, should be isolated from the piping during
the test. Test fluids shall be removed from piping and
piping components, and the piping purged. Purge gas
for cold gaseous hydrogen (GH;) lines shall be gaseous
helium (GHe).

ment caused by moisture saturated instrument air or
hydrogen gas, or external ambient conditions.

I1-3.4.4 Sound pressure levels of 110 dbA and greater
shall be avoided to prevent damage to control equipment
and piping.

1-3.4.5 Hydrogen gas velocities in piping should not
exceed the erosional velocity at peak conditions. Lower
velocities are recommended. The erosional velocity, u,,

1-3.1.3 Safety setbacks from sources of ignition or
othef potential hazards may be required.

I-3.2 Metering Facilities

Particular consideration and attention shall be given to
sizing meter run blowdowns and/or flow restricting
platgs for turbine and positive displacement meters.
Rapid depressurization of meter runs can damage or
destroy meters due to meter overspin and high differen-
tials|and can endanger personnel.

I-3.3 Other (Nonmandatory) Considerations for
Metering Facilities

1-3.3.1 Meter proving reduces measurement uncer-
tainfy. Where meter design, size, and flow rate allow,
consjder installing meter proving taps.

1-3.3.2 Upstream dry hydrogen gas filter(s) should be
congidered when installing rotary or turbine meters:
Part]culates and pipeline dust can contaminate meter
lubricating oil and damage bearings and other internal
metdr components.

1-3.4 Pressure/Flow Control Facilities

1-3.4.1 Overpressure protection shall be provided by
the yse of

(a) a monitor regulator in_series with a controlling
regulator (each regulator run)

(b} adequately sized reliefvalve(s) downstream of the
contfolling regulator(s)

(c] overpressure(shiitoff valve(s) upstream or down-
stregm of the contrplling regulator(s)

Inptallation “of*alarm devices that indicate primary
(controlling).regulator failure are useful and should be
consjderedfor monitor regulator systems.

shall have a separate isolation valve for isolation purposes
during regulator setup and maintenance, and to prevent a
safety device (i.e., monitor, regulator) from becoming
unintentionally inoperable due to plugging or freezing
of instrument lines.

1-3.4.3 Steps shall be taken to prevent the freezing-up
(internal and external) of regulators, control valves, in-
strumentation, pilot controls, and valve actuation equip-

HWWMHW
ences are listed in andatory aAppendix Il.

15 calculated by:

G = gas gravity (0.0695)
P = minimum pipelin€ pressure, psia
R = universal gas censtant
= 10.73 ft* - psia/(lb-mol - °R)
T = flowing gas femperature, °R
u, = erosiondlvelocity, ft/sec
Z = compressibility factor at specified ten]perature
and\pressure, dimensionless

High*hydrogen gas velocities in piping increase turbu-
lefice and pressure drop, contribute to excessive sound
pressure levels (aerodynamic noise), and cpn cause
internal piping erosion. Acoustically induced yibration
in the piping shall be avoided at all times.

I-3.5 Other (Nonmandatory) Consideratigns for
Pressure/Flow Control Facilities

Installation of conical reducers immediate]y down-
stream of a regulator or control valve will allow a
more gradual expansion of hydrogen gas §o larger
piping, and reduce turbulence and pressyre drop
during hydrogen gas expansion.

I1-3.6 Electrical Facilities and Electronic
Equipment for Pressure/Flow Contrpol and
Metering Facilities

1-3.6.1 All electrical equipment and wiring injstalled in
pressure/flow control facilities and metering|facilities
shall conform to the requirements of NFPA 70] or other
applicable electrical codes. Additional API and AGA refer-

1-3.6.2 Electronic control, monitoring, and hydrogen
gas measurement equipment shall be properly grounded
and isolated from piping to help prevent overpressure/
accidental shutoff situations caused by equipment failure
due to lightning strikes and electrical transients and to

! Mohitpour, M., Golshan, H., and Murray, A. (2007). “Natural Gas
Transmission.” Pipeline Design & Construction: A Practical Approach
(3rd ed., pp. 57-129). ASME Press.
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prevent safety hazards caused by fault currents. Electrical
isolation equipment for corrosion control purposes
should not be installed in buildings unless specifically
designed to be used in combustible atmospheres.

I1-3.6.3 Uninterruptible power sources or redundant
backup systems shall be considered to help prevent over-
pressure/unintentional shutoff situations caused by
power outages.

1-3.6.4 A useful reference for electronic hydrogen gas
measurements is APl Manual of Petroleum Measurement
Standards, Chapter 21, Section 1 — Electronic Gas
Measurement.
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MANDATORY APPENDIX II
REFERENCE STANDARDS

This Appendix provides alisting of standards incorporated in this Code by reference, and the names and websites of the

SpONSOTINE OTgaNtZations. 1T 1S ot practicat to Tefer 1o a SPecific edition of eact standard througiout te g
instdad, the reference dates for the specific editions are shown here. For ASME codes and standards, specif]
referlence dates are not provided; rather, the latest published edition in effect at the time this Code js‘spécif]
specific edition referenced by this Code. Subsequent issues and revisions of these referenced standards will

ode text;
c edition
ed is the
be listed

(after review and acceptance by the Code Committee) in revisions of this Appendix. All identical’$pecifications are
indiqated by the ASME/originating organization symbols.

API Hecommended Practice IASME Boiler and Pressure Vessel Code IASME Standards (Cont’d)
RP 941-2016 Section II, Part A B31.1
RP 1102 Section II, Part B B31.2
Section II, Part C B31.3
API Specifications Section II, Part D B31.4
5B-2(12 Section V B31.8
5L-2(07 Section VIII, Division 1 B31.8S
5L-2(12 Section VIII, Division 2 B31E
6D-2(014 Section VIII, Division 3 B36.10M
609-2016 Section IX B36.19M
B46.1
API Standards IASME Standards IAPI 579-1/ASME FFS-1
521 B1.1 PCC-1
526-2009 B1.20.1 PTC 19.3 TW
579-2001 B1.20.3 QSP-1
594-2010 B1.20.7 STP/PT-003
598 B16.1 STP/PT-006
599-4013 B16.5
600-4015 B16.9 IASNT Standards
602-2015 B16.10 JANSI/ASNT CP-189
603-2013 B16.11 SNT TC-1A-2016
608-2012 B16.14
609 B16.15 IASTM Specifications
941 B16.20 IA20/A20M-2015
110442013 B16.21 IA36/A36M-2014
B16.24 IJA53/A53M-2012
ASA $tandard B16.25 IA53 A&B
B31.3-1966 Bt6:3# ATOS7/ATOSM=201%
B16.36 IA106/A106M-2015
ASQ Standards B16.38 IA134-1996 (R2012)
9000-2015 B16.47 IA135/A135M-2009 (R2014)
9001-2015 B16.48 IA139/A139M-2016
9004-2018 B16.50 |A179/A179M (R2012)
B18.2.1 IA181/A181M-2014
ASCE Standard B18.2.2 IA182/A182M-2016
ASCE 7-10 (2010) B31G IA193/A193M-2016
B31T IA194/A194M-2016
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ASTM Specifications (Cont’d)
A202

A203

A204/A204M-2012

A213/A213M-2015
A216/A216M-2016
A217/A217M-2014
A234/A234M-2015

ASME B31.12-2023

IASTM Specifications (Cont’d)
IA587-1996 (R2012)

IASTM Specifications (Cont’d)
E18-2016

A240/A24pM-2016

E£92-2016
A671/A671M-2016 £94-2004
A210/A210M-2002 (R2012) A672/A672M-2014 E110
A675/A675M-2014 E114-1995
A691/A691M (R2014) E114-2015
A833 E125-1963 (R2013)
1011/A1011M-2015 E142-1992
E155-2015
B21/B21M-2014 E164

A249/A24PM-2016
A263-201]
A264-2017
A265-2017
A269/A26pM-2015
A276/A276M-2016
A283/A28BM-2013
A285/A285M-2012
A299/A29HM-2009 (R2014)

A302/A30pM-2012
A307-2014
A312/A31EM-2016
A320/A320M-2015
A333/A33BM-2016
A334/A33§M-2004 (R2016)
A335/A335M-2015
A350/A35)M-2015
A351/A35|M-2016
A352/A35pM-2008 (R2012)
A354/A354M-2011
A358/A358M-2015
A369/A36PM-2011
A370-2014
A376/A37pM-2014
A381-1994 (R2012)
A387/A38M-2011

A403/A408M-2016
A409/A40pM-2015
A420/A42pM-2016
A426/A42pM-2013
A437/A43fM-2015

B26/B26M-2014
B42/B42M-2015
B43-2015
B61-2015
B62-2015
B68/B68M-2011
B75/B75M-2011
B88-2014
B96/B96M-2016
B98/B98M-2013
B127-2005 (R2014)
B148-2014
B150/B150M-2012
B152/B152M-2013
B164-2003 (R2014)
B165-2005 (R2014)
B169/B169M-2015
B171/B171M-2012
B187/B187M<2016

B209-2014
B210-2012
B211-2012
B221-2014
B241/B241M-2016
B247-2015
B280-2016
B283/B283M-2016

B345/B345M-2011
B361-2016
B366/B366M-2016

E165/E165M-2009 (R2012)
E186-1998
E186-2015
E213-2014
E213-2020
E272-2015
£280-2015
E£310:2015
E390
[446-1998
E446-2015
E709-1980
E709-2015
E1212
E1648

F3125-2015

IAWS Standards
1A3.0-2010
1A4.3
|A5.1-2012
|A5.4-2012
|A5.9-2012
IA5.11-2010
IA5.14-2011
IA5.21-2011
|A5.22-2012
B4.0

C3.3

CDA Publication

A449
A451/A451M-2014
A453/A453M-2016
A479/A479M-2016

A516/A516M-2010 (R2015)
A524-1996 (R2012)
A537/A537M-2013
A563-2015

B466/B466M-2014
B467-2014
B491/B491M-2015
B547/B547M-2010
B564-2015
B584-2014
B648-2015
B725-2005 (R2015)
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Copper Tube Handbook, 1995

CGA Publications
G-5.5-2004
G-5.5-2014

G-5.6

CSA/AM Publication

HGV 4.10-2015
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SP-58-2009 SP 0472-2015

Canadian Standards Association MSS Standard Practices (Cont’'d)

DOT-T-05-01 SP-65-2012 NASA

7245.1-2014 SP-75-2014 INSS 1740.16
SP-79-2011

EJMA Publications SP-80-2013 INFPA Specifications

EJMA Standards, 10th Ed., 2015 SP-83-2014 IANSI/NFPA 54

GRI Report No. 91/0284 GPTC Guide SP-97-2012 INFPA 10-2014
SP-105-2010 NFPA 30-2015

MSS $tandard Practices SP-119-2010 INFPA 70-2015

SP-42-2013 INFPA 99

SP-43-2013 NACE Publications

SP-44-2010 37519-1985, Corrosion Data Survey — PFI Standards

spP-51-2012 Metals Section, sixth ed. ES-01

SP-53-2012 MR 0175-2015 ES-7-2013

SP-53-2011 SP 0170-2012 ES-21

GENBRAL NOTE: The issue date shown immediately following the hyphen after the number of the standard\(e.g., A53/A53M-2012) is the effective

date d
reaffi

Sp|

GENE
these

mation [e.g.,, B725-2005 (R2015)].

fthe issue (edition) of the standard. Any additional number shown following the issue date and préfixed by the letter “R” is the 19

www.aisc.org
www.api.org
www.asce.org
www.asme.org
www.asnt.org
www.asq.org
www.astm.org
WWW.aws.org
Www.copper.org
www.cganet.com
WWWw.csagroup.org
Wwww.ejma.org
www.gastechnology.org

www.msshq.org

www.nace.org

www.nfpa.org

pcifications and standards of the following organizations appear in this Appendix:
AISC American Institute of Steel Construction

API American Petroleum Institute

ASCE American Society of Civil Engineers

ASME The American Society of Mechanical Engineers
ASNT American Society for Nondestructive Testing

ASQ American Society for Quality

ASTM ASTM International

AWS American Welding Society

CDA Copper Development Asseciation, Inc.

CGA Compressed Gas Association, Inc.

CSA Canadian Standards Association

EJMA Expansion Joint\Manufacturers Association, Inc.
GTI Gas Teclinology Institute

MSS Manftfacturers Standardization Society of the Valve

and Fittings Industry, Inc.

NACE NACE International

NFPA National Fire Protection Association

PFI Pipe Fabrication Institute

www.pfi-institute.org

test date of

RAL NOTE: /Some of the organizations listed above publish standards that have been approved as American National Standardg. Copies of
standards.may also be obtained from American National Standards Institute (ANSI), www.ansi.org.
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MANDATORY APPENDIX Il
SAFEGUARDING

-1 sC

Safegu
minimize
minimize
failure.

In mo
facility (t!
tices) is

DPE

hrding is the provision of protective measures to
the risk of accidental damage to the piping or to
the harmful consequences of possible piping

t instances, the safeguarding inherent in the
he piping, the plantlayout, and its operating prac-
sufficient without need for additional safe-
guarding. In some instances, however, engineered
safeguardls must be provided.

This Appendix outlines some considerations pertaining
to the sdlection and use of safeguarding. Where safe-
guarding is required by the Code, it is necessary to
considel| only the safeguarding that will be suitable
and effegtive for the purposes and functions stated in
the Code| or evident from the designer’s analysis of the
applicatipn.

-2 GE

In eval
what saf¢
should b

(a) thg
under th
sure, and
conditior

(b) th¢
piping fa
recogniz
releases

(c) exj
for their
possible
ambient
lation, p

(d) th
other personnel exposure, as well as reasonably probable
sources of damage to the piping from direct or indirect
causes.

(e) the probable need for grounding, bonding, or
specialized electrostatic discharge techniques to minimize
ignition of released hydrogen due to accumulation of static
charges.

NERAL CONSIDERATIONS

uating a piping installation design to determine
guarding may exist or is necessary, the following
b reviewed:

hazardous properties of hydrogen; considered
most severe combination of temperature, pres-
composition in the range of expected operating
S.

quantity of hydrogen that)could be released by
lure, considered in relation to the environment,
ing the possible hazards ranging from large
fo small leakagés.

ected conditions in the environment, evaluated
possibleveffect on the hazards caused by a
pipingfdilure. This includes consideration of
r surface temperature extremes, degree of venti-
oXimiity of fired equipment, etc.
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hate-
Iy of

(f) the safety inherent in the piping by virtue-ofn
rials of construction, methods of joining, and histo
service reliability.

111-3 SAFEGUARDING BY PLANT'LAYOUT AN
OPERATION

Representative features ofiplant layout and oper
that may be evaluated and selectively used as
guarding include

(a) plant layout features, such as open-air prd
equipment structyres; spacing and isolation of hazar
areas, buffer areas'between plant operations and p
lated communities, or control over plant access

(b) protective installations, such as fire prote¢tion
systems, \barricades or shields, ventilation to remove
releaséd hydrogen, and instruments for remote njoni-
toring and control

(c) operating practices, such as restricted acce
processing areas; work permit system for hazar
work; or special training for operating, mainten
and emergency crews

(d) means for safe discharge of hydrogen rele
during pressure-relief device operation, blowd
cleanout, etc.

(e) procedures for startup, shutdown, and marage-
ment of operating conditions, such as gradual pressuyriza-
tion or depressurization, and gradual warmu
cooldown, to minimize the possibility of piping fai

htion
bafe-

cess
dous
opu-

ESs to
Hous
nce,

hsed
bwn,

11I-4 ENGINEERED SAFEGUARDS

Engineered safeguards that may be evaluated and
tively applied to provide added safeguarding includle
(a) means to protect piping against possible failures,
such as
(1) thermalinsulation, shields, or process contrls to
protect from excessively high or low temperature and
thermal shock
(2) armor, guards, barricades, or other protection
from mechanical abuse
(3) damping or stabilization of process or fluid flow
dynamics to eliminate or to minimize or protect against
destructive loads (e.g., severe vibration pulsations, cyclic
operating conditions)
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(b) means to protect people and property against (c) limiting the quantity or rate of hydrogen escaping
harmful consequences of possible piping failure, such by automatic shutoff or excess flow valves, additional
as confining and safely disposing of escaped hydrogen block valves, flow-limiting orifices, or automatic shut-
by shields for flanged joints, valve bonnets, or gages down of pressure source

(d) limiting the quantity of hydrogen in process at any
time, where feasible
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MANDATORY APPENDIX IV
NOMENCLATURE

Units [Note (1)]

U.S.
Symbol Definition SI CGustomary
A Factor for determining minimum value of R; .
Aq Area required for branch reinforcement mm?> in.2
A, Area available for branch reinforcement in run pipe mfn? in.2
Az Area available for branch reinforcement in branch pipe T2 in.2
Ay Area available for branch reinforcement in pad or connection mm? in2
Ap Cross-sectional area of pipe mm? in.2
Ay Conveyed fluid cross-sectional area considering nominal pipe thickness less allowances mm? in.2
Ay Pipe cross-sectional area considering nominal pipe thickness less allowantes mm? in.2
C Cold spring factor
C Material constant used in computing Larson-Miller parameter
C1 Estimated self-spring or relaxation factor
Cy Size of fillet weld, socket welds other than flanges mm in.
c Sum of mechanical allowances (thread or groove depth)*plus corrosion and erosion mm in.

allowances

c Sum of internal allowances mm in.
Co Sum of external allowances mm in.
D Outside diameter of pipe as listed in tables of Standards and specifications or as measured mm in.
D, Outside diameter of branch pipe mm in.
Dy, Outside diameter of header pipe mm in.
d Inside diameter of pipe, mm in.
dy Effective length remeVed-from pipe at branch mm in.
d, Half-width of reinforeement zone mm in.
dp Inside diameter<of-branch pipe mm in.
dg Inside or_pitch’diameter of gasket mm in.
dy Inside diameter of header pipe mm in.
dy Design\inside diameter of extruded outlet mm in.
E trratityfactor
E Modulus of elasticity (at specified condition) MPa ksi
E, Reference modulus of elasticity at 21°C (70°F) MPa ksi
E. Casting quality factor
E; Joint quality factor
E, Modulus of elasticity at maximum or minimum temperature MPa ksi
En Modulus of elasticity at the temperature of the condition MPa ksi
E, Modulus of elasticity at test temperature MPa ksi
F, Axial force N Ibf x 1,000 (kips)
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Units [Note (1)]

U.S.
Symbol Definition SI Customary
Fe Sustained axial force including the effects of weight, other sustained loads, and internal N Ib
pressure
f Stress range factor
f Stress range reduction factor
fn Maximum value of stress range factor
g Root gap for welding mm in.
h Flexibility characteristic
he Material performance factor from Mandatory Appendix IX, Table IX-5A. Material
performance factors account for the adverse effects of hydrogen gas on the mechanical
properties of carbon steels used in the construction of pipelines.
hy Height of extruded outlet mm in.
i Stress intensification factor
iq Axial force stress intensification factor
i; In-plane stress intensification factor
iy Out-plane stress intensification factor
I In-plane sustained stress index
iso Out-plane sustained stress index
K Factor determined by ratio of branch diameter to run diameter
K1 Constant in empirical flexibility equation
K; Factor for statistical variation in test results (see para. IR-3.8:4)
k Flexibility factor
L Developed length of piping between anchors m f]
Ly Height of reinforcement zone outside run pipe mm in.
Ls Height of reinforcement zone for extruded outlet mm in.
LMH Larson-Miller parameter, used to estimate design life
M Length of full thickness pipe adjacent to miter bend mm in.
Mg Material performance factor-that'addresses loss of material properties associated with
hydrogen gas service. See\Mandatory Appendix IX for performance factor tables and
application.
M; In-plane bending mement N-mm in.{lbf
M, Out-plane bending nfoment N-mm in.{lbf
M, In-plane bending moment for the sustained condition being evaluated N-mm in.{lbf
M, Out-plane’bending moment for the sustained condition being evaluated N-mm in.{lbf
Mg, Sdstained torsional moment N-mm in{lbf
M, Torsional moment N-mm in{lbf
m Misfit of branch pipe mm in.
N Eqtivatentmumber-offultdisplacementcycles
N Equivalent number of full operating cycles
Ng Number of cycles of maximum computed displacement stress range
Ng Number of cycles of maximum computed operating stress range
N; Number of cycles associated with displacement stress range, S; (i = 1, 2, ...)
N; Number of cycles associated with operating stress range, S; (i = 1, 2, ...)
N, Number of fatigue tests performed to develop the material factor, X,
P Design gage pressure kPa psi
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Units [Note (1)]

U.s.
Symbol Definition SI Customary
Pa> See ASME BPVC, Section VIII, Division 1, UG-28
P; Gage pressure during service condition i kPa psi
P; Piping maximum internal pressure for load case j = 1; multiple cases subscripted, 2, 3, ... kPa psi
P Maximum allowable internal pressure for miter bends kPa psi
Prnax Maximum allowable gage pressure for continuous operation of component at maximum kPa psi
design temperature
Ps Limiting design pressure based on column instability, for convoluted U-shaped bellows kPa psi
Pr Minimum test gage pressure kPa psi
R Range of reaction forces or moments in flexibility analysis N or N-mm Ibf or in.-Ibf
Ry Effective radius of miter bend mm in.
Ry Bend radius of welding elbow or pipe bend mm in.
R, Estimated instantaneous reaction force or moment at installation temperature N or N-mm Ibf or in.-Ibf
R Estimated instantaneous maximum reaction force or moment at maximum or minimum N orN“mm Ibf or in.-1bf
metal temperature
Rinin Minimum ratio of stress ranges (see para. IP-3.8.4 for further details)
Rt Ratio of the average temperature-dependent trend curve value of tensile strength to the
room temperature tensile strength
Ry Ratio of the average temperature-dependent trend curve value of yield strength to the
room temperature yield strength
r2 Mean radius of pipe using nominal wall thickness, T mm in.
ri Ratio of lesser computed displacement stress range, S;, to maximtun computed stress
range, Sp (i=1, 2, ...)
T Ratio of lesser computed operating stress range, S;, to maximim computed stress range,
Se(i=1,2.)
Iy External contour radius of extruded outlet mm in.
S Basic allowable stress for metals MPa ksi
S Bolt design stress MPa ksi
S Allowable stress for metals MPa ksi
S Stress intensity MPa ksi
Sa Allowable stress range for displacement stress MPa ksi
Sa Bolt design stress at,atmospheric temperature MPa ksi
Sa Stress due to axial force MPa ksi
Sp Bolt design stress-at design temperature MPa ksi
Sh Resultant bending stress MPa ksi
Se Basic allowable stress at minimum metal temperature expected during the displacement MPa ksi
cycle.nnder analysis
Sq Allowable stress from Mandatory Appendix IX, Table IX-1A for the material at design MPa ksi
temperature
Sk Computed displacement stress range MPa ksi
Sg Maximum operating stress range MPa ksi
S¢ Allowable stress for flange material or pipe MPa ksi
Su Mean long-term hydrostatic strength (LTHS) kPa psi
Sh Basic allowable stress at maximum metal temperature expected during the displacement MPa ksi
cycle under analysis
Si A computed displacement stress range smaller than Sg (i =1, 2, ...) MPa ksi
Si A computed operating stress range smaller than Sz (i = 1, 2, ...) MPa ksi
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Units [Note (1)]

U.S.
Symbol Definition SI Customary
Si Equivalent stress during service condition, i (the higher of S,; and S;) MPa ksi
S Sum of longitudinal stresses MPa ksi
So Operating stress MPa ksi
Soa Allowable operating stress limit MPa ksi
Som Greatest of maximum operating stress and maximum operating stress range MPa ksi
Spi Equivalent stress for pressure during service condition, i MPa k$i
Ss Mean short-term burst stress kPa p$i
Ssa Stress due to the sustained axial force summation kPa p$i
Ssb Stress due to the indexed sustained bending moments’ vector summation kPa p$i
St Stress due to the sustained torsional moment kPa p$i
St Specified minimum tensile strength at room temperature MPa ksi
Sr Allowable stress at test temperature MPa k$i
Se Torsional stress MPa ki
St Total stress range for design fatigue curves applying to austenitic stainless steel expansion i
joints
Sy Specified minimum yield strength at room temperature MPa ksi
S, Yield strength (ASME BPVC() MPa k$i
Syt Yield strength at temperature MPa k$i
N Miter spacing at pipe centerline mm in}.
T Pipe wall thickness (measured or minimum per purehase specification) mm in.
T, Minimum thickness of fabricated lap mm in.
Ty Branch pipe wall thickness (measured or minilniim per purchase specification) mm in.
T, Crotch thickness of branch connections mm in}.
Tk Design temperature during service condition, i (temperature corresponding to S, °C °F
Mandatory Appendix IX, Table IX-1A)
Th Header pipe wall thickness (measured or minimum per purchase specification) mm in.
T; Actual temperature during gervice condition, i °C °F
T; Pipe maximum or minimam metal temperature for load case j = 1; multiple cases °C °F
subscripted, 2, 3, ..}
T, Minimum thickness of reinforcing ring or saddle made from pipe (nominal thickness if mm in.
made from:plate)
Ts Effective~branch wall thickness mm in.
Ty Correded finished thickness of extruded outlet mm in}.
T Nominal wall thickness of pipe mm in.
T, Nominal branch pipe wall thickness mm in.
T, Nominal header pipe wall thickness mm in.
T, Nominal thickness of reinforcing ring or saddle mm in.
T, Nominal wall thickness, thinner of components joined by butt weld mm in.
t Pressure design thickness mm in.
ty Pressure design thickness of branch mm in.
t. Throat thickness of cover fillet weld mm in.
ty Pressure design thickness of header mm in.
t; Total duration of service condition, i, at pressure, P; and temperature, T; h hr
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Units [Note (1)]

U.s.
Symbol Definition SI Customary
tm Minimum required thickness, including mechanical, corrosion, and erosion allowances mm in.
Cimin For branch, the smaller of T, or T, mm in.
tyi Rupture life of a component subjected to repeated service conditions, i, and stress, S; h hr
U Straight line distance between anchors m ft
u Creep-rupture usage factor, summed up from individual usage factors, t;/t.;

Factor for modifying the allowable stress range, S, for bellows expansion joint (see
para. IP-3.8.4 for further details)
X1 Ring reinforcement area mm? .2
X, Fillet weld reinforcement area mm? in.2
Xmin Size of fillet weld to slip-on or socket welding flange mm in.
Y Coefficient for effective stressed diameter
Y+ Single acting support — a pipe support that provides support to the piping system in only
the vertically upward direction

y Resultant of total displacement mm in.
A Section modulus of pipe mm? in3
Z, Effective section modulus for branch mm?® in3
a Angle of change in direction at miter joint deg deg
B Smaller angle between axes of branch and run deg deg
AT, Range of temperature change for full cycle °C °F
AT, Range of temperature change for lesser cycle (n = 1, 2, ...) °C °F
[} Angle of miter cut deg deg

GENERAL NOTE: For Code reference to this Appendix, see para. GR-1.7.

NOTE: (1)|Notethatthe use of these unitsis notrequired by the'€ode. They represent sets of consistent units (except where otherwise stateq) that
may be usdd in computations. Stress values given in ksi (MPa).may be multiplied by 1,000 for use in equations that involve pressure in psi[kPa).
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MANDATORY APPENDIX Vil
GAS LEAKAGE AND CONTROL CRITERIA

VIil-1 SCOPE rate of dissipation when the space is ventilpted and
] ) ) L ) ) the rate of accumulation when the spacé, is'‘reqealed.
This Appendix provides criteria for detection, grading, ;
and [control of hydrogen gas leakage in pipelines and ~ SMall substructures (other than hydrogen-ajsociated
unddrground piping in process units. substructures): any subsurface structures thatarg of insuf-
ficient size to accommodate a person, such as telephone
ViI-2 DEFINITIONS and electrical ducts and condujt’ or non-hydrogen-asso-
I e . . . ciated valve and meter boxes, and in which hydrogen
NOTE: These definitions are applicable to this Appendix only. gas could accumulate_or-thigrate.
bar hole: a hole that is made in the soil or paving for the tunnel: a subsurfaceipassageway large enough fof a person
specffic purpose of testing the subsurface atmosphere to enter and in which hydrogen gas could accymulate.
with|a hydrogen detector.
building: any structure that is normally or occasionally VII-3 LEAKAGE SURVEY AND TEST METHODS
entefed by humans for business, residential, or other
purposes, and in which hydrogen gas could accumulate. VII-3.1:Surveys and Methods
enclgsed space: any subsurface structure, such as vaults, The following hydrogen gas leakage surve}./ 4 and te§t
catch basins, or manholes, of sufficient size to accommo- meth(')ds .may. be employed, a.s appl'lcable, sinfgly or in
datela person, and in which hydrogen gas could accumu- combination, in accordance with written procegdures:
late. (a) surface hydrogen gas survey
f. includi hol
follow-up inspection: an inspection performed.after a sug\% Ssl)lbsur ace gas detector survey (including bar hole
repajr has been completed to determine the effectiveness y .
f the repair (c) vegetation survey
° ) (d) pressure drop test
gas detector: a device capable of detecting and measuring (e) bubble leakage test
hydrjogen gas concentrations in the atmosphere. (f) ultrasonic leakage test
hydrpgen-associated substructuré;_a device or facility Other survey and test methods may be employfed if they
utilized by a hydrogen gas company, such as a valve are deemed appropriate and are conducted in agcordance
box,|vault, test box, or vented casing pipe, that is not ~ With procedures that have been tested and proven to be at
intepded for storing, transmitting, or distributing  least equal to the methods listed in this sectiop.
hydrogen gas. . X
yarpeen & NN _ VII-3.2 Surface Hydrogen Gas Detection $urvey
LEL:[the lower explosive limit of the gas (hydrogen) being L.
tran. ported; this.is reported to be approximately 18% by VIlI-3.2.1 Definition. This survey is a coptinuous
volufne in air’by NASA, NSS 1740.16. sampling of the atmosphere at or near groundlevel for
LFL:the lower flammable limit of the gas (hydrogen) being burleddh}i/dgogen gas faglll‘.c;.ets- and .atc}il]acent tg atbo;/e-
trangported; this is reported to be approximately 4% by ground hycrogen gas facilities With a gas [erector
voluhrelin v NASA NSS—1740-16 system capable of detecting a concentration of 50 ppm
e et by NASANSS 174016

ppm: parts per million

prompt action: dispatching qualified personnel without
delay for evaluating and, where necessary, abating the
existing or probable hazard.

reading: a repeatable deviation on a gas detector,
expressed in LEL. Where the reading is in an unvented
enclosed space, consideration should be given to the
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of hydrogen gas in air at any sampling point.

VII-3.2.2 Procedure. Equipment used to perform these
surveys may be portable or mobile. For buried piping,
sampling of the atmosphere shall take place, where prac-
tical, at no more than 51 mm (2 in.) above the ground
surface. In areas where the piping is under pavement,
samplings shall also be at curb lines, available ground
surface openings (such as manholes; catch basins;
sewer, power, and telephone duct openings; fire and
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traffic signal boxes; or cracks in the pavement or side-
walk), or other interfaces where the venting of hydrogen
gasislikely to occur. Sampling shall be adjacent to exposed
piping.

VII-3.2.3 Utilization. The use of this survey method
may be limited by adverse conditions (such as excessive
wind, excessive soil moisture, or surface sealing by ice or

water). The survey shall be conducted at speeds slow
enough to allow an adequate sample to be continuously

shall be determined by taking into consideration the
following:

(a) system layout

(b) amount and type of vegetation

(c) visibility conditions (such as lighting, reflected light,
distortions, terrain, or obstructions)

VII-3.4.3 Utilization. This survey method shall be
limited to areas where adequate vegetation growth is
firmly established. This survey shall not be condycted

obtained| by placement of equipment intakes over the
most loglical venting locations, giving consideration to
the locatjon of hydrogen gas facilities and any adverse
conditior}s that might exist.

VII-3.3

VII-3.3.1 Definition. This survey is a sampling of the
subsurfdce atmosphere with a gas detector or other
device capable of detecting 0.5% hydrogen gas in air
at the sanple point.

Bubsurface Hydrogen Gas Detection Survey

VII-3.3.2 Procedure. The survey shall be conducted by
performipg tests with a gas detector in a series of available
openings| (enclosed spaces and small substructures) and/
or bar hgles, over and/or adjacent to the hydrogen gas
facility. The location of the hydrogen gas facility and
its proximity to buildings and other structures shall be
consider¢d in the spacing of the sample points. Sampling
points shpll be as close as possible to the main or pipeline,
and nevgr further than 5 m (15 ft) laterally from the
facility. Along the route of the main or pipeline, sampling
points shall be placed at twice the distance between the
pipeline find the nearest building wall, or at 9 m.(30 ft),
whichevdr is shorter, but in no case need the §pacing be
less than|3 m (10 ft). The sampling pattern shall include
sample foints adjacent to service taps, street intersec-
tions, and known branch connections,as.well as sampling
points oYer or adjacent to buried service lines at the
building fwall.

VII-3.3.3 Utilization. Goed judgment shall be used to
determirfe when availablé“openings (such as manholes,
vaults, dr valve boxes).are sufficient to provide an
adequat¢ survey. Whenh necessary, additional sample
points (Har holes)’shall be made. Sampling points shall
be of suffjcient'depth to sample directly within the subsur-
face or spibstructure atmosphere.

under the following conditions:
(a) soil moisture content abnormally high
(b) vegetation dormant
(c) vegetation in an accelerated growth period, sufh as
in early spring
Other acceptable survey methods(shall be used forJoca-
tions within a vegetation survey area where vegetation is
not adequate to indicate thepresence of leakage.

VII-3.5 Pressure Drop, Test

if an
kage.

VII-3.5.1 Definition. This is a test to determine
isolated segment 6fpipeline loses pressure due to lea

VII-3.5.2 Procedure. Facilities selected for pregsure
drop testsishall first be isolated and then tested] The
following\criteria shall be considered in determjning
test_parameters:

(@) Test Pressure. A test conducted on existing faci
salely to detect leakage shall be performed ata pressy
least equal to the operating pressure.

(b) Test Medium. The test medium may be hydroggn, an
inert gas, or water.

(c) Test Duration. The duration of the test shall
sufficient length to detect leakage. The following shg
considered in the determination of the duration:

(1) volume under test

(2) time required for the test medium to be
temperature stabilized

(3) sensitivity of the test instrument

ities
reat

be of
11 be

ome

used
on a
this
Facil-
ther
the

VII-3.5.3 Utilization. Pressure drop tests shall be
only to establish the presence or absence of a leak
specifically isolated segment of a pipeline. Normallyj]
type of test will not provide aleak location; therefore,
ities on which leakage is indicated may require fu
evaluation by another detection method so tha
leak may be located, evaluated, and graded.

VII-3.4 Vegetation Survey

VII-3.4.1 Definition. This survey uses visual observa-
tions to detect abnormal or unusual indications in vegeta-
tion.

VII-3.4.2 Procedure. All visual indications shall be
evaluated using an appropriate detector. Personnel
performing these surveys shall have good all-around visi-
bility of the area being surveyed, and their speed of travel
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VII-3.6 Bubble Leakage Test

VII-3.6.1 Definition. This is the application of soapy
water or other bubble-forming solutions on exposed
piping to determine the existence of a leak.

VII-3.6.2 Procedure. The exposed piping systems shall
be reasonably cleaned and completely coated with the
solution. Leaks are indicated by the presence of
bubbles. The bubble-forming solution shall not be used
on piping unless it has been determined by investigation

(23)
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or test that the piping is adequately resistant to direct VII-4.2 Calibration of Instruments

contact with the solution.
Each instrument used for leak detection and evaluation

VII-3.6.3 Utilization. The test method may be used for  shall be calibrated in accordance with the manufacturer’s

the following: recommended calibration instructions as follows:

(a) testing exposed aboveground portions of a system (a) after any repair or replacement of parts.
(such as meter set assemblies or exposed piping or bridge (b) on a regular schedule, giving consideration to the
crossing) type and usage of the instrument involved. Gas detectors

(b) testing a tie-in joint or leak repair that is not  shall be checked for calibration at least once each month
included in a pressure test while in use

(c) atany time itis suspected that the instrampnt’s cali-

VII-3.7 Ultrasonic Leakage Test bration has changed.

VIJ-3.7.1 Definition. This is the testing of exposed
piping facilities with an instrument capable of detecting ~ VII-5 LEAKAGE CLASSIFICATION /AND ACTION

the Yiltrasonic energy generated by escaping gas. The CRITERIA
instfument used shall be suitable for the pressure
involved. VII-5.1 General
VI|-3.7.2 Procedure. In the testing of a gas facility by This section establishes'a procedure by which leakage
this nethod, the following shall be considered: indications of flammable gas can be graded and c¢ntrolled.

(a) Line Pressure. As the line pressure increases, the ~ When evaluatingtany hydrogen gas leak indicqtion, the
maghitude of the ultrasonic energy generated by a leak  preliminary stepJis to determine the perimeter of the
incrdases. leak area. When this perimeter extends to a|building
(b} Location of Facility. Objects near or surrounding a wall, the/inveéstigation shall continue into the huilding.
facility being tested may reflect or attenuate the ultrasonic

VII<5.2" Leak Grades

energy generated, making it difficult to detect or pinpoint
the Ieak. Based on an evaluation of the location or magnfitude of a

(c] Leak Frequency. A number of leaks in a given area , “yeak, or both, one of the following leak gradeq shall be
can greate a high ultrasonic background level that may;3* agsigned, thereby establishing the leak repair priority:

redufce the detection capabilities of this type of test, (a) Grade 1isaleakthatrepresents an existing or prob-
(d) Type of Facility. Pneumatic and gas-operated equip- able hazard to persons or property and requires

ment generate ultrasonic energy. The location and amount immediate repair or continuous action until the cpnditions
of thfs type of equipment shall be known to détermine if 43¢ no longer hazardous.

the pltrasonic background is too high.,Personnel (b) Grade 2 is a leak that is recognized as b¢ing non-
conducting this test shall scan the entire area to eliminate hazardous at the time of detection, but requires scheduled
the fracking of reflected indications$:-VUlitrasonic indica- repair based on probable future hazard.

tionq of leakage shall be verified and/or pinpointed by (c) Grade 3 is aleak thatis nonhazardous at the time of
one pf the other acceptable survey or test methods. detection and can be reasonably expected to rerhain non-

VI|-3.7.3 Utilization. THe ultrasonic test may be used ~ hazardous.
for the testing of exposed.piping facilities; however, if the
ultrasonic background:level produces a full-scale meter
ng with the/gain set at midrange, the facility shall Criteria for leak classification and leakage cqntrol are
be tgsted by seme-other survey method. provided in Tables VII-5.3-1, VII-5.3-2, and VII-§.3-3. The

examples of leak conditions provided in the tpbles are
INSTRUMENTS FOR THE DETECTION OF GAS  presented as guidelines and are not exclusive. The judg-
ment of the operating company personnel at the cene is of
primary-impertaheein-determining-thegrade-assigned to

VII-5.3 Leak Classification and Action Crfteria

Each instrument used for leak detection and evaluation
shall be operated in accordance with the manufacturer’s
recommended operating instructions and tested daily or
prior to use to ensure proper operation. When a leak is to be reevaluated (see action criteria in

Tables VII-5.3-2 and VII-5.3-3), it shall be classified using
the same criteria as when the leak was first discovered.

VII-5.4 Reevaluation of a Leak
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Table VII-5.3-1

Leak Classification and Action Criteria: Grade 1

Grade

Definition

Action Criteria

Examples

1

A leak that represents an
existing or probable
hazard to persons or
property, and requires
immediate repair or
continuous action until
the conditions are no

Requires prompt action

[Note (1)] to protect life
and property, and
continuous action until
the conditions are no
longer hazardous

(1) Any leak that, in the judgment of operating personnel at the
scene, is regarded as an immediate hazard

(2) Escaping gas that has ignited

(3) Any indication of gas that has migrated into or under
a building or into a tunnel

(4) Any reading at the outside wall of a building, or where gas would

likely migrate to an outside wall of a building

pnger nazaraous

(5) ANy Teading of 80% LEL OF Breater I an enciosed space ]

(6) Any reading of 80% LEL or greater in small substructures from whig
gas would likely migrate to the outside wall of a building

(7) Any leak that can be seen, heard, or felt, and that is in a locatien tha
may endanger the general public or property

NOTE:

(1)| The prompt action in some instances may require one or more of the following:
(a) limplementing company emergency plan (see para. GR-5.2.2)

(b) levacuating premises
(c) blocking off an area
(d) |rerouting traffic

(e) leliminating sources of ignition

(f) Venting the area

(g) |stopping the flow of gas by closing valves or other means
(h) |notifying police and fire departments

Table VII-5.3-2

Leak Classification and Action Criteria: Grade 2

Grade

Definition

Action Criteria

Examples

A lpak that is nonhazardous
4t the time of detection,
ut justifies scheduled
1epair based on

#robable future hazard

Leaks shall be repaired or cleared, within
1 calendar year, but no later than
15 months from the date;the leak
was reported. In determining the
repair priority, critefia‘such as the
following shall pe considered:
(a) amount and“migration of gas
(b) proximity of gas to buildings and
subsurface Structures
(c) extent of pavement
(d)\soil type and soil conditions (such
ag frost cap, moisture, and natural
venting)

Grade 2 leaks shall be reevaluated at
least once every 6 months until
cleared. The frequency of reevaluation
shall be determined by the location
and magnitude of the leakage
condition.

Grade 2 leaks may vary greatly in
degree of potential hazard. Some
Grade 2 leaks, when evaluated by the

abeve-criteria—mav—tustifischaduled
T T J

(1) Leaks requiring action ahead of ground freezing
or other adverse changes in venting conditions.
Any leak that, under frozen or other adverse
soil conditions, would likely migrate to a
building.

(2) Leaks requiring action within 6 months
(a) any reading of 40% LEL or greater under a

sidewalk in a wall-to-wall paved area that

does not qualify as a Grade 1 leak
(b) any reading of 100% LEL or greater under a

street in a wall-to-wall paved area that has

significant gas migration and does not

qualify as a Grade 1 leak
(c) any reading less than 80% LEL in small

substructures from which gas would likely

migrate, creating a probable future hazard

(d) any reading between 20% LEL and 80% LEL
in an enclosed space

(e) any reading on a pipeline operating at hoop

stress levels of 30% SMYS or greater, in a

Class 3 or 4 location, that does not

qualify as a Grade 1 leak
(f) any leak that, in the judgment of operating

repair within the next 5 working days.
Others will justify repair within 30
days. During the working day on
which the leak is discovered, these
situations shall be brought to the
attention of the individual responsible
for scheduling leak repair.

On the other hand, many Grade 2 leaks,

because of their location and magnitude,

can be scheduled for repair on a
normal routine basis with periodic
reinspection as necessary.

company personnel at the scene, 1s of
sufficient magnitude to justify scheduled
repair
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Table VII-5.3-3
Leak Classification and Action Criteria: Grade 3

Grade Definition Action Criteria Examples
3 A leak that is nonhazardous These leaks shall be reevaluated during Leaks requiring reevaluation at periodic intervals
at the time of detection the next scheduled survey or within (1) any reading of less than 20% LEL in an
and can be reasonably 15 months of the date reported, enclosed space
expected to remain whichever occurs first (2) any outdoor readings where it is unlikely
nonhazardous that the gas could migrate to a building
VII-6 PINPOINTING used with caution to avoid the distorting ef the venting
patterns.
VII-6.1 Scope (f) Once the underground leakage has/been iflentified,
. T . . additional holes and deeper holes shall be probed to
Pihpointing is a systematic process of tracing a detected
. bracket the area more closely. For example, test holes
hydrjogen gas leak to its source. L
may be spaced 2 m (6 ft) apartinitially. The 4-m (6-ft)
VII-6.2 Procedure spacing between the twohighest test holes mjght then
be probed with additional’test holes with spacing as

(a) Determine the migration of gas by establishing the close as 300 mm (120in)).
outef boundaries of the indications. This will define the (9) Additional tests include taking gas detegtor read-
areafin which the leak will normally be located. These tests ings at the top of'a bar hole or using a manometer or
shall be made with a gas detector without expending bubble-forming solution to determine which|bar hole
excepsive effort providing sample points. has the greatest positive flow. Other indications are

(b} Locate all gas lines to narrow the area of a search, dust particles blowing from the bar holes, the [sound of
giving particular attention to the location of valves, gascoming from the bar hole, or the feel of|gas flow
fittirjgs, tees, and stubs. Connections have a relatively  on-a Sensitive skin surface. On occasion, sunlight diffrac-
high|probability of leakage. Caution shall be exercised tion can be observed as the hydrogen gas ver]ts to the
to prevent damage to other underground structures atmosphere.
during barring or excavating. (h) When hydrogen gas is found in an undgrground

(c] ldentify foreign facilities in the area of search. Leok conduit, tests at available openings may be used to
for gvidence of recent construction activities that‘could isolate the source, in addition to the techniques pyeviously
havqg contributed to the leakage. Hydrogen\gas may mentioned. Many times the leak is found at the|intersec-
also|migrate and vent along a trench provided for  tion of the foreign conduit and a hydrogen gas|line, and
other utilities. particular attention shall be given to these locations.

(d)) Place evenly spaced bar or tést holes over the (i) When the pattern of the gas detector reaflings has
susgected leaking gas line and/trace the gas to its stabilized, the bar hole with the highest reafling will
sourfe by identifying the test holeswith the highest read- usually pinpoint the leak.
ings.JAll bar holes shall be of equial depth and diameter, and (j) When and where piping has been exposed/|test with
down to the pipe depth whére)necessary, to obtain consis- ~ bubble-forming solution, particularly to locat¢ smaller
tent jand worthwhile readings. All gas detector readings leaks.
shalllbe taken at an egiialdepth. Only the highest sustained
readjngs shall be utilized. VII-6.3 Precautions

(€] ngh readings are founq frequently h more than Unusual situations, which are unlikely but posgible, may
one adjacentdbar hole, and additional techniques are nec- - . )

. . L complicate these techniques. For example, multiple leaks,
essary to.determine which reading is closest to the prob- . - - . .
. . which give confusing data, can occur. To elimjnate this
able [source. Many of the bar hole readings will normally ; Lo
decli . . . . potential complication, the area shall be rqchecked

dissipate excess hydrogen gas from the underground loca-
tions to hasten this process. Evaluation methods shall be
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after repairs are completed.
ally form pockets and give a strong indication

ydrogen gas may occasion-

until the

cavity in which the pocket has formed has been vented.
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MANDATORY APPENDIX IX
ALLOWABLE STRESSES AND QUALITY FACTORS FOR METALLIC
PIPING, PIPELINE, AND BOLTING MATERIALS

IX-1 INTRODUCTION

This Appendix contains the following tables:

(a) Taple IX-1A for basic allowable stresses and Table
[X-1B fo1| specified minimum yield strengths

(b) Taple IX-2, Basic Casting Quality Factors, E,

(c) Taples IX-3A and IX-3B for longitudinal joints
factors

(d) Taple IX-4, Design Stress Values for Bolting Mate-
rials

(e) Taples IX-5A through IX-5C for material perfor-
mance factors

IX-2 TABLE IX-1

This table is split into two tables by usage: Table IX-14,
Basic Allgwable Stresses in Tension for Metal Piping Mate-
rials; and Table IX-1B, Specified Minimum Yield Strength
for Steel [Pipe Commonly Used in Pipeline Systems.

The specifications noted are either ASTM or API stan-
dards. The material classifications listed includetthe
following:

(a) catbon steel

(1) pipes and tubes
(2) pipes (structural grade)
(3) plates and sheets
(4) plates and sheets (structural)
(5) forgings and fittings
(6) tastings
(b) low and intermediate*alloy steel
(1) pipes
(2) plates
(3) forgings‘and fittings
(4) fastings

(c) stdinless’steel
(1) aL-i-pes-a-nel—t-ubcs

(e) nickel and nickel alloy
(1) pipes and tubes
(2) plates and sheets
(3) forgings and fittings
(4) rod and bar
(f) aluminum alloys
(1) seamless pipes and\tubes
(2) welded pipes andtubes
(3) structural tubes
(4) plates and sheets
(5) forgings and fittings
(6) castings

IX-3 TABLE IX-3

This table is split into two tables by usage: Table I[X-3A4,
Basic Quality Factors for Longitudinal Weld Joints in Hipes,
Tubes, and Fittings, Ej;; and Table IX-3B, Longitudlinal
Joints Factors for Pipeline Materials.

The specifications noted are either ASTM or API ptan-
dards. The material classifications listed includ¢ the
following:

(a) steel

(1) carbon steel
(2) low and intermediate alloy steel
(3) stainless steel

(b) copper and copper alloys

(c) nickel and nickel alloys

(d) aluminum alloys

IX-4 TABLE IX-4

This table covers design stress values for bolting rate-
rials.

(2) plates and sheets
(3) forgings and fittings
(4) bar
(5) castings
(d) copper and copper alloys
(1) pipes and tubes
(2) plates and sheets
(3) forgings
(4) castings

IX-5—TABLE1X-5

This table is split into the following three tables by
usage:

(a) TableIX-5A, Carbon Steel Pipeline Materials Perfor-
mance Factor, Hy

(b) Table IX-5B, Carbon Steel Piping Materials Perfor-
mance Factor, My

(c) Table IX-5C, Low and Intermediate Alloy Steels
Performance Factor, My
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi

[Note (3)], at Metal

Temperature, °F

Min Min.
P-No. Temp., °F Temp.
Material———SpeeNo—Note(H}——6Grade————Notes———{Note(2)}Fensite—Yield—to166—260—300
Carbon Stpel — Pipes and Tubes [Note (5)]
A285 Gr. A A672 1 A45 (38) (40) (44) B 45 24 15.0 ~\14.6 14.2
Smls & ERW API 5L 1 A25 (4) (38) (40) (50) B 45 25 150 W50 147
A179 1 (38) (40) -20 47 26 15,7 15.0 14.2
A139 1 A (10b) (50) A 48 30 16.0 16.0 16.0
A587 1 (38) (40) -20 48 30 16.0 16.0 16.0
AS53 1 A (4) (38) (40) B 48 30 16.0 16.0 16.0
A106 1 A (38) B 48 30 16.0 16.0 16.0
A135 1 A (38) (40) B 48 30 16.0 16.0 16.0
A369 1 FPA (38) B 48 30 16.0 16.0 16.0
API 5L 1 A (4) (38) (40) (50) B 48 30 16.0 16.0 16.0
A285 Gr. H A672 1 A50 (38) (40) (44) B 50 27 16.7 16,5 159
A524 1 II (38) -20 55 30 183 183 17.7
A333 1 1 (38) (40) -50 55 30 183 183 17.7
A334 1 1 (38) (40) -50 55 30 183 183 17.7
A285 Gr. @ A671 1 CA55 (40) (44) A 55 30 183 183 17.7
A285 Gr. A672 1 A55 (38) (40) (44) A 55 30 183 183 177
A516 Gr. 55 A672 1 C55 (38) (44) C 55 30 183 183 17.7
A516 Gr. g0 A671 1 €C60 (38) (44) C 60 32 200 195 189
A516 Gr. g0 A672 1 €60 (38) (44) C 60 32 200 195 189
A139 1 B (10b) A 60 35 20.0 20.0 20.0
A135 1 B (38) (40) B 60 35 20.0 20.0 20.0
A524 1 I (38) -20 60 35 20.0 20.0 20.0
A53 1 B (4) (38) (40) B 60 35 20.0 20.0 20.0
A106 1 B (38) B 60 35 20.0 20.0 20.0
A333 1 6 (38) -50 60 35 20.0 20.0 20.0
A334 1 6 (38) -50 60 35 20.0 20.0 20.0
A369 1 FPB (38) -20 60 35 20.0 20.0 20.0
A381 1 Y35 A 60 35 20.0 20.0 20.0
API 5L 1 B (4) (38) (40) (50) B 60 35 20.0 20.0 20.0
A139 1 C (10b) A 60 42 20.0 20.0 20.0
A139 1 D (10b) A 60 46 20.0 20.0 20.0
API 5L 1 X42 (4) (36) (50) A 60 42 20.0 20.0 20.0
A381 1 Y42 A 60 42 20.0 20.0 20.0
A381 1 Y48 A 62 48 20.7 20.7 20.7
A381 1 Y46 A 63 46 21.0 21.0 21.0
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

400 560 666 656 766 756 866 856 9566 956 1,666 Grade Spee—Np.
Carbon Steel — Pipes and Tubes [Note)[5)]
13) 13.0 12.3 11.9 11.5 10.7 9.2 7.8 5.9 4.0 25 A45 A672
14.p A25 API 5L
14.B 14.1 13.3 12.8 12.4 10.7 9.2 7.9 5.9 4.0 25 . A179
16.p 16.0 15.3 14.6 12.5 10.7 9.2 7.9 A587
16.p 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 25 A A53
16.p 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 25 A A106
16.p 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0, 25 A A135
16.p 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 40 25 FPA A369
16.p 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 25 A API 5L
15.p 14.7 13.8 13.3 12.5 10.7 9.2 7.9 5.9 4.0 2.5 A50 A672
17 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 25 11 A524
17 16.3 15.3 14.8 14.3 13.0 10.8 8,7 5.9 4.0 25 1 A333
171 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 25 1 A334
17.L 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 CA55 A671
17.L 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 A55 A672
17 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 25 (55 A672
18.p 17.4 16.4 15.8 15.3 18.9 11.4 8.7 5.9 4.0 25 CCe60 A671
18.p 17.4 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 25 C60 A672
19.p 19.0 17.9 173 16.7 13.9 11.4 8.7 5.9 4.0 25 B A135
19.p 19.0 17.9 178 16.7 13.9 11.4 8.7 5.9 4.0 25 1 A524
19.p 19.0 17.9 17.3 16.7 139 11.4 8.7 5.9 4.0 25 B A53
19.p 19.0 179 17.3 16.7 139 11.4 8.7 5.9 4.0 25 B A106
19.p 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.3 4.0 25 6 A333
19.p 19:0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 25 6 A334
19.p 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 25 FPB A369
19.p 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 25 Y35 A381
19.9 19.0 17.9 17.3 16.7 139 11.4 8.7 5.9 4.0 25 B API 5L
C A139
20.0 X42 API 5L
20.0 Y42 A381
20.7 20.7 20.7 18.7 Y48 A381
21.0 Y46 A381
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, ksi

Specified Min. [[Note (3)], at Metal

Strength, ksi | Temperature, °F

Min. Min.
P-No. Temp., °F Temp.
Material————Spee—No—{Note{(H}——6rade————Notes———[Note(23}-Fensite—¥ield—to-166—260—300
Carbon Stpel — Pipes and Tubes [Note (5)]
A381 1 Y50 A 64 50 21.3 . \21.3 213
A516 Gr. 45 A671 1 CC65 (38) (44) B 65 35 21,7 214 1206
A516 Gr. 45 A672 1 C65 (38) (44) B 65 35 21.7 214 1206
A139 1 E (10b) A 66 52 220 22.0 220
API 5L 1 X52 (4) (36) (50) A 66 52 22.0 220 220
A381 1 Y52 A 66 52 22.0 220 220
A516 Gr. 70 A671 1 CC70 (38) (44) B 70 38 233 232 124
A516 Gr. 70 A672 1 C70 (38) (44) B 70 38 233 232 124
A106 1 C (38) B 70 40 233 233 233
A537 Cl. 1|(s2% in. thick) A671 1 CD70 (44) D 70 50 233 233 128
A537 Cl. 1 (521/2 in. thick) A672 1 D70 (44) D 70 50 233 233 228
A537 Cl. 1|(2% in. thick) A691 1 CMSH70 (44) D 70 50 233 233 1228
API 5L 1 X56 (4) (34)36) (47) (50) A 71 56 23.7 23.7 237
A381 1 Y56 (34)\(36) (47) A 71 56 23.7 23.7 237
A299 (>1 fn. thick) A671 1 CK75 (38) (44) A 75 40 250 244 136
A299 (>1 fn. thick) A672 1 N75 (38) (44) A 75 40 250 244 136
A299 (>1 in. thick) A691 1 CMS75 (38) (44) A 75 40 25.0 244 1236
A299 (=1 in. thick) A671 1 CK75 (38) (44) A 75 40 25.0 25.0 248
A299 (<1 in. thick) A672 i N75 (38) (44) A 75 40 250 250 248
A299 (=1 . thick) A691 1 CMS75  (38) (44) A 75 40 250 250 148
API 5L 1 X60 (4) (34) (36) (47) (50) A 75 60 25.0 25.0 25.0
API §b 1 X65 (4) (34) (36) (47) (50) A 77 65 25.7 257 25.7
APIN\SL 1 X70 (4) (34) (36) (47) (50) A 82 70 273 273 273
API 5L 1 X80 (4) (34) (36) (47) (50) A 90 80  30.0 300 30.0
A381 1 Y60 (34) (47) A 75 60 25.0 25.0 25.0
Carbon Stpel &-Pipes (Structural Grade) [Note (5)]
A1011 Gr.[33 A134 1 (10a) (10c) -20 52 33 17.3 173 17.3
A1011 Gr. 36 Type 1 A134 1 (10a) (10c) -20 53 36 17.7 17.7 17.7
A1011 Gr. 40 A134 1 (10a) (10c) =20 55 40 183 183 183
A1011 Gr. 45 A134 1 (10a) (10c) -20 60 45 20.0 20.0 20.0
A1011 Gr. 50 Al134 1 (10a) (10c) -20 65 50 21.7 217 217
Carbon Steel — Plates and Sheets
A516 1 55 (38) C 55 30 183 183 17.7
A516 1 60 (38) C 60 32 20.0 19.5 189
A516 1 65 (38) B 65 35 21.7 214 20.6
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

40( ad —Np.
Carbon Steel — Pipes and Tubes [Note (5)] (Cot&'d)
21.B 21.3 21.3 18.7 Y50 A381
19.p 19.0 17.9 17.3 16.7 13.9 11.4 9.0 6.3 4.0 2.5 CC65 A671
19.p 19.0 17.9 17.3 16.7 13.9 11.4 9.0 6.3 4.0 25 Ce65 A672
E A139
22D X52 API 5L
22.p Y52 A381
21p 20.6 19.4 18.8 18.1 14.8 12.0 9.3 6.3 4.0 2.5 CC70 A671
21p 20.6 19.4 18.8 18.1 14.8 12.0 9.3 6.3 40 25 C70 A672
22B 21.7 20.4 19.8 18.3 14.8 12.0 C A106
227 22.7 22.4 219 18.3 CD70 A671
22y 22.7 22.4 219 18.3 D70 A672
22 22.7 22.4 21.9 183 CMSH70 A691
23f X56 API 5L
23f Y56 A381
228 21.7 20.4 19.8 19.1 15.7 12.6 9.3 6.7 4.0 2.5 CK75 A671
228 21.7 20.4 19.8 19.1 15.7 12.6 9.3 6.7 4.0 2.5 N75 A672
22B 21.7 20.4 19.8 19.1 15.7 12.6 9.3 6.7 4.0 2.5 CMS75 A691
23p 22.8 21.5 20.8 19.6 CK75 A671
23p 22.8 215 20.8 196 N75 A672
23.p 22.8 215 20.8 19.6 CMS75 A691
25p X60 API 5L
25 X65 API 5L
27.B X70 API 5L
30.p X80 API 5L
25p Y60 A381
Carbon Steel — Pipes (Structural Grade) [Note [5)]
17.B Al134
17.7 Al134
18.3 A134
20.0 Al134
21.7 Al134
Carbon Steel — Plates and Sheets
17.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 55 A516
18.2 17.4 16.4 15.8 15.3 13.9 11.4 8.7 60 A516
19.9 19.0 17.9 17.3 16.7 13.9 11.4 9.0 65 A516
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi
[Note (3)], at Metal
Temperature, °F

Min.
Temp.

Material———SpeeNo—Note(H}——6Grade————Notes———{Note(2)}Fensite—Yield—to166—260—300

Carbon Stgel — Plates and Sheets

A516 1 70 (38) B 70 38 23.2 232 224
(s2% in. thick) A537 1 clL1 D 70 50 233 233 128
(>1 in. thidk) A299 (38) A 75 40 250 244 136
(<1 in. thi]k) A299 (38) A 75 42 250 25.0 24.8
Plates and Sheets (Structural)
A1011 1 30 (10¢) (38) A 49 30 163 163 163
A1011 1 33 (10¢) (38) A 52 33 173 173 173
A1011 1 36 (10¢) (38) A 53 36 17.7 177 17.7
A1011 1 40 (10¢) (38) A 55 40 183 183 183
A36 1 (10¢) (51) A 58 36 193 193 19.3
A1011 1 45 (10¢) (38) A 60 45 200 20.0 200
A1011 1 50 (10¢) (38) A 65 50 217 217 117
Carbon Stpel — Forgings and Fittings [Note (5)]
A350 1 LF1 (1) (38) (40) -20 60 30 200 183 17.7
A181 1 Cl. 60 (11) (38) (40) A 60 30 200 183 17.7
A420 1 WPL6 (38) -50 60 35 200 20.0 200
A234 1 WPB (38) (40) B 60 35 200 20.0 200
A350 1 LF2 (11) (38) -50 70 36 233 219 1213
A105 1 (11) (38) (40) -20 70 36 233 220 1.2
A181 1 Cl. 70 (11) (38) (40) A 70 36 233 220 1.2
A234 1 WPC (38) (40) B 70 40 233 233 133
Carbon Stpel — Castings [Note.(5)]
A216 1 WCA (38) -20 60 30 200 183 17.7
A352 1 LCB (11) (38) -50 65 35 217 214 106
A216 1 WCB (11) (38) -20 70 36 233 220 1.2
A216 1 wce (11) (38) -20 70 40 233 233 133
Low and Intermediate Alloy Steel Pipes [Note (5)]
cr-Y%,Mo A335 3 P2 -20 55 30 183 183 17.5
Y% Cr-Y4Mo A387 Gr. 2 Cl. 1 A691 3 Y%CR (13) (44) -20 55 33 183 183 183
C-%4Mo A335 3 P1 (39) -20 55 30 183 183 17.5
C-%%4Mo A369 3 FP1 (39) -20 55 30 183 183 175
Ycr-Y4Mo A369 3 FP2 -20 55 30 183 183 175
1Cr-"4Mo A387 Gr. 12 CL. 1 A691 4 1CR (13) (44) -20 55 33 183 183 183
Y,Cr-Y4Mo A426 3 CP2 (12) -20 60 30 184 17.7 17.0
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

ont'd)

40 -
Carbon Steel — Plates and Sheets AC
21.p 20.6 19.4 18.8 18.1 14.8 12.0 9.3 70 A516
22.f 22.7 224 219 18.3 ClL1 A537
228 21.7 20.4 19.8 19.1 15.7 12.6 9.3 6.7 4.0 25 A299
23p 22.8 21.5 20.8 19.6 15.7 12.6 9.3 6.7 4.0 25 A299
Plates and Sheets (Structufal)
16.B 16.3 15.3 14.6 12.5 10.7 30 A1011
17.B 17.3 16.9 14.6 12.5 10.7 33 A1011
17 17.7 17.7 14.6 12.5 10.7 36 A1011
18.B 18.3 18.3 18.3 15.6 13.0 40 A1011
19.B 19.3 18.4 17.8 15.6 A36
20.p 20.0 20.0 20.0 16.9 13.9 45 A1011
21 21.7 21.7 20.5 16.9 13.9 50 A1011
Carbon Steel — Forgings and Fittings [Note [5)]
17.L 16.3 15.3 14.8 14.3 13.8 11.4 8.7 5.9 4.0 2.5 LF1 A350
17.L 16.3 15.3 14.8 14.3 13.8 11.4 8.7 5.9 4.0 2.5 ClL 60 A181
19.p 19.0 17.9 17.3 16.7 139 11.4 8.7 5.9 4.0 25 WPL6 A420
19.p 19.0 17.9 17.3 16.7 18.9 11.4 8.7 5.9 4.0 25 WPB A234
20.p 19.4 17.8 17.4 173 14.8 12.0 7.8 5.0 3.0 45 LF2 A350
20.p 19.6 18.4 17.8 17.2 14.8 12.0 9.3 6.7 4.0 25 .. A105
20.p 19.6 18.4 178 17.2 14.8 12.0 9.3 6.7 4.0 25 ClL70 A181
228 21.7 20.4 19.8 18.3 14.8 12.0 WPC A234
Carbon Steel — Castings [Note [5)]
17.L 16.3 15.3 14.8 14.3 13.8 11.4 8.7 5.9 4.0 25 WCA A216
19.p 19.0 17.9 17.3 16.7 13.9 11.4 9.0 6.3 4.0 25 LCB A352
20.b 19:6 18.4 17.8 17.2 14.8 12.0 9.3 6.7 4.0 25 WCB A216
228 21.7 20.4 19.8 18.3 14.8 12.0 9.3 6.7 4.0 25 WcCC A216
Low and Intermediate Alloy Steel Pipes [Note (5)]
16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.8 9.2 59 P2 A335
18.3 17.9 17.3 16.9 16.6 13.8 13.8 13.4 12.8 9.2 59 CR A691
16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.7 8.2 48 P1 A335
16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.7 8.2 48 FP1 A369
16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.8 9.2 59 FP2 A369
18.3 17.9 17.3 16.9 16.6 16.3 15.9 15.4 14.0 11.3 7.2 1CR A691
16.3 15.6 14.9 14.6 14.2 13.9 13.5 13.2 12.5 10.0 6.3 CP2 A426
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi
[Note (3)], at Metal
Temperature, °F

Min. Min.
P-No. Temp., °F Temp.

Material———Spee—No—{Note-{H}——6rade————Notes———fNote{2)}-Fensite—¥ield—to166—260—3 00
Low and [thermediate Alloy Steel Pipes [Note (5)]
1YSi-4M A335 3 P15 -20 60 30 18.8 .182 17.6
1%8i-Y,M A426 3 CP15 (12) -20 60 30 188 V82 17.6
1Cr-%,Mo A426 4 CP12 (12) -20 60 30 188 183 17.6
5Cr-Y%4Mo-} %Si A426 5B CP5b (12) -20 60 30 i88 179 171
3Cr-Mo A426 5A CP21 (12) -20 60 300 188 181 174
2Cr-Y4Mo A369 FP3b -20 60 30 200 185 175
1Cr-Y%4Mo A335 4 P12 -20 60 32 200 187 180
1Cr-Y%4Mo A369 4 FP12 -20 60 32 200 187 180
1Y,cr-4,Mp A335 4 P11 320 60 30 200 187 180
1Y,cr-,Mp A369 4 FP11 -20 60 30 200 187 18.0
1Y,Cr-%,Mp A387 Gr.11CL 1 A691 1%CR  (13) (44) -20 60 35 200 200 20.0
5Cr-Y4Mo A387 Gr. 5 Cl. 1 A691 5B 5CR (13) (44) -20 60 30 200 181 174
5Cr-%Mo A335 5B P5 -20 60 30 200 181 174
5Cr-%,Mo-$i A335 5B P5b -20 60 30 200 181 174
5Cr-Y%Mo-Ti A335 5B P5c -20 60 30 200 181 174
5Cr-%Mo A369 5B FP5 -20 60 30 200 181 174
9Cr-1Mo A335 5B B9 -20 60 30 200 181 174
9Cr-1Mo A369 5B FP9 -20 60 30 200 181 174
9Cr-1Mo AB87 Gr. 9 Cl. 1 A691 5B 9CR -20 60 30 200 181 174
3Cr-1Mo A335 5A P21 -20 60 30 200 187 180
3Cr-1Mo A369 5A FP21 -20 60 30 200 187 180
3Cr-1Mo AB87 Gr. 21 CL. 1 A691 5A 3CR (13) (44) -20 60 30 200 185 181
2Y,Cr-1Md A387 Gr. 22 C1{1 1691 5A 2Y,CR  (13) (44) (48) (49) -20 60 30 200 185 180
2Y,Cr-1Md A369 5A FP22 (48) (49) -20 60 30 200 185 180
2Y,Cr-1Md A335 5A P22 (48) (49) -20 60 30 200 185 180
C-%Mo A426 CP1 (12) (39) -20 65 35 217 217 217
C-Mo A204 Gr. A A672 L65 (13) (39) (44) -20 65 37 217 217 217
C-Mo A204 Gr. A A691 CM65 (13) (39) (44) -20 65 37 217 217 217
3%Ni A203 Gr. E A671 9B CF71 (13) (39) (44) -20 70 40 233 .. ..
C-Mo A204 Gr. B A672 L70 (13) (39) (44) -20 70 40 233 233 233
C-Mo A204 Gr. B A691 CM70 (13) (39) (44) -20 70 40 233 233 233
1Y%,Cr-%Mo A426 4 CP11 (12) -20 70 40 233 233 233
2Y,Cr-1Mo A426 5A CP22 (12) (48) -20 70 40 233 233 233
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

40 e —Np.
Low and Intermediate Alloy Steel Pipes [Note (5)] (Cot&'d)
17.p 16.5 15.9 15.6 15.3 15.0 14.4 13.8 12.5 10.0 6.3 P15 A335
17.p 16.5 15.9 15.6 15.3 15.0 14.4 13.8 12.5 10.0 6.3 CP15 A426
17 16.5 15.9 15.7 15.4 15.1 14.8 14.2 13.1 11.3 7.2 CP12 A426
16.p 15.4 14.5 14.1 13.7 13.3 12.8 12.4 10.9 9.0 5.5 CP5b A426
16.8 16.1 15.5 15.2 14.8 14.5 139 13.2 12.0 9.0 7.0 <€PR21 A426
16.4 16.3 15.7 15.4 15.1 13.9 13.5 13.1 12.5 10.0 6:2 FP3b A369
17.p 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 11.3 7.2 P12 A335
17.p 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 113 7.2 FP12 A369
17.p 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12,8 9.3 6.3 P11 A335
17.p 17.2 16.7 16.2 15.6 15.2 15.0 14.5 128 9.3 6.3 FP11 A369
19.f 189 183 18.0 17.6 17.3 16.8 16.3 15.0 9.9 63 1%CR A691
17.p 17.1 16.8 16.6 16.3 13.2 12.8 12,1 10.9 8.0 58 5CR A691
17.p 17.1 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 58 P5 A335
17.p 17.1 16.8 16.6 16.3 13.2 128 12.1 10.9 8.0 58 P5b A335
17.p 17.1 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 58 P5¢ A335
17.p 17.1 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 FP5 A369
17.p 17.1 16.8 16.6 16.3 18.2 12.8 12.1 11.4 10.6 74 P9 A335
17.p 17.1 16.8 16.6 16.3 13.2 12.8 12.1 11.4 10.6 74 FP9 A369
17.p 17.1 16.8 16.6 16:3 13.2 12.8 12.1 11.4 10.6 74 9CR A691
17.p 17.2 16.7 162 15.6 15.2 15.0 14.0 12.0 9.0 7.0 P21 A335
17.p 17.2 16.7 16,2 15.6 15.2 15.0 14.0 12.0 9.0 7.0 FP21 A369
17.p 17.9 17.9 17.9 17.9 17.9 17.8 14.0 12.0 9.0 7.0 3CR A691
17.p 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 21/4CR A691
17.p 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 FP22 A369
17.p 17:9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 P22 A335
21y 21.3 20.7 20.4 20.0 16.3 15.7 14.4 12.5 10.0 6.3 CP1 A426
20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 13.7 8.2 48 L65 A672
20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 13.7 8.2 48 CM65 A691
CF71 A671
225 21.7 209 20.5 20.1 17.5 17.5 17.1 13.7 8.2 48 L70 A672
22.5 21.7 20.9 20.5 20.1 17.5 17.5 17.1 13.7 8.2 48 CM70 A691
233 229 22.3 21.6 209 15.5 15.0 14.4 13.7 9.3 6.3 CP11 A426
233 229 223 21.6 209 17.5 17.5 16.0 14.0 11.0 7.8 CP22 A426
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, ksi

Specified Min. [[Note (3)], at Metal

Strength, ksi | Temperature, °F

Min. Min.
P-No. Temp., °F Temp.

Materiak———Spee-No—{Note-tH}——6Grade———Notes———{Note{2}}-Fensile—Yield—to-166—266—300
Low and [thermediate Alloy Steel Pipes [Note (5)]
C-Mo A204 Gr. C A672 3 L75 (13) (39) (44) -20 75 43 25.0 - \25.0 25.0
C-Mo A204 Gr. C A691 3 CM75 (13) (39) (44) -20 75 43 25:0 V25.0 25.0
Low and Intermediate Alloy Steel Plates
YCr-Y%Mo A387 3 2CL1 .. -20 55 33~ 183 183 183
1Cr-4Mo A387 4 12CL1 .. -20 55 33 183 183 183
1Y,Cr-Y4Mp A387 4 11c.1 .. -20 60 35 20.0 20.0 20.0
5Cr-1/2Mo A387 5B 5CL1 =20 60 30 200 181 174
3Cr-1Mo A387 5A 21CL1 .. -20 60 30 20.0 185 18.1
2Y%,Cr-1Mo A387 5A 22CL.1 (48) £20 60 30 20.0 185 18.0
C-%Mo A204 3 A (39) -20 65 37 217 217 217
1Cr-%4Mo A387 4 12 Cl. 2 -20 65 40 217  21.7 21.7
YCr-Y4Mo A387 3 2CL2 -20 70 45 233 175 175
C-%Mo A204 3 B (39) -20 70 40 23.3 233 233
Cr-Mn-Si A202 4 A -20 75 45 25.0 239 1228
Mn-Mo A302 3 A =20 75 45 25.0 25.0 250
C-l/zMo A204 3 C (39) =20 75 43 25.0 25.0 250
1%Cr-%Mp A387 4 ucL2 .. -20 75 45 250 250 1250
5Cr-%4Mo A387 5B 5CL 2 -20 75 45 25.0 249 242
3Cr-"4Mo A387 S5A 21CL 2 -20 75 45 25.0 25.0 245
21/4Cr-1M0 A387 5A& 22ClL 2 (48) =20 75 45 25.0 250 245
Mn-Mo A302 3 B -20 80 50 26.7 26.7 267
Mn-Mo-Ni A302 3 C -20 80 50 26.7 26.7 26.7
Mn-Mo-Ni A302 3 D -20 80 50 26.7 267 26.7
Cr-Mn-Si A202 4 B =20 85 47 284 271 258
Low and Intermediaté Alloy Steel Forgings and Fittings [Note (5)]
C-%%4Mo A234 3 WP1 (39) -20 55 30 183 183 17.5
1Cr-%Mo A182 4 F12 Cl.1 (11) -20 60 32 20.0 193 181
1Cr-%4Mo A234 4 WP12CL1 ... -20 60 32 20.0 19.3 181
1Y,Cr-4,Mo A182 4 F11ClL 1 (11) -20 60 30 20.0 18.7 18.0
1Y,Cr-4Mo A234 4 WP11CL1 ... -20 60 30 20.0 18.7 18.0
2Y,Cr-1Mo A182 F22 Cl. 1 (11) (48) (49) -20 60 30 20.0 185 18.0
2%,Cr-1Mo A234 5A WP22Cl. 1 (48) -20 60 30 20.0 185 18.0
YCr-Y4Mo A182 3 F2 (11) -20 70 40 233 233 233
C-%Mo A182 3 F1 (11) (39) -20 70 40 23.3 233 233
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

tes

5)]

40( ad —Np.
Low and Intermediate Alloy Steel Pipes [Note (5)] (Cot&'d)
241 23.3 22.5 221 21.7 18.8 18.8 18.3 13.7 8.2 48 L75 A672
241 23.3 22.5 221 21.7 18.8 18.8 18.3 13.7 8.2 48 CM75 A691
Low and Intermediate‘Alloy Steel PI:
18.B 17.9 17.3 16.9 16.6 13.8 13.8 13.4 12.8 9.2 59 <2(L1 A387
18.B 17.9 17.3 16.9 16.6 16.3 15.9 154 14.0 11.3 7% ,12Cl.1  A387
19.f 189 18.3 18.0 17.6 17.3 16.8 16.3 13.7 9.3 6:3 11CL1 A387
17.p 17.1 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 58 5CL1 A387
17.p 17.9 17.9 17.9 17.9 17.9 17.8 14.0 12.0 9.0 7.0 21CL1 A387
17.p 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 108 80 22CL1 A387
20.f 20.0 19.3 19.0 18.6 16.3 15.8 15.3 13%7 8.2 48 A A204
21y 21.7 20.9 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 12ClL 2 A387
17.p 17.5 17.5 17.5 17.5 17.5 17.5 16.8 14.5 10.0 63 2CL2 A387
22p 21.7 20.9 20.5 20.1 17.5 17.5 17,1 13.7 8.2 48 B A204
21p 20.5 19.3 18.8 17.7 15.7 120 7.8 5.0 3.0 1.5 A A202
25D 25.0 25.0 25.0 25.0 18.3 17.7 16.8 13.7 8.2 48 A A302
241 23.3 22.5 221 21.7 18.8 18.8 18.3 13.7 8.2 48 C A204
25p 24.3 23.5 231 22.7 22.2 21.6 21.1 13.7 9.3 63 11CL2 A387
2401 239 23.6 23.2 22.8 16.5 16.0 15.1 10.9 8.0 58 5CL2 A387
2401 239 23.8 23.6 234 23.0 22.5 19.0 13.1 9.5 68 21ClL2 A387
241 239 23.8 23.6 23.4 23.0 22.5 21.8 17.0 11.4 78 22CL2 A387
26 26.7 26.7 26,7 26.7 19.6 18.8 17.9 13.7 8.2 48 B A302
26 26.7 26.7 26.7 26.7 19.6 18.8 17.9 13.7 8.2 48 C A302
26 26.7 26.7 26.7 26.7 19.6 18.8 17.9 13.7 8.2 48 D A302
24.p 23.2 219 21.3 19.8 17.7 12.0 7.8 5.0 3.0 1.5 B A202
Low and Intermediate Alloy Steel Forgings and Fittings [Note
16.p 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.7 8.2 48 WP1 A234
17.8 16.7 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 F12CL 1 A182
17.3 16.7 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 WP12Cl.1 A234
17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 9.3 6.3 F11CL1 A182
17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 9.3 6.3 WP11CL.1 A234
17.9 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 F22ClL1 A182
17.9 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8  WP22CL1 A234
225 21.7 209 20.5 20.1 17.5 17.5 171 15.0 9.2 59 F2 A182
22.5 21.7 20.9 20.5 20.1 17.5 17.5 17.1 13.7 8.2 48 F1 A182
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

P-No.

Min.
Temp., °F

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi
[Note (3)], at Metal
Temperature, °F

Min.
Temp.

Material——SpeeNo—{Note-{H}——6rade———Notes———{Note{2}}-Fensite—Yield—to-166—260—300

Low and [thermediate Alloy Steel Forgings and Fittings [Note (5)]

1cr-%4Mo A182 4 F12 Cl. 2 (11) -20 70 40 23.3 . \233 233
1Cr-%4Mo A234 4 WP12CL2 .. -20 70 40 233 V233 233
1Y,cr-Y4,Mp A182 4 F11 CL 2 (11) -20 70 40 233 233 1233
1Y,cr-,Mp A234 4 WP11CL2 .. -20 70 40 233 233 233
2Y,Cr-1Mo A182 5A F22 Cl. 3 (11) (48) -20 75 45 25.0 25.0 245
2Y,Cr-1Mo A234 5A WP22CL 3 (48) -20 75 45 25.0 25.0 245
Low and Intermediate Alloy Steel Castings [Note (5)]

C-%Mo A352 3 LC1 (11) (39) £75 65 35 21.7 215 205
C-%%4Mo A217 3 WC1 (11) (39) +20 65 35 21.7 215 205
1Y,Cr-"%,Mp A217 4 wcCé6 11 -20 70 40 233 233 233
21/4Cr-1M0 A217 5A weCo (11) -20 70 40 233 233 1231
Stainless $teel [Notes (6), (7)] — Pipes and Tubes [Note (5)]

18Cr-8Ni thibe A213 8 TP304L  (15) (30) -425 70 25 16.7 16.7 16.7
18Cr-8Ni thibe A249 8 TP304L  (15)\(30) -425 70 25 16.7 16.7 16.7
18Cr-8Ni thibe A269 8 TP304L 15) (30) -425 70 25 16.7 16.7 16.7
18Cr-8Ni fipe A312 8 TP304L ™. -425 70 25 16.7 16.7 16.7
Type 3041] A240 A358 8 304L (30) (54) -425 70 25 16.7 16.7 16.7
16Cr-12Ni{2Mo tube A213 8 TP316L  (15) (30) -425 70 25 16.7 16.7 16.7
16Cr-12Ni{2Mo tube A249 8 TP316L  (15) (30) -425 70 25 16.7 16.7 16.7
16Cr-12Nij2Mo tube A269 8 TP316L  (15) (30) -425 70 25 16.7 16.7 16.7
16Cr-12Nij2Mo pipe A312 8 TP316L .. -425 70 25 16.7 16.7 16.7
Type 3161 A240 A358 8 316L (30) (54) -425 70 25 16.7 16.7 16.7
18Cr-8Ni A451 8 CPF8 (22) (24) -425 70 30 20.0 20.0 20.0
18Cr-10Ni{Cb pipe A312 8 TP347 -425 75 30 20.0 20.0 20.0
Type 347 A240 A358 8 347 (25) (30) -425 75 30 20.0 20.0 20.0
18Cr-10Ni{Cb pipe A376 8 TP347 (25) (30) -425 75 30 20.0 20.0 20.0
18Cr-10Ni{Cb pipe A409 8 TP347 (25) (30) -425 75 30 20.0 20.0 20.0
16Cr-12Ni-Mo tube A213 8 TP316 (15)(22) (24) (26) (30) 425 75 30 20.0 20.0 20.0
16Cr-12Ni-Mo tube A249 8 TP316  (15)(22)(24)(26) (30) -425 75 30 20.0 20.0 20.0
16Cr-12Ni-Mo tube A269 8 TP316 (15)(22) (24) (26) (30)  -425 75 30 20.0 20.0 20.0
16Cr-12Ni-2Mo pipe A312 8 TP316 (22) (24) -425 75 30 20.0 20.0 20.0
Type 316 A240 A358 8 316 (22) (24) (26) (30) -425 75 30 200 200 20.0
16Cr-12Ni-2Mo pipe A376 8 TP316  (22) (24) (26) (30) -425 75 30 20.0 20.0 20.0
16Cr-12Ni-2Mo pipe A409 8 TP316 (22) (24) (26) (30) -425 75 30 20.0 20.0 20.0
16Cr-12Ni-2Mo pipe A312 8 TP316H (22) -325 75 30 20.0 20.0 20.0
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

40( ad —Np.

Low and Intermediate Alloy Steel Forgings and Fittings [Note (5)] (Cot&'d)
22.p 21.7 20.9 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 F12ClL 2 A182
22.p 21.7 20.9 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 WP12Cl2 A234
22p 21.7 209 20.5 20.1 19.7 19.2 18.7 13.7 9.3 6.3 FAL ClL2 A182
22p 21.7 209 20.5 20.1 19.7 19.2 18.7 13.7 9.3 6.3 “WP11ClL.2 A234
240 239 23.8 23.6 234 23.0 22.5 21.8 17.0 11.4 787 ,F22 Cl. 3 A182
241 239 23.8 23.6 23.4 23.0 22.5 21.8 17.0 11.4 7.8  WP22CL3 A234

Low and Intermeédiate Alloy Steel Castings [Note [5)]
19.f 189 18.3 18.0 17.6 LC1 A352
19.f 189 18.3 18.0 17.6 16.2 15.8 15.3 13,7 8.2 48 WC1 A217
22.p 21.7 20.9 20.5 20.1 19.7 19.2 18.7 145 11.0 69 WCe6 A217
22.p 224 22.4 22.2 219 215 21.0 19.8 17.0 11.4 7.8 WC9 A217

Stainless Steel [Notes (6), (7)]— Pipes and Tubes [Note (5)]
15.B 14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 TP304L A213
15.B 14.7 14.0 13.7 13.5 13.3 130 12.8 12.6 12.3 12.0 TP304L A249
15.B 14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 TP304L A269
15.B 14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 TP304L A312
15.B 14.7 14.0 13.7 13.5 138 13.0 12.8 12.6 12.3 12.0 304L A358
15.f 14.8 40.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.8 TP316L A213
15 14.8 40.0 13.7 135 13.2 129 12.7 12.4 12.1 11.8 TP316L A249
15.f 14.8 40.0 13.7 13.5 13.2 129 12.7 12.4 12.1 11.8 TP316L  A269
15.f 14.8 40.0 13(7 13.5 13.2 129 12.7 12.4 121 11.8 TP316L A312
15.f 14.8 40.0 13.7 13.5 13.2 129 12.7 12.4 12.1 11.8 316L A358
18.p 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 12.2 CPF8 A451
20.p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 16.0 TP347 A312
20p 20.0 19.3 19.0 18.7 18.5 183 18.2 18.1 18.1 16.0 347 A358
20p 20:0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 16.0 TP347 A376
20p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 16.0 TP347 A409

19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 154 15.3 TP316 A213
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 15.4 15.3 TP316 A249
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 15.4 15.3 TP316 A269

19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 154 153 TP316 A312
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 154 153 316 A358
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 15.4 15.3 TP316 A376
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 15.4 15.3 TP316 A409
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.5 15.4 153 TP316H A312
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, ksi
Specified Min. [[Note (3)], at Metal
Strength, ksi | Temperature, °F
Min. Min.
P-No. Temp., °F Temp.
Material———SpeeNe—fNote-H1—6Grade————Notes—{Neote{(2)}Fensite—¥ield—to—186—266—300
Stainless $teel [Notes (6), (7)] — Pipes and Tubes [Note (5)]

18Cr-10Ni{Cb pipe A376 8 TP347H  (25) (30) -325 75 30 200 200 200
18Cr-10Ni{Cb pipe A312 8 TP347  (24) -425 75 30 2000 200 200
Type 347 A240 A358 8 347 (24) (25) (30) -425 75 30~/ N200 200 200
18Cr-10Ni{Cb pipe A376 8 TP347  (24) (25) (30) -425 75 30)” 200 200 20.0
18Cr-10Ni{Cb pipe A409 8 TP347  (24) (25) (30) -425 75 30 200 20.0 200
18Cr-10Ni{Cb pipe A312 8 TP347H  (15)(22)(24)(26)(30)  -325 75 30 200 200 200
18Cr-8Ni t|ibe A213 8 TP304 .. -425 75 30 200 200 200
18Cr-8Ni t|ibe A249 8 TP304N ... 4320 75 30 200 200 200
18Cr-8Ni tlibe A269 8 TP304  (15)(22) (24) (26) (30),.< 425 75 30 200 200 200
18Cr-8Ni fipe A312 8 TP304  (22) (24) -425 75 30 200 200 200
Type 304 A240 A358 8 304 (22) (24) (26) (30) -425 75 30 200 200 200
18Cr-8Ni flipe A376 8 TP304  (16)(22) (24 (26)(30) -425 75 30 200 200 200
18Cr-8Ni flipe A376 8 TP304H  (22) (26)5(30) -325 75 30 200 200 200
18Cr-8Ni ipe A409 8 TP304  (22)\24) (26) (30) -425 75 30 200 200 200
18Cr-8Ni flipe A312 8 TP304H 22) -325 75 30 200 200 200
18Cr-10Ni{Mo A451 8 CPF8M, “(22) (24) -425 70 30 200 200 189

Stainless $teel [Notes (6), (7)] — Plates and Sheets

18Cr-8Ni A240 8 304L (30) -425 70 25 167 167 167
16Cr-12Ni{2Mo A240 8 316L (30) -425 70 25 167 167 167
18Cr-10Ni{Cb A240 g 347 (30) -425 75 30 200 200 200
16Cr-12Ni{2Mo A240 8 316 (24) (25) (30) -425 75 30 200 200 200
18Cr-10Ni{Cb A240 8 347 (24) (30) -425 75 30 200 200 200
18Cr-8Ni A240 8 304 (22) (24) (30) -425 75 30 200 20.0 200

Stainless $teel [Notes'(6), (7)] — Forgings and Fittings [Note (5)]

18Cr-8Ni A182 8 F304L  (11) (18) -425 70 25 167 167 167
18Cr-8Ni A403 8 WP304L  (27) (31) -425 70 25 167 167 167
16Cr-12Ni{2M6 A182 8 F316L  (11) (18) -425 70 25 167 167 167
16Cr-12Ni-2Mo A403 8 WP316L  (27) (31) -425 70 25 167 167 167
18Cr-10Ni-Cb A182 8 F347 (11) (17) -425 75 30 200 200 200
18Cr-10Ni-Cb A403 8 WP347  (27) (31) -425 75 30 200 200 200
16Cr-12Ni-2Mo A403 8 WP316H (22) (27) (31) -325 75 30 200 200 200
16Cr-12Ni-2Mo A182 8 F316H  (11) (17) (22) -325 75 30 200 200 200
18Cr-10Ni-Cb A403 8 WP347H (27) (31) -325 75 30 200 200 200
18Cr-10Ni-Cb A182 8 F347 (11) (17) (24) -425 75 30 200 200 200
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

40( ad —Np.

Stainless Steel [Notes (6), (7)]— Pipes and Tubes [Note (5)] (Cot&'d)
20.p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 TP347H~ A376
20p 20.0 19.3 19.0 18.7 18.5 183 18.2 18.1 18.1 18.1 TP347 A312
20p 20.0 19.3 19.0 18.7 18.5 183 18.2 18.1 18.1 18.1 347 A358
20p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 <TB347 A376
20.p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 184/ , TP347 A409
20.p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 1811 TP347H A312
18f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 14.6 143 14.0 TP304 A213
18f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 14.6 143 14.0 TP304N A249
18f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 14,6 14.3 14.0 TP304 A269
18.f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 146 14.3 14.0 TP304 A312
18.f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 14.6 14.3 14.0 304 A358
18f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 14.6 14.3 14.0 TP304 A376
18f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 14.6 14.3 14.0 TP304H A376
18.f 17.5 16.6 16.2 15.8 15.5 153 14.9 14.6 14.3 14.0 TP304 A409
18.f 17.5 16.6 16.2 15.8 15.5 15.3 14.9 14.6 14.3 14.0 TP304H A312
17.p 15.8 15.0 14.7 14.4 14.2 14.1 139 13.7 13.4 13.1 CPF8M A451

Stainless Steel [Notes (6), (7)] — Plates and Sh¢ets
15.B 14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 304L A240
15.f 14.8 14.0 13.7 135 13.2 129 12.7 12.4 12.1 11.8 316L A240
20.p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 16.0 347 A240
19.B 18.0 17.0 16(6 16.3 16.1 15.9 15.7 15.5 15.4 153 316 A240
20p 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 347 A240
18.p 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 304 A240

Stainless Steel [Notes (6), (7)] — Forgings and Fittings [Note [5)]
15.B 14:7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 F304L A182
15.B 14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 WP304L A403
15 14.8 14.0 13.7 13.5 13.2 139 12.7 12.4 12.1 11.8 F316L A182
15.7 14.8 14.0 13.7 13.5 13.2 139 12.7 12.4 12.1 11.8 WP316L A403
20.0 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 16.0 F347 A182
20.0 20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 16.0 WP347  A403
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 WP316H A403
19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 F316H A182
20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 18.0 WP347H A403
20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 18.0 F347 A182
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

M

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi
[Note (3)], at Metal
Temperature, °F

Min.
Temp.

Stainless

18Cr-10Ni
18Cr-10Ni
18Cr-10Ni

16Cr-12Ni
16Cr-12Ni
18Cr-8Ni

18Cr-8Ni
18Cr-8Ni
18Cr-8Ni

Stainless
18Cr-8Ni

Stainless
18Cr-8Ni
17Cr-10Ni
18Cr-8Ni
18Cr-10Ni
18Cr-8Ni
18Cr-8Ni

Cb A403
Cb A182
Cb A182
2Mo A182
2Mo A403
A182
A403
A403
A182

teel [Notes (6), (7)] — Bar
A479

A351
2Mo A351
A351
2Mo A351
A351
A351

8
8
8

8

W 0 W W

WP347  (24) (27) (31)
F347H  (11) (17)

F348H  (11) (17)

F316 (11) (17) (22) (24)
WP316  (22) (24) (27) (31)
F304 (11) (17) (22) (24)
WP304  (22) (24) (27) (31)
WP304H (22) (27) (31)
F304H  (11) (17) (22)

304 (22) (24) (26)

teel [Notes (6), (7)] — Castings [Note (5)]

CF3 (11)
CF3M  [A1)

CF8 (11) (22) (23) (26)
CF8M (11) (22) (23) (25)
CF3A (11) (37)

CFBA (11) (22) (37)

teel [Notes (6), (7)] — Forgings and Fittings [Note (5)]

-325
-425
-425

-425
<325
-325

-425

-425
-425
-425
-425
-425
-425

75
75
75

75
75
75

75
75
75

75

70
70
70
70
77
77

30
30
30

30
30
30

30
30
30

30

30
30
30
30
35
35

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 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 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
20.0 20.0 20.0
233 233 227
233 233 1227
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

40( ad —Np.

Stainless Steel [Notes (6), (7)] — Forgings and Fittings [Note (5)] (Cot&'d)
20.p 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 18.0 WP347  A403
20.p 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 18.0 F347H A182
20.p 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 18.0 F348H A182
19.8 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 <F316 A182
19.B 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 1587 ,WP316  A403
18.p 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 14.3 140 F304 A182
18.p 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 WP304  A403
18.p 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 14.0 WP304H A403
18.p 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14,6 14.3 14.0 F304H A182

Stainless Steel [Notes (6), (7)] — Bar
18.p 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 304 A479

Stainless Steel [Notes (6), (7)] — Castings [Note [5)]
18p 17.5 16.6 16.2 15.8 15.5 152 CF3 A351
19.p 17.9 17.0 16.6 16.3 16.0 15.8 15.7 CF3M A351
18.p 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 14.3 12.2 CF8 A351
18.p 17.5 16.6 16.2 15.8 155 15.2 14.9 14.6 14.3 14.0 CF8M A351
21 20.4 19.3 189 18.5 CF3A A351
21y 20.4 19.3 189 18.5 CF8A A351
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Specified
Min. Min.
Temp., Strength, ksi
P-No. °F
Spec. [Notes (1), Temper [Note
Material No. (4)] UNS No. [Note (8)] Size Range, in. Notes (2)] Tensile Yield
Copper arld Copper Alloy — Pipes and Tubes [Note (5)]
Cu pipe B42 31 C10200, C12000, C12200 061 -452 30 9
Cu tube B75 31 C€10200, C12000, C12200 050, 060 -452 30 9
Cu tube B68 31 C12200 050, 060 (21) -452 30 9
Cu tube B88 31 C12200 050, 060 (21) -452 30 9
Cu tube B280 31 C12200 060 (21) -452 30 9
Red brass pipe B43 32 C23000 061 -452 40 12
90Cu-10Ni B467 34 C70600 WO050, W061 >4.5 0.D. (15) -452 38 13
90Cu-10Ni B466 34 C70600 Annealed (15) -452 38 13
90Cu-10Ni B467 34 C70600 WO050, WO61 <4.5 0.D. (15) -452 40 15
70Cu-30Ni B467 34 C71500 WO050, W061 >4.5 OD. (15) -452 45 15
80Cu-20Ni B466 34 C71000 Annealed =45 0.D. (15) -452 45 16
Cu pipe B42 31 €10200, C12000, C12200 H55 NPS 2% thru 12 (15)(29) -452 36 |30
Cu tube B75 31 C10200, C12000, C12200 H58 (15)(29) -452 36 30
Cu tube B88 31 C12200 H55 (15)(21) -452 36 30
(29)

70Cu-30Nj B466 34 C71500 060 (15) -452 52 18
70Cu-30Nj B467 34 C71500 WO050, WO61 <4.5 0.D. (15) -452 50 20
Cu pipe B42 31 C10200, C12000,C12200 H80 NPS Y% thru 2 (15)(29) -452 45 40
Cu tube B75 31 C10200, C12000, C12200 H80 (15)(29) -452 45 40
Copper arld Copper Alloy — Plates and Sheets
Cu B152 31 C10200, C10400, C10500 025 (15)(21) -452 30 10
Cu B152 31 C10700, C12200, C12300 025 (15)(21) -452 30 10
90Cu-10Ni B171 34 C70600 <2.5 thk (15) -452 40 15
Cu-Si B96 33 C65500 061 -452 52 18
70Cu-30Ni B171 34 C71500 <2.5 thk (15) -452 50 20
Al-bronze B169 35 C61400 025, 060 <2.0 thk. (14) -452 70 30
Copper and Copper. Alloy — Forgings
Cu B283 31 C11000 (15) -452 33 11
High Si-br¢nze (A) B283 33 C65500 (15) -452 52 18
Forging brass B283 a C37700 (15) -325 58 23
Leaded naval brass B283 a C48500 (15) -325 62 24
Naval brass B283 32 C46400 (15) -425 64 26
Mn-bronze (A) B283 32 C67500 (15) -325 72 34
Copper and Copper Alloy — Castings [Notes (5), (52), (53)]
Composition bronze B62 a €83600 (11 -325 30 14
Leaded Ni-bronze B584 a C97300 -325 30 15
Leaded Ni-bronze B584 a C97600 -325 40 17
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

Mill.
Temp, Spec.
to100 150 200 250 300 350 400 450 500 550 600 650 700 UNS No. No.
Copper and Copper Alloy — Pipes and Tubes [Note (5)]
6.p 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C10200, etc. B42
6.p 5.1 49 4.8 4.7 4.0 3.0 2.3 1.7 C€10200, etc. B7Z5
6.p 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 B68
6.p 5.1 49 4.8 4.7 4.0 3.0 2.3 1.7 .. C12200 B88
6.p 5.1 49 4.8 4.7 4.0 3.0 2.3 1.7 .. C12200 B280
8.p 7.9 7.9 7.9 7.9 7.0 5.0 2.0 €23000 B43
8y 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 C70600 B467
8.y 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 =~ C70600 B466
10.p 9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.0 7.0 6.0 .. C70600 B467
10.p 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.2 8.1 8.0 7.9 7.8 C71500 B467
10.f 106 105 104 102 10.1 9.9 9.6 9.3 8.9 84 7.7 7.0 C71000 B466
12.p 11.6 109 104 10.0 9.8 9.5 C10200, etc. B42
12.p 11.6 109 104 10.0 9.8 9.5 C10200, etc. B75
12.p 11.6 109 104 10.0 9.8 9.5 C12200 B88
12.p 11.6 113 11.0 108 10.6 103 10+ 9.9 9.8 9.6 9.5 9.4 (71500 B466
13.B 129 126 123 120 117 115 . 4112 11.0 108 10.7 105 104 C71500 B467
15.p 145 136 13.0 126 122 4:3 C€10200, etc. B42
15.p 145 136 13.0 126 122 43 C10200, etc. B75
Copper and Copper Alloy — Plates and Yheets
6.y 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 C10200, etc. B152
6.f 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 ... C10700, etc. B152
10.p 9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.0 7.0 6.0 .. C70600 B171
12.p 119 119 1%/ 116 10.0 .. €65500 B96
13.B 129 126) %23 120 117 115 112 11.0 108 10.7 105 104 C71500 B171
20.p 199 198)° 197 195 194 192 19.0 188 C61400 B169
Copper and Copper Alloy — Foxgings
7. 6.2 6.0 5.8 5.0 4.0 3.0 2.3 1.7 .. C11000 B283
12.p 119 119 11.7 116 10.0 6.7 C65500 B283
15.3 145 139 133 105 7.5 2.0 C37700 B283
16.0 160 160 160 16.0 160 16.0 C48500 B283
17.3 173 173 173 171 6.3 2.5 C46400 B283
22.7 22,7 227 227 227 227 227 C67500 B283
Copper and Copper Alloy — Castings [Notes (5), (52), (53)]
9.3 9.3 9.2 8.6 8.1 7.7 7.4 7.3 C83600 B62
10.0 . C€97300 B584
11.3 10.1 9.5 9.1 8.7 C€97600 B584
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Specified
Min. Min.
Temp., Strength, ksi
P-No. °F
Spec. [Notes (1), Temper [Note
Material No. (4)] UNS No. [Note (8)] Size Range, in. Notes (2)] Tensile Yield

Copper arld Copper Alloy — Castings [Notes (5), (52), (53)]
Leaded Snibronze B584 a €92300 -325 36 16
Leaded Snibronze B584 a €92200 -325 34 16
Steam brohze B61 a €92200 (11 -325 34 16
Sn-bronze B584 b C€90300 -325 40 18
Sn-bronze B584 b C€90500 -325 40 18
Leaded Mn-bronze B584 a €86400 (19 -325 60 20
Leaded Ni{bronze B584 a €97800 -325 50 22
No. 1 Mn-Rronze B584 b C€86500 -325 65 25
Al-bronze B148 35 C€95200 (11) -425 65 25
Al-bronze B148 35 95300 . -425 65 25
Si-Al-bronge B148 35 C95600 -325 60 28
Al-bronze B148 35 C€95400 -325 75 30
Mn-bronzg B584 a C86700 -325 80 32
Al-bronze B148 35 C€95500 -452 90 40
High strength Mn-bronze B584 b €86200 -325 90 45
High strenpth Mn-bronze B584 b C86300 -325 110 60
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F

Mill.
Temp, Spec.
to100 150 200 250 300 350 400 450 500 550 600 650 700 UNS No. No.
Copper and Copper Alloy — Castings [Notes (5), (52), (53)] (Cpnt'd)

10.f 10.7 107 10.7 10.7 10.7 10.7 €92300 B584
10.f 9.6 9.5 9.4 9.2 8.9 8.6 €92200 B584
10.f 9.6 9.5 9.4 9.2 8.9 8.6 8.4 8.3 8.3 .. 092200 B61

12.p 12.0 120 120 120 120 12.0 .. €90300 B584
12.p 120 120 120 120 120 12.0 .. €C90500 B584
13.B 133 133 133 133 133 .. 1£86400 B584
14.f 14.7 147 147 147 147 C€97800 B584
16.f 16.7 16.7 16.7 16.7 16.7 .. €86500 B584
16.f 157 152 148 145 143 142 141 141 117 7.4 .. €95200 B148
16.f 167 167 167 167 167 167 167 167 167 167 .. €95300 B148
18.f C95600 B148
20p 190 187 185 185 185 185 160 139 .. €95400 B148
21.B 213 213 213 213 213 .. €86700 B584
26 267 26.7 267 267 267 267 267 267 .. €95500 B148
30.p 300 30.0 300 300 300 .. 086200 B584
36.f 36.7 367 367 36.7 367 .. €86300 B584
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Min. Specified Min.

Spec. P-No. UNS Temper Temp., °F Strength, ksi

Material No. [Note (1)] No. [Note (9)] Size Range, in. Notes [Note (2)] Tensile Yield

Nickel and Nickel Alloy [Note (7)] — Pipes and Tubes [Note (5)]

Ni-Cu B165 42 N04400 Annealed >5 0.D. -325 70 25
Ni-Cu B725 42 NO44-00—Anneated 5-0-b- 325 s 5
Ni-Cu B165 42 N04400 Annealed <5 0.D. -325 70 28
Ni-Cu B725 42 N04400 Annealed <5 0.D. -325 70 28
Ni-Cu B165 42 N04400 Str. rel. (35) -325 85 g5
Ni-Cu B725 42 N04400 Str. rel. (35) -325 85 35

Nickel anq Nickel Alloy — Plates and Sheets
Ni-Cu B127 42 N04400 H.R. plt. ann. -325 70 28
Ni-Cu B127 42 N04400 H.R. plt.asr. =325 75 40

Nickel and Nickel Alloy — Forgings and Fittings [Note (5)]
Ni-Cu B564 42 N04400 Annealed @1 -325 70 25
Ni-Cu B366 42 N04400 .. (27) -325 70 25

Nickel and Nickel Alloy — Rod and Bar
Ni-Cu B164 42 N04400 Ann. forg. All (14) -325 70 25
Ni-Cu B164 42 N04400 H.W. All except hex. >21/8 -325 80 40
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Table IX-1A
Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Min.
Temp. UNS Spec.
to 100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 No. No.
Nickel and Nickel Alloy [Note (7)] — Pipes and Tubes [Note (5)]
16.7 146 13.6 132 131 131 131 130 129 127 118 8.0 N04400 B165
16 H-6—A3-6—432—33-1+ B—3 A —3—42 90— 7 —H-8 -0 N85 B725
18|7 164 152 147 147 147 147 146 145 143 110 8.0 N04400 B165
18|7 164 152 147 147 147 147 146 145 143 110 8.0 N04400 B725
28|3 283 283 283 283 N04400 B165
28|3 283 283 283 283 N04400 B725
Nickel and Nickel,Alloy — Plates afjd Sheets
18|7 164 152 148 147 147 147 147 146 145 110 8.0 N04400 B127
250 25.0 247 239 234 231 229 227 200 145 8.5 4.0 N04400 B127
Nickel and Nickel Alloy — Forgings and Fittings [Note (5)]
16|7 146 13.6 132 131 131 131 13.0 129 127 11.0 8.0 N04400 B564
16|7 14.7 137 132 132 132 132 132 13.0 127 110 8.0 N04400 B366
Nickel and Nickel Alloy — Rod and Bar
16|7 146 136 132 131 131 131 13.0 129 17" 11.0 8.0 N04400 B164
26|7 258 248 239 234 231 229 227 20.05\.145 8.5 4.0 1.9 N04400 B164
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)]
at Metal Temperature, °F

Min. Specified
Size or Temp., Min. mp.
Spec.  P-No. Thickness °F Strength, ksl to
No. [Note (1)]  Grade  Temper Range,.in.  Notes [Note (2)] Tensile Yield 100 150 200 250 300 350 400
Aluminunj Alloy — Seamless Pipes and Tubes
B210 21 1060 0, H112, (15) (28) -452 8.5 2.5 1.7 1.7 16 15,13 1.1 08
H113
B241 21 1060 0, H112, (15) (28) -452 8.5 2.5 1.7 1.7 46,15 13 11 038
H113
B345 1 1060 0, H112, (15) (28) -452 8.5 2.5 1.7 _1% 16 15 13 11 08
H113
B210 21 1060 H14 (15) (28) -452 12 10 40 4.0 40 3.0 24 18 1.1
B241 21 1100 0, H112 (15) (28) -452 11 3 20 20 20 19 17 13 1.0
B210 21 1100 H113 (15) (28) -452 11 3.5 2.3 23 23 23 17 13 1.0
B210 21 1100 H14 (15) (28) -452 16 14 53 53 53 49 24 19 11
B210 21 3003 0, H112 (15) (28) -452 14 5 33 33 33 31 24 18 14
B241 21 3003 0, H112 (15) (28) <452 14 5 3.3 33 33 31 24 18 14
B345 21 3003 0, H112 (15) (28) ~452 14 5 3.3 33 33 31 24 18 14
B491 21 3003 0, H112 (15) (28) -452 14 5 33 33 33 31 24 18 14
B210 21 3003 H14 (15)4(28) -452 20 17 67 67 67 48 43 30 23
B210 21 3003 H18 (15) (28) -452 27 24 90 9.0 89 63 54 35 25
B241 21 3003 H18 (15) (28) -452 27 24 90 90 89 63 54 35 25
B345 21 3003 H18 (15) (28) -452 27 24 90 90 89 63 54 35 25
B210 21 Alclad 3003 O, H112 (15) (28) -452 13 4.5 30 30 3.0 28 22 16 13
B241 21 Alclad 3003 0O, H112 (15) (28) -452 13 4.5 30 30 3.0 28 22 16 13
B345 21 Alclad 3003 O, H142 (15) (28) -452 13 4.5 3.0 30 30 28 22 16 13
B210 21 Alclad 3003 H1% (15) (28) -452 19 16 60 60 6.0 43 39 27 21
B210 21 Alclad 3003 \\Hi8 (15) (28) -452 26 23 81 81 80 57 49 32 22
B210 22 5052 0 (15) -452 25 10 67 67 67 62 56 41 23
B241 22 5052 0 (15) -452 25 10 67 67 67 62 56 41 23
B210 22 5052 H32 (15) (28) -452 31 23 103 103 103 7.5 62 41 23
B210 2 5052 H34 (15) (28) -452 34 26 113 113 113 84 62 41 23
B241 25 5083 0, H112 (28) -452 39 16 10.7 10.7
B210 25 5083 0, H112 (28) -452 39 16 10.7 10.7
B345 25 5083 0, H112 (28) -452 39 16 10.7 10.7
B241 25 5086 0, H112 (28) -452 35 14 93 93
B210 25 5086 0, H112 (28) -452 35 14 93 93
B345 25 5086 0, H112 (28) -452 35 14 93 93
B210 25 5086 H32 (28) -452 40 28 13.3 133
B210 25 5086 H34 (28) -452 44 34 14.7 14.7

192


https://asmenormdoc.com/api2/?name=ASME B31.12 2023.pdf

ASME B31.12-2023

Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)]
at Metal Temperature, °F

Min. Specified
Size or Temp., Min. mp.
Spec.  P-No. Thickness °F Strength, ksl to
No. [Note (1)] ___Grade —___ Temper _ Range,in.____Notes  [Note (2)] Tensile Vield 100 150 200 250 300 350 400

AlunJinum Alloy — Seamless Pipes and Tubes (Cont’d)
B210 22 5154 0 -452 30 11 7.3 7.3
B210 22 5154 H34 (28) -452 39 29 133 130V.. .| . . .
B241 22 5454 0, H112 (28) -452 31 12 8.0 /\80 80 74| 55 41 3.0
B210 25 5456 0, H112 (28) -452 41 19 12.7 127
B241 25 5456 0, H112 (28) -452 41 19 12.7 127
B210 23 6061 T4 (28) -452 30 16 10.0 10.0 10.0 9.8 92 79 56
B241 23 6061 T4 (28) (41) -452 26 16 87 87 87 85| 80 79 56
B345 23 6061 T4 (28) (41) -452 26 16 87 87 87 85| 80 79 56
B210 23 6061 T6 (28) <452 42 35 14.0 14.0 14.0 13.2|11.3 79 56
B241 23 6061 T6 (28) (41) —452 38 35 127 12.7 12.7 121|106 79 5.6
B345 23 6061 T6 (28) (41) -452 38 35 127 12.7 12.7 121|106 79 5.6
B210 23 6061 T4, T6 wld. (19Y(41) -452 24 80 80 80 79| 74 61 43
B241 23 6061 T4, T6 wld. (19) (41) -452 24 80 80 80 79| 74 6.1 43
B345 23 6061 T4, T6 wld. (19) (41) -452 24 80 80 80 79| 74 6.1 43
B210 23 6063 T4 (28) -452 22 10 6.7 67 67 67| 67 34 20
B241 23 6063 T4 <0.500 (28) -452 19 10 6.7 67 67 67| 67 34 20
B345 23 6063 T4 < 0.500 (28) -452 19 10 6.7 6.7 67 67| 67 34 20
B241 23 6063 T5 <0.500 (28) -452 22 16 73 73 72 68| 61 34 20
B345 23 6063 75 <0.500 (28) -452 22 16 73 73 72 68| 61 34 20
B210 23 6063 T6 (28) -452 33 28 11.0 11.0 105 95| 7.0 34 2.0
B241 23 6063 T6 (28) -452 30 25 10.0 10.0 9.8 9.0 66 34 2.0
B345 23 6063 T6 (28) -452 30 25 10.0 10.0 9.8 9.0|] 66 34 2.0
B210 23 6063 T4, T5, T6 -452 17 5.7 57 57 56| 52 3.0 20

wld.
B241 23 6063 T4, T5, T6 -452 17 57 57 57 56| 52 3.0 20

wld.
B345 23 6063 T4, T5, T6 -452 17 57 57 57 56| 52 30 20

wild.
Aluminum Alloys — Welded Pipes and Tubes
B547 25 5083 0 -452 40 18 12.0 120
Aluminum Alloys — Structural Tubes
B221 21 1060 0, H112 (28) (46) -452 8.5 25 1.7 17 16 15 13 11 08
B221 21 1100 0, H112 (28) (46) -452 11 3 20 20 20 19 17 13 1.0
B221 21 3003 0, H112 (28) (46) -452 14 5 3.3 33 33 31 24 18 14
B221 21 Alclad 3003 O, H112 (28) (46) -452 13 4.5 3.0 3.0 30 28 22 16 13
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)]
at Metal Temperature, °F

Min. Specified Min.
Size or Temp., Min. mp.
Spec.  P-No. Thickness °F _Strength, ksl
No. [Note (1)]  Grade  Temper  Range,in.  Notes [Note (2)] Tensile Yield 100 150 200 250 300 350 400
Aluminunj Alloys — Structural Tubes (Cont’'d)
B221 22 5052 0 (46) -452 25 10 6.7 67 67 62 56 41 23
B221 25 5083 0 (46) -452 39 16 10.7 10.7
B221 25 5086 0 (46) -452 35 14 93 93
B221 22 5154 0 (46) -452 30 11 73 O73 .. o | e
B221 22 5454 0 (46) -452 31 12 80, 80 80 74 55 41 30
B221 25 5456 0 (46) -452 41 19 12,7 12.7
B221 23 6061 T4 (28) (41) -452 26 16 87 87 87 85 80 7.7 53
(46)
B221 23 6061 T6 (28) (41) -452 38 35 12.7 12.7 12.7 121 10. 79 5.6
(46)
B221 23 6061 T4, T6 wid. (19) (41) -452 24 80 80 80 79 74 61 43
(46)
B221 23 6063 T4 <0.500 (14) (28) ~452 19 10 64 64 64 64 64 34 2.0
(46)
B221 23 6063 T5 <0.500 (14) (28 -452 22 16 73 73 72 68 61 34 20
(46)
B221 23 6063 T6 (28Y (46) -452 30 25 10.0 10.0 9.8 9.0 6.4 34 2.0
B221 23 6063 T4, T5, T6 (46) -452 17 57 57 57 56 52 3.0 20
wld.
Aluminunj Alloys — Plates and Sheets
B209 21 1060 0 -452 8 2.5 1.7 1.7 16 15 13 11 038
B209 21 1060 H112 0.500-1.000 (14) (28) -452 10 33 32 29 19 17 14 1.0
B209 21 1060 H12 (28) -452 11 37 37 34 23 20 18 11
B209 21 1060 H14 (28) -452 12 10 40 40 40 30 24 18 11
B209 21 1100 0 -452 11 3.5 23 23 23 23 17 13 1.0
B209 21 1100 H112 0.500-2.000 (14) (28) -452 12 5 33 33 33 25 22 17 1.0
B209 21 1100 H12 (28) -452 14 11 47 47 47 32 28 19 11
B209 21 1100 H14 (28) -452 16 14 53 53 53 37 28 19 11
B209 2+ 3063 S 457 +4 5 33 33—33—3+—24 18 14
B209 21 3003 H112 0.500-2.000 (14) (28) -452 15 6 40 40 39 31 24 18 14
B209 21 3003 H12 (28) -452 17 12 57 57 57 40 36 3.0 23
B209 21 3003 H14 (28) -452 20 17 6.7 67 67 48 43 3.0 23
B209 21 Alclad 3003 O 0.006-0.499 (43) -452 13 4.5 3.0 30 30 28 22 16 13
B209 21 Alclad 3003 O 0.500-3.000 (45) -452 14 5 30 30 30 28 22 16 13
B209 21 Alclad 3003  H112 0.500-2.000 (28) (43) -452 15 36 36 35 28 22 16 13
B209 21 Alclad 3003 H12 0.017-0.499 (28) (43) -452 16 11 5.1 51 51 36 32 27 21
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Table IX-1A

Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)]
at Metal Temperature, °F

Min. Specified Min.
Size or Temp., Min. mp.

Spec.  P-No. Thickness °F Strength, ksl to

No. [Note (1)] ___Grade —___ Temper _ Range,in.____Notes  [Note (2)] Tensile Vield 100 150 200 250 300 350 400
AlunJinum Alloys — Plates and Sheets (Cont’d)

B209 21 Alclad 3003  H12 0.500-2.000 (28) (45) -452 17 12 51 51 5d\WB6| 32 2.7 21
B209 21 Alclad 3003 H14 0.009-0.499 (28) (43) -452 19 16 6.0 6.0 60 43| 39 27 21
B209 21 Alclad 3003 H14 0.500-1.000 (28) (45) -452 20 17 6.0 6060 43| 39 27 21
B209 22 3004 0 -452 22 8.5 57~ 57 57 57| 57 38 23
B209 22 3004 H112 (28) -452 23 60 60 6.0 6.0 58 38 23
B209 22 3004 H32 (28) -452 28 21 9.3 93 93 70| 58 38 23
B209 22 3004 H34 (28) -452 32 25 10.7 10.7 10.7 8.0| 58 3.8 23
B209 22 Alclad 3004 O 0.006-0.499 (43) -452 21 8 51 51 51 51| 51 34 21
B209 22 Alclad 3004 O 0.500-3.000 (45) -452 22 8.5 5.1 51 51 51| 51 34 21
B209 22 Alclad 3004 H112 0.250-0.499 (28) (43) <452 22 8.5 5.4 54 54 54| 52 34 21
B209 22 Alclad 3004 H112 0.500-3.000 (28) (45) ~452 23 9 54 54 54 54| 52 34 21
B209 22 Alclad 3004 H32 0.017-0.499 (28) (43) -452 27 20 84 84 84 63| 52 34 21
B209 22 Alclad 3004 H32 0.500-2.000 (28)(45) -452 28 21 84 84 84 63| 52 34 21
B209 22 Alclad 3004 H34 0.009-0.499. (28) (43) -452 31 24 96 96 96 72| 52 34 21
B209 22 Alclad 3004 H34 0.500-1,000" (28) (45) -452 32 25 96 96 96 72| 52 34 21
B209 S-21 5050 0 -452 18 6 40 40 40 40| 40 28 14
B209 S-21 5050 H112 (28) -452 20 8 53 53 53 53| 53 28 14
B209 S-21 5050 H32 (28) -452 22 16 7.3 73 73 55| 53 28 14
B209 S-21 5050 H34 (28) -452 25 20 83 83 83 63| 53 28 14
B209 22 5052 & 5652 Q -452 25 9.5 63 63 63 62| 56 41 23
B209 22 5052 & 5652) H112 0.500-3.000 (14) (28) -452 25 9.5 63 63 63 62| 56 41 23
B209 22 5052,&'5652 H32 (28) -452 31 23 103 103 103 7.5 62 41 23
B209 22 5052, & 5652 H34 (28) -452 34 26 11.3 11.3 11.3 84| 6.2 41 23
B209 25 5083 0 0.051-1.500 (14) -452 40 18 12.0 12.0

B209 25 5083 H32 0.188-1.500 (14) (28) -452 44 31 14.7 14.7

B209 25 5086 0 -452 35 14 93 93

B209 25 5086 H112 0.500-1.000 (14) (28) -452 35 16 9.3 9.3

B209 25 5086 H32 (28) -452 40 28 133 133

B209 25 5086 H34 (28) -452 44 34 14.7 14.7

B209 22 5154 & 5254 O -452 30 11 7.3 7.3

B209 22 5154 & 5254 H112 0.500-3.000 (14) (28) -452 30 11 7.3 7.3

B209 22 5154 & 5254 H32 (28) -452 36 26 12.0 12.0

B209 22 5154 & 5254 H34 (28) -452 39 29 13.0 13.0
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