ASME B31T-2018
(Revision of ASME B31T-2015)

Standard -
Tbughness <
Requnemehts

for P|p| g

\O
ASME C@’ﬂ’e for Pressure Piping, B31
>
O
C).
O
QQ
OQ~
Q/%
3
v

AN AMERICAN NATIONAL STANDARD

%z@ The American Society of

® Mechanical Engineers


https://asmenormdoc.com/api2/?name=ASME B31T 2018.pdf

ASME B31T-2018

(Revision of ASME B31T-2015)

Standard
Toughness
Requirements
for Piping

ASME Code for_Pressure Piping, B31

AN AMERICAN NATIONAL STANDARD

@?A@ The American Society of

® Mechanical Engineers Two Park Avenue ¢ New York, NY ¢ 10016 USA


https://asmenormdoc.com/api2/?name=ASME B31T 2018.pdf

Date of Issuance: February 14, 2019

The next edition of this Code is scheduled for publication in 2021.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this Code. Interpretations are
published on the Committee web page and under http://go.asme.org/Interpretations. Periodically certain actions of the
ASME B31 Committee may be published as Cases. Cases are published on the ASME website under the B31 Committee

Page at htfp:/7go.asme.org/B3Tcommittee as they are issued.

Errata to cpdes and standards may be posted on the ASME website under the Committee Pages of the associated,cod
standards {o provide corrections to incorrectly published items, or to correct typographical or grammatical errorsin cod

standards.

The B31 Cq

code and

notificatio

This code
Committee

opportunity|to participate. The proposed code orstandard was made available for public review and comment that provides an oppd
for additionpl public input from industry, academia, regulatory agencies, and the public-at-large.

ASME do
ASME do

document, dnd does not undertake te.insure anyone utilizing a standard against liability for infringement of any applicable letters pat¢

assume any

risk of infriggement of such rights, is entirely their own responsibility.

Participatlion by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as government or i
endorsemerpt of this code\or’standard.

ASME acdepts responsibility for only those interpretations of this document issued in accordance with the established ASME prod
and policieg, which.precludes the issuance of interpretations by individuals.

Such errata shall be used on the date posted.

tandard can be accessed from this main page. There is an option available to automatically receive an

ASME is the registered trademark of-The American Society of Mechanical Engineers.

hat approved the code or standard was balanced to assure that individuals from competent and concerned interests have]

” o«

bs not “approve,” “rate,” or “endoerse” any item, construction, proprietary device, or activity.
s not take any position with.respect to the validity of any patent rights asserted in connection with any items mentioned

Kuch liability. Users of dcade or standard are expressly advised that determination of the validity of any such patent rights,

bs and
es and

mmittee Page can be found at http://go.asme.org/B31committee. The associated B31 Committee Pages for each

e-mail

n when errata are posted to a particular code or standard. This option can/éfound on the approlpriate
Committeq Page after selecting “Errata” in the “Publication Information” section.

or standard was developed under procedures-accredited as meeting the criteria for American National Standards. The Standards

had an
rtunity

in this
nt, nor
nd the
dustry

edures

Dl e £l ol " lo ol ol £
NU }JGIL UT UmS UouCturmicTTmt IIIOY o IC}JIUUU\.CU mr dlly TUTTIT,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2019 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.


https://asmenormdoc.com/api2/?name=ASME B31T 2018.pdf

CONTENTS

2000 )
Committee ROSTEI . . v vttt it e it it ettt et et e e e e e e e e e e e
Correppondence With the B31 Committee ... ... vttt ittt i iin e e
Summary of Changes . . . v vt it ittt i i i i et e e et N ce
1 Introduction . ....... ... i i i i e e e
2 L0 (03T ) e
3 Low-Temperature Ranges and Requirements . ................ W™V ........... .
4 Impact Testing Methods and Acceptance Criteria . ........... "0 . ... ... .. ..., RN
Mandatory Appendices

I Temperature Thickness CUIVES . . .o v vt v it ittt it e e ettt et e i e eennn cen
II Stress Ratio CUIVeS . . o vttt i N e e i it e e e e ce
I Material Groupings by T-Number .. ......... .. %XV o o i i ce

Nonmandatory Appendices

A Flowchart of Requirements . .. ....... 000 ittt i i i ittt e e cen
B Guidelines for Establishing T-Number GROUP . . . .« v o v vt it ittt it i e it i et eeeee s Ce
Figurps
I-1 Temperature Thickness Curvesfor Groups A, B, C, and D (U.S. Customary Units) ......... RN
[-1M Temperature Thickness Gutves for Groups A, B, C,and D (SI Units) . ................. ce
11-1 Stress Ratio Curve (U:SS:Customary Units) . . . o v vt v v ittt i ettt et e e e eennenns e
11-1M Stress Ratio Curve (STUNItS) . . v v v it ittt it e e e e it ettt e e e e ce
A-1 Flowchart of Requirements . ... ...ttt ittt it ei e e
Tabldgs
3.1-1 Low-Temperature Service Requirements by Material Group . .. .........ccvv... ce
3.2-1 Material Groupings by Material Specification . ... ........ .. o i, Ce
4.4.2-1 Charpy Impact Test (Absorbed Energy) Temperature Reduction for Material or Specimens <10 mm
(0515 .
45.1-1 Minimum Required Charpy V-Notch Impact Values . ... ... ... .. ..
I-1 Tabular Values for Figures [-1 and [-1IM . . . .o oottt i it i i e et et i e e as
I-1 Material Groupings by T-Number . . ... oottt i i i ettt i

il

AN ==

29
35
37

45
47

30
31
35
36
46

21

28
28
32
38


https://asmenormdoc.com/api2/?name=ASME B31T 2018.pdf

FOREWORD

In 2000, the ASME B31 Code for Pressure Piping, Materials Technical Committee (MTC) determined that there

was a

need to develop a standard set oftoughness requlrements for plpmg components that can be adopted by reference by the

various piping codes g
with soms havmg no requlrements at all

This Cogle is intended to provide requirements for evaluating the suitability of materials used in piping-syste
piping that may be subject to brittle failure due to low-temperature service conditions.

Under diirection of ASME Standards and Certification, both SI and U.S. Customary units are provided.The 2010 ¢
of this Cofle was approved by the American National Standards Institute (ANSI) on April 20, 2010.

The 2015 edition of the Code was approved by ANSI on October 21, 2015.

The 2018 edition of the Code was approved by ANSI on December 6, 2018.

aried,

ms for

dition



https://asmenormdoc.com/api2/?name=ASME B31T 2018.pdf

ASME B31 COMMITTEE
Code for Pressure Piping

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

woE
o=

STANDARDS COMMITTEE OFFICERS

J. E. Meyer, Chair
J. W. Frey, Vice Chair
A. P. MaslowskKi, Secretary

STANDARDS COMMITTEE PERSONNEL

Appleby, ExxonMobil Pipeline Co.
ht IV, Becht Engineering Co., Inc.
odenhamer, TRC Pipeline Services

Fe

.S. C

g o

ie
ki
. F

AROrFFUTVUNURUTERROR
?FEPF§P‘§
= = . o)

=

a

.P.D
. Esk
. E. (
E

00X

=]

gl

jarczuk, ExxonMobil Research and Engineering Co.

raz, MRBraz & Associates, PLLC

in, TransCanada Pipeline US

hristian, Victaulic

eubler, Becht Engineering Co., Inc.

1, Hexagon PPM

idge, Jr., Jacobs Engineering

tzner, BP Exploration Alaska, Inc.

enner, Flenner Engineering Services

ey, Joe W. Frey Engineering Services, LLC
ikken, Becht Engineering Co., Inc.

ichuk, Fluor Enterprises, Inc.

aupt, Pressure Piping Engineering Associates, Inc.
yden, Jr., Consultant

lly, Samshin Ltd.

an, Consultant

C. Kolovich, Consultant

A. Livingston, Kinder Morgan

A. P. Maslowski, TheZAmerican Society of Mechanical
W. J. Mauro, American Electric Power

J. E. Meyer, Louis\Perry Group

T. Monday,/Team Industries, Inc.

M. L. Nayyar; NICE

G. R. Petru, Acapella Engineering Services, LLC
D. W. Rahoi, CCM 2000

R.-Reamey, Turner Industries Group, LLC

M.']J. Rosenfeld, Kiefner/Applus Global

J. T. Schmitz, Southwest Gas Corp.

S. K. Sinha, Lucius Pitkin, Inc.

W. J. Sperko, Sperko Engineering Services, Inc.
J. Swezy, Jr., Boiler Code Tech, LLC

F. W. Tatar, FM Global

K. A. Vilminot, Commonwealth Associates, Inc.
J. S. Willis, Page Southerland Page, Inc.

MATERIALS TECHNICAL COMMITTEE

eubler, Chair, Becht Engineering Co., Inc.
idge, Jr., Vice Chair, Jacebs.Engineering

’Brien, Secretary, The\American Society of Mechanical

neers

. Bo

. P.
LA

:>-':cgw

LA

ds, Bechtel Corp:
ollins, WPC Solutions, LLC
ichuk, Fluor Enterprises, Inc.

. Gundllach, Michigan Seamless Tube, LLC
assan, Power Generation Engineering and Services Co.

L. Henderson, Jr., Chiyoda International Corp.

C. Henley, Kiewit Engineering Group, Inc.

G. A. Jolly, Samshin Ltd.

C. ]J. Melo, S & B Engineers and Constructors Ltd.
M. L. Nayyar, NICE

D. W. Rahoi, CCM 2000

R. A. Schmidt, Canadoil Forge

Z. Djilali, Contributing Member, Sonatrach

J. L. Smith, Contributing Member, Consultant

Engineers


https://asmenormdoc.com/api2/?name=ASME B31T 2018.pdf

CORRESPONDENCE WITH THE B31 COMMITTEE

General. ASME Codes are developed and maintained with the intent to represent the consensus of concerned inter-
ests. As such, users of this Code may interact with the Committee by requesting interpretations, proposing revisions or a

case, and

ttending Committee meetings. Correspondence should be addressed to:

Secretary, B31 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposihg Revisions. Revisions are made periodically to the Code to incorporate changes'that appear necess

desirable,
published
The Con
the paragn
pertinent

as demonstrated by the experience gained from the application of the Code7Approved revisions y
periodically.

1mittee welcomes proposals for revisions to this Code. Such proposals shauld be as specific as possible,
aph number(s), the proposed wording, and a detailed description of the xéasons for the proposal, includi
documentation.

Proposi

gaCase. Casesmay be issued to provide alternative rules whenjustified, to permit early implementa

an approvied revision when the need is urgent, or to provide rules not'covered by the existing provisions. Cas
effective ilmmediately upon ASME approval and shall be posted oni‘the ASME Committee web page.
Requests for Cases shall provide a Statement of Need and Background Information. The request should ident

Code and
Cases. Req

Interpre
Code. Inte

Committeg.

Request
form is acq
automatic

If the In)
Committe
ommende

Subject:
Edition:

Question:

e paragraph, figure, or table number(s), and be writfen as a Question and Reply in the same format as ey
uests for Cases should also indicate the applicable‘edition(s) of the Code to which the proposed Case aj

tations. Upon request, the B31 Standards\Committee will render an interpretation of any requirement
rpretations can only be rendered in respense to a written request sent to the Secretary of the B31 Stan
s for interpretation should preferably be submitted through the online Interpretation Submittal Forr]
essible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will rece
e-mail confirming receipt.

quirer is unable to use the gnline form, he/she may mail the request to the Secretary of the B31 Stan
e at the above address¢The request for an interpretation should be clear and unambiguous. It is furthe
H that the Inquirer Submit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two y
Cite the applicable edition of the Code for which the interpretation is being reques

Phrase the question as a request for an interpretation of a specific requirement suitah
general understanding and use, not as a request for an approval of a proprietary des
situation. Please provide a condensed and precise question, composed in such a way

ary or
vill be

citing
g any

ion of
Es are

fy the
isting
bplies.

of the
dards

n. The
ive an

dards
I rec-

rords.
ted.
le for

gnor
thata

“yes” or “no” reply is acceptable.

Proposed

Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.

Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior

to being a

nswered, which may inadvertently change the intent of the original request.

vi
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Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Code requirements. If, based on the inquiry information submitted, it is the opinion of the
Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation that
such assistance be obtained.

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,” “
device, or activity.

NG

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending Committee Meetings. The B31 Standards Committee regularly holds meetings and/or telephone confer-
ences|that are open to the public. Persons wishing to attend any meeting and/or telephone conference should ¢ontact the
Secrefary of the B31 Standards Committee.
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SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31T-2018 was approved by
the Amerifan National Standards Institute on December 6, 2018.

ASME B31T-2018 includes the following changes identified by a margin note, (18).

Page Location Change

3 3.7.21 Introductory paragraph revised

3 3.7.2.2 First paragraph revised

4 3.7.2.3 First and second paragraphs revised

7 45.3 Revised

9 Table 3.1-1 (1) Notes (2) and (3) revised-to include U.S. Customary unifs

(2) Notes (5) and (6) deleted, and references to them updated to
Notes (2) and (3), respectively

21 Table 3.2-1 (1) Second and third' columns merged

(2) Fifth A194ysecond A420, third A671, third A672, and fifst
“Various”.entries revised

(3) Second™A351 entry deleted
(4) A995 entry added

31 Figure I-1M Revised
32 Table I-1 Under “SI Units, Curve A,” entry for 4.375 revised from “49” to “48”
38 Table III-1 (1) Fifth CS -50, 13th and 15th CS B, second and third CS C, third

and fifth CS D, first LA -150, eighth and ninth SS -20, and| NI
-325 entries revised

(2) Third SS -60 entry deleted
(3) Last SS -60 entry added

viii
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STANDARD TOUGHNESS REQUIREMENTS FOR PIPING

1 INTRODUCTION

This Code provides requirements for evaluating the
suitability of materials used in piping systems for
piping that may be subject to brittle failure due to

for a given material specification will vary based on actual
heat chemistry of the material and subsequent processing.
For critical applications, the design engineer can select
materials with a lower low-temperature service limit
or require impact testing. On less-critical applications,

low-t§mperature service conditions. Wiile low-tempera-
ture dervice is usually considered to be below ambient
température, brittle failure can occur at temperatures
abovdq ambient temperature for certain combinations
of materials, thicknesses, and stress levels. The definition
of “loyv-temperature service” as used in this Code, there-
fore, aries widely across the many applications for which
piping systems are used. For abuilding service air line, low
tempdrature may be 0°C (32°F), whereas for a cryogenic
pipink system, it could easily be -185°C (-300°F).
Howe}ver, the principles used to evaluate the suitability
of a fiping system as related to service temperature
by evialuating the toughness of the material can be
appligd across a wide temperature range, and this
Code has been established to provide uniform guidance
in thiq area. This Code may be invoked in whole or in part
by various piping codes and/or specifications and is only
mandptory when so invoked.

Suitability of piping systems for low-temperature
servide is a function of several variables, including mate-
rial pyoperties, design loadings, and fabrication proce-
dures| The three primary factors that generallj:control
the sysceptibility for brittle fracture are material tough-
ness, ¢rack size, and tensile stress level. There are a wide
varietly of services in which low-température suitability
need [not even be considered; however, a screening
criterjon is necessary to determife;this.

Ong¢ objective of this Codé is to provide a simple
approdach to evaluate whethep additional consideration
is negessary to evaluate Suitability for low-temperature
servide. This is done by establishing a low-temperature
servife limit foryvdrious materials. Services at or
warmier than this\limit are not considered low tempera-
ture, gnd additional considerations relative to suitability
are n¢t required.

For|services colder than this limit, various requirements

are pn vided that when met n‘n:ﬂify the material for low-

material with a higher low-temperature sefvice limit
may be acceptable. The final selection is.left td the refer-
ring code and the design engineer (when permitted by the
referring code).

To keep the number of sets)of requirenjents to a
minimum, material groupings-“have been established,
and a unique set of requitrements has been| provided
for each group. These\groups are assifgned “T-
numbers” for easy reférence. Although most] materials
used in piping systems are listed, some ar¢ not, and
these unlisted materials are not address¢d in this
Code. Where permitted by the code or spégcification
invoking £his”Code, these requirements maly be used
for unlisted materials. The invoking code or splecification
may éstablish the correct T-number group for the material
or may invoke the testing and other requiremg¢nts of this
€ode using the worst-case assumption that the design
minimum temperature is colder than the temperatures
that would allow exemption from any of the requirements
of this Code. The guidelines for establishing the correct T-
number group are provided in Nonmandatory Appendix B.

2 GLOSSARY
CVN: the abbreviation for Charpy V-notch.

design minimum temperature: the lowest cpmponent
temperature expected in service.

fully deoxidized steel: steel that has been deoxidized, either
by the addition of strong deoxidizing agents or by vacuum
treatment, to reduce the oxygen content to sich a level
that no reaction occurs between the cafbon and
oxygen during solidification. Also known as Killed steel.
Steels that are not fully deoxidized includ¢ rimmed,
semi-killed, and capped steels. Limitations ¢n the use
of steels that are not fully deoxidized may bg imposed
by the applicable piping code or specification|

temperature services. These requirements include impact
testing, qualification of welding and other fabrication
procedures, and limiting the design loadings.

The low-temperature service limit established herein is
based on a reasonable degree of assurance that at this
temperature the material will have a ductile failure
mode. The actual ductile-to-brittle transition temperature

1 For guidance on cryogenic valves, refer to MSS SP-134, Valves for
Cryogenic Service Including Requirements for Body/Bonnet Extensions.

lower critical temperature: the temperature at which the
first phase change occurs when heating a metal.

low-temperature service limit: the design minimum
temperature at which additional requirements for low-
temperature service do not apply.

NDT temperature: the nil ductility transition temperature.

stress ratio: the ratio of the design stress to an allowable
stress. (See para. 3.6.2.)
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T-number: a number assigned to a group of similar mate-
rials with similar low-temperature requirements. The
number consists of the material type and a temperature
characteristic, and possibly a suffix.

3 LOW-TEMPERATURE RANGES AND
REQUIREMENTS

3.1 Low-Temperature Service Requirements

Mandatory Appendix I should be consulted for the
precise values.

For material T-number groups in which the low-
temperature suitability is dependent on some other
factor, those factors are given in the notes listed in
column 3 of Table 3.1-1.

3.4 Low-Temperature Service Limit (Column 4 of
Table 3.1-1)

Low-terhperature service requirements are contained
in Table 3]1-1. These requirements are established for T-
number grjoups of materials with similar requirements. In
addition t¢ T-number group, in some cases, requirements
are depenflent on thickness and/or other characteristics
as listed ip Table 3.1-1.

3.2 Matdrial Groupings (Column 1 of Table 3.1-1)

Material T-number groups for each covered material
specification are provided in Table 3.2-1. (In addition,
a table sdrted by material type and T-number group
that lists a|l materials in each T-number group is provided
in Mandatpry Appendix II1.) In determining the applicable
T-number|group for a material from Table 3.2-1, consid-
eration shhll be given to the material specification, grade,
and any other variables as established in the notes. The
table sepqrates the materials into types (carbon steels,
low-alloy $teels, etc.), and the group number is represen-
tative of the low-temperature service limit for the mate-
rial; howeyer, the low-temperature service limit may vary
based on the design and fabrication requirements. Low*
temperatyre service limits shall be determined from Table
3.1-1. An [(A)” in the T-number group [e.g., CS -20(A)]
indicates that materials of that group may,not be used
at tempeffatures colder than the groupnumber [e.g.,
-29°C (-20°F)].

3.3 Nomjnal Thickness and Notes (Columns 2 and
3 of [fable 3.1-1)

For maferial T-number~groups in which the low-
temperatyre suitability-varies significantly according to

D, where Table 3 1- 1 llsts thlckness at each 10°F incre-
ment. When itis desired to refine the influence of the thick-
ness, Mandatory Appendix I provides the continuous
curves and tables that can be used at intermediate
values or greater thicknesses. Since the nominal thick-
nesses in Table I-1 of Mandatory Appendix I are generally
derived based on uniform increments of temperature, the
table does not contain uniform increments of thickness.
The continuous curves in Figures I-1 and I-1M in

Column 4, theTirsttemperature columnin Table 3]1-1, is
the low-temperature service limit. If the designnpiinimum
temperature is equal to or warmer than this.valug, then
low-temperature requirements do not.apply. Materials
within a group may be used at this\temperatyre or
temperatures warmer than this limitwithout imposing
any of the requirements of this Code? This limit confiders
material properties and the\influence of fabri¢ation
processes on the material properties.

3.5 Material Requirements for Low-Temperature
Service (Colamns 5 and 6 of Table 3.1-1)

Column 5 lists the minimum permitted temperature of
the materidal:\When a temperature is listed, this |is the
design mihimum temperature permitted for the material
group,regardless of impact testing or any other reguire-
ments except as permitted by column 18, where the
applied stress is limited to 30% of the allowable.

Column 6 contains the minimum temperature wjthout
impact testing for the material. If the design minfimum
temperature is equal to or warmer than this valye, the
material does not require impact testing. If the design
minimum temperature is colder than this value, impact
testing of the material in accordance with section 3 is
required. For carbon steels, this limit might vary with
material thickness (T-number groups CS A, CS BfCS C,
and CS D) or with stress levels. Additional rows are
provided in Table 3.1-1 for thickness variations.
Interpolation between thicknesses is permitted. Fjgures
and a table for the curves of the variation of tempetature
with thickness are provided in Mandatory Appendi¥ I, and
these may be used as an alternative to the values in|Table
3.1-1. Permitted temperatures with stress limifs are
provided for by using columns 10 through 18 irjstead
of column 6 as discussed in para. 3.6.

Service (Columns 10 Through 18 of Table 3.1-1)

3.6.1 Minimum Material Temperature Without
Impact Testing. Columns 10 through 17 list the
minimum material temperature without impact testing
based on design stresses and may be used for carbon
steels provided

(a) the piping system is subjected to a hydrostatic test
at no less than 1.5 times the design pressure
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(b) the piping system is not subjected to unevaluated
external loads such as maintenance loads, impact loads,
and thermal shock

The curve used to generate columns 10 through 17 in
Table 3.1-1 is provided in Mandatory Appendix Il and may
be used as an alternative to columns 10 through 17.

Column 18 lists the minimum low-temperature service
limitachievable by limiting stresses to less than 10% of the
tensile strength [i.e., the stress ratio (SR) < 0.3] and may be
used wi iti = i
quirements. At these stress levels, the design margin is
considered adequate to prevent a brittle fracture
failurg mode. The low-temperature service limit listed
in colJumn 18 may be used in lieu of that listed in
column 4 when SR < 0.3.

3.6{2 Stress Ratio. The stress ratio is defined as the
maxirhum of the following:

(a) |[nominal pressure stress (based on minimum pipe
wall thickness less allowances) divided by the allowable
stress at the design minimum temperature.

(b) |for piping components with pressure ratings, the
pressyire for the condition under consideration divided
by tHe pressure rating at the design minimum
tempgrature.

(c) |combined longitudinal stress due to pressure, dead
weight, and displacement strain (stress intensification
factoyfs are not included in this calculation) divided by
the allowable stress at the design minimum temperature,
In cal¢ulating longitudinal stress, the forces and moments
in thg piping system shall be calculated using nominal
dimensions, and the stresses shall be calculated-using
sectign properties based on the nominal-diniensions
less cprrosion, erosion, and mechanical allowances.

In determining the stress ratio, the loadings coincident
with 1he metal temperature under ¢conhsideration may be
used in lieu of maximum design values. Where there are
severdl low-temperature desigh ¢onditions, each shall be
evalugted to determine the(stress ratio.

3.7 Rabrication Requirements for Low-
:Iemperature Service (Columns 7, 8, and 9 of
able 3.1-1)

3.7]1 Temperature Limits. Column 7 lists the minimum
weld{permitted temperature. When a temperature is
listed) this'is the design minimum temperature permitted

able, the temperatures in column 9 may be used instead of
the values in column 8.

When materials are used at temperatures colder than
those listed in column 8 or column 9, as applicable, the
welding, bending, and forming procedures shall be qual-
ified to verify that they do not result in significant loss of
material toughness. In addition, weld filler metal shall
meet the impact test requirements of para. 3.7.4.

3.7.2 Welding Procedure Specifications

3.7.2.1 General. Welding procedures that are
required by para. 3.7.1 to be qualified with impact
testing shall be qualified for toughness,/and the supple-
mentary essential variables of ASME Boiler anfl Pressure
Vessel Code (BPV(C), Section IX.shall apply. Temper bead
welding procedures shall be prepared and qualified in
accordance with Section {X{using impact tesfing as the
basis for acceptance.
Impact tests of thé;weld metal and heat-aff¢cted zone
(HAZ) shall be performed in accordance with paras. 3.7.2.2
and 3.7.2.3 excCept'that impact tests of the HAZ are not
required for
(a) the'qualification for welds in P-Nos. 1 and 3 mate-
rials thatiare postweld heat treated and are made by any
process other than electroslag, electrogas, or thermit
(b) the qualification for weld deposit claddigg or hard-
facing on any base material
(c) thatportion ofthe HAZ associated with ggs tungsten
arc welding (GTAW) root deposits with a maximjum of two
layers or 5 mm (%5 in.) thickness, whichever is less

3.7.2.2 Test Specimens. The weld procedure quali-
fication impact test specimens shall be Chargy V-notch
(CVN) specimens prepared and tested in agcordance
with the requirements in ASME BPVC, Secftion IX. A
test shall consist of five specimens, all of which shall
be tested at or below the design minimum tempperature.
The highest and lowest values of these specimejns shall be
disregarded, and the values of the three remaining speci-
mens shall equal or exceed the impact value rdquired for
the base metal to be welded in production. Alternatively,
only three specimens may be prepared and testgd, and the
values of these three specimens shall equal or gxceed the
impactvalue required for the base material to b¢ welded in
production.
The impact specimen representing the weld deposit

for welded construction for this material group, thickness,
and notes regardless of impact testing or any other re-
quirements. Use of the material is prohibited at tempera-
tures colder than this temperature unless permitted by
column 9.

Column 8 of Table 3.1-1 lists the design minimum
temperature permitted for each material group
without additional fabrication requirements.
Alternatively, when stresses are limited to 30% of allow-

Shatt be Tocated So that tire fongitudimat axis of the
specimen is at least 0.25t from a surface, where t is
the thickness of the test weld and, where the thickness
of the test assembly permits, not less than 10 mm (%
in.) from the weld surface of the test assembly. In addition,
when the postweld heat treatment temperature exceeds
the maximum temperature specified by the code referen-
cing this Code and the test assembly is cooled at an accel-
erated rate, the longitudinal axis of the specimen shall be a
minimum of ¢t from the edge of the test assembly. The
specimen shall be transverse to the longitudinal axis of
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the weld with the area of the notch located in the weld. The
length of the notch of the CVN specimen shall be normal to
the surface of the weld.

Specimens representing the HAZ shall be taken from the
welding procedure qualification test assemblies in accor-
dance with (a) through (c).

(a) If the qualification test material is in the form of a
plate or a forging, the axis of the weld shall be oriented in
the direction parallel to the principal direction of rolling or

equal to or greater than the average value for the unaf-
fected base material CVN specimens, the qualification test
shall be considered acceptable, and the values and testing
temperature shall be recorded on the welding Procedure
Qualification Record (PQR).

(b) If the average CVN lateral expansion for the HAZ of
(a) is less than that for the unaffected base material, and
the qualification test meets the other criteria of accep-
tance, the CVN test results may be recorded on the

forging.

(b) Thelspecimens shall be removed from a location as
near as prjactical to a depth midway between the surface
and centef thickness. The coupons for HAZ impact speci-
mens shal] be taken transverse to the axis of the weld and
etched to {lefine the HAZ. The notch of the CVN specimen
shall be cut approximately normal to the material surface
in such a manner as to include as much HAZ as possible in
the resulfing fracture. Where the material thickness
permits, the axis of a specimen may be inclined to
allow thq root of the notch to align parallel to the
fusion ling. When a grain-refining heat treatment is not
performed on welds made by the electroslag or electrogas
welding process, the notch for the impact specimens shall
be located in the grain-coarsened region.

(c) For[the comparison of HAZ values with base mate-
rial value$, CVN specimens shall be removed from the
unaffectefl base material at approximately the same
distance fjom the base material surface as the HAZ speci-
mens. The|axis of the unaffected base material specimens
shall be pdrallel to the axis of the HAZ specimens, and the
axis of the[notch shall be normal to the surface of the base
material.

3.7.2.B Test Requirements. The impact test'require-
ments for| the weld metal used for welding, procedure
qualificatipn shall be the same as specified in section 4
for the bake material to be welded ot nepaired. Retests
in accordpnce with the provisions)of para. 4.5.4 are
permitted. Where two materials) are to be joined by
welding gnd have different toughness requirements,
the test requirements of-either material may be used
for the wgld metal unless otherwise specified by the
code referjencing this-Code.
For CVN tests of\the HAZ, three CVN specimens repre-
senting th¢ HAZ'material and three representing the unaf-

fected bas¢ material shall be tested at the design minimum
temperatl re—ofthe-base-ma terigl—\Where-two—different

PQR_Data shall then be obtained as cppr‘iﬁpd in (C) to
provide an additive temperature for the adjustmpnt to
compensate for the HAZ toughness decrease as des¢ribed
in (d). Alternatively, the welding procedure qualififation
may be rewelded and retested.
(c) The data for development ofithe temperature
adjustment (Tap;) shall be developed’by performing addi-
tional CVN tests on either the welding procedure |quali-
fication HAZ or the unaffected base material, or|both,
at temperatures that provide toughness valuef that
meet or exceed those required for the thickness of[mate-
rial to be welded in production. The average toughness
data for the HAZ ‘and the unaffected base majterial
shall be plottéd on a property-temperature charft. The
temperaturesiat which these two sets of data exhibit a
common aceeptable value of toughness for the prodfiction
thickness involved shall be determined. The determined
temperature for the unaffected base material shall be
subtracted from the similarly determined temperature
for the HAZ. This difference shall be used in (d) as
Tapy. If the temperature difference is zero or a negative
number, no adjustment is required for the base material
to be welded in production, and the minimum tempera-
ture established by this Code will still apply as stated|in (a).
The CVN testing results shall be recorded on the PQR, and
any offsetting Tapy or increased toughness requirements
shall be noted on the PQR and on the Welding Prodedure
Specification (WPS).
(d) Atleast one of the following methods shall b¢ used
to compensate for the HAZ toughness decrease duelto the
welding procedure. More than one compensation method
may be used on a par basis.
(1) The low-temperature service limit for all jof the
material to be welded in a production WPS supported by
this PQR shall be increased by the adjustment temperature
Tapy-
(2) The specified testing temperature for the pfoduc-

e—paSe—ThHo e o r— e re—vw ottt

materials that have different toughness requirements
are to be joined by welding, the test shall be conducted
on the HAZ from each material and corresponding unaf-
fected base material unless otherwise specified by the
code referencing this Code or by the engineering
design of the piping. Test acceptance criteria are as
follows:

(a) The CVN impact tests of the unaffected base mate-
rial shall meet the requirements of this Code. If the average
lateral expansion values of the three HAZ specimens are

tion material may be reduced by Tap.

(3) The materials to be welded may be welded using
the WPS provided they exhibit CVN values that are no less
than the minimum required lateral expansion value for the
material plus the difference in average lateral expansion
values between the unaffected base metal and the HAZ.

3.7.3 Forming and Bending Processes. Any process
may be used to hot form, cold form, or bend material,
including weld metal, provided the impact properties
of the material, when required, are not reduced below
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the minimum specified values, or they are effectively
restored by heat treatment following the forming opera-
tion. Hot forming is defined as forming with the material
temperature warmer than 56°C (100°F) below the lower
critical temperature of the material.

When required, the hot- or cold-forming process shall
be qualified for impact properties as described below.

A procedure qualification test shall be conducted using
specimens taken from material of the same specification,
grade ithsimilari

shall
prop

3/.7.3.1 Materials Not Requiring Procedure
Qualification Tests. Procedure qualification tests are
not rgquired for the following materials:

(a) |hot-formed material, such as forgings, in which the
hot forming is completed prior to removal of the impact
test specimens

(b) |hot-formed material represented by test coupons
that hiave been subjected to heat treatment representing
the hgt-forming procedure and the heat treatments to be
appligdd to the parts

(c) |[material that has a final strain less than 0.5%

(d) | material for which the final strain is less than that efl
a preyiously qualified procedure for that material

(e) |material from which the impact testing in aceor-
dancd with section 4 is performed on each heat and
lot, aq applicable, after forming

be conducted to determine that the required impact
drties of section 4 are met after straining.

317.3.2 Performance of Procedure Qualification
Test. The procedure qualification test'shall be performed
in thg manner stipulated in (a) through (f).

(a)| The tests shall be performed on three different
heats pf material both before-straining and after straining
and hgat treatment to establish the effects of the forming
and spibsequent heat treatment operations.

(b)|Specimens shdll-be taken in accordance with the
requifements of section 4 and shall be taken from the
tensidn side of the strained material.

(c)|The pereént strain shall be established by the
following(fermulas:

For cHinders:

R = nominal bending radius to the centerline of the
pipe, mm (in.)
r = nominal radius of the pipe, mm (in.)
Ry = final radius to the centerline of the shell, mm (in.)
R, = original radius (equal to infinity for a flat part),
mm (in.)
t = nominal thickness, mm (in.)

¢ e procedurequalification-shall simulate the
maximum percent surface strain, employifigfa bending
process similar to that used in the fabrication of the mate-
rial or by direct tension on the specimen.
(e) Sufficient CVN test specimegs‘shall be taken from
each of the three heats of materidlto establish g transition
curve showing both the upper‘and lower shelvgs. On each
of the three heats, tests cofsisting of three impact speci-
mens shall be conductediat a minimum of five different
temperatures distributed throughout the fransition
region. The upper ‘and lower shelves may be ¢gstablished
by the use of one test specimen for each shelf. Depending
on the produttform, it may be necessary to plotjthe transi-
tion curves/uising both lateral expansion and energy level
data.
(f) “Using the results of the impact test data frpm each of
three heats, taken both before and after strainjing, deter-
mine either of the following:
(1) the maximum change in nil ductility|transition
(NDT) temperature along with (-a) or (-b)
(-a) the maximum change oflateral expinsion and
energy at the temperature under consideratign
(-b) the maximum change of temperafure at the
lateral expansion and energy levels under consideration
(2) when lateral expansion is the agceptance
criterion, either the maximum change in temperature
or the maximum change in lateral expansion

3.7.3.3 Acceptance Criteria. To be acceptable, the
formed material used in production shall have impact
properties before forming sufficient to compnsate for
the maximum loss of impact properties due t¢ the qual-
ified forming processes used. A new procedurg¢ qualifica-
tion test is required when any of the changes in|(a), (b), or
(c) are made.
(a) The actual postweld heat treatmer|t time at
temperature is warmer than previously [qualified

ttess—the-materias P Ne—tand-the-thieknless is less

% strain = SOt/Rf[l - (Rf/Ro)]

For spherical or dished surfaces:
%strain = 75t/Rg[1 — (Ry/R,)]

For pipe:
% strain = 100r/R

than 50 mm (2 in.). If the material is not postweld
heat treated, the procedure shall be qualified without
postweld heat treatment.

(b) The maximum calculated strain of the material
exceeds the previously qualified strain by more than 0.5%.

(c) Preheat over 120°C (250°F) is used in the forming
or bending operation but is not followed by a subsequent
postweld heat treatment.
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3.7.4 Weld Filler Metal

3.7.4.1 General. Weld filler metal for applications in
which the design minimum temperature is colder than the
temperature listed in column 8 or column 9 of Table 3.1-1,
as applicable, shall be impact tested. The impact tests shall
be conducted for
(a) eachlotof covered, flux cored, metal cored, or fabri-
cated electrodes
(b) each heat of bare electrodes, rod, or wire for use

production welds are to be postweld heat treated. The
postweld heat treatment holding time shall be at least
80% of the maximum time to be applied to the weld
metal in production application. The total time for post-
weld heat treatment of the test specimen may be applied in
one heating cycle. The cooling rate from the postweld heat
treatment temperature shall be of the same order as that
applicable to the weld metal in the production welds. In
addition, weld coupons for weld metal to be used with the

with the[oxy Tuel welding (OFW], gas metal arc
welding (GMAW), GTAW, plasma arc welding (PAW),
and electrjogas welding (EGW) processes (ASME BPVC,
QW/QB-492)
heat of consumable inserts
combination of heat of bare electrodes and lot
ed arc flux
combination of lot of fabricated electrodes and
erged arc flux
combination of heat of bare electrodes or lot of
fabricated electrodes and dry blend of supplementary
powdered|filler metal and lot of submerged arc flux

(g) each combination of heat of bare electrodes and lot
of electroglag flux

Where the specification for welding consumables speci-
fies impact testing at a temperature equal to or colder than
the design/minimum temperature, testing of each heat/lot
combinatipn is not required, provided the filler metal will
be used in|the same heat treatment condition as is speci-
fied in thq filler metal specification. Tests performed on
the welding material in the qualification of weld proce:
dures may satisfy the testing requirements for the\lot,
heat, or combination of heat and batch of weldingmaterial
used.

3.7.4.2 Test Coupons. The welding test coupon shall
be made using the welding process,filler metal specifica-
tion and classification, minimum tensile strength, preheat

be of sufficient size and_thickness that the required test
specimenyg can be removed.

The weld metal\toé be tested for all processes except
electroslpg Wwelding shall be deposited in such a
manner ap to-eliminate substantially the influence of

p]prfrnc]ag Process. thatare tested in the as-welded condi-
tion, or following a postweld heat treatment withfin the
holding temperature ranges of the applicable“cofle for
the material being tested, shall have a thickiness yithin
the range of 0.5 times to 1.1 times the thickness jof the
welds to be made in productionOElectroslag|weld
coupons to be tested following a postweld heat treatment,
which will include heating the ‘€6upon to a temperature
warmer than the holding temperature ranges of the ap-
plicable code for the material being tested, shall have a
thickness within the range of 0.9 times to 1.1 [times
the thickness of the welds to be made in production.

3.7.4.3-Test Specimens. Regardless of the wglding
process 6rwelding material being tested, the ijmpact
test speeimens shall be located and prepared in accor-
danc¢e with the requirements of ASME BPVC, Section II,
Pdrt C, SFA-5.1, Specification for Carbon [Steel
Electrodes for Shielded Metal Arc Welding.

3.7.4.4 Test Requirements. Impact testing pf the
weld metal shall meet the requirements applicaple to
the base metal. Where different requirements ex|st for
the two base metals, the weld metal may conform to
either of the two requirements unless the requir¢gment
of para. 4.5.3 applies.

4 IMPACT TESTING METHODS AND ACCEPTANCE
CRITERIA

4.1 General

When impact testing is required by section 3, proviisions
inthe applicable code, orthe engineering design, it shall be

the base material on the results of the tests. Weld
metal to be used with the electroslag process shall be
deposited in such a manner as to conform to an applicable
WPS for production welding; see ASME BPVC, Section IX,
QW-201.1.

The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
that will be used in production welding. Coupons shall be
tested in the as-welded condition or they shall be tested in
the applicable postweld heat-treated condition when the

done in accordance with this section unless otherwise
required by the applicable code.

4.2 Procedure

Impact testing of each product form of material for any
specification (including welds in the components) shall be
done using procedures and apparatus in accordance with
ASTM A370, and in conformance with the impact testing
requirements of the following specifications:
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Product Form Specification
Pipe ASTM A333 or API 5L
Tube ASTM A334

Fittings ASTM A420

Forgings ASTM A350

Castings ASTM A352

Bolting ASTM A320

Plate ASTM A20

conducted at a temperature not warmer than the
design minimum temperature. Where the largest possible
test specimen has a width along the notch ofless than 80%
of the material thickness, the test shall be conducted at a
temperature colder than the design minimum tempera-
ture by an amount equal to the difference (referring to
Table 4.4.2-1) between the temperature reduction corre-
sponding to the actual material thickness and the
temperature reduction corresponding to the Charpy

The specific requirements of this section or the applicable
code $hall also be met.

If alconflict exists between the requirements, the order
of prdcedence shall be as follows:

(a) |the applicable code

(b) |this Code

(c) |the product form specification

(d)|ASTM A370

4.3 Test Specimens

Each set of impact test specimens shall consist of three
specimmen bars. All impact tests shall be made using stan-
dard [10-mm (0.394-in.) square-cross-section CVN
specitpen bars, except when the material shape or thick-
ness does not permit. Charpy impact tests may be
perfofmed on specimens of full material thickness,
which may be machined to remove surface irregularities.
Alterrjatively, such material may be reduced in thickness
to prdduce the largest possible Charpy subsize specimen
If subkize specimens are used, the test temperature shall
be adjusted in accordance with para. 4.4.2. Tqughness
tests pre not required when the maximum, obtainable
specimen has a width along the ndtch less than
(0.098 in.).

4.4 Test Temperatures

Forfall Charpy impact tests, the test temperature criteria
in patfa. 4.4.1 or para. 4.4.2(shall be observed. The test
specimens, as well as,the handling tongs, shall be
cooled for a sufficienttlength of time to reach the test
tempgrature.

.1 For Materials With Thickness Equal to or
Greatpr Than:100mm (0.394 in.). Where the largest attain-
able (VN specimen has a width along the notch of atleast 8
mm ((.3251n.), the Charpy test using such a specimen shall

specimen width actuallv tested _These temperature reduc-

tion criteria do not apply when Table 4.5(2+1 specifies
lateral expansion for minimum required-valugs.

Test Temperature = (Design Minimum Temperature) |+
(Temperature Reduction Based dn
Actual Materialy Thickness) -
(Temperattire Reduction Based dn
Charpy.Inipact Specimen Width)

For example, if the deSigh minimum temperature is -20°C,
the actual materialthickness is 6 mm, and the specimen is
4 mm, the testtemperature is (-20) + 8.3 - 16.7|=-28.4°C.

4.5 Acceptance Criteria

4.5:1)Minimum Energy Requirements. Except for
bolting materials and high-alloy steels (P-Nog. 6, 7, and
8),'the applicable minimum energy requirgment for
carbon and low-alloy steels and other matdrials with
specified minimum tensile strengths less tha} 656 MPa
(95 ksi) shall be those shown in Table 4.5.1-1. If
subsize specimens are used, the minimum enejrgy accep-
tance criteria may be reduced by the ratio ¢f the test
specimen width to the standard size width [10 mm
(0.394 in.)].

4.5.2 Lateral Expansion Requirements. Chrbon and
low-alloy steels and other materials having specified
minimum tensile strengths equal to or grdater than
656 MPa (95 ksi), all bolting materials, and all high-
alloy steels (P-Nos. 6, 7, and 8) shall have a latdral expan-
sion opposite the notch ofnotlessthan 0.38 mm|(0.015 in.)
for all specimen sizes. The lateral expansion is the increase
in width of the broken impact specimen over that of the
unbroken specimen measured on the comprefsion side,
parallel to the line constituting the bottom of the V-notch
(see ASTM A370). For bolting materials with specified
minimum tensile strength greater than 6564 MPa (95

be conducted ata temperature not warmer than the design
minimum temperature. Where the largest possible test
specimen has a width along the notch less than 8 mm
(0.315 in.), the test shall be conducted at a temperature
colder than the design minimum temperature in accor-
dance with para. 4.4.2.

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

ksi) and size less than or equal to M50 (2 in.), the
impact requirements of ASTM A320 may be applied.

4.5.3 Weld Impact Test Requirements. Where two
base metals having different impact acceptance criteria
are joined by welding, the impact acceptance criteria
for the weld metal shall be those of the base material
having a specified minimum tensile strength most
closely matching the specified minimum tensile strength
of the weld metal.

(18)
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4.5.4 Retests

4.5.4.1 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, a retest of three additional speci-
mens shall be made. The value for each of these retest

exceeds 0.38 mm (0.015 in.), a retest of three additional
specimens may be made, each of which shall 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 re-heat treated
and retested. After re-heat treatment, a set of three speci-
mens shall be made. For acceptance, the lateral expansion

afeachaofthe specimens. shall pqn:\] orexceedthe cpncified

specimen$ shall equal or exceed the required average
value.

4.5.42 For Lateral Expansion Criterion. If the value
oflateral expansion for one specimen in a group of three is
below 0.38 mm (0.015 in.) but not below 0.25 mm (0.010
in.), and if fhe average value for three specimens equals or

minimum value of 0.38 mm (0.015 in.).

4.5.4.3 For Erratic Test Results. When an drratic
result is caused by a defective specimen ar thére is fincer-
tainty in the test procedure, a retest will ‘be allowed.
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Table 3.2-1 Material Groupings by Material Specification

T-Number Product

Specification Type/Grade/Class/Condition/Temper/UNS Group Material Type Form Notes

A36 CSA Carbon steels PL

A47 Grade 32510 CI -20(A) Cast irons C

A48 Grade 20, 25, 30, 35, 40, 45, 50, 55, 60 CI -20 Cast irons C

A53 Grade A (Type F) CS +20(A) Carbon steels P

A53 Grade A (except Type F), B CSB Carbon steels P

A105 CS -20 Carbon steels FI & FO

A106 Grade A, B, C CSB Carbon steels P

A126 Class A, B, C CI -20 Cast irons C

Al134 A283 Grade A, B CS B Carbon steels P

A134 A283 Grade C, D CS A Carbon steels P

A134 A285 Grade A, B CSB Carbon steels P

A134 A285 Grade C CS A Carbon stegls P

A134 A36 CSA Carbon steéls P

A134 A570 Grade 30, 33, 36, 40, 45, 50 CSA Carbon, steels P

A135 Grade A, B CS B Carbon steels P

A139 Grade A, B, C, D, E CSA Carbon steels

Al167 Type 347, 348 S§ 325 Stainless steels PL (1)

Al67 Type 347, 348 SS -20 Stainless steels PL (2)

Al167 Type 302B, 308 SS -325 Stainless steels PL 3)

Al167 Type 302B, 308 SS -20 Stainless steels PL (4)

A167 Type 309, 310 SS -325 Stainless steels PL ), 3), 5

Al167 Type 309, 310 SS -20 Stainless steels PL (2) or (4), (5)

A178 Grade A, C CS -20 Carbon steels T

A179 CS -20 Carbon steels T

A181 Class 60, 70 CSA Carbon steels FI & FO

A182 Grade F1, F2,ES, F5a, F9, F11, F12, F21, F22, F91 LA -20 Low-alloy steels FI & FO

A182 Grade F10 SS -325 Stainless steels FI & FO 3)

A182 Grade E10 SS -20 Stainless steels FI & FO (4)

A182 Grade’F304, F304L, F316, F316L SS -425 Stainless steels FI & FO

A182 Grade F304H, F316H, F317L, F321, F321H, F347, SS -325 Stainless steels FI & FO

F347H, F348, F348H

A182 Grade F310 SS -325 Stainless steels FI & FO 3), (5)

A182 Grade F310 SS -20 Stainless steels FI & FO 4), (5)

A182 Grade Fé6a SS -20 Stainless steels FI & FO (5)

A182 Grade F60 (S32205) SS -20 Stainless steels FI & FO (5)

A182 Grade S32760 SS -60 Stainless steels FI & FO

A192 CS -20 Carbon steels T

A193 Grade B5 <4 in.,, B16 <4 in. LA -20 Low-alloy steels B

A193 Grade B6 SS -20 Stainless steels B

A193 Grade B7 (2% in.) LA -55 Low-alloy steels B

A193 Grade B7 (>2% in., <4 in)) LA -40 Low-alloy steels B
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(18) Table 3.2-1 Material Groupings by Material Specification (Cont’d)
T-Number Product

Specification Type/Grade/Class/Condition/Temper/UNS Group Material Type Form Notes
A193 Grade B7M (<4 in.) LA -55 Low-alloy steels B
A193 Grade B8 Class 2, B8C Class 1, B8C Class 2, B8M, SS =325 Stainless steels B (6)

B8T
A194 Grade 1 CS -20 Carbon steels N
A194 Grade 3 LA -20 Low-alloy steels N
A194 Grade 6 SS -20 Stainless steels N
A194 Grade 2, 2H, 2HM CS -55 Carbon steels N
A194 Grade 7, 7M LA -150 Low-alloy steels N
A194 Grade 8, 8CA, 8FA, 8MA, 8TA SS -325 Stainless steels N
A194 Grade 8A SS -425 Stainless steels N
A197 CI -20(A) Cast irons C
A20 Grade A, B LA -20 Low-alloy steels PL
A207] Grade A, B, D, E LA -20 Low-alloy steels PL
A20 Grade A, B, C LA -20 Lowsalloy steels PL
A21 Grade A-1 CS -20 Carbon steels T
A214 CS -20 Carbon steels T
A214 Grade WCA, WCB, WCC CS»20 Carbon steels C
A21] Grade C5, C12, WC1, WC4, WC5, WC6, WC9 EA -20 Low-alloy steels C .
A217 Grade CA-15 SS -20 Stainless steels C (5
A22 CS -20 Carbon steels T
A234 Grade WP1, WP5, WP9, WP11, WP12, WR22, WP91 LA -20 Low-alloy steels FI
A234 Grade WPB, WPC CS B Carbon steels FI
A24 Type 305 SS =325 Stainless steels PL 1, 13)
A24 Type 305 SS -20 Stainless steels PL (2) or (4)
A24 Type 302, 317, 317L, 321, 321H, 347, 348 SS -325 Stainless steels PL (1
A24 Type 302, 317, 3171{ 321H, 348 SS -20 Stainless steels PL (2
A24 Type 304, 304L, 316, 316L SS -425 Stainless steels PL (1
A24 Type 304, 304Lx316, 316L, 321, 347 SS =20 Stainless steels PL (2
A24 Type 3098, 310S SS -325 Stainless steels PL 1), 15
A24 Type.309S, 310S SS -20 Stainless steels PL (2),5)
A24 Type 405, 410, 410S, 420, 429, X8M SS -20 Stainless steels PL (5
A24 UNS S32205 SS -20 Stainless steels PL (5
A24 UNS S32760 SS -60 Stainless steels PL
A268 Grade TP405, TP409, TP410, TP430, TP430Ti, SS -20 Stainless steels T (5)
TP433, TP436

A269 Grade TP304, TP304L, TP316, TP316L SS -425 Stainless steels )]
A269 Grade TP304, TP304L, TP316, TP316L SS =20 Stainless steels P (2)
A278 Class 20, 25, 30, 35, 40, 45, 50, 60 CI -20 Cast irons C
A283 Grade A, B, C, D CS A Carbon steels PL
A285 Grade A, B CS B Carbon steels PL
A285 Grade C CSA Carbon steels PL
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(18) Table 3.2-1 Material Groupings by Material Specification (Cont’d)
T-Number Product
Specification Type/Grade/Class/Condition/Temper/UNS Group Material Type Form Notes
A299 CSA Carbon steels PL
A302 Grade A, B, C, D LA -20 Low-alloy steels PL
A307 Grade B CS -20 Carbon steels B
A312 Grade TP304, TP304L, TP316, TP316L SS -425 Stainless steels P (1)
A312 Grade TP304, TP304L, TP316, TP316L SS -20 Stainless steels P (2)
A312 Grade TP304H, TP316H, TP321H, TP347H, TP348H SS -325 Stainless steels P
A312 Grade TP309, TP310 SS -325 Stainless steels P ), 3), 5
A312 Grade TP309, TP310 SS -20 Stainless steels P (2) or (4), (5)
A312 Grade TP317, TP317L, TP321, TP347, TP348 SS =325 Stainless steels P 1
A312 Grade TP317, TP317L, TP321, TP347, TP348 SS -20 Stainless steels (2)
A320 Grade B8 Class 1 SS -425 Stainless'steels B
A320 Grade B8 Class 2, B8C Class 1, B8C Class 2, BSF, SS -325 Stainless steels N
B8M, B8T
A320 Grade L7, L43 LA -150 Low-alloy steels B (7
A320 Grade L7A, L7B, L7C LA -150 Low-alloy steels B (7
A320 Grade L7M LA £100 Low-alloy steels B (7)
A325 CS -20 Carbon steels B
A333 Grade 8 LA -320 Low-alloy steels P (7)
A333 Grade 1, 6 CS -50 Carbon steels P (7
A333 Grade 3, 4 LA -150 Low-alloy steels P (7)
A333 Grade 7, 9 LA -100 Low-alloy steels P (7)
A334 Grade 3 LA -150 Low-alloy steels T (7
A334 Grade 8 LA -320 Low-alloy steels T (7
A334 Grade 1, 6 CS -50 Carbon steels T (7
A334 Grade 7, 9 LA -100 Low-alloy steels T (7)
A335 Grade P1, P2, P5, P5b, P5¢, P9, P11, P12, P15, P21, LA -20 Low-alloy steels P
P22, P91
A350 Gradey[F1 CS -20 Carbon steels FI & FO (7)
A350 GraderLF2 Class 1 CS -50 Carbon steels FI & FO (7
A350 Grade LF2 Class 2 CSo Carbon steels FI & FO (7)
A350 Grade LF3 LA -150 Low-alloy steels FI & FO (7)
A351 Grade CE20N, CH20, CK20, HK30, HK40 SS =20 Stainless steels C (5)
A351 Grade CF8C, CF10MC, CH8, CH10, CN7M SS -325 Stainless steels C
A351 Grade HT30 SS -325 Stainless steels C 1)
A351 Grade CF3, CF3A, CF3M, CF8, CF8A, CF8M SS -425 Stainless steels C
A352 Grade LC1 LA -75 Low-alloy steels C (7)
A352 Grade LC2 LA -100 Low-alloy steels C (7
A352 Grade LC3 LA -150 Low-alloy steels C (7)
A352 Grade LCB CS -50 Carbon steels C (7)
A353 LA -320 Low-alloy steels PL (7

23


https://asmenormdoc.com/api2/?name=ASME B31T 2018.pdf

ASME B31T-2018

Table 3.2-1 Material Groupings by Material Specification (Cont’d)

T-Number Product
Specification Type/Grade/Class/Condition/Temper/UNS Group Material Type Form Notes

A354 Grade BC LAO Low-alloy steels B
A354 Grade BD LA +20 Low-alloy steels B
A358 Grade 304, 304L, 316, 316L SS -425 Stainless steels P @8]
A358 Grade 304, 304L, 316, 316L SS -20 Stainless steels P (2
A35 Grade 309S, 310S SS -325 Stainless steels P @, 5)
A35 Grade 309S, 310S SS -20 Stainless steels P 2, [5)
A35 Grade 321, 347, 348, S34565 SS -325 Stainless steels P (1
A35 Grade 321, 347, 348, S34565 SS -20 Stainless steels P (2
A36 Grade FP1, FP2, FP3b, FP5, FP9, FP11, FP12, FP21, LA -20 Low-alloy steels P

FP22
A36 Grade FPA CSB Carbon steels P
A36 Grade FPB CS -20 Carbon steels P
A37 Grade 16-8-2H SS -325 Stainless steels P (1), [5)
A374 Grade 16-8-2H SS -20 Stainless steels P (2),15)
A37( Grade TP304, TP316 SS -425 Stainless steels P (1
A37¢ Grade TP304, TP316, TP321, TP347, TP348 SS -20 Stainless steels P (2
A37 Grade TP304H, TP316H, TP321, TP321H, TP347, SS -325 Stainless steels P (1

TP347H, TP348
A37 Grade TP304H, TP316H, TP321H, TP347H §S,-20 Stainless steels P (2
A38 Class Y35, Y42, Y46, Y48, Y50, Y52, Y56, Y60 CSA Carbon steels P
A38] Grade 2, 5, 9, 11, 12, 21, 22,91 LA -20 Low-alloy steels PL
A39] CI -20(A) Cast irons C
A403 Grade WP304, WP304L, WP316, WP316L SS -425 Stainless steels FI
A40 Grade WP304H, WP316H, WP317, WP317L, SS -325 Stainless steels FI

WP321, WP321H, WP347H,/WP347, WP348
A40 Grade WP309, WP310 SS -325 Stainless steels FI 3)15)
A403 Grade WP309, WP310 SS -20 Stainless steels FI ), [5)
A40 Grade TP304;TP316 SS -425 Stainless steels P (1
A40 Grade TR304, TP316 SS -20 Stainless steels P (2
A40 Grade\I'P309, TP310 SS -20 Stainless steels P (2) or (1), (5)
A40 Grade TP309, TP310 SS -325 Stainless steels P (1), (3, (5)
A40 Grade TP317, TP321, TP347, TP348 SS -325 Stainless steels P (1
A40 Grade TP317, TP321, TP347, TP348 SS =20 Stainless steels P (2
A414 Grade A CSB Carbon steels PL
A414 Grade B, C,D, E, F, G CS A Carbon steels PL
A420 Grade WPL3 LA -150 Low-alloy steels FI 7
A420 Grade WPL6 CS -50 Carbon steels FI (7
A420 Grade WPL8 LA -320 Low-alloy steels FI (7
A426 Grade CP1, CP2, CP5, CP5b, CP9, CP11, CP12, LA -20 Low-alloy steels P

CP15, CP21, CP22
A426 Grade CPCA-15 SS -20 Stainless steels P (5)
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(18) Table 3.2-1 Material Groupings by Material Specification (Cont’d)
T-Number Product
Specification Type/Grade/Class/Condition/Temper/UNS Group Material Type Form Notes
A437 Grade B4B, B4C SS -20 Stainless steels B
A451 Grade CPE20N, CPH8, CPH10, CPH20, CPK20 SS -20 Stainless steels P (5)
A451 Grade CPF8, CPF8C, CPF8M, CPF10MC SS -20 Stainless steels P
A453 Grade 651 Class A, 651 Class B SS -20 Stainless steels B
A479 Type 304H, 316, 316H SS -325 Stainless steels PL (8)
A479 Type 304, 304L, 316L SS -425 Stainless steels PL (8)
A487 Grade CA6NM SS -20 Stainless steels C (5)
A515 Grade 60 CSB Carbon steels PL
A515 Grade 65, 70 CSA Carbon steels PL
A516 Grade 55, 60 not normalized csc Carbon steels PL 9)
A516 Grade 55, 60, 65, 70 normalized CSD Carbon steé€ls PL 9)
A516 Grade 65, 70 not normalized CSB Carbon steels PL 9)
A524 Grade I, II CS -20 Carbon steels P
A536 Grade 60-40-18, 65-45-12 CI -20 Cast irons C
A537 Class 1 CSD Carbon steels PL
A553 Type 2 LA %275 Low-alloy steels PL (7)
A553 Type 1 LA+~320 Low-alloy steels PL (7)
A563 Grade A CS -20(A) Carbon steels N
A570 Grade 30, 36, 40, 45, 50 CS A Carbon steels PL
A571 Type D-2M Class 1 CI -20 Cast irons C (10)
A587 CS -20 Carbon steels P
A645 LA -275 Low-alloy steels PL (7)
A671 Grade CA55 (A285 Gr C), EB70 (A515 Gr 70), CK75 CS A Carbon steels P
(A299), CMS75 (A299)
A671 Grade CB60 (A515(Gry60) CSB Carbon steels P
A671 Grade CC60 (A516)Gr 60) not normalized cscC Carbon steels P 9)
A671 Grade CC65_(A516 Gr 65), CC70 (A516 Gr 70) not CS B Carbon steels P 9)
normalized
A671 Grade+CC60 (A516 Gr 60), CC65 (A516 Gr 65), CC70 CS D Carbon steels P 9)
(A516 Gr 70) normalized
A671 Grade CD70 (A537 Cl 1) CSD Carbon steels P
A671 Grade CF70, CF71 LA -20 Low-alloy steels P
A67Z Grade A45 (AZ85 Gr AJ, AbU (AZ85 Gr BJ, B6U CSB Carbon Steels P
(A515 Gr 60)
A672 Grade A55 (A285 Gr C), B65 (A515 Gr 65), B70 CSA Carbon steels P
(A515 Gr 70), N75 (A299)
A672 Grade C55 (A516 Gr 55), C60 (A516 Gr 60) not csc Carbon steels P 9)
normalized
A672 Grade C65 (A516 Gr 65), C70 (A516 Gr 70) not CSB Carbon steels P 9)
normalized
A672 Grade C55 (A516 Gr 55), C60 (A516 Gr 60), C65 CSD Carbon steels P 9)

(A516 Gr 65), C70 (A516 Gr 70) normalized
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Table 3.2-1 Material Groupings by Material Specification (Cont’d)

T-Number Product
Specification Type/Grade/Class/Condition/Temper/UNS Group Material Type Form Notes

A672 Grade D70 (A537 Cl 1) CSD Carbon steels P

A672 Grade L65, L70, L75 LA -20 Low-alloy steels P

A675 Grade 45, 50, 55, 60, 65, 70, 80 CS -20 Carbon steels B (11)
A69 Grade “4CR, 1CR, 1%CR, 2Y,CR, 3CR, 5CR, 9CR, LA -20 Low-alloy steels P

CM-65, CM-70, CM-75, P91

A69 Grade CMS-75 (A299) CSA Carbon steels P

A69 Grade CMSH-70 (A537 Cl 1) CSD Carbon steels P

A78 UNS S31803, S32304, S32750, S32760 SS -60 Stainless steels T .
A78 UNS S32205 SS -20 Stainless steels P (5
A78 UNS S32900 SS -20 Stainless steels T

A79 UNS S31803, S32304, S32750, S32760 SS -60 Stainless steel§ P .
A79 UNS S32205 SS -20 Stainless steels P (5
A79 UNS S32900 SS -20 Stainlé€ss steels P

A81] UNS S32205 SS -20 Stainless steels FI & FO (5
A81 UNS S32760 SS -60 Stainless steels FI & FO

A99 Grade 2A, 6A SS -60 Stainless steels C
API 5L Grade A, A25 (Smls & ERW), B €S B Carbon steels P
API 5L Grade A25 (Butt weld) CS -20(A) Carbon steels P
API 5L Grade X42, X46, X52, X56, X60, X65, X70, X80 CS A Carbon steels P .
API 5L Grade X42, X46, X52, X56, X60, X65, X70,X80 CSB Carbon steels P 1
B21 UNS C46400, C48200, C48500 CU -325 Copper alloys B 1D
B42 UNS €10200, C12000, C12200 CU -452 Copper alloys P

B43 UNS C23000 CU -452 Copper alloys P

B61 UNS €92200 CU -325 Copper alloys C

B62 UNS C83600 CU -325 Copper alloys C

B68| UNS C12200 CU -452 Copper alloys T

B75 UNS €10200,€12000, C12200 CU -452 Copper alloys T

B88 UNS C12200 CU -452 Copper alloys T

B96) UNSC65500 CU -452 Copper alloys PL .

B98 UNS €C65100, C65500, C66100 CU -325 Copper alloys B 1D
B14 UNS €95200, C95300, C95500 CU -452 Copper alloys C

B148 UNS €95400, C95600 CU -325 Copper alloys C
B150 UNS C61400, C63000, C64200 CU -325 Copper alloys B (11)
B152 UNS €10200, C10400, C10500, C10700, C12200, CU -452 Copper alloys PL

C12300

B169 UNS C61400 CU -452 Copper alloys PL

B171 UNS C70600, C71500 CU -452 Copper alloys PL
B187 UNS €10200, C11000, C12000, C12200 CU -325 Copper alloys B (11)
B280 UNS C12200 CU -452 Copper alloys T

B283 UNS C11000, C46400, C65500 CU -452 Copper alloys FO
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Table 3.2-1 Material Groupings by Material Specification (Cont’d)

T-Number Product
Specification Type/Grade/Class/Condition/Temper/UNS Group Material Type Form Notes
B283 UNS C€37700, C48500, C67500 CU -325 Copper alloys FO
B466 UNS C70600, C71000 CU -452 Copper alloys P&T
B467 UNS C70600, C71500 CU -452 Copper alloys P
B493 Grade R60702, R60705 71 -75 Zirconium FO
B523 Grade R60702, R60705 Z1 =75 Zirconium T
B550 Grade R60702, R60705 Z1 =75 Zirconium PL
B551 Grade R60702, R60705 71 -75 Zirconium BRL
B584 UNS €86200, C86300, C86400, C86500, C86700, CU -325 Copper alloys C
€90300, €C90500, €92200, C92300, C97300,
C€97600, C97800
B658 Grade R60702, R60705 71 -75 Zirconium P
Yarious Various NI -325 Nickelxalloys
Yarious Various AL -452 Aluminum
Yarious Various TI -75 Titanium

GENERAL NOTE: Product form abbreviations are
B F bolts
C F castings
FI E fittings
FO E forgings

N E nuts
P F pipe
PL F plates, sheets, and bars
T F tube
NOTES]

(1) Splution heat treated after forming.

(2) Not solution heat treated after forming.

(3) darbon content <0.10%.

(4) (arbon content >0.10%.

(5) his material may have low impact-properties at room temperature after being exposed to high service temperatures.
(6) Sfrain-hardened varieties of this carbide solution-treated bolting material can also be used at the low temperatures indicated.

(7) aterial specification requires impact testing.
(8) Sfrain-hardened varieties\of this material can also be used at the low temperatures indicated.
9) is materials group depends on whether they are normalized.

(10) Minimum temperaturée -195°C (-320°F) with impact testing.
(11) Har specificationnused for making bolting material.
(12) Tfnumber gtoup CS B may be used only when normalized or quenched and tempered.
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Table 4.4.2-1 Charpy Impact Test (Absorbed Energy)
Temperature Reduction for Material or Specimens
<10 mm (0.394 in.)

ASME B31T-2018

Actual Material Thickness or Charpy

Temperature

Reduction Below
Design Minimum

Impact Specimen Width [Note (1)] Temperature
mm in. °C °F
10 (full-size standard bar) 0.394 0 0
0.354 0
0.315 0
7.5 (%,-size |par) 0.295 2.8
7 0.276 4.4
6.67 (%-siz¢ bar) 0.262 5.6 10
6 0.236 8.3 15
5 (%-size bjr) 0.197 11.1 20
4 0.157 16.7 30
3.33 (Y-siz¢ bar) 0.131 19.4 35
3 0.118 22.2 40
2.5 (Y,-size [bar) 0.098 27.8 50

GENERAL NPTE: These temperature reduction criteria do not apply
when Table §.5.1-1 specifies lateral expansion for minimum required
values.
NOTE: (1) ptraight-line interpolation for intermediate values is
permitted.
Table 4.5.1-1 Minimuim jRequired Charpy V-Notch Impact Values
Energy (Standard Size Specimens)
Other Than Fully
Specifitd Minimum Tensile Number of Specimens (See Fully Deoxidized Steels Deoxidized Steelp
Strength Para. 4.5.4 for Retests) J ft-1bf ] ft-1bf
Carbon, Low-Alloy Steels, and Other Materials (Other Than Steels in P-Numbers 6, 7, and 8)
65 ksi (444 MPa) and less Average for three specimens 18 13 14 10
Minimum for one specimen 14 10 10 7
Over 65 ks| (448 MPa), to Average for three specimens 20 15 18 13
75 ksi (317 MPa) Minimum for one specimen 16 12 14 10
Over 75 ks| (517 MPa) to Average for three specimens 27 20
95 ksi (656 MPa) Minimum for one specimen 20 15

Over 95 ksi (656 MPa)

Minimum for three specimens

Steels in P-Numbers 6, 7, and 8

Lateral Expansion

0.38 mm (0.015 in.)

All

Minimum for three specimens

0.38 mm (0.015 in.)
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MANDATORY APPENDIX I
TEMPERATURE THICKNESS CURVES

See|Figures I-1 and [-1M and Table I-1.
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Design Minimum Temperature, °F

ASME B31T-2018

Figure I-1 Temperature Thickness Curves for Groups A, B, C, and D (U.S. Customary Units)
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Figure I-1M Temperature Thickness Curves for Groups A, B, C, and D (Sl Units)
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Table I-1 Tabular Values for Figures I-1 and I-1M

U.S. Customary Units SI Units
Curve A, Curve B, Curve C, Curve D, Curve A, Curve B, Curve C, Curve D,
Thickness, in. °F °F °F °F Thickness, mm °C °C °C °C
0.25 18 -20 -55 -55 6.4 -8 -29 -48 -48
0.3125 18 -20 -55 -55 7.9 -8 -29 -48 -48
0.375 18 -20 -55 -55 9.5 -8 -29 -48 -48
0.4375 25 -20 -40 -55 111 -4 -29 -40 -48
0.5 32 -20 -34 -55 12.7 0 -29 -37 -48
0.5625 37 -7 -26 -51 14.3 3 -22 -32 -6
0.625 43 2 -22 -48 15.9 6 -17 -30 -4
0.6875 48 9 -18 -45 17.5 9 -13 =28 -#3
0.75 53 15 -15 -42 19.1 12 -9 526 -1
0.8125 57 20 -12 -38 20.6 14 -7 -24 -B9
0.875 61 25 -9 -36 22.2 16 -4 -23 -B8
0.9375 65 29 -6 -33 23.8 18 -2 -21 -B6
1 68 33 -3 -30 25.4 20 1 -19 -B4
1.0625 72 36 -1 -28 27.0 22 2 -18 -B3
1.125 75 39 2 -26 28.6 24 4 -17 -B2
1.1875 77 42 4 -23 30.2 25 6 -16 -B1
1.25 80 44 6 -21 318 27 7 -14 -P9
1.3125 82 46 8 -19 333 28 8 -13 -p8
1.375 84 48 10 -18 349 29 9 -12 -p8
1.4375 86 49 12 -16 36.5 30 9 -11 -p7
1.5 88 51 14 ~14 38.1 31 11 -10 -p6
1.5625 90 53 16 =13 39.7 32 12 -9 -5
1.625 92 55 17 -11 41.3 33 13 -8 -p4
1.6875 93 57 19 -10 429 34 14 -7 -p3
1.75 94 58 20 -8 44.5 34 14 -7 -p2
1.8125 96 59 22 -7 46.0 36 15 -6 -p2
1.875 97 61 23 -6 47.6 36 16 -5 -P1
1.9375 98 62 24 -5 49.2 37 17 -4 -P1
2 99 63 26 -4 50.8 37 17 -3 -p0
2.0625 100 64 27 -3 52.4 38 18 -3 -9
2.125 101 65 28 -2 54.0 38 18 -2 -9
2.1875 102 66 29 -1 55.6 39 19 -2 -8
2.25 102 67 30 8 572 39 19 4 18
2.3125 103 68 31 1 58.7 39 20 -1 -17
2.375 104 69 32 2 60.3 40 21 0 -17
2.4375 105 70 33 3 61.9 41 21 1 -16
2.5 105 71 34 4 63.5 41 22 1 -16
2.5625 106 71 35 5 65.1 41 22 2 -15
2.625 107 73 36 6 66.7 42 23 2 -14
2.6875 107 73 37 7 68.3 42 23 3 -14
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Table I-1 Tabular Values for Figures I-1 and I-1M (Cont’d)

U.S. Customary Units SI Units
Curve A, Curve B, Curve C, Curve D, Curve A, Curve B, Curve C, Curve D,
Thickness, in. °F °F °F °F Thickness, mm °C °C °C °C
2.75 108 74 38 69.9 42 23 3 -13
2.8125 108 75 39 71.4 42 24 4 -13
2.875 109 76 40 73.0 43 24 4 -13
2.9375 109 77 40 10 74.6 43 25 4 -12
3 110 77 41 11 76.2 43 25 5 -12
3.0624 111 78 42 12 77.8 44 26 6 -11
3.125 111 79 43 12 79.4 44 26 6 -11
3.1875 112 80 44 13 81.0 44 27 7 -11
3.25 112 80 44 14 82.6 44 27 7 -10
3.312§ 113 81 45 15 84.1 45 27 7 -9
3.375 113 82 46 15 85.7 45 28 8 -9
3.4374 114 83 46 16 87.3 46 28 8 -9
3.5 114 83 47 17 88.9 46 28 8 -8
3.5624 114 84 48 17 90.5 46 29 9 -8
3.625 115 85 49 18 92.1 46 29 9 -8
3.6874 115 85 49 19 93.7 46 29 9 -7
3.75 116 86 50 20 95.3 47 30 10 -7
3.8124 116 87 51 21 96.8 47 31 11 -6
3.875 116 88 51 21 98.4 47 31 11 -6
3.9374 117 88 52 22 100.0 47 32 11 -6
4 117 89 52 23 101.6 47 32 11 -5
4.0625 117 90 53 23 103.2 47 32 12 -5
4.125 118 90 54 24 104.8 48 32 12 -4
4.1875 118 91 54 25 106.4 48 33 12 -4
4.25 118 91 55 25 108.0 48 33 13 -4
4.3125 118 92 55 26 109.5 48 33 13 -3
4.375 119 93 56 27 1111 48 34 13 -3
4.4375 119 93 56 27 112.7 48 34 13 -3
4.5 119 94 57 28 114.3 48 34 14 -2
4.5625 119 94 57 29 115.9 48 34 14 -2
4.625 119 95 58 29 117.5 48 35 14 -2
4.6875 119 a5 58 30 1191 48 35 14 -1
4.75 119 96 59 30 120.7 48 36 15 -1
4.8125 119 96 59 31 122.2 48 36 15 -1
4.875 119 97 60 31 123.8 48 36 16 -1
4.9375 119 97 60 32 125.4 48 36 16 0
5 119 97 60 32 127.0 48 36 16 0
5.0625 119 98 61 33 128.6 48 37 16 1
5.125 119 98 61 33 130.2 48 37 16 1
5.1875 119 98 62 34 131.8 48 37 17 1
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Table I-1 Tabular Values for Figures I-1 and I-1M (Cont’d)

U.S. Customary Units SI Units
Curve A, Curve B, Curve C, Curve D, Curve A, Curve B, Curve C, Curve D,

Thickness, in. °F °F °F °F Thickness, mm °C °C °C °C
5.25 119 99 62 34 133.4 48 37 17 1
5.3125 119 99 62 35 134.9 48 37 17 2
5.375 119 100 63 35 136.5 48 38 17 2
5.4375 119 100 63 36 138.1 48 38 17 2
5.5 119 100 63 36 139.7 48 38 17 2
5.5625 119 101 64 36 141.3 48 38 18 2
5.625 119 101 64 37 142.9 48 38 18 3
5.6875 119 102 64 37 144.5 48 39 18 3
5.75 120 102 65 38 146.1 49 39 18 3
5.8125 120 103 65 38 147.6 49 39 18 3
5.875 120 103 66 38 149.2 49 39 19 3
5.9375 120 104 66 39 150.8 49 40 19 4
6 120 104 66 39 152.4 49 40 19
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Stress Ratio

ASME B31T-2018

MANDATORY APPENDIX II
STRESS RATIO CURVES

Figures II-1 and II-1M.

Figure II-1 Stress Ratio Curve(U.S. Customary Units)
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Figure 1I-1M Stress Ratio Curve (SI Units)
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MANDATORY APPENDIX 11l
MATERIAL GROUPINGS BY T-NUMBER

Table III-1.
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Table IlI-1 Material Groupings by T-Number

T-Number Product
Group Specification Type/Grade/Class/Condition/Temper/UNS Form Notes

Carbon Steels
CS -55 A194 Grade 2, 2H, 2HM N
CS -50 A333 Grade 1, 6 P (1)
CS -50 A334 Grade 1, 6 T (@9)]
CS -50 A350 Grade LF2 Class 1 FI & FO (@9)]
CS -50 A352 Grade LCB C (1)
CS -50 A420 Grade WPL6 FI §)]
CS -20 A105 FI & FO
CS -20 A178 Grade A, C T
CS -20 A179 T
CS -20 A192 T
CS -20 A194 Grade 1 N
CS -20 A210 Grade A-1 T
CS -20 A214 . T
CS -20 A216 Grade WCA, WCB, WCC C
CS -20 A226 T
CS -20 A307 Grade B B
CS -20 A325 B 4
CS -20 A350 Grade LF1 FI & FO €))
CS -20 A369 Grade FPB P
CS -20 A524 Grade [, II P
CS -20 A587 P 4
CS -20 A675 Grade 45, 50, 55, 60, 65, 70,80 B @
CS -20(4) A563 Grade A N
CS -20(A) API 5L Grade A25 (butt weld) P 4
CSo A350 Grade LF2 Class.2 FI & FO €)]
CS +20(4) A53 Grade A (Type F) P
CS A A36 PL
CS A Al134 A36 P
CS A A134 A283 Grade C, D P
CS A A134 A285 Grade C P
CS A Al34 A570 Grade 30, 33, 36, 40, 45, 50 P
CS A A139 Grade A, B, C, D, E P
CS A A181 Class 60, 70 FI & FO
CS A A283 Grade A, B, C, D PL
CS A A285 Grade C PL
CS A A299 PL
CS A A381 Class Y35, Y42, Y46, Y48, Y50, Y52, Y56, Y60 P
CS A A414 Grade B,C,D,E F, G PL
CS A A515 Grade 65, 70 PL
CS A A570 Grade 30, 36, 40, 45, 50 PL
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