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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 of toughness requirements for piping components that can be adopted by reference by
various codes, standards, and specifications. At the time, the requirements of the ASME B31 Code books varied, with some

having no requirements at all.

This Standard is intended to pfovide requirements for evaluating the suitability of materials used in piping systems for
piping that may be subject to bfrittle failure due to low-temperature service conditions.

Under direction of ASME Standlards and Certification, both SI and U.S. Customary units are provided. The 2010 edition
of this Standard was approved py the American National Standards Institute (ANSI) on April 20, 2010.

The 2015 edition of this Starldard was approved by ANSI on October 21, 2015.

The 2018 edition of this Starldard was approved by ANSI on December 6, 2018.

The 2021 edition of this Stanldard was approved by ANSI on July 15, 2021.

The 2024 edition of this Stanldard was approved by ANSI on October 8, 2024.
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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

or request interpretations. Correspondence for this Standard should be sent to the staff

revisions or cases, report errata,
secretary noted on the committ

Revisions and Errata. The c
changes that appear necessary o
dard. Approved revisions will b

In addition, the committee m4
Users can register on the comn

This Standard is always open
should be as specific as possible
reasons for the proposal, includ

Cases
(a) The most common applid
(1) to permit early implen
(2) to provide alternative
(3) to allow users to gain e
directly into the Standard
(4) to permit the use of a
(b) Users are cautioned that n
as approving, recommending, cqg
freedom of manufacturers, cong
conforms to the Standard.
(c) Aproposed case shall be w|
include the following informati
(1) a statement of need an
(2) the urgency of the casg
(3) the Standard and the g
(4) the editions of the Star
(d) A case is effective for use ¥
supervisory board. Approved c3

Interpretations. Upon reque
interpretation can be issued onl

ee’s web page, accessible at https://go.asme.org/B31committee.

bmmittee processes revisions to this Standard on a continuous basis to incorporate
r desirable as demonstrated by the experience gained from the application of the Stan-
e published in the next edition of the Standard.

y post errata on the committee web page. Errata become effective on the date posted:
littee web page to receive email notifications of posted errata.

for comment, and the committee welcomes proposals for revisions. Such proposals
citing the paragraph number, the proposed wording, and a detailed descriptiomnof the
ing any pertinent background information and supporting documentation.

ations for cases are

entation of a revision based on an urgent need

fequirements

kperience with alternative or potential additional requirements prior to incorporation

hew material or process

ot all jurisdictions or owners automatically accept.cases. Cases are not to be considered
rtifying, or endorsing any proprietary or specifie-design, or as limiting in any way the
tructors, or owners to choose any method of:désign or any form of construction that

ritten as a question and reply in the sameformatas existing cases. The proposal shall also
n:
d background information
(e.g., the case concerns a prpject that is underway or imminent)
aragraph, figure, or table nuniber
tdard to which the proposed case applies
vhen the public review process has been completed and it is approved by the cognizant
ses are posted on,the committee web page.

5t, the committee-will issue an interpretation of any requirement of this Standard. An
ly in response.to a request submitted through the online Inquiry Submittal Form at

https://go.asme.org/InterpretaionRequést. Upon submitting the form, the inquirer will receive an automatic email

confirming receipt.

ASME does not act as a consulfantfoy specific engineering problems or for the general application or understanding of
the Standard requirements. If, bpseéd on the information submitted, it is the opinion of the committee that the inquirer

should seek assistance, the request will be returned with the recommendation that such assistance be obtained. Inquirers
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,

device, or activity.

» o« »u

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

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

issued.
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INTRODUCTION

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

The following Codes and Standards provide guidance

for a specific task found in one or more ASME B31
Section publications:

of the ASME B31 Code for Prespure Piping Committee.
Rules for each Section reflect fhe kinds of piping instal-

lations considered during its dgvelopment, as follows:
B31.1

Power Piping: pipinlg typically found in

B31.3

B31.4

B31.5

B31.8

B31.9

B31.12

electric-generating stations, industrial

and institutional

lants, geothermal and

solar power applifations, and central and
district heating and cooling systems

Process Piping: pipi
petroleum refinet
offshore petroleu
production facilit
pharmaceutical, t
processing, semic
plants; food- and

g typically found in
ies; onshore and

m and natural gas

es; chemical,

bxtile, paper, ore-
bnductor, and cryogenic
beverage-processing

facilities; and reldted processing plants

and terminals
Pipeline Transporta

and Slurries: pipi

products that are|

ion Systems for Liquids
hg that transports
predominately liquid

between plants and terminals, and within

terminals and pu

mping, regulating, and

metering stations

Refrigeration Piping and Heat Transfer
Components: piping for refrigerants and
secondary coolangs

Gas Transportation pnd Distribution Piping
Systems: piping that transports produets
that are predomipately gas betwéen
sources and termiinals, including
compressor, regujating, andsmetering
stations and gas-gathering{pipelines

Building Services Piping-~piping typically
found in industrigl, \institutional,

B31E Seismic Design and Retrofit of Above-
Ground Piping Systems: establishes a
method for the seismic design of above-
ground metallic piping systems in the
scope of the ASME B31 Code for Pressure
Piping

B31G Remaining Strength of Corroded Pipelines:
provides a simplified proceduresto
determine the effect of wall 10ss 'due to
corrosion or corrosion-like-defects on the
pressure integrity in pipeline systems

B31] Stress Intensification Faetors (i-Factors),
Flexibility Factors_(k:Factors), and Their
Determination for~Metallic Piping
Componentsicprovides a standardized
method to\dévelop the stress
intensification factors (i-factors),
flexibility factors (k-factors), and
sustained stress factors used in ASME B31
piping analysis

Standard Heat Treatments for Fabrication
Processes: provides requirements for heat
treatment of piping assemblies that meet
the requirements of ASME B31 Code
Sections

B31P

B31Q Pipeline Personnel Qualification: establishes
the requirements for developing and
implementing an effective Pipeline

Personnel Qualification Program

B31T Standard Toughness Requirements for
Piping: provides requirements for
evaluating the suitability of materials used
in piping systems for piping that may be
subject to brittle failure due to low-

commercial, and public buildings and
multiunit residences that do not require
the range of sizes, pressures, and
temperatures covered by ASME B31.1
Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service and
pipelines for gaseous hydrogen service

viil

temperature service conditions

This is ASME B31T, Standard Toughness Requirements
for Piping. Hereafter, in this Introduction and in the text of
ASME B31T, where the word “Standard” is used without
specific identification, it means ASME B31T.

This Standard provides requirements for evaluating the
suitability of materials used in piping systems for piping
that may be subject to brittle failure due to low-tempera-
ture service conditions. While low-temperature service is
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usually considered to be below ambient temperature,
brittle failure can occur at temperatures above
ambient temperature for certain combinations of mate-
rials, thicknesses, and stress levels. The definition of
“low-temperature service” as used in this Standard, there-
fore, varies widely across the many applications for which
piping systems are used. For a building service air line, low
temperature may be 0°C (32°F), whereas for a cryogenic
piping system, it could easily be -185°C (-300°F).
However, the principles us itabili

of a piping system as reldted to service temperature

by evaluating the tough
applied across a wide temp
dard has been established t(
this area.

Suitability of piping sy
service is a function of seve
rial properties, design load
dures. The three primary fi
the susceptibility for brittle
ness, crack size, and tensile
variety of services where
need not even be considg
criterion is necessary to de

One objective of this Sta
approach to evaluate whet|
is necessary to evaluate su
service. This is done by est
service limit for varioug
warmer than this limit are
ture, and additional consideé
are not required.

Forservices colder than tH
are provided that, when me
temperature services. Thesd
testing, qualification of wg
procedures, and limiting th|

The low-temperature sery
based on a reasonable deg|
temperature, the materia
mode. The actual ductile-to-
for a given material specific3
heat chemistry of the materi
For critical applications, th|
materials with a lower loy
or require impact testing.

ess of the material can be
erature range, and this Stan-
provide uniform guidance in

stems for low-temperature
Fal variables, including mate-
lings, and fabrication proce-
hctors that generally control
fracture are material tough-
stress level. There are a wide
low-temperature suitability
red; however, a screening
termine this.
hdard is to provide a simple
her additional consideration
tability for low-temperature
ablishing a low-temperature
materials. Services at or
hot considered low tempera-
rations relative to suitability

islimit, various requirements
, qualify the material for low-
requirements include impact
lding and other fabrication
e design loadings.
rice limit established herein'is
Fee of assurance thatiat' this
will have a duetile“failure
brittle transitiontemperature
tion will vary based on actual
hl and subsequent processing.
e desighiengineer can select
v-temperature service limit
PDncless-critical applications,

may be acceptable. The final selection is left to the
code, standard, or specification referencing this Standard
and the design engineer (when permitted by the code,
standard, or specification referencing this Standard).
To keep the number of sets of requirements to a
minimum, material groupings have been established,
and a unique set of requirements have been provided
for each group. These groups are assigned “T-
numbers” for easy reference. Although most materials

these unlisted materials are not addressed in this Stan-
dard. Where permitted by the code, standard, or specifi-
cation referencing this Standard, these requirements may
be used for unlisted materials. The code, standard, or spec-
ification referencing this Standard may establish the
correct T-number group for the material or‘may
invoke the testing and other requirements of this Standard
using the worst-case assumption that the designminimum
temperature is colder than the temperatures-that would
allow exemption from any of the requirements of this
Standard. The guidelines for establishing the correct T-
number group are provided~in Nonmandatory
Appendix B.

Either International Systen(SI, also known as metric)
or U.S. Customary (USC) units may be used with this
edition. Local customary.inits may also be used to demon-
strate compliance withthis Standard. One system of units
should be used consistently for requirements applyingtoa
specific installation. It is the responsibility of the organi-
zation performing calculations to ensure that a consistent
system ofunits is used.

The: ASME B31 Committee is organized and operates
under)procedures of ASME that have been accredited
by the American National Standards Institute. The
Committee is continuing and keeps all Code Sections
and Standards current with new developments in
methods, materials, construction, and industrial practice.

This Standard may be invoked in whole or in part by
various codes, standards, or specifications and is only
mandatory when so invoked. The applicable edition of
this Standard shall be as specified by the code, standard,
or specification referencing this Standard. It is intended
that this edition of the ASME B31T Standard not be retro-
active. Users of this Standard are cautioned against
making use of Standard revisions without assurance
that they are acceptable to the proper authorities in

material with a higher low-temperature service limit

the jurisdiction where the material is to be installed.
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ASME B31T-2024
SUMMARY OF CHANGES

Following approval by the ASME B31 Standards Committee and ASME, and after public review, ASME B31T-2024 was

approved by the American Natipnal Standards Institute on October 8, 2024.

ASME B31T-2024 includes the following changes identified by a margin note, (24).

Page Location Change

2 3.6.1 Revised in its entirety

3 3.7.2.2 Revised in its entirety

4 3.7.2.3 Revised in its entirety

7 453 Revised in its entirety

8 5 Updated

12 Table 3.1-1 CS B governing thickness revised

30 Table 3.2-1 (1) A53 Grade and T-Number Group revised
(2) A354 T-Number Group revised

48 Table I1I-1 (1) A53 Grade and T-Number Group.revised
(2) A354 T-Number Group revised

56 Figure A-1 In first box under “Fabrication Requirements Evaluation,” “must”

revised to “shall”
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ASME B31T-2024

STANDARD TOUGHNESS REQUIREMENTS FOR PIPING

1 GENERAL

of the component or, for blind flanges and line blanks,

1.1 Scope

This Standard provides re|
suitability of materials used
that may be subject to brittl
ture service conditions.

1.2 Units of Measure

This Standard states v3
System (SI, also known as
(USC) units. Within the te
in parentheses or in separ
in each system are not e}
each system of units shou
the other.

When separate equationg
units, those equations shall
the units associated with th
obtained from execution
converted to other units.

When necessary to conve
another, conversion shoul

quirements for evaluating the
in piping systems for piping
e failure due to low-tempera-

lues in both International
metric) and U.S. Customary
kt, the USC units are shown
hte tables. The values stated
act equivalents; therefore,
d be used independently of

are provided for SI and USC
be executed using variables in
 specific equation. The result
of these equations may be

-t from one system of units to
d be made by rounding the

values to the number of signiificant digits of implied preci-

sion in the starting value bu
digits for use in calculation|

2 GLOSSARY
CVN: the abbreviation for (

design minimum temperat
temperature expected in sd

fully deoxidized steel: steel th
by the addition of strong de

treatment, to reduce the o3
that no reaction occurs

not less than four significant
S.

harpy V-notch.

ure: the lowest component
rvice.

at has been deoxidized, either
xidizing/agents or by vacuum
ygen.content to such a level
between the carbon and

oxygen during solidificatioy

). AlSo known as killed steel.

Lt rof-the-total-thicknesswhere-the-total-thickness—is
the thickness of the blind flange or line blank, including
the thickness of the facing(s), if applicable.

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

low-temperature service limit: the design minifpum
temperature at which additional requirements_for,low-
temperature service do not apply.

NDT temperature: the nil ductility transitiontemperature.

stress ratio: the ratio of the design stress\to an allowable
stress (see para. 3.6.2).

T-number: a number assigned toa 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

Low<temperature service requirements are contained
in Table 3.1-1. These requirements are established for T-
humber groups of materials with similar requirements. In
addition to T-number group, in some cases, requirements
are dependent on thickness and/or other characteristics
as listed in Table 3.1-1.

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

Listed materials are assigned T-number groups in
Table 3.2-1. (In addition, a table sorted by material
type and T-number group that lists all materials in
each T-number group is provided in Mandatory
Appendix III.) In determining the applicable T-number
group for a material from Table 3.2-1, consideration

Steels that are not fully deoxidized include rimmed,
semi-killed, and capped steels. Limitations on the use
of steels that are not fully deoxidized may be imposed
by the code, standard, or specification referencing this
Standard.

governing thickness: the thickness used in determining the
low-temperature service limit of T-number groups CS A,
CS B, CS C, and CS D in Table 3.1-1. Unless defined differ-
ently in the code, standard, or specification referencing
this Standard, this thickness is the nominal thickness

shall be given to the material specification, grade, and
any other variables as established in the notes. The
table separates the materials into types (carbon steels,
low-alloy steels, etc.), and the group number is represen-
tative of the low-temperature service limit for the mate-
rial; however, the low-temperature service limit may vary
based on the design and fabrication requirements. Low-
temperature 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
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attemperatures colder than the group number [e.g., -29°C
(-20°F)].

3.3 Governing Thickness and Notes (Columns 2
and 3 of Table 3.1-1)

For T-number groups in which the low-temperature
suitability varies significantly according to the material
thickness, a governing thickness is listed in column 2
of Table 3.1-1 at various low-temperature service limit
increments. When it is desired to refine the influence
of the governing thickness, Mandatory Appendix I
provides the continuous curves and tables that can be
used at intermediate values or [greater governing thick-
nesses. Since the governing thicknesses in Table I-1 of
Mandatory Appendix I are genfrally derived based on
uniform increments of tempergture, the table does not
contain uniform increments ¢f governing thickness.
The continuous curves in Figures I-1 and I-1M in
Mandatory Appendix [ shoulfl be consulted for the
precise values.

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

3.4 Low-Temperature Servi¢e Limit (Column 4 of
Table 3.1-1)

Column 4, the first temperaturg column in Table 3.1-1, is
the low-temperature service limILt. If the design minimum
temperature is equal to or warmer than this value, then

low-temperature requirements
within a T-number group may be
or temperatures warmer than th
any of the requirements of th
considers material properties a
cation processes on the materig

3.5 Material Requirements
Service (Columns 5 and

Column 5 lists the minimum
the material. When a temperat
design minimum temperatur,
number group regardless of
other requirements except as f

do not apply. Materials
used at this temperature
is limit without imposing
is Standard. This limit
nd the influence of fabri-
1 properties.

for Low-Temperature
6 of Table 3.1-1)

ermitted temperature of
ure is listed, this is the
p permitted for the T-
impdctitesting or any
ermitted by column 18,

dt6 309% ofthe allawable.

for the curves of the variation of temperature with
governing thickness are provided in Mandatory
Appendix I, and these may be used as an alternative to
the values in Table 3.1-1. Permitted temperatures for
stress ratios are provided for by using columns 10
through 18 instead of column 6 as discussed in para. 3.6.

3.6 Design Requirements for Low-Temperature
Service (Columns 10 Through 18 of Table 3.1-1)

mimum ateria emperature Ithout
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 the piping does not operate at tempera-
tures where time-dependent properties govern and (a)
through (c) are met.

The curve used to generate columns 10 through 1% inh
Table 3.1-1 is provided in Mandatory Appendix II 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 les§than 10% ofthe
tensile strength [i.e., the stress ratio (SR).< 0.3] and may be
used, provided (a) through (c) are met. At these stress
levels, the design margin is considered adequate to
prevent a brittle fracture failure mode. The low-tempera-
ture service limit listed in column 18 may be used in lieu of
that listed in column 4 when SR < 0.3.

The minimum impact test exemption temperature
reduction, as provided in columns 10 through 17 and
column 18, may.be used only when all of the following
apply:

(a) Loeal\stresses caused by shock loading, thermal
bowing, ‘and differential expansion between dissimilar
metals (e.g., austenitic welded to ferritic), coincident
withthe low-temperature condition under consideration,
are less than 10% of the basic allowable stress at the
condition.

(b) The piping is not subjected to maintenance or
impact loads at temperatures colder than the low-
temperature service limit listed in column 4.

(c) The stress ratio is calculated in accordance with
para. 3.6.2.

3.6.2 Stress Ratio. The stress ratio is defined as the
maximum of the following:
(a) nominal pressure stress (based on minimum pipe

(24)

where the applied stress is limite

Column 6 contains the minimum temperature without

impact testing for the material. If the design minimum
temperature is equal to or warmer than this value, the
material does not require impact testing. If the design
minimum temperature is colder than this value, impact
testing of the material is required. For carbon steels,
this limit may vary with governing thickness or stress
ratio. Additional rows are provided in Table 3.1-1 for
governing thickness variations. Interpolation between
governing thicknesses is permitted. Figures and a table

wall thickness less allowances) divided by the allowable
stress at the design minimum temperature.

(b) for piping components with pressure ratings, the
pressure for the condition under consideration divided
by the pressure rating at the design minimum tempera-
ture.

(c) combined longitudinal stress due to pressure, dead
weight, and displacement strain (stress intensification
factors are not included in this calculation) divided by
the allowable stress at the design minimum temperature.
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In calculating longitudinal stress, the forces and moments
in the piping system 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.

In determining the stress ratio, the loadings coincident
with the metal temperature under consideration may be
used in lieu of maximum design values. Where there are
several low-temperature design conditions, each shall be

evaluated to determine the stress ratio

(c) thatportion ofthe HAZ associated with gas tungsten
arc welding (GTAW) root deposits with a maximum of two
layers or 5 mm (% in.) thickness, whichever is less

3.7.2.2 Test Specimens. The weld procedure quali-
fication impact test specimens shall be Charpy V-notch
(CVN) specimens prepared and tested in accordance
with (a) or (b) and the requirements in ASME BPVC,
Section IX.
(a) Except as provided in (b), a test shall consist of five

3.7 Fabrication Requirements for Low-

Temperature Servic
Table 3.1-1)

3.7.1 Temperature Limit

(Columns 7, 8, and 9 of

5. Column 7 lists the minimum

weld-permitted temperatiyre. When a temperature is

listed, this is the design min
for welded construction
governing thickness, and
testing or any other requit

mum temperature permitted
for this T-number group,
notes regardless of impact
ements. Use of the material

is prohibited at temperatuies colder than this tempera-

ture unless permitted by c
Column 8 of Table 3.1-
temperature permitted

lumn 9.
| lists the design minimum
for each T-number group

without additional fabrication requirements. Alterna-

tively, when stresses are |
the temperatures in colum
the values in column 8.
When materials are used
those listed in column 8 or
welding, bending, and form
ified to verify that they do 1}

mited to 30% of allowable,
n 9 may be used instead of

at temperatures colder than
column 9, as applicable, the
Ing procedures shall be qual-
ot result in significant loss of

material toughness. In addition, weld filler metal shall

meet the impact test requil

ements of para. 3.7.4.

3.7.2 Welding Procedur¢ Specifications

3.7.2.1 General. We
required by para. 3.7.1 t
testing shall be qualified fo
mentary essential variables
Vessel Code (BPVC), Sectioy
welding procedures shall k
accordance with Section IX
basis for acceptance.
Impact tests of the weld

ding procedures that\are
b be qualified with~impact
r toughness, and_the\supple-
of ASME Boiler’and Pressure
IX shall apply.)Temper bead
e preparéd-and qualified in
using ipact testing as the

metal and heat-affected zone

specimens, all of which shall be tested at or below the
design minimum temperature. The highest and lowest
values of these specimens shall be disregarded, and
the values of the three remaining specimens shall
equal or exceed the acceptance criteria required by
para. 4.5.3.

(b) Alternatively, only three specimens mayvbe
prepared and tested, and the values of these threev$peci-
mens shall equal or exceed the acceptafnee" criteria
required by para. 4.5.3.

3.7.2.2.1 Test Specimen Locations

(a) Impact test specimens réepresenting the weld
deposit shall be taken from the welding procedure quali-
fication test assemblies across,the weld, with the notch in
the weld metal. The notch.axis shall be normal to the mate-
rial surface, with ong(face of the specimen <1.5 mm
(<% in.) from the material surface.

(b) Impact testispecimens representing the HAZ shall
be taken from-the welding procedure qualification test
assembliesxacross the weld and long enough to locate
the notchlin the HAZ after etching. The notch axis shall
be approximately normal to material surface and shall
include as much as possible of the HAZ in the fracture.

3.7.2.2.2 Supplemental Test Specimen Locations.
Supplemental test specimen locations in (a) through (e)
apply only when specified by the designer.

(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
forging.

(b) The specimens shall be removed from a location as
near as practical to a depth midway between the surface
and center thickness. The coupons for HAZ impact speci-
mens shall be taken transverse to the axis of the weld and
etched to define the HAZ. The notch of the CVN specimen

(HAZ) shall be performed in accordance with paras. 3.7.2.2
and 3.7.2.3 except that impact tests of the HAZ are not

required for

(a) the qualification for welds in P-Nos. 1 and 3 mate-

rials that are postweld heat
process other than electros

treated and are made by any
lag, electrogas, or thermit

(b) the qualification for weld deposit cladding or hard-
facing on any base material

shall be cut approximately normal to the material surtace
in such a manner as to include as much HAZ as possible in
the resulting fracture. Where the material thickness
permits, the axis of a specimen may be inclined to
allow the root of the notch to align parallel to the
fusion line. 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.
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(c) For the comparison of HAZ values with base mate-
rial values, CVN specimens shall be removed from the
unaffected base material at approximately the same
distance from the base material surface as the HAZ speci-
mens. The axis of the unaffected base material specimens
shall be parallel to the axis of the HAZ specimens, and the
axis of the notch shall be normal to the surface of the base

material.
(d) The CVN specimens repre
and those representing the unaff

senting the HAZ material

fected base material shall

(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 have been subjected to heat treatment representing
the hot-forming procedure and the heat treatments to be
applied 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 of

anreviously gualified pracedure for that material
1T 4 Ly I

be tested at the design minimun
material. Where two differe
different toughness requiremgq
welding, the test shall be cond
each material and correspondir
rial, unless otherwise specified
or specification referencing thig

(e) When the postweld heat]
exceeds the maximum tempe
code, standard, or specification i
and the test assembly is cooled 4
longitudinal axis of all specimer]

temperature of the base
ht materials that have
nts are to be joined by
ucted on the HAZ from
g unaffected base mate-
by the code, standard,
Standard.

treatment temperature
fature specified by the
eferencing this Standard
t an accelerated rate, the
s shall be removed from

the test assembly at a distance mot less than t, measured

from the outer perimeter of the
gitudinal axis of the specimen, w
the test weld.

3.7.2.3 Test Requirements.
ments for the weld metal used
qualification shall be the same
for the base material to be wel
in accordance with the provi
permitted during welding proce

3.7.3 Forming and Bending
may be used to hot form, cold
including weld metal, provide
of the material, when required
the minimum specified values
restored by heat treatment folld
tion. Hot forming is defined as f
temperature warmer than 56°C
critical temperature of the mat

When required, the hot- or cd
be qualified for impact propert

A procedure qualification test

test assembly to the lon-
here t is the thickness of

The impact test require-
for welding procedure
s specified in section 4
ded or repaired. Retests
ions of para. 4.5.4 are
lure qualification testing.

Processes. Any process
form, or bend material,
l the impact properties
are not reduced below,
or they are effectively.
wing the forming opera<
rming with the material
(100°F) below‘the lower
brial.
ld-forming-process shall
es as.deseribed below.
shall’be conducted using

specimens taken from material

f the same specification,

(e) material from which the impact testing in accor-
dance with section 4 is performed on each heat and
lot, as applicable, after forming

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

(a) The tests shall be performed on three diffetent
heats of material both before straining and after straining
and heat treatment to establish the effects of the’forming
and subsequent heat treatment operations;

(b) Specimens shall be taken in accotdance with the
requirements of section 4 and shall-be/taken from the
tension side of the strained materialt

(c) The percent strain shall be established by the
following formulas:

For cylinders:
% strain. = SOt/Rf[l — (Rf/Ro)]

For spherical ordished surfaces:
% strain = 75t/Rf[l - (Rf/Ro)]

For pipe:
% strain = 100r/R
where
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.)

(d) The procedure qualification shall simulate the

grade or class, and heat treatment, and with similar impact
properties as required for the material to be used in
production. These specimens shall be subjected to the
equivalent forming or bending process and heat treatment
as the material to be used in production. Applicable tests
shall be conducted to determine that the required impact
properties of section 4 are met after straining.

3.7.3.1 Materials Not Requiring Procedure Qualifi-
cation Tests. Procedure qualification tests are not
required for the following materials:

maximum percent surface strain, employing a bending
process similar to that used in the fabrication of the mate-
rial or by direct tension on the specimen.

(e) Sufficient CVN test specimens shall be taken from
each of the three heats of material to establish a transition
curve showing both the upper and lower shelves. On each
of the three heats, tests consisting of three impact speci-
mens shall be conducted at a minimum of five different
temperatures distributed throughout the transition
region. The upper and lower shelves may be established
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by the use of one test specimen for each shelf. Depending
on the product form, it may be necessary to plot the transi-
tion curves using both lateral expansion and energy level
data.

(f) Using the results of the impact test data from each of
three heats, taken both before and after straining, deter-
mine either of the following:

(1) the maximum change in nil ductility transition
(NDT) temperature along with ( a) or ( b)

energy at the temperature
(-b) the maximum d
lateral expansion and energ
(2) when lateral ex
criterion, either the maxin
or the maximum change in

3.7.3.3 Acceptance Cr
formed material used in p
properties before forming
the maximum loss of impad
ified forming processes use

nder c0n51derat10n
hange of temperature at the
levels under consideration
ansion is the acceptance
hum change in temperature
lateral expansion

teria. To be acceptable, the
roduction shall have impact
sufficient to compensate for
t properties due to the qual-
. A new procedure qualifica-

tion test is required when arny of the changes in (a), (b), or

(c) are made.
(a) The actual postwe
temperature is warmer

unless the material is P-Nq.

than 50 mm (2 in.). If th
heat treated, the procedur
postweld heat treatment.

|d heat treatment time at
than previously qualified
1 and the thickness is less
e material is not postweld
e shall be qualified without

(b) The maximum calcylated strain of the material

exceeds the previously quali
(c) Preheat over 120°C (

or bending operation but is

postweld heat treatment.

3.7.4 Weld Filler Metal

3.7.4.1 General. Weld
which the design minimum
temperature listed in colum

as applicable, shall be impact

be conducted for
(a) eachlotofcovered, fl
cated electrodes

fied strain by more than 0.5%.
P50°F) is used in the forming
not followed by a subsequent

iller metal for applicatiohsin

mperature is colder-than the
N 8 or column 9 of Table 3.1-1,
tested. The impacttests shall

x cored, ntetal cored, or fabri-

ctrodes, rod, or wire for use

(b) each heat of bare elg
with the oxy fuel weldi
welding (GMAW), GTAW,

ng (OFW) gas metal arc

and electrogas welding (EGW) processes (ASME BPVC,

Section IX, QW/QB-492)

(c) each heat of consumable inserts
(d) each combination of heat of bare electrodes and lot

of submerged arc flux

(e) each combination oflot of fabricated electrodes and

lot of submerged arc flux

(f) each 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 electroslag 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
combination is not required, provided the filler metal will
be used in the same heat treatment condition as is speci-
fied in the filler metal specification. Tests performed on
the welding materlal in the quallflcatlon of weld proce-

heat, or comblnatlon ofheat and batch of welding material
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
and interpass temperatures, and postweld heattreatment
tobe used in the production welding using eachprocess to
be used in the production welding. The test’'Coupon shall
be of sufficient size and thickness thatthe required test
specimens can be removed.

The weld metal to be tested for,all processes except
electroslag welding shallbevdeposited in such a
manner as to eliminate substantially the influence of
the base material on the results of the tests. Weld
metal to be used withthe electroslag process shall be
deposited in such a mianner 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 therrange of preheat and interpass temperatures
thatwill 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
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
electroslag process that are tested in the as-welded condi-
tlon or followmg a postweld heat treatment within the

lﬁcatlon referencmg thls Standard for the materlal belng
tested, shall have a thickness within the range of 0.5 times
to 1.1 times the thickness of the welds to be made in
production. Electroslag weld coupons to be tested
following a postweld heat treatment, which will
include heating the coupon to a temperature warmer
than the holding temperature ranges of the code, standard,
or specification referencing this Standard for the material
being tested, shall have a thickness within the range of



https://asmenormdoc.com/api2/?name=ASME B31T 2024.pdf

ASME B31T-2024

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 welding
process or welding material being tested, the impact
test specimens shall be located and prepared in accor-
dance with the requirements of ASME BPVC, Section II,

Part C, SFA-5.1.

3.7.4.4 Test Requirements. Impact testing of the

weld metal shall meet the req

lirements apnlicable to
1t

4.3 Test Specimens

Each set of impact test specimens shall consist of three
specimen bars. All impact tests shall be made using stan-
dard 10-mm (0.394-in.) square-cross-section CVN
specimen bars, except when the material shape or thick-
ness does not permit. Charpy impact tests may be
performed on specimens of full material thickness,
which may be machined to remove surface irregularities.
Alternatively, such material may be reduced in thickness

the base metal. Where differen|
the two base metals, the weld
either of the two requirements
of para. 4.5.3 applies.

4 IMPACT TESTING METHO
CRITERIA

4.1 General

When impact testing is require
standard, or specification refej
shall be done in accordance with
wise required by the code, standz
encing this Standard.

4.2 Procedure

Impact testing of each produc
specification (including welds in
done using procedures and appd
ASTM A370, and in conformanc

t requirements exist for
metal may conform to
unless the requirement

DS AND ACCEPTANCE

d by section 3 or the code,
encing this Standard, it
this section unless other-
rd, or specification refer-

form of material for any
the components) shall be
ratus in accordance with
b with the impact testing

requirements of the following dgpecifications:
Product Form Specification

Pipe ASTM ABB33 or API 5L

Tube ASTM A334

Fittings ASTM A420

Forgings ASTM A350

Castings ASTM AB52

Bolting ASTM A320

Plate ASTM A20

The specific requirements of this
dard, or specification referencin
be met.

section or the code, stan-
b this‘Standard shall also

If a conflict exists between th

rpnlnirpmpnfc' the order

to produce the largest possible Charpy subsize specimen.
If subsize specimens are used, the test temperature shall
be adjusted in accordance with para. 4.4.2. Toughness
tests are not required when the maximum obtainable
Charpy specimen has a width along the notch less than
2.5 mm (0.098 in.).

4.4 Test Temperatures

Forall Charpy impact tests, the test temperature eriteria
in para. 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 sufficient length of time-to\reach the test
temperature.

4.4.1 For Materials With Thickness Equal to or
Greater Than 10 mm (0.394 in.). Where the largest attain-
able CVN specimen has a widthalong the notch of atleast 8
mm (0.315 in.), the Charpyitest using such a specimen shall
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
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

of precedence shall be as follows:
(a) the code, standard, or specification referencing this

Standard
(b) this Standard

(c) the product form specification

(d) ASTM A370

temperature reduction corresponding to the Charpy
specimen width actually tested. These temperature reduc-
tion criteria do not apply when Table 4.5.1-1 specifies
lateral expansion for minimum required values.

Test Temperature = (Design Minimum Temperature) +
(Temperature Reduction Based on
Actual Material Thickness) -

(Temperature Reduction Based on

Charpy Impact Specimen Width)
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For example, if the design minimum temperature is -20°C,
the actual material thickness is 6 mm, and the specimen is
4 mm, the test temperature 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-Nos. 6, 7, and
8), the applicable minimum energy requirement for
carbon and low-alloy steels and other materials with

(b) Ifthe 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
PQR. Data shall then be obtained as specified in (c) to
provide an additive temperature for the adjustment to
compensate for the HAZ toughness decrease as described
in (d). Alternatively, the welding procedure qualification
may be rewelded and retested.

specified minimum tensile FTrengths €35 than 656 MPa
(95 ksi) shall be those ghown in Table 4.5.1-1. If

subsize specimens are used|
tance criteria may be redy
specimen width to the st
(0.394 in.)].

4.5.2 Lateral Expansion

the minimum energy accep-
ced by the ratio of the test
hndard size width [10 mm

Requirements. Carbon and

low-alloy steels and other
minimum tensile strengt

materials having specified
s equal to or greater than

656 MPa (95 ksi), all boltfing materials, and all high-
alloy steels (P-Nos. 6, 7, and| 8) shall have a lateral expan-
sion opposite the notch ofnojtless than 0.38 mm (0.015in.)
for all specimen sizes. The laferal expansion is the increase
in width of the broken impact specimen over that of the
unbroken specimen measuyed on the compression side,
parallel to the line constitutjng the bottom of the V-notch
(see ASTM A370). For bolting materials with specified

minimum tensile strength
ksi) and size less than o
impact requirements of AS

4.5.3 Weld Impact Test

4.5.3.1 Acceptance Cri
lateral expansion results, 4
metal and HAZ locations 4
para. 4.5.1 or para. 4.5.2, a
Where two base metals h
tance criteriaare joined by w
criteria for the weld metal ar
of the base material having
strength most closely matd
tensile strength of the weld

4.5.3.2 Supplemental
the designer specifies the
locations in para. 3.7.2.2.

greater than 656 MPa (95
" equal to M50 (2 in.), the
'M A320 may be applied.

Requirements

eria. The absorbed energy or
s applicable, from the weld
hall meet the provisions of
b required.

aving different impact aceep:
elding, the impact acceptance
d HAZlocations shallbethose
a specified minimuni tensile
hing the specified minimum

metal.

Acceptance Criteria. When
supplemental test specimen
P, the’following acceptance

(r) The data for dnvp]npmphf of the temperature
adjustment (T4p;) 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 values that
meet or exceed those required for the thickness of mate-
rial to be welded in production. The average toughuéss
data for the HAZ and the unaffected base mdterial
shall be plotted on a property-temperaturge.chart. The
temperatures at which these two sets of data exhibit a
common acceptable value of toughness for, the production
thickness involved shall be determined:-The determined
temperature for the unaffected base material shall be
subtracted from the similarly detéermined 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.isrequired for the base material
to be welded in produetion, and the minimum tempera-
ture established by this Standard will still apply as stated
in (a). The CVN\testing results shall be recorded on the
PQR, and any-offsetting Tap; or increased toughness re-
quirements shall be noted on the PQR and the Welding
Procedure’ Specification (WPS).

(d) Atleast one of the following methods shall be used
to compensate for the HAZ toughness decrease due to the
welding procedure. More than one compensation method
may be used on a par basis.

(1) The low-temperature service limit for all of the
material to be welded in a production WPS supported by
this PQR shall be increased by the adjustment temperature
TAD]'

(2) The specified testing temperature for the produc-
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

criteria apply:

(a) The CVN impact tests of the unaffected base mate-

rial shall meet the requirements of this Standard. If the
average lateral expansion values of the three HAZ speci-
mens are equal to or greater than the average value for the
unaffected 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).

values between the unaffected base metal and the HAZ.

4.5.4 Retests

4.5.4.1 For Absorbed Energy Criterion. 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
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specimens shall be made. The value for each of these retest
specimens shall equal or exceed the required average
value.

4.5.4.2 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 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 shall

ASTM A48/A48M-2022. Standard Specification for Gray
Iron Castings. ASTM International.

ASTM A53/A53M-2022. Standard Specification for Pipe,
Steel, Black and Hot-Dipped, Zinc-Coated, Welded and
Seamless. ASTM International.

ASTM A105/A105M-2023. Standard Specification for
Carbon Steel Forgings for Piping Applications. ASTM
International.

ASTM A106/A106M-2019a. Standard Specification for

equal or exceed the specified [ninimum 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

allowed for retest, the materiall
and retested. After re-heat treat
mens shall be made. For accepta
of each ofthe specimens shall eq
minimum value of 0.38 mm (0.

4.5.4.3 For Erratic Test R
result is caused by a defective sp
tainty in the test procedure, a 1
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Pipe for High-Temperature Service. ASTM
International.
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ASTM International.

ASTM A409/A409M-2019. Standard Specification for
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and Lower-Temperature Serviice. ASTM International.

ASTM A524/A524M-2021. Standard Specifi¢ation for
Seamless Carbon Steel Pipg for Atmospheric and
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ASTM International.
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Steel Pipe. ASTM International.
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nese-Silicon Steel. ASTM International.
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ASTM International.
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Brass Pipe, Standard Sizes. ASTM International.
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ASTM B62-2017. Standard Specification for Composition
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ASTM B75/B75M-2020. Standard Specification for Seam-
less Copper Tube. ASTM International.
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Silicon Alloy Plate, Sheet, Strip, and Rolled Bar for
General Purposes and Pressure Vessels. ASTM
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Minimum Tensile Strength. ASTM International.
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Table 3.1-1
Low-Temperature Service Requirements by Material Group

SI Units [Note (1)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °C, Without Low-
Low- Temp., Impacts for Stress Ratios Temp.,
Temp., Minimum Minimum Minimum °C, Temp., °C, °C,
Governing °C, Material Temp., °C, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group mm Notes Limit Temp., °C Impacts Temp., °C SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03
Carbon Steels
CS -55 Max. possible -29 -48 -48 -29 -104 -48 -48 -48 -48 -48| -48 -48 -48 -104
Charpy
t <R.5 mm
[Nofe (2)]
CS =55 Max. possible -29 -48 -29 -104 -48 -48 -48pn_-48 -48| -48 -48 -48 -104
Charpy
t 2.5 mm
[Nofe (3]
CS -50 Max. possible -29 -48 -48 -29 -104 -48 =48 -48 -48 -48| -48 -48 -48 -104
Charpy
t <P.5 mm
[Noe (2)]
CS -50 Max. possible -29 -46 -29 -104 -46 -48 -48 -48 -48| -48 -48 -48 -104
Chalrpy
t 2.5 mm
[Nofe (3)]
CS -20 Max. possible -29 -48 -48 <29 -104 -48 -48 -48 -48 -48| -48 -48 -48 -104
Chajrpy
t<R.5 mm
[Noe (2)]
CS -20 Max. possible -29 -29 -29 -104 -29 -34 -40 -46 -48| -48 -48 -48 -104
Charpy
t 2.5 mm
[Noje (3)]
CS -20(A) -29 -29 -29 -29 -29 N/A
CSO -18 -18 =18 -29 -29 -18 -23 -29 -34 -40| -48 -48 -48 -104
CS +20(A) -7 -7 -7 -7 =7 N/A
CS A <10.0 Max. possible -7 -48 -48 -7 -104 -48 -48 -48 -48 -48| -48 -48 -48 -104
Charpy
t <pR.5 mm
[Noje (2)]
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Table 3.1-1

Low-Temperature Service Requirements by Material Group (Cont’d)

SI Units [Note (1)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °C, Without Low-
Low- Temp., Impacts for Stress Ratios Temp.,
Temp., Minimum Minimum Minimum °C, Temp., °C, °C,
Governing °C, Material Temp., °C, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group mm Neptes——Limit——TFemp—6c——hnpacts Fempr——SR>03—SR<=-0-3 3 6.9—0.8—0-7~—06- 05 04 >03 SR<03
Carbon Steels (Cont’d)
CS A <10.0 Max. possible -7 -7 -7 -104 -7 -12 -18 -23( \*29| -40 -48 -48 -104
Chafrpy
t 2.5 mm
[Noje (3)]
CS A <11.1 -4 -4 -4 -104 -4 -9 15 -21 -26| -37 -48 -48 -104
CS A <12.7 -1 -1 -1 -104 -1 =% ,-12  -18 -23| -34 -48 -48 -104
CSA <15.2 4 4 4 -104 4 =1 -7 -12 -18| -29 -48 -48 -104
CS A <17.7 10 10 10 -104 10 4 -1 -7 =12 -23 -43 -48 -104
CS A <21.6 16 16 16 -104 16 10 4 -1 =71 -18 -37 -48 -104
CS A <26.2 21 21 21 -104 21 16 10 4 -1 -12 -32 -48 -104
CSA <31.1 27 27 27 -104 27 21 16 10 4 -7 -26 -48 -104
CS A <39.7 32 32 32 -104 32 27 21 16 10 -1 =21 -48 -104
CSA <51.6 38 38 38 -104 38 32 27 21 16 4 -15 -48 -104
CS A <76.2 43 43 43 -104 43 38 32 27 21 10 -9 -48 -104
CS A <93.7 46 46 46 -104 46 41 35 29 24 13 -7 -48 -104
CS A >93.7 49 49 49 -104 49 43 38 32 27 16 -4 -48 -104
CSB <10.0 Max. possible -29 -48 -48 -29 -104 -48 -48 -48 -48 -48| -48 -48 -48 -104
Chafrpy
t<R.5 mm
[Noje (2)]
CSB <10.0 Max. possible -29 =29 -29 -104 -29 -34 -40 -46 -48| -48 -48 -48 -104
Charpy
t 2.5 mm
[Noje (3)]
CSB <12.7 -29 -29 -29 -104 -29 -35 -40 -46 -48| -48 -48 -48 -104
CSB <14.3 -22 -22 -22 -104 -22 -27 -33 -38 -44| -48 -48 -48 -104
CSB <17.5 -13 -13 -13 -104 -13 -19 -24 -30 -35| -47 -48 -48 -104
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Table 3.1-1

Low-Temperature Service Requirements by Material Group (Cont’d)

SI Units [Note (1)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °C, Without Low-
Low- Temp., Impacts for Stress Ratios Temp.,
Temp., Minimum Minimum Minimum °C, Temp., °C, °C,
Governing °C, Material Temp., °C, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group mm Notes Limit Temp., °C Impacts Temp., °C SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03
Carbon Steels (Cont’d)
CSB <20.6 -7 -7 -7 -104 -7 -12 -18 -23 -29| -40 -48 -48 -104
CSB <249 -1 -1 -1 -104 -1 -7 =12 -18,.'+23| -34 -48 -48 -104
CS B <30.2 4 4 4 -104 4 -1 -7 -12 ~-18| -29 -48 -48 -104
CSB <37.3 10 10 10 -104 10 4 -1 -7 -12| -23 -43 -48 -104
CSB <47.0 16 16 16 -104 16 10 4 -1 -7 -18 -37 -48 -104
CSB <61.9 21 21 21 -104 21 16 10 4 -1 -12 -32 -48 -104
CSB <82.6 27 27 27 -104 27 21 16 10 4 -7 =26 -48 -104
CSB <101.6 32 32 32 -104 32 27 21 16 10 -1 -21 -48 -104
CSB >101.6 49 49 49 -104 49 43 38 32 27 16 -4 -48 -104
csc <10.0 Max. possible -48 -48 -48 -48 »1,04 -48 -48 -48 -48 -48| -48 -48 -48 -104
Chafrpy
t<R.5 mm
[Nofe (2)]
CSC <10.0 Max. possible -29 -48 <29 -104 -48 -48 -48 -48 -48| -48 -48 -48 -104
Charpy
t 2.5 mm
[Noje (3)]
csc <10.4 -29 -46 -29 -104 -46 -48 -48 -48 -48| -48 -48 -48 -104
cscC <11.2 -29 -40 -29 -104 -40 -46 -48 -48 -48| -48 -48 -48 -104
cscC <13.5 -29 -34 -29 -104 -34 -40 -46 -48 -48| -48 -48 -48 -104
csc <16.5 -29 =29 -29 -104 -29 -34 -40 -46 -48| -48 -48 -48 -104
CSC <21.6 -23 =23 -23 -104 -23 -29 -34 -40 -46( -48 -48 -48 -104
csc <27.4 -18 -18 -18 -104 -18 -23 -29 -34 -40| -48 -48 -48 -104
CSC <35.1 -12 -12 -12 -104 -12 -18 -23 -29 -34| -46 -48 -48 -104
CSC <44.5 -7 -7 -7 -104 -7 =12 -18 -23 -29| -40 -48 -48 -104
CSC <57.2 -1 -1 -1 -104 -1 -7 =12 -18 -23| -34 -48 -48 -104
cscC <74.7 4 4 4 -104 4 -1 -7 -12 -18| -29 -48 -48 -104

$20Z-L1€9d ANSV


https://asmenormdoc.com/api2/?name=ASME B31T 2024.pdf

ST

Table 3.1-1

Low-Temperature Service Requirements by Material Group (Cont’d)

SI Units [Note (1)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °C, Without Low-
Low- Temp., Impacts for Stress Ratios Temp.,
Temp., Minimum Minimum Minimum °C, Temp., °C, °C,
Governing °C, Material Temp., °C, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group mm Neptes——Limit——TFemp—6c——hnpacts Fempr——SR>03—SR<=-0-3 3 6.9—0.8—0-7~—06- 05 04 >03 SR<03
Carbon Steels (Cont’d)
CSC <95.3 10 10 10 -104 10 -1 -7\ \¥12| -23 -43 -48 -104
CSC <101.6 11 11 11 -104 11 6 0 -6/ -11| -22 -42 -48 -104
CSC >101.6 49 49 49 -104 49 43 38 32 27 16 -4 -48 -104
CSD <12.7 Max. possible -48 -48 -48 -48 -104 -48 _-48Y -48 -48 -48| -48 -48 -48 -104
Charpy
t<R.5 mm
[Noje (2)]
CSD <12.7 Max. possible -29 -48 -29 -104 <48 -48 -48 -48 -48| -48 -48 -48 -104
Charpy
t 2.5 mm
[Noje (3)]
CSD <14.7 -29 -46 -29 -104 -46 -48 -48 -48 -48| -48 -48 -48 -104
CSD <19.8 -29 -40 -29 -104 -40 -46 -48 -48 -48| -48 -48 -48 -104
CSD <254 -29 -34 <29 -104 -34 -40 -46 -48 -48| -48 -48 -48 -104
CSD <33.0 -29 -29 -29 -104 -29 -34 -40 -46 -48| -48 -48 -48 -104
CSD <429 -23 -23 -23 -104 -23 -29 -34 -40 -46| -48 -48 -48 -104
CSD <57.2 -18 -18 -18 -104 -18 -23 -29 -34 -40| -48 -48 -48 -104
CSD <74.6 -12 -12 -12 -104 -12 -18 -23 -29 -34| -46 -48 -48 -104
CSD <95.3 -7 -7 -7 -104 -7 -12 -18 -23 -29| -40 -48 -48 -104
CSD <101.6 -5 -5 -5 -104 -5 -11 -16 -22 -27| -38 -48 -48 -104
CSD >101.6 49 49 49 -104 49 43 38 32 27 16 -4 -48 -104
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Low-Temperature Service Requirements by Material Group (Cont’d)

Table 3.1-1

SI Units [Note (1)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material | Weld Minimum Material Temperature, °C, Without Low-
Low- Temp., Impacts for Stress Ratios Temp.,
Temp., Minimum Minimum Minimum °C, Temp., °C, °C,
Governing °C, Material Temp., °C, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group mm Notes Limit Temp., °C Impacts Temp., °C SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03
Low-Alloy Steels
LA -320 Max. possible -48 -196 -196 -48 -48 -104 N/A N/A
Charpy
t <R.5 mm
[Nofe (2]
LA -320 Max. possible -29 -196 -29 -104 N/A N/A
Chajrpy
t2R.5 mm
[Noge (3)]
LA -275 Max. possible -48 -171 -171 -48 -48 -104 N/A N/A
Charpy
t <R.5 mm
[Noge (2)]
LA -275 Max. possible -29 -171 -29 -104 N/A N/A
Chajrpy
t2R.5 mm
[Nofe (3]
LA -150 Max. possible -48 -101 -101 -48 -48 -104 N/A -104
Chajrpy
t <R.5 mm
[Nofe (2]
LA -150 Max. possible -29 -101 -29 -104 N/A -104
Chajrpy
t2R.5 mm
[Noge (3)]
LA -100 Max. possible -48 -73 -73 -48 -48 -104 N/A -104
Chalrpy
t <R.5 mm
[Noje (2)]
LA -100 Max. possible -29 -73 -29 -104 N/A -104
Charpy
t =2R.5 mm

[No|

e (3)]
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

SI Units [Note (1)]

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

18

T-Number
Group

Weld

Low- Temp.,

Minimum Material Temperature, °C, Without
Impacts for Stress Ratios

Material |

Temp., Minimum Minimum Minimum °C,
Governing °C, Material Temp., °C, Weld Without
Thickness, Service Permitted Without Permitted Impacts

mm Nl tes I imit :I emp 0‘; Impasts 'I"nm;: . oC. SR 0.2

Temp., °C,
Without

Impacts
SR< 0.3 1 9.9—0.8—07~—066- 05 04 >03

Low-
Temp.,
oc'
Service
Limit
SR<0.3

Low-Alloy Steels (Cont’d)

LA -75

LA -75

LA -55

LA -55

LA -40

LA -40

LA -20

LA -20

Max. possible -48 -59 -59 -48 -104 N/A
Chajrpy
t<R.5 mm
[Noje (2)]

Max. possible -29 -59 -29 -104 N/A
Charpy
t2R.5 mm
[Noje (3)]

Max. possible -48 -48 -48 -48 -104 N/A
Chalrpy
t<R.5 mm
[Noe (2)]

Max. possible -29 -48 -29 <104 N/A
Charpy
t2R.5 mm
[Nofe (3)]

Max. possible -48 -48 -48 -48 -104 N/A
Chajrpy
t <R.5 mm
[Noje (2)]

Max. possible -29 -40 -29 -104 N/A
Charpy
t2R.5 mm
[Noje (3)]

Max. possible -48 -48 =48 -48 -104 N/A
Charpy
t<R.5 mm
[Noje (2)]

Max. possible -29 -29 -29 -104 N/A
Chalrpy
t2R.5 mm
[Nofe (3)]

-104

-104

-104

-104

-104

-104

-104

-104
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

SI Units [Note (1)]

4 5 6 7 8 9 10 11 12 13 14 15 16 17

18

Governing
T-Number Thickness,
Group mm

Notes

Material | Weld Minimum Material Temperature, °C, Without

Impacts for Stress Ratios

Low- Temp.,,
Temp., Minimum Minimum Minimum °C, Temp., °C,
°C, Material Temp., °C, Weld Without  Without
Service Permitted Without Permitted Impacts Impacts
Limit Temp., °C Impacts Temp., °C SR>03 SR<03 1 09 08 07 06 05 04 >03

Low-
Temp.,
OC,
Service
Limit
SR<0.3

Low-Alloy Steels (Cont’d)
LA O

LAO

LA +20

LA +20

Stainless Steels
SS -425

SS -425

SS -425

Max.
Ch
t<
[N

Max.
Ch
t=

[N

Max.
Ch
t<
[N

Max.
Ch
t=

N

Max.
Ch
t<

[No|

Carbo|
and|
soly
heal
tred

Carbo|
or 1
soly
heal
tred

ossible
Py

.5 mm
e (2]
ossible

Py
.5 mm

e (3]

ossible
Py

.5 mm
e (2)]
ossible

Py
.5 mm

e (3]]

ossible

Py

2.5 mm
te (2)]
n<0.1%

tion
9
ted

h>0.1%
ot

tion

9
ted

-48 -48 -48 -48 -104 N/A

-18 -18 -29 -104 N/A

-48 -48 -48 -48 -104 N/A

-7 -7 -29 >104 N/A

-254 -254 -254 -254 N/A

-101 -254 -101 -104 N/A

-29 =29 -29 -104 N/A

-104

-104

-104

-104

-104

-104
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

SI Units [Note (1)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material | Weld Minimum Material Temperature, °C, Without Low-
Low- Temp., Impacts for Stress Ratios Temp.,
Temp., Minimum Minimum Minimum °C, Temp., °C, °C,
Governing °C, Material Temp.,, °C, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group mm Neptes——Limit——TFemp—6c——hnpacts Fempr——SR>03—SR<=-0-3 3 6.9—0.8—0-7~—06- 05 04 >03 SR<03
Stainless Steels (Cont’d)
SS =325 Max. possible -198 -198 -254 -254 N/A
Chajrpy
t<R.5 mm
[Noje (2)]
SS -325 Carbopn <0.1% -101 -198 -101 -104 N/A -104
and|
solytion
heaf
tredted
SS -325 Carbop >0.1% -29 -29 -29 -104 N/A -104
or fot
solytion
heaf
tredted
SS -60 -29 -51 -29 -29 N/A -104
SS -20 -29 -29 -29 -29 N/A -104
Nickel Alloys
NI -325 -198 -198 -198 -198 N/A
Cast Irons
CI -20 -29 N/P N/P N/P N/A
CI -20(A) -29 -29 N/A N/P N/P N/P N/A
Copper Alloys
CU -452 -269 -269 -269 -269 N/A
CU -325 -198 -198 -198 -198 N/A
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

SI Units [Note (1)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material | Weld Minimum Material Temperature, °C, Without Low-
Low- Temp., Impacts for Stress Ratios Temp.,
Temp., Minimum Minimum Minimum °C, Temp., °C, °C,
Governing °C, Material Temp., °C, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group mm Notes Limit Temp., °C Impacts Temp., °C SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03
Aluminum Alloys
AL -452 -269 -269 -269 -269 N/A
Titanium and Titanium Alloys
TI -75 -59 -59 -59 -59 N/A
Zirconium and Zirconium Alloys
71 -75 -59 -59 -59 -59 N/A
U.S. Customary Units [Note (4)]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperdture, °F, Without
Low- Temp., Impacts for Stresq Ratios Low-
Temp., Minimum Minimum Minimum °F, Temp., °F, Temp., °F,
Governing °F, Material Temp., °F, Weld Without Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts, <Impacts Limit
Group in. Notes Limit Temp., °F Impacts Temp., °F SR > 0.3"\“SR < 0.3 1 09 08 07 06| 05 04 >03 SR=<0.3
Carbon Steels
CS -55 Max. possible -20 -55 -55 -20 -155 -55 -55 -55 -55 =55 -55 -55 -55 -155
Chafrpy
t <R.5 mm
[Noje (2)]
CS -55 Max. possible =20 -55 -20 -155 -55 -55 -55 -55 -55| -55 -55 =55 -155
Chajrpy
t 2.5 mm
[Nofe (3)]
CS -50 Max. possible -20 -55 255 -20 -155 -55 -55 -55 -55 -55| -55 -55 =55 -155
Charpy
t <pR.5 mm
[Noje (2)]
CS -50 Max. possible -20 -50 -20 -155 -50 -55 -55 -55 -55| -55 -55 =55 -155
Charpy
t2R.5 mm

[Nofe (3)]
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Low-Temperature Service Requirements by Material Group (Cont’d)

Table 3.1-1

U.S. Customary Units [Note (4)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °F, Without
Low- Temp., Impacts for Stress Ratios Low-
Temp., Minimum Minimum Minimum °F, Temp., °F, Temp., °F,
Governing °F, Material Temp., °F, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group in. Netes———Limit——TFempr—FE—hmpacts Tempr—F—TSR—>03—SR<=-0-3 3 89—08—0~7+—66- 05 04 >03 SR<0.3

Carbon Steels (Cont’d)
CS -20 Max. possible -20 -55 -55 -20 -155 -55 -55  -55 -55( \¥55( -55 -55 -55 -155

Chafrpy

t<R.5 mm

[Note (2)]
CS -20 Max. possible -20 -20 =20 -155 -20 -30 <#40 -50 -55( -55 =55 -55 -155

Charpy

t 2.5 mm

[Note (3)]
CS -20(A) -20 -20 -20 -20 -20 N/W
CSO 0 0 0 -20 -20 0o -10 -20 -30 -40| -55 -55 =55 -155
CS +20(A) 20 20 20 20 20 N/A
CS A <0.394 Max. possible 20 -55 -55 20 -155 -55 -55 -55 -55 -55| -55 -55 =55 -155

Charpy

t <pR.5 mm

[Note (2)]
CS A <0.394 Max. possible 20 20 20 -155 20 10 0 -10 -20| -40 =55 -55 -155

Charpy

t 2.5 mm

[Noe (3)]
CS A <0.4375 25 25 25 -155 25 15 5 -5 -15| -35 -55 =55 -155
CS A <0.5 30 30 30 -155 30 20 10 0 -10|] -30 -55 =55 -155
CS A <0.6 40 40 40 -155 40 30 20 10 0f -20 -55 =55 -155
CS A <0.7 50 50 50 -155 50 40 30 20 10( -10 -45 -55 -155
CS A <0.85 60 60 60 -155 60 50 40 30 20 0 -35 -55 -155
CS A <1.03 70 70 70 -155 70 60 50 40 30 10 -25 =55 -155
CS A <1.25 80 80 80 -155 80 70 60 50 40 20 -15 =55 -155
CS A <1.5625 90 90 90 -155 90 80 70 60 50 30 -5 =55 -155
CS A <2.0325 100 100 100 -155 100 90 80 70 60 40 5 =55 -155
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Low-Temperature Service Requirements by Material Group (Cont’d)

Table 3.1-1

U.S. Customary Units [Note (4)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °F, Without
Low- Temp., Impacts for Stress Ratios Low-
Temp., Minimum Minimum Minimum °F, Temp., °F, Temp., °F,
Governing °F, Material Temp., °F, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group in. Notes Limit Temp., °F Impacts Temp.,, °F SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03

Carbon Steels (Cont’d)
CSA <3 110 110 110 -155 110 100 90 80 70 50 15 -55 -155
CS A <3.6875 115 115 115 -155 115 105 95 85 75 55 20 =55 -155
CS A >3.6875 120 120 120 -155 120 110 100 90 80 60 25 -55 -155
CSB <0.394 Max. possible -20 -55 -55 -20 -155 -55 -55  -55, "-55 -55( -55 -55 55 -155

Chafrpy

t <R.5 mm

[Noke (2)]
CSB <0.394 Max. possible -20 -20 -20 -155 -20~+30 -40 -50 -55( -55 -55 55 -155

Chajrpy

t 2.5 mm

[Noke (3)]
CSB <0.50 -20 -20 =20 -165 -20 -30 -40 -50 -55( -55 =55 -55 -155
CSB <0.57 -7 -7 -7 =155 -7 -17 -27 -37 -47| -55 =55 -55 -155
CSB <0.69 9 9 9 =155 9 -1 -11 -21 -31| -51 -55 -55 -155
CSB <0.82 20 20 20 -155 20 10 0 -10 -20| -40 -55 =55 -155
CSB <0.98 30 30 30 -155 30 20 10 0 -10|] -30 -55 -55 -155
CSB <1.19 40 40 40 -155 40 30 20 10 0] -20 =55 -55 -155
CSB <1.47 50 50 50 -155 50 40 30 20 10| -10 -45 -55 -155
CSB <1.85 60 60 60 -155 60 50 40 30 20 0 -35 -55 -155
CSB <2.4385 70 70 70 -155 70 60 50 40 30 10 -25 =55 -155
CSB <3.25 80 80 80 -155 80 70 60 50 40 20 -15 -55 -155
CSB <4.00 90 90 90 -155 90 80 70 60 50 30 -5 -55 -155
CSB >4.00 120 120 120 -155 120 110 100 90 80 60 25 =55 -155
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Table 3.1-1

Low-Temperature Service Requirements by Material Group (Cont’d)

U.S. Customary Units [Note (4)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °F, Without
Low- Temp., Impacts for Stress Ratios Low-
Temp., Minimum Minimum Minimum °F, Temp., °F, Temp., °F,
Governing °F, Material Temp.,, °F, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group in. Netes———Limit——TFempr—FE—hmpacts Tempr—F—TSR—>03—SR<=-0-3 3 89—08—0~7+—66- 05 04 >03 SR<0.3

Carbon Steels (Cont’d)
csScC <0.394 Max. possible -55 -55 -55 -55 -155 -55 -55  -55 -55( \¥55( -55 -55 -55 -155

Chafrpy

t<R.5 mm

[Note (2)]
cscC <0.394 Max. possible -20 -55 -20 -155 -55 -55 #55 -55 -55| -55 -55 =55 -155

Charpy

t 2.5 mm

[Note (3)]
cscC <0.41 -20 -50 -20 -155 -5~ -55 -55 -55 -55| -55 -55 =55 -155
csc <0.44 -20 -40 -20 -155 40 -50 -55 -55 -55| -55 -55 -55 -155
cscC <0.53 -20 -30 -20 -155 -30 -40 -50 -55 -55| -55 -55 =55 -155
CSC <0.65 -20 -20 -20 -155 -20 -30 -40 -50 -55( -55 =55 -55 -155
CSC <0.85 -10 -10 -10 -155 -10 -20 -30 -40 -50f -55 =55 -55 -155
csc <1.08 0 0 0 -155 0o -10 -20 -30 -40| -55 -55 =55 -155
CScC <1.38 10 10 10 -155 10 0 -10 -20 -30| -50 -55 =55 -155
csc <1.75 20 20 20 -155 20 10 0 -10 -20| -40 -55 -55 -155
csC <2.25 30 30 30 -155 30 20 10 0 -10|] -30 -55 =55 -155
CSC <2.94 40 40 40 -155 40 30 20 10 0] -20 =55 -55 -155
csc <3.75 50 50 50 -155 50 40 30 20 10 -10 -45 -55 -155
cScC <4.00 52 52 52 -155 52 42 32 22 12 -8 -43 -55 -155
cscC >4.00 120 120 120 -155 120 110 100 90 80 60 25 =55 -155
CSD <0.5 Max fossible -55 =55 -55 -55 -155 -55 -55 -55 -55 -55| -55 -55 =55 -155

Charpy

t <P.5 mm

[Noge (2)]
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Low-Temperature Service Requirements by Material Group (Cont’d)

Table 3.1-1

U.S. Customary Units [Note (4)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °F, Without
Low- Temp., Impacts for Stress Ratios Low-
Temp., Minimum Minimum Minimum °F, Temp., °F, Temp., °F,
Governing °F, Material Temp., °F, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group in. Notes Limit Temp., °F Impacts Temp.,, °F SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03

Carbon Steels (Cont’d)
CSD <0.5 Max fossible -20 -55 -20 -155 -55 -55 -55 -55 -§5| -55 -55 -55 -155

Chafrpy

t2R.5 mm

[Noke (3)]
CSD <0.58 -20 -50 -20 -155 -50 -55 -555 =55 -55| -55 -55 -55 -155
CSD <0.78 -20 -40 -20 -155 -40 -50 _~55) -55 -55| -55 -55 =55 -155
CSD <1.0 -20 -30 -20 -155 -30 -40°, =50 -55 -55| -55 -55 -55 -155
CSD <13 -20 -20 -20 -155 -20 =30 -40 -50 -55| -55 -55 =55 -155
CSD <1.6875 -10 -10 -10 -155 10 -20 -30 -40 -50f -55 -55 =55 -155
CSD <2.25 0 0 0 -155 0 -10 -20 -30 -40| -55 =55 -55 -155
CSD <2.9375 10 10 10 €155 10 0 -10 -20 -30f -50 -55 =55 -155
CSD <3.75 20 20 20 =155 20 10 0 -10 -20| -40 -55 -55 -155
CSD <4.00 23 23 23 -155 23 13 3 -7 -17| -37 -55 =55 -155
CSD >4.00 120 120 120 -155 120 110 100 90 80 60 25 =55 -155
Low-Alloy Steels
LA -320 Max. possible -55 -320 -320 =55 -55 -155 N/A N/A

Chalrpy

t <R.5 mm

[Noke (2)]
LA -320 Max. possible -20 -320 -20 -155 N/A N/A

Charpy

t2R.5 mm

[Note (3)]
LA -275 Max. possible -55 -275 -275 -55 -55 -155 N/A N/A

Chafrpy

t<R.5 mm

[Note (2)]
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Low-Temperature Service Requirements by Material Group (Cont’d)

Table 3.1-1

U.S. Customary Units [Note (4)]

7

8

10

11

12 13 14 15

16

17

18

T-Number
Group

Governing
Thickness,
in.

Low-
Temp.,
OF,
Service

Material

Weld

Minimum
Material
Permitted

. Limai T e

Minimum
Temp.,, °F,
Without

Minimum
Weld
Permitted

Temp.,
OF,
Without

Impacts
SR 0.2

Temp., °F,
Without

Impacts
SR < 02

Minimum Material Temperature, °F, Without

Impacts for Stress Ratios

€T o
Py

0.9 0.7 0.6 0'5

0.4

>0.3

Low-
Temp., °F,
Service
Limit
SR<0.3

Low-Alloy Steels (Cont’d)

LA -275

LA -150

LA -150

LA -100

LA -100

LA -75

LA -75

LA -55

Max.
Cha
t=

[No|
Max.

ossible

'py
2.5 mm

te (3)]

ossible

Charpy

t<

[No|
Max.

2.5 mm
te (2)]

ossible

Chalrpy

t=

[No|

Max.
Cha
t<

[No|

Max.
Cha
t=>

[No|

Max.
Chq
t<

[No|
Max.

2.5 mm

fe (3)]

ossible

'py
2.5 mm

te (2)]
ossible

'py
2.5 mm

ke (3]
ossible

'py
2.5 mm

fe (2)]

ossible

Charpy

t=
[No|
Max.
Cha
t<

[No|

2.5 mm
te (3]
ossible

'py
2.5 mm

fe (2)]

-20

-55

=20

-55

-20

-55

-20

-55

-150

-100

-75

~55

-275

-150

-150

-100

-100

-75

-75

-55

-55

-55

-20

-55

-20

-55

=20

-55

-20

-55

-155

-155

-155

-155

-155

-155

-155

-155

N/A

N/A

N/

N/A

N/A

N/A

N/A

N/A

N/A

-155

-155

-155

-155

-155

-155

-155
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

U.S. Customary Units [Note (4)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material Weld Minimum Material Temperature, °F, Without
Low- Temp., Impacts for Stress Ratios Low-
Temp., Minimum Minimum Minimum °F, Temp., °F, Temp., °F,
Governing °F, Material Temp., °F, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group in. Notes Limit Temp., °F Impacts Temp.,, °F SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03
Low-Alloy Steels (Cont’d)
LA -55 Max. possible -20 -55 -20 -155 N/A -155
Charpy
t2R.5 mm
[Nofe (3)]
LA -40 Max. possible -55 =55 -55 -55 -155 N/A -155
Charpy
t <P.5 mm
[Noe (2)]
LA -40 Max. possible -20 -40 -20 -155 N/A. -155
Chajrpy
t 2.5 mm
[Note (3)]
LA -20 Max. possible -55 -55 -55 -55 155 N/A -155
Chafrpy
t <R.5 mm
[Nofe (2)]
LA -20 Max. possible -20 -20 <20 -155 N/A -155
Chafrpy
t 2.5 mm
[Noge (3]
LAO Max. possible -55 -55 -55 -55 -155 N/A -155
Charpy
t <pR.5 mm
[Note (2)]
LAO Max. possible 0 0 -20 -155 N/A -155
Chalrpy
t 2.5 mm
[Note (3)]
LA +20 Max. possible -55 759 -55 -55 -155 N/A -155
Chafrpy
t <P.5 mm
[Noke (2)]
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

U.S. Customary Units [Note (4)]

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

T-Number
Group

Weld
Temp.,

Minimum Material Temperature, °F, Without
Impacts for Stress Ratios

Material |

Low- Low-

Governing
Thickness,
in. Ni

Temp., Minimum  Minimum
°F, Material Temp., °F,
Service Permitted Without

Minimum °F,
Weld Without
Permitted Impacts

Temp., °F,
Without

Impacts
SR < 02

Limai T e

T o SR 0-3
Py

0.5

0.4

>0.3

Temp., °F,
Service
Limit
SR<0.3

Low-Alloy Steels (Cont’d)

LA +20 Max. possible 20 20 -20
Chafrpy
t2R.5 mm

[Note (3)]

Stainless Steels

SS -425 Max. possible -425 -425 -425
Chalrpy
t <R.5 mm

[Noke (2)]

Carbopn <0.1%
and|
solytion
heaf
tredted

Carbopn >0.1% -20 -20 =20
or ot
solytion
heaf
tredted

SS -425 -150 -425 -150

SS -425

SS -325 Max. possible -325 -325 -425
Charpy
t <P.5 mm

[Noke (2)]

Carbon <0.1%
and|
solytion
heat
tredted

SS -325 -150 <325 -150

-155

-425

-155

-155

-425

-155

N/A

N/A

N/A

N/A

N/A

N/A

-155

-155

-155

-155
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

U.S. Customary Units [Note (4)]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Material | Weld Minimum Material Temperature, °F, Without
Low- Temp., Impacts for Stress Ratios Low-
Temp., Minimum Minimum Minimum °F, Temp., °F, Temp., °F,
Governing °F, Material Temp., °F, Weld Without  Without Service
T-Number Thickness, Service Permitted Without Permitted Impacts Impacts Limit
Group in. Notes Limit Temp., °F Impacts Temp.,, °F SR>03 SR<03 1 09 08 07 06 05 04 >03 SR=<03
Stainless Steels (Cont’d)
SS -325 Carbop >0.1% -20 -20 -20 -155 N/A -155
or fot
solytion
heaf
tredted
SS -60 -20 -60 -20 -20 N/A -155
SS =20 -20 -20 -20 -20 N/A -155
Nickel Alloys
NI -325 -325 -325 -325 -325 N/A
Cast Irons
CI -20 -20 N/P N/P N/P N/A
Cl -20(A) -20 -20 N/A N/P N/P N/P N/A
Copper Alloys
CU -452 -452 -452 -452 -452 N/A
CU -325 -325 -325 -325 -325 N/A
Aluminum Alloys
AL -452 -452 -452 -452 -452 N/A
Titanium and Titanium Alloys
TI -75 -75 ~%5 -75 -75 N/A
Zirconium and Zirconium Alloy{
Z1 -75 -75 -75 -75 -75 N/A

$20Z-L1€9d ANSV
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Table 3.1-1
Low-Temperature Service Requirements by Material Group (Cont’d)

GENERAL NOTES:

(@) N/A = not applicable.

(b) N/P = not permitted.

(c) SR = stress ratio per para. 3.6

NOTES:

2.

(1) All temperatures are in degrees Celsius.
(2) This line is applicable if the maximum Charpy specimen obtainable from the product is less than 2.5 mm (0.098 in.).

(3) This line is applicable if the nf
(4) All temperatures are in degre

aximum Charpy specimen obtainable from the product is equal to or greater than 2.5 mm (0.098 in.).
bs Fahrenheit.
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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), B (Type F) CS -20(4) Carbon steels P

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

A105 CS -20 Carbon steels FI & FO

A106 Grade A, B, C CS B Carbon steels P

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

Al134 A283 Grade C, D CSA Carbon steels P

A134 A285 Grade A, B CS B Carbon steels P

Al134 A285 Grade C CSA Carbon steels P

Al134 A36 CSA Carbon steels P

Al134 A1011 Designation S§ Grade 30, 33, 36 Type 1 and 2,40,45 CS A Carbon steels P

Type 1 and 2, 50

A135 Grade A, B CS B Carbon steels P

A139 Grade A, B, C, D, E CS A Carbon steels P

A178 Grade A, C CS -20 Carbon steels T

A179 CS -20 Carbonsteels T

A181 Class 60, 70 CS A Carbon steels FI & FO

A182 Grade F1, F2, F5, 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 F10 SS =20 Stainless steels FI & FO 4

A182 Grade F304, F304L, FB16, F316L SS <425 Stainless steels FI & FO

A182 Grade F304H, F316H,|F317L, F321, F321H, F347, F347H; SS -325 Stainless steels FI & FO

F348, F348H

A182 Grade F310 SS -325 Stainless steels FI & FO 3), 0(5)

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

A182 Grade F6a 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 g4\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

A193 Grade B7M (<4 in.) LA -55 Low-alloy steels B

A193 Grade B8 Class 1, B8C Class 1 SS -425 Stainless steels B

A193 Grade B8 Class 2, B8C Class 2, B8M, B8T SS -325 Stainless steels B (6)

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
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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

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

A203 Grade A, B, D, E LA -20 Low-alloy steels PL

A204 Grade A, B, C LA -20 Low-alloy steels PL

A210 Grade A-1 CS -20 Carbon steels T

A214 CS -20 Carbon steels T

A216 Grade WCA, WCB, WCC CS -20 Carbon steels C

A217 Grade C5, C12, WC1, WC4, WC5, WC6, WC9 LA -20 Low-alloy steels C

A217 Grade CA-15 SS -20 Stainless steels (o 5)

A234 Grade WP1, WP}, WP9, WP11, WP12, WP22, WP91 LA -20 Low-alloy steels FI

A234 Grade WPB, WP( CS B Carbon steels FI

A240 Type 305 SS -325 Stainless $teels PL ™, (3

A240 Type 305 SS -20 Stainless’steels PL (2) or (4)

A240 Type 302, 317, 317L, 321, 321H, 347, 348 SS =325 Stainless steels PL 1)

A240 Type 302, 317, 317L, 321H, 348 SS -20 Stainless steels PL 2)

A240 Type 304, 304L,|316, 316L SS -425 Stainless steels PL (1)

A240 Type 304, 304L,{316, 316L, 321, 347 SS -20 Stainless steels PL (2)

A240 Type 309S, 3109 SS=325 Stainless steels PL 1), (5

A240 Type 309S, 3108 SS -20 Stainless steels PL (2), (5

A240 Type 405, 410, 4108, 420, 429, X8M SS -20 Stainless steels PL 5)

A240 UNS S32205 SS -20 Stainless steels PL (5)

A240 UNS S32760 SS -60 Stainless steels PL

A268 Grade TP405, TH409, TP410, TP430, TP430Ti, SS =20 Stainless steels T (5)

TP433, TP436)

A269 Grade TP304, TH304L, TP316, TP316L: SS -425 Stainless steels 1

A269 Grade TP304, TH304L, TP316, TP316L SS -20 Stainless steels (2)

A278 Class 20, 25, 30,|35, 40, 45; 50,760 CI -20 Cast irons

A283 Grade C, D CSA Carbon steels PL

A285 Grade A, B CS B Carbon steels PL

A285 Grade C CSA Carbon steels PL

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 (D), (3),

(5)
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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
A312 Grade TP309, TP310 SS -20 Stainless steels P (2) or (4),
)
A312 Grade TP317, TP317L, TP321, TP347, TP348 SS =325 Stainless steels P 1
A312 Grade TP317, TP317L, TP321, TP347, TP348 SS -20 Stainless steels P 2)
A320 Grade B8 Class 1, B8( Class 1 SS -425 Stainless steels B
A320 Grade B8 Class 2, B8( Class 2, BS8F, B8M, B8T SS -325 Stainless steels N
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
A333 Grade 8 LA -320 Low-alloy steels P (Y]
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-alloyx steels T 7
A335 Grade P1, P2, P5, P51, P5¢c, P9, P11, P12, P15, P21, LA -20 Low-alloy steels P
P22, P91
A350 Grade LF1 CS -20 Carbon steels FI & FO 7
A350 Grade LF2 Class 1 CS -50 Carbon steels FI & FO 7)
A350 Grade LF2 Class 2 cSQ Carbon steels FI & FO 7)
A350 Grade LF3 LA -150 Low-alloy steels FI & FO (7
A351 Grade CE20N, CH20, €K20, 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 €8]
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)
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 9]
A358 Grade 304, 304L, 316, 316L SS -20 Stainless steels P (2)
A358 Grade 309S, 310S SS -325 Stainless steels P 1), (5
A358 Grade 309S, 310S SS -20 Stainless steels P (2), (5)
A358 Grade 321, 347, 348, S34565 SS =325 Stainless steels P 1)
A358 Grade 321, 347, 348, S34565 SS -20 Stainless steels P (2)
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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
A369 Grade FP1, FP2, FP3b, FP5, FP9, FP11, FP12, FP21, FP22 LA -20 Low-alloy steels P
A369 Grade FPA CSB Carbon steels P
A369 Grade FPB CS -20 Carbon steels P
A376 Grade 16-8-2H SS -325 Stainless steels P (1), (5)
A376 Grade 16-8-2H SS -20 Stainless steels P (2), (5)
A376 Grade TP304, TH316 SS -425 Stainless steels P (1)
A376 Grade TP304, TH316, TP321, TP347, TP348 SS =20 Stainless steels P 2)
A376 Grade TP304H, TP316H, TP321, TP321H, TP347, TP347H, SS -325 Stainless steels P (1)
TP348
A376 Grade TP304H, TP316H, TP321H, TP347H SS -20 Stainless steels p 2)
A381 Class Y35, Y42, Y46, Y48, Y50, Y52, Y56, Y60 CS A Carbon steels P
A387 Grade 2, 5,9, 11} 12, 21, 22, 91 LA -20 Low-alloy steels RL
A395 CI -20(A) Cast irons C
A403 Grade WP304, WP304L, WP316, WP316L SS -425 Stainless steels FI
A403 Grade WP304H, WP316H, WP317, WP317L, SS =325 Stainless steels FI
WP321, WP32{1H, WP347H, WP347, WP348
A403 Grade WP309, WP310 SS -325 Stainless steels FI 3), (5)
A403 Grade WP309, WP310 SS -20 Stainless steels FI 4), (5
A409 Grade TP304, TH316 SS -425 Stainless steels P 1)
A409 Grade TP304, TH316 SS -20 Stainless steels P (2)
A409 Grade TP309, TH310 SS €20 Stainless steels P (2) or (4),
(5)
A409 Grade TP309, TH310 SS -325 Stainless steels P (1), (3),
(5)
A409 Grade TP317, TH321, TP347, TP348 SS =325 Stainless steels 1
A409 Grade TP317, TH321, TP347, TP348 SS =20 Stainless steels 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 F1 ()
A420 Grade WPL8 LA -320 Low-alloy steels FI 7
A426 Grade CP1, CP2,|CR5, CP5b, CP9, CP11, CP12, LA -20 Low-alloy steels P
CP15, CP21, Cp22
A426 Grade CPCA-15 SS -20 Stainless steels P 5)
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
A453 Grade 660 Class A, 660 Class B SS -325 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)
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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

A487 Grade CA6NM SS -20 Stainless steels C (5
A515 Grade 60 CSB Carbon steels PL
A515 Grade 65, 70 CS A Carbon steels PL
A516 Grade 55, 60 not normalized CSC Carbon steels PL 9
A516 Grade 55, 60, 65, 70 pormalized CSD Carbon steels PL 9)
A516 Grade 65, 70 not nornalized 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
A537 Class 1 CSD Carbon steels PL
A553 Type 2 LA -275 Low-alloy steels PL (A
A553 Type 1 LA -320 Low-alloy steels PL (7)
A563 Grade A CS -20(4) Carbon steels N
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), CB70 (A515 Gr 70), CK75 (A299), CS A Carbon steel§ p

CMS75 (A299)
A671 Grade CB60 (A515 Gi] 60) CSB Carbonsteels
A671 Grade CC60 (A516 Gr|60) not normalized cscC Carbon steels 9)
A671 Grade CC65 (A516 Gr $5), CC70 (A516 Gr 70) not normalized CS B Carbon steels 9
A671 Grade CC60 (A516 Gr] 60), CC65 (A516 Gr 65), CSD Carbon steels P ©

CC70 (A516 Gr 70)|normalized
A671 Grade CD70 (A537 Cl|1) CSD Carbon steels
A671 Grade CF70, CF71 LA -20 Low-alloy steels
A672 Grade A45 (A285 Gr f), A50 (A285 Gr B), CSB Carbon steels P

B60 (A515 Gr 60)
A672 Grade A55 (A285 Gr [), B65 (A515 Gr 65), CSA Carbon steels P

B70 (A515 Gr 70), N75 (A299)
A672 Grade C55 (A516 Gr }5), C60 (A516 Gi"60) not normalized CS C Carbon steels 9)
A672 Grade C65 (A516 Gr 65), C70 (A516,Gr'70) not normalized CS B Carbon steels )
A672 Grade C55 (A516 Gr $5), C60-(A516 Gr 60), CSD Carbon steels P 9

C65 (A516 Gr 65), L70 ‘(A516 Gr 70) normalized
A672 Grade D70 (A537 Cl 1) CSD Carbon steels
A672 Grade L65, L70, L75 LA -20 Low-alloy steels
A675 Grade 45, 50, 55, 60, 65, 70, 80 CS -20 Carbon steels B (11)
A691 Grade "4CR, 1CR, 1%CR, 2"4CR, 3CR, 5CR, 9CR, LA -20 Low-alloy steels P

CM-65, CM-70, CM-75, P91
A691 Grade CMS-75 (A299) CSA Carbon steels
A691 Grade CMSH-70 (A537 Cl 1) CSD Carbon steels
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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

A789 UNS S31803, S32304, S32750, S32760 SS -60 Stainless steels T
A789 UNS S32205 SS -20 Stainless steels P (5)
A789 UNS S32900 SS -20 Stainless steels T

A790 UNS S31803, S32304, S32750, S32760 SS -60 Stainless steels P
A790 UNS S32205 SS -20 Stainless steels P 5)
A790 UNS S32900 SS -20 Stainless steels P

A815 UNS S32205 SS -20 Stainless steels FI & FO (5)
A815 UNS S32760 SS -60 Stainless steels FI & FO

A995 Grade 24, 6A SS -60 Stainless steels C
A1011 Designation SS (rade 30, 33, 36 Type 1 and 2, CS A Carbon steels PL

40, 45 Type 1]and 2, 50

API 5L Grade A, A25 (Smls & ERW), B CS B Carbon steels P
API 5L Grade A25 (Butyweld) CS -20(A) Carbon steels P
API 5L Grade X42, X46,|X52, X56, X60, X65, X70, X80 CSA Carbon steels P
API 5L Grade X42, X46,|X52, X56, X60, X65, X70, X80 CS B Carbon steels P (12)
B21 UNS C46400, C4B200, C48500 CU -325 Copper alloys B (11)
B42 UNS C10200, C1p000, C12200 CU -452 Copper @lloys P

B43 UNS C23000 CU -452 Copper alloys P

B61 UNS €92200 CU -325 Copper alloys C

B62 UNS C83600 CU -325 €opper alloys C

B68 UNS C12200 CU =452 Copper alloys T

B75 UNS €10200, C1p000, C12200 CU =452 Copper alloys T

B88 UNS C12200 CU -452 Copper alloys T

B96 UNS C65500 CU -452 Copper alloys PL

B98 UNS €65100, C6p500, C66100 CU -325 Copper alloys B (11)
B148 UNS €95200, C95300, C95500 CU -452 Copper alloys C

B148 UNS €95400, C9p600 CU -325 Copper alloys C
B150 UNS C61400, C6B000, C64200 CU -325 Copper alloys B (11)
B152 UNS C10200, C1p400, C10500, C10700, C12200, C12300 CU -452 Copper alloys PL

B169 UNS C61400 CU -452 Copper alloys PL

B171 UNS C70600, C7[L500 CU -452 Copper alloys PL
B187 UNS C€10200, C1j1000,,612000, C12200 CU -325 Copper alloys B (11)
B280 UNS C12200 CU -452 Copper alloys

B283 UNS C11000, C46400, C65500 CU -452 Copper alloys FO

B283 UNS C37700, 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 71 -75 Zirconium T

B550 Grade R60702, R60705 71 =75 Zirconium PL
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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
B551 Grade R60702, R60705 Z1 -75 Zirconium PL
B584 UNS €86200, C86300, C86400, C86500, C86700, C90300, CU -325 Copper alloys C
€90500, €92200, C92300, C97300, C97600, C97800

B658 Grade R60702, R60705 71 -75 Zirconium P
Various Various NI -325 Nickel alloys
Various Various AL -452 Aluminum
Various Various TI -75 Titanium

GENERAL NOTES:
(a) Specifications are ASTM unless ofherwise indicated.
(b) Product form abbreviations are
B = bolts
C = castings
FI = fittings
FO = forgings

N = nuts
P = pipe
PL = plates, sheets, and bars
T = tube
NOTES:

(1) Solution heat treated after formjng.

(2) Not solution heat treated after forming.
(3) Carbon content <0.10%.
(4) Carbon content >0.10%.
(5) This material may have low impact properties at room temperature after being exposed to high'service temperatures.

(6) Strain-hardened varieties of thig carbide solution-treated bolting material can also be used\at the low temperatures indicated.
(7) Material specification requires impact testing.

(8) Strain-hardened varieties of thi§ material can also be used at the low temperatures indicated.

(9) This materials group depends op whether they are normalized.

(10) Minimum temperature -195°C (-320°F) with impact testing.

(11) Bar specification used for makinjg bolting material.

(12) T-number group CS B may be uped only when normalized or quenchediand 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.)

Temperature
Reduction Below
Actual Material Thickness or Charpy Design Minimum
Impact Specimen Width [Note (1)] Temperature
mm in. °C °F
10 (full-size standard bar) 8394 C o
0.354
0.315
7.5 (¥-size bar) 0.295 2.8 5
7 0.276 4.4
6.67 (%-size bar) 0.262 5.6 10
6 0.236 8.3 15
5 (%-size bar) 0.197 11.1 20
4 0.157 16.7 30
3.33 (Y%-size bar) 0.131 19.4 35
3 0.118 222 40
2.5 (Y,-size bar) 0.098 27.8 50

GENERAL NOTE: These temperafure reduction criteria do not apply
when Table 4.5.1-1 specifies laterpl expansion for minimum required
values.

NOTE: (1) Straight-line interpdlation for intermediate values is
permitted.
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Table 4.5.1-1
Minimum Required Charpy V-Notch Impact Values

Energy (Standard Size Specimens)
Other Than Fully Deoxidized

Specified Minimum Tensile Number of Specimens (See Fully Deoxidized Steels Steels
Strength Para. 4.5.4 for Retests) J ft-1bf J ft-1bf
Carbon, Low-Alloy Steels, and Other Materials (Other Than Steels in P-Numbers 6, 7, and 8)
448 MPa (65 ksi) and less Average for three specimens 18 13 14 10
Minimum for one specimen 14 10 10 7
Over 448 MPa (65 ksi) to Avierage for three specimens 20 15 18 13
517 MPa (75 ksi) Mihimum for one specimen 16 12 14 10
Over 517 MPa (75 ksi ) to Avlerage for three specimens 27 20
656 MPa (95 ksi) Minimum for one specimen 20 15
Lateral Expansion
Over 656 MPa (95 ksi) Minimum for three specimens 0.38 mm (0.015 in.)

Steels in P-Numbers 6, 7, and 8

All Minimum for three specimens 0.38 mm (0)0%5 in.)
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MANDATORY APPENDIX |

IMPACT TEST EXEMPTION CURVES

Refer to paras. 3.3 and 3.5
testexemption curvesin Fig
of this Appendix.

for applicability of the impact
ires[-1andI-1M and TableI-1
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Figure I-1
Impact Test Exemption Curves for T-Number Groups CS A, CS B, CS C, and CS D (U.S. Customary Units)
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Material Minimum Temperature Without Impact Testing, °C
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Figure I-1M
Impact Test Exemption Curves for T-Number Groups CS A, CS B, CS C, and CS D (SI Units)
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Table I-1
Tabular Values for Figures I-1 and 1-1M
U.S. Customary Units SI Units
Material Minimum Temperature Without Material Minimum Temperature Without
Impact Testing, °F Impact Testing, °C

Governing Curve Curve Curve Curve Governing Curve Curve Curve Curve
Thickness, in. CSA CSB CS C CSD Thickness, mm CSA CSB CSC CSD
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 -po =55 -55 9.5 -8 -29 -48 -48
0.4375 25 -k0 -40 -55 11.1 -4 -29 -40 -48
0.5 32 -po -34 -55 12.7 0 -29 -37 -48
0.5625 37 -7 -26 -51 14.3 3 =22 -32 -46
0.625 43 2 -22 -48 15.9 6 -17 -30 -44
0.6875 48 9 -18 -45 17.5 9 -13 -28 -43
0.75 53 L5 -15 -42 19.1 12 -9 -26 =41
0.8125 57 L0 -12 -38 20.6 14 -7 -24 -39
0.875 61 P 5 -9 -36 22.2 16 -4 €23 -38
0.9375 65 P9 -6 -33 23.8 18 -2 =21 -36
1 68 B3 -3 -30 25.4 20 1 -19 -34
1.0625 72 B6 -1 -28 27.0 22 2 -18 -33
1.125 75 B9 2 -26 28.6 24 4 -17 -32
1.1875 77 12 4 =23 30.2 25 6 -16 -31
1.25 80 14 6 =21 31.8 27 7 -14 -29
1.3125 82 6 8 -19 333 28 8 -13 -28
1.375 84 L8 10 -18 349 29 9 -12 -28
1.4375 86 9 12 -16 36.5 30 9 -11 =27
1.5 88 b1 14 -14 38.1 31 11 -10 -26
1.5625 90 b3 16 -13 39.7 32 12 -9 -25
1.625 92 b5 17 -11 41.3 33 13 -8 -24
1.6875 93 b7 19 -10 429 34 14 -7 -23
1.75 94 b8 20 =8 44.5 34 14 -7 =22
1.8125 96 b9 22 -7 46.0 36 15 -6 =22
1.875 97 b1 23 -6 47.6 36 16 -5 =21
1.9375 98 b2 24 -5 49.2 37 17 -4 -21
2 99 b3 26 -4 50.8 37 17 -3 -20
2.0625 100 b4 27 -3 52.4 38 18 -3 -19
2.125 101 65 28 -2 54.0 38 18 -2 -19
2.1875 102 66 29 -1 55.6 39 19 -2 -18
2.25 102 67 30 0 57.2 39 19 -1 -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
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Table I-1
Tabular Values for Figures I-1 and 1-1M (Cont’d)
U.S. Customary Units SI Units
Material Minimum Temperature Without Material Minimum Temperature Without
Impact Testing, °F Impact Testing, °C

Governing Curve Curve Curve Curve Governing Curve Curve Curve Curve
Thickness, in. CSA CSB CSC CSD Thickness, mm CSA CSB CSC CSD
2.625 107 73 36 6 66.7 42 23 2 -14
2.6875 107 73 37 7 68.3 42 23 3 -14
2.75 108 74 38 8 69.9 42 23 3 -13
2.8125 108 75 39 8 71.4 42 24 4 -13
2.875 109 76 40 9 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
3.0625 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
3.3125 113 81 45 15 84.1 45 27 7 -9
3.375 113 82 46 15 85.7 45 28 8 -9
3.4375 114 83 46 16 87.3 46 28 8 -9
3.5 114 83 47 17 88.9 46 28 8 -8
3.5625 114 84 48 17 90.5 46 29 9 -8
3.625 115 85 49 18 92.1 46 29 9 -8
3.6875 115 85 49 19 93.7 46 29 9 -7
3.75 116 86 50 20 95.3 47 30 10 -7
3.8125 116 87 51 21 96.8 47 31 11 -6
3.875 116 88 51 21 98.4 47 31 11 -6
3.9375 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 27 111.1 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 95 58 30 119.1 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
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Table I-1
Tabular Values for Figures I-1 and 1-1M (Cont’d)
U.S. Customary Units SI Units
Material Minimum Temperature Without Material Minimum Temperature Without
Impact Testing, °F Impact Testing, °C

Governing Curve Curve Curve Curve Governing Curve Curve Curve Curve
Thickness, in. CSA CSB CS C CSD Thickness, mm CSA CSB CSC CSD
49375 119 97 60 32 125.4 48 36 16 0
5 119 97 60 32 127.0 48 36 16 0
5.0625 119 D8 61 33 128.6 48 37 16 1
5.125 119 b8 61 33 130.2 48 37 16 1
5.1875 119 D8 62 34 131.8 48 37 17 1
5.25 119 DO 62 34 133.4 48 37 17 1
5.3125 119 D9 62 35 134.9 48 37 17 2
5.375 119 1p0 63 35 136.5 48 38 17 2
5.4375 119 1p0 63 36 138.1 48 38 17 2
5.5 119 1p0 63 36 139.7 48 38 17 2
5.5625 119 1 64 36 141.3 48 38 18 2
5.625 119 1p1 64 37 1429 48 38 18 3
5.6875 119 1p2 64 37 144.5 48 39 18 3
5.75 120 1p2 65 38 146.1 49 39 18 3
5.8125 120 1p3 65 38 147.6 49 39 18 3
5.875 120 1p3 66 38 149.2 49 39 19 3

5.9375 120 1p4 66 39 150.8 49 40 19

6 120 1p4 66 39 152.4 49 40 19 4
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MANDATORY APPENDIX II
STRESS RATIO CURVES

See Figures II-1 and II-1M.

Figure 11-1
Stress Ratio Curve (U.S. Customary Units)
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Figure 1I-1M

Stress Ratio Curve (Sl Units)
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