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Preface

This is the book I never wanted to write but always wanted to own. As a metallurgical engineer and long-
time user of steel standards, author of the four CASTI Metals Data Books, and as a member of ASTM, ISO,
and SAE steel standard committees, I knew all too well the many pitfalls and challenges of writing such a
handbook. There were many steel standards from around the world that were new to me and that created
many surprises, including the Chinese GB steel standards, which were translated into English by the met-
allurgical engineers of CASTI Publishing, Inc.

Comparing steel standards is not an exact science, so the biggest challenge in preparing such a book
was deciding on the “rules of comparison.” Of the similar books on the market today, none explain in detail
why one steel is comparable to another. They simply appear together in a list of steels. I kept a daily diary
to help construct a workable set of comparison rules that I could share with other users to assist them in
understanding how and why one steel is comparable to another.

When writing the first edition of this book (DS67A), these rules changed from chapter to chapter
while the book was being written. It was not until the last chapter and the appendix were completed that I
was able to finalize the rules of comparison. In the end, a complete review of the book was performed,
resulting in the reorganization of some chapters and the fine-tuning of others. There were too many occa-
sions when I thought the book was finished, only to have to change, add, or delete a rule that made yet
another review of the book necessary.

My writing of this fifth edition (DS67D) was greatly assisted by using the ASTM Passport to Steel
database. Without it, the handbook would be much smaller. The addition of data from Chinese GB and
ASME steel standards has significantly improved this edition. With the use of the ASTM Passport to Steel
database, many new comparable steels were also added to this edition.

I hope you enjoy using this handbook as much as I have. Tie a chain to it and anchor it to your desk
because once others see it, you may never see the book again.

I am interested in your comments and suggestions for improving this handbook and encourage you to
send your feedback directly to ASTM.

John E. Bringas, P.Eng.
President and Metallurgical Engineer
CASTI Publishing, Inc.







Acknowledgments

The author gratefully acknowledges the assistance of Michael Ling, P.Eng., and Toan Huynh, P.Eng.,
whose work in compiling and organizing the data was of particular importance. A special acknowledg-
ment is made to Yin Huang, Ph.D., who was the lead metallurgical engineering translator of the Chinese
GB steel standards. Without his dedicated work, the GB data included here would not have maintained the
high quality standard for which this handbook is known worldwide. The advice given by these individuals
when difficult technical decisions had to be made is appreciated.

Several colleagues from ASTM, Society of Automotive Engineers (SAE), and International Standards
Organization (ISO) committees were contacted for their input during the progress of this handbook,
including ASTM committee members Ralph Davison, Frank Christensen, and John Mahaney; Giinter
Briefs and Baoshi Liu from the ISO; and Mel Head of the SAE. They added valuable insights into the his-
tory and technical aspects of the standards data found in this handbook.

The ASTM publishing staff, most notably John Pace, David Von Glahn, Kathy Dernoga, and
Monica Siperko, were very supportive of my requests to obtain access to the hundreds of standards needed
to write this handbook. Their patience and confidence in my ability to complete the work is appreciated.
Thank you all.

The author also acknowledges the dedicated assistance of the Codes and Standards Training Institute
(CASTI) staff who assisted in the research, entered data, and who updated the book with care and
diligence.

A special thanks is extended to Information Handling Service (IHS) Engineering Products for per-
mitting the use of their Engineering Resource Center (ERC).

One person could not have produced this handbook. It took a dedicated team of professionals. These
acknowledgments cannot adequately express the author’s sincere appreciation and gratitude for everyone’s

assistance. Without it, this handbook would never have been completed.







Getting Started With This Book

The intent of this handbook is to allow the user to identify comparable steels that are found in standards
from around the world and then to evaluate each complete standard on its own merit to ensure that the
selected steel is suited for the intended application. This handbook is not designed to be the sole source of
information for selecting a comparative steel and is not intended to be used as a replacement for steel
standards. This handbook is one tool in the process of comparing steel standards from around the world.

Comparing steel standards is not an exact science, and there is no foolproof method. When you begin
to use this handbook, you will quickly discover that there is no such thing as “equivalent” steel standards.
The user must also be aware that not all steels have comparative counterparts. Before proceeding directly
to the contents of this handbook, it is strongly recommended that you read Chapter 1, which includes a
detailed explanation of the “rules of comparison” used in this handbook.

Because there was often insufficient space on one page to place both the chemical composition and
mechanical properties tables, they were split into two separate tables. To assist the user in keeping track of
which comparison criteria were used for a given steel, each table within a chapter was sequentially num-
bered and appended with either the letter A or B. Table numbers ending in the letter A designate that the
table was the main criterion used for comparison; whereas table numbers ending with the letter B were
“mirrored” from the A table.

Each group of steel data in the tables is separated by two types of horizontal lines: black and gray.
Black lines separate groups of steels that are more closely comparable to each other; whereas gray lines
separate steel data within a comparative group.

Caution: The pages of this handbook are formatted to keep comparative groups together as much as
possible. However, when a group of comparative steels extends to more than one page, a note is placed at
the bottom of the page to indicate that the comparative group continues on the following page (i.e., “NOTE:
This section continues on the next page”).

Appendix 2 and Appendix 4 include lists of withdrawn and replaced standards that should always be
checked when trying to find comparable steels. This handbook, unlike many others, includes the year-date

of each standard, which is critical when trying to identify the status of a standard.
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Myth and Methodology When Comparing Steel Standards

When comparing steel standards from different national and inter-
national standard development organizations (SDOs), there is no
such thing as equivalent steel standards. At best, one may be able
to group comparable steel standards together based on some
defined set of rules, which has been done in this handbook. For
example, ASTM AS516/A516M Grade 70 is comparable to JIS
G3118 symbol SGV 480 and to EN 10028-2 steel name P295GH,
based on chemical compositions, mechanical properties, and appli-
cation. Yet they are not equivalent because there are differences in
all three standards. Comparing steel standards is not an exact sci-
ence and cannot be made into a mathematical equation where two
sides of an equation are equal to one another because there will
always be differences among standards.

These differences may be significant to one user but not signifi-
cant to another. Therefore, this handbook uses the term comparative
to denote similar standards that have been compared to each other.
Comparative is a relative word that is inevitably dependent upon the
requirements of the end user, the one who is ultimately responsible for
selecting the appropriate steel for a specific application.

There are some steel standards that are shared by multiple SDOs.
For example, EN ISO 4957-Tool Steels is a standard that is shared
within the European Committee for Standardization (CEN) and the
International Standards Organization (ISO) systems. Consequently,
the data are equivalent in both systems, but there is only one standard.

There are also different standards that share the same grades
of steel. For example, ASTM A485 and ISO 683-17 share seven
identical bearing steel grade chemical compositions, yet there are
differences in grain size, hardenability, microstructure, hardness,
inspection, testing, and in other details of both standards. As a
result, the seven bearing steels within these two standards are not
equivalent, but they are comparable.

Comparative and Closest Match

There is also a difference between comparative and closest match
when evaluating steel standards. While gathering the data for this
handbook, it was difficult to decide whether to include data on a

technically comparative basis or on a closest match basis as both
have their merits and limitations. (See 70 % rule in EN 10020 on
page 6 for a more detailed discussion.)

A technically comparative group of steels can assist the user
with making a material selection based on technical merit.
However, this may severely limit the number of steels that would
be comparable. On the other hand, displaying the closest match
data will usually increase the number of comparative steels for the
user to consider but at the risk of widening the technical compari-
son criteria. Likewise, a strict technical comparison will provide
more accurate results, but a closest match comparison will provide
more data to assist the user in searching for similar steels.

There are many instances in the handbook where it would be a
disservice to the reader not to include the closest match steels
because there would be no comparisons otherwise. Because this
broadens the technical comparison criteria, the user is warned that
the data herein cannot substitute for education, experience, and
sound engineering judgment after evaluating all of the specifica-
tions within each comparable standard.

In the end, there are no definitive rules that can be formulated
to distinguish between comparative steels and closest match steels.
Consequently, at the editor’s discretion, both types of comparisons
are used in this handbook. Table 1.1 is one example of the compar-
ison process, with respect to technically comparative steels and
closest match steels.

Table 1.1 lists the chemical compositions of four grades of cast
alloy chromium-nickel-molybdenum (Cr-Ni-Mo) steels. If a strict
technical comparison was made based on their chemical composi-
tion, none of these alloys would be comparable because their chem-
ical compositions would differ; although there are similarities in
their carbon (C), Cr, Mo, and Ni contents.

Table 1.2 shows how these four steels were divided into two
separate comparative groups based on the differing Cr and Mo
contents. The thin black line in Table 1.2 is the separator between
the two comparative groups.

Displaying the two groups side by side also assists the user in
seeing the differences and similarities among these four cast alloy
steels.

Table 1.1 List of Chemical Compositions of Cr-Ni-Mo Alloy Cast Steels Before Comparison

Steel UNS Weight, % max, Unless Otherwise Specified*
Specification Designation No. No. C Mn Si P S Cr Ni Mo Others
NosaN 14 | SC 430 ~ |vea2s0 | 5 | T | Geo |00% [0040 | T | B0 |oa0 | —
JIS G5111:1991 | SCNGIM 2 —~ %% %% 1950 10040 [0040 | Q30 | T8O- QI —
EN 102032015 | G32NiCrMog-54 | 16570 | — | 328~ 1980 1 060 | 0020 0015 | L0 | L0~ |90 (\;/UOO'?;’O
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Table 1.2 List of Chemical Compositions of Cr-Ni-Mo Cast Alloy Steels After Comparison

Steel UNS Weight, %, max, Unless Otherwise Specified
Specification Designation No. No. Cc Mn Si P S Cr Ni Mo Others
e e [ 03 [0 9% [ass [oom | S [ 15 | 5% | -
JIS G5111:1991 SCNCIM 2 | 92> | 0901 080 1 0040 | 0.040 | G50 | 160~ | 01>
EN 10293:2015 Ga2NiCMog-5-4 [ 16570 | - | QA | %801 060 | 0.020 | 0ots | B0 | Lo | 430 (;/uod(_);o
80147572009 | GECcsss | | | Gas | oo | 000 | 0020 [oors | YT BGOSR G

A classic closest match example is shown in Table 1.3, where
the four grades within EN 10085 are different; on this basis, they
may not belong to this comparative group. However, the Cr-Al-Mo
alloys in this group typically are used as nitriding steels, and the
EN 10085 steels are the closest match for this group. Excluding
them would be a disservice to the user because they belong to the
same application family, and its inclusion in this group will direct
the user to other similar nitriding alloys.

There are many opportunities to make technical errors that
may lead to inappropriate steel comparisons. For example, there
are many technical decisions to make when comparing stainless
steels because finding identical chemical compositions within stan-
dards from different countries is not common. Table 1.4 shows a
list of comparative Cr-Ni-Mo wrought austenitic stainless steels
from the United States, Europe, China, Japan, and other interna-
tional locations. Note the differences in the silicon (Si), Cr, Ni, and

nitrogen (N). The U.S., Chinese, and Japanese chemical composi-
tions are more closely matched, whereas the European and interna-
tional (ISO) standards are identical. These differences may affect
the corrosion resistance performance in many applications, such
that the user must be very careful when selecting a comparative
steel based solely on data in this handbook.

In summary, if strict technical comparison is made to this type
of data, few relationships among the various grades of steel would
be established, and the comparison would serve no purpose.
By widening the technical comparison criteria to find the closest
match steels, the user must understand that these steels are not
equivalent and cannot be indiscriminately substituted without first
reviewing the complete current standards and securing competent
technical advice prior to any decision making.

To find a balance for comparison of steels by product form, use
(application), mechanical properties, chemical compositions,

Table 1.3 Chromium-Molybdenum-Aluminum (Cr-Mo-Al) Steels for Nitriding

Weight, %, max, Unless Otherwise Specified
Specification Designation l‘,{lNS S'\tleel 9 > i
o. o. (o] Mn Si P S Cr Ni Mo Others
ASTM A355-89 0.38- | 050- | 0.15- 1.40- 0.30—
(2013 A k24065 | — | Q5% 1 450 | Q1> | 0035 [ 0040 | V| | G52 | 095130
0.28— | 0.40- 150— 0.20—
32CrAIMo7-10 ~ | 18505 | QA% | 0% | 040 | 0025|0035 | T | | 922" | Aloso-120
0.30- | 0.40- 1.00- 0.15-
34CrAIMo05-10 ~  [1ss07 | G371 O | 040 | 0025|0035 | N9 | - | B | Aloso-120
EN 10085:2001 0.30- | 0.40 150- | 0.85-| 0.15
34CrAINI7-10 ~ | 18s50 | Q%07 | 040" | 040 | 0025|0035 | 50 08| Q1 1 al0.80-120
0.38- | 0.40- 150— 0.20—
41CrAIMo7-10 — | 18509 | %381 040" 1 040 | 0025|0035 | 10 | - | 9% | A0so-120
Grade 035~ | 0.30- | 0.20- 135- 0.15- | AI0.70-1.10;
GB/T3077-1999 | 550MoAl = | 042 | 060 | 045 |0035]0035 | g5 | 030 | 4555 Cu 0.30
Grade 0.35- | 0.30- | 0.20— 135- 0.15- | Al0.70-1.10;
GB/T 3078-94 38CrMoAIA | 042 | 060 | 045 | 0025|0025 | g5 | 030 | 555 Cu0.25
_ 0.38- | 0.50- 150— 0.25-
ISO 683-10:1987 | 41 CrAIMo 7 4 — | O | %5 | 050 | 0030|0035 | B2 | | G2 | Al0s-120
, Symbol SACM | 0.40- 0.15- 1.30- 0.45- | Al0.70-1.20;
JIS G4053:2008 | T ey | 0so | Qo030 | 0030 | B3 | 02s | QT s
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Table 1.4 List of Comparative Cr-Ni-Mo Wrought Austenitic Stainless Steels

UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No. No. (o3 Mn Si P S Cr Ni Mo Others
ASME SA-240/SA-240M | Type 317L S31703 --- 0.030 | 2.00 | 0.75 | 0.045 | 0.030 | 18.0-20.0 | 11.0- 3.0- N 0.10
15.0 4.0
ASTM A240/A240M-15a | Type 317L S31703 --- 0.030 | 2.00 | 0.75 | 0.045 | 0.030 | 18.0-20.0 | 11.0- 3.0- N 0.10
15.0 4.0
EN 10028-7:2007 X2CrNiMo18-15-4 - 1.4438 | 0.030 | 2.00 | 1.00 | 0.045 | 0.015 | 17.5-19.5 | 13.0— 3.0- N 0.10
16.0 4.0
EN 10088-2:2014 X2CrNiMo18-15-4 - 1.4438 | 0.030 | 2.00 | 1.00 | 0.045 | 0.015 | 17.5-19.5 | 13.0— 3.0- N 0.10
16.0 4.0
GB 4237-92 Grade --- --- 0.030 | 2.00 | 1.00 | 0.035 | 0.030 | 18.00— 11.00- | 3.00—- | ---
00Cr19Ni13Mo3 20.00 15.00 4.00
GB 4239-91 Grade --- --- 0.030 | 2.00 | 1.00 | 0.035 | 0.030 | 18.00— 11.00- | 3.00- | ---
00Cr19Ni13Mo3 20.00 15.00 4.00
1SO 9328-7:2004 Grade --- --- 0.030 | 2.00 | 1.00 | 0.045 | 0.015 | 175-19.5 | 13.0— 3.00- [NO.11
X2CrNiMo18-15-4 16.0 4.0
JIS G 4304:2012 Symbol SUS317L - - 0.030 | 2.00 | 1.00 | 0.045 | 0.030 | 18.00- 11.00- | 3.00- | ---
20.00 15.00 4.00
JIS G 4305:2012 Symbol SUS317L --- - 0.030 | 2.00 | 1.00 | 0.045 | 0.030 | 18.00- 11.00- | 3.00- | ---
20.00 15.00 4.00
SAE J405 JUN98 Type 317L S31703 --- 0.030 | 2.00 | 0.75 | 0.045 | 0.030 | 18.00- 11.00- | 3.00- | N0.10
20.00 15.00 4.00
related manufacturing processes (including heat treatment), and so 8. Wrought Stainless Steels
forth, a methodology had to be put in place and rules had to be 9. Steels for Special Use

established. However, as much as methodology and rules were
essential in preparing this handbook, there were many instances
where they would not cover every variable and circumstance.
Therefore, difficult comparison decisions—such as those described
previously—had to be made. There were literally hundreds, if not
more than a thousand, such decisions made in this handbook. In
these cases, the closest match comparison decisions were made at
the discretion of the editor.

Organization

Two of the main variables in selecting a specific grade of steel are
its intended application (use) and product form, which usually nar-
rows the selection to a family of steels. Therefore, the remaining
data chapters in this handbook were organized by product form
and use, as follows.

Chapter No. Title
2. Carbon and Alloy Steels for General Use
3. Structural Steel Plates
4. Pressure Vessel Steel Plates
5. Steel Tubes and Pipes
6. Steel Forgings
7. Steel Castings

Handbook of Comparative World Steel Standards

Although this list of chapter titles, at first glance, looks rather
straightforward, there were difficult decisions regarding the steel
comparisons within each chapter. For example, ASTM has 9 defi-
nitions for pipe and 22 definitions for fube, depending on the stan-
dard’s subject matter and application (see ASTM Dictionary of
Engineering Science & Technology, 10th edition). In contrast, ISO
2604, Steel Products for Pressure Purposes—Quality
Requirements—Part II: Wrought Seamless Tubes, notes that
“The word tube is synonymous with pipe.”

Each standard is typically listed only in one chapter, but there
are exceptions. For example, ASTM A240/A240M-15a, Standard
Specification for Chromium and Chromium-Nickel Stainless
Steel Plate, Sheet, and Strip for Pressure Vessels and for General
Applications, appears in more than one chapter due to its dual role
for pressure vessel and general applications (i.e., Chapter 4—
Pressure Vessel Steel Plates and Chapter 8—Wrought Stainless
Steels). Similarly, the Japanese Industrial Standards (JIS) and
Chinese (Guojia Biaozhun, or GB) stainless steel flat product stan-
dards were also included in Chapters 4 and 8.

Definitions of Steel Terms
It is common to find terminology standards for steels within most
but not all standard development organizations (SDOs). These



standards are very useful when working with steel standards, par-
ticularly when interpreting specific terms. Table 1.5 contains a list
of steel terminology standards.

It is important to note that these standards differ in the terms
used to describe the different types of steel. The user of compara-
tive steel standards data must take into account that each national
SDO has their own set of terms and definitions for steels and related
products and, in some cases, may have multiple definitions. For
example, three different definitions for carbon steel can be found in
ASTM standards A941-13b, A902-14, and F1789-14a.

A summary of the chemical element limits for ASTM A941-
13b alloy steel and EN 10020:2000 non-alloy steel is shown in
Table 1.6. Although the limits seem to be the same, it is important
to note the 70 % rule in EN 10020, Paragraph 3.1.2, which states:

Where for elements other than manganese a maximum value only
is specified in the product standard or specification for the ladle
analysis, a value of 70 % of this maximum value shall be taken for
classification as set out in tables 1 and 2. For manganese see note a
of table 1.

Table 1.5 List of Steel Terminology Standards
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In some cases, this 70 % rule resulted in several steels being non-
comparable. For example, EN 10028-3:2009, Flat Products Made
of Steels for Pressure Purposes—Part 3: Weldable Fine Grain
Steels, Normalized, contains steels with a nickel content of 0.50 %
maximum (i.e., there is no minimum nickel requirement). Using
the 70 % rule, this would define these steels to contain 0.35 % Ni,
which is over the 0.30 % maximum limit for non-alloy steels (car-
bon steels), thereby making them alloy steels and thus becoming
noncomparable with non-alloy steels.

ASTM A941-13b and EN 10020:2000 share the same defini-
tion for stainless steel, as follows.

Stainless steel—a steel that conforms to a specification that
requires, by mass percent, a minimum chromium content of 10.5 or
more, and a maximum carbon content of less than 1.20.

In this handbook, steels have been divided into three main
categories:

1. Carbon Steels (Non-Alloy Steels)

2. Alloy Steels

3. Stainless Steels

ASTM A941-13b

Standard Terminology Relating to Steel, Stainless Steel, Related Alloys, and Ferroalloys

ASTM A644-14

Standard Terminology Relating to Iron Castings

ASTM A751-14a

Standard Test Methods, Practices, and Terminology for Chemical Analysis of Steel Products

ASTM A902-15

Standard Terminology Relating to Metallic Coated Steel Products

EN 10020:2000

Definition and Classification of Grades of Steel

EN 10027-1:2005

Designation systems for steels—Part 1: Steel names

EN 10052:1993

Vocabulary of Heat Treatment Terms for Ferrous Products

EN 10079:2007 Definition of Steel Products

EN 10169-1:2003
Tolerances, Test Methods)

Continuously Organic Coated (Coil Coated) Steel Flat Products—Part 1: General Information (Definitions, Materials,

EN 10266:2003

Steel tubes, fittings and structural hollow sections—Symbols and definitions of terms for use in product standards

GB/T 13304-1991

Steels—Classification

GB/T 15574-1995

Steel products classification and definitions

GB/T 15575-1995

Steel products standard designation

GB/T 341-1989

Steel wire—Classification and vocabulary

JIS G 0201:2000

Glossary of terms used in iron and steel (Heat treatment)

JIS G 0202:2013

Glossary of terms used in iron and steel (Testing)

JIS G 0203:2009

Glossary of terms used in iron and steel (Products and quality)

ISO 6929:1987

Steel products—Definitions and classification

ISO 2532:1974

Steel wire ropes—Vocabulary

ISO 3252:2000

Powder metallurgy—\Vocabulary

ISO 4885:1996

Ferrous products—heat treatments—\Vocabulary

ISO 8954-1:1990

Ferroalloys—\Vocabulary—Part 1: Materials

ISO 8954-2:1990

Ferroalloys—Vocabulary—Part 2: Sampling and sample preparation

ISO 8954-3:1990

Ferroalloys—\Vocabulary—Part 3 Sieve analysis

ISO 17893:2004

Steel wire ropes—Vocabulary, designation, and classification

Handbook of Comparative World Steel Standards
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Table 1.6 Limits for EN 10020:2000 and ASTMA 941-13b

Between Carbon Steels/Non-Alloy Steel and Alloy Steela

(% by mass)

Symbol Name EN10020:2000b | ,ASTM
Al Aluminum 0.30 0.30
B Boron 0.0008 0.0008
Bi Bismuth 0.10
Co Cobalt 0.30 0.30
Cr Chromium 0.30 0.30
Cu Copper 0.40 0.40
La Lanthanides 0.10
Mn Manganese 1.65b 1.65
Mo Molybdenum 0.08 0.08
Nb Niobium 0.06 0.06
Ni Nickel 0.30 0.30
Pb Lead 0.40 0.40
Se Selenium 0.10
Si Silicon 0.60 0.60
Te Tellurium 0.10 ---
Ti Titanium 0.05 0.05
\Y Vanadium 0.10 0.10
W Tungsten 0.30 0.30
Zr Zirconium 0.05 0.05

gtg?;\l(fxcep‘ C, 0.10 0.10

aAIon steel when equal to or greater than the limit.

bWhere manganese is specified only as a maximum, the limit value is 1.80 %
and the 70 % rule does not apply (see 3.1.2 of EN 10020:2000).

ASTM A941-13b and EN 10020:2000 were used as guidelines in
developing these categories. Where practical, these steel categories
were further divided into subcategories based on their product
form, intended application, service requirement, or other similar
criteria.

Cautionary Note

Many standard specifications include cautionary paragraphs that
warn users about their responsibilities (e.g., see Paragraph 1.5 from
ASTM AS53/A53M-12, quoted here). Accordingly, it is the user’s
responsibility when comparing steel standards to perform an engi-
neering review of each standard to ensure that it is suitable for their
intended application.

The following precautionary caveat pertains only to the test method
portion, Sections 7, 8, 9, 13, 14, and 15 of this specification: This
standard does not purport to address all of the safety concerns, if
any, associated with its use. It is the responsibility of the user of this
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standard to establish appropriate safety and health practices and
determine the applicability of regulatory requirements prior to use.

Questions Regarding the Rules of Comparison

When comparing two or more steel standards, the following ques-
tions must be asked:

1. Should mechanical properties or chemical composition be the
main criteria? If mechanical properties are compared, which
property should be the first criteria for comparison, that is, yield
strength, tensile strength, elongation, impact strength, hardness,
and so on? Once having selected a primary criterion, say tensile
strength, should there be a secondary criterion for ranking the
comparative steels within this group, for example, yield strength,
hardness, and so on? When mechanical properties or chemical
compositions vary with section thickness for a given steel grade,
which section thickness data should be selected as the criteria for
comparison? When two steels have the same minimum tensile
strength values but have different yield strength values, are they
no longer similar?

2. Should comparisons be based on the data’s minimum values,
maximum values, or average values of their minimum/maximum
ranges? Should alloy steels and stainless steels be compared
based on their mechanical properties when they generally are
selected for use based on their alloying elements’ abilities to pro-
vide satisfactory service in their intended applications?

3. Is it reasonable to compare steels based only on their chemical
compositions, regardless of their product form? That is, should
forging steels be compared to steel plates or tubes because they
have similar chemical compositions, and is this type of compara-
tive data useful in engineering practice?

Noncomparable Steels

It is fundamental to understand that not all steels have comparative
counterparts. Knowing that a steel is noncomparable can be just as
important as knowing that there are comparative steels. Otherwise,
valuable time could be wasted searching for something that does
not exist.

Criteria for Comparing Steels

The two major criteria for comparing steels in this type of hand-
book are mechanical properties and chemical compositions.
For each given standard steel grade, there is typically only one
chemical composition, which makes it ideal as a comparison crite-
rion. However, there are several mechanical properties that can be
used to compare standard steel grades and, to be consistent
throughout a handbook of this type, only one property can be cho-
sen. The decision was to use a steel’s tensile strength as the second
comparison criterion.

Having settled on chemical composition and tensile strength
as the two main comparison criteria, the next step was to decide



when to apply one or the other, or both. Because carbon steels
typically are selected based on mechanical properties, it was
decided that tensile strength would be the first criterion used for
comparing carbon steels. Likewise, because alloy steels and stain-
less steels generally are selected based on their chemistry, it was
decided that chemical composition would be used to compare
them. An exception to this methodology is made for the structural
steels data in Chapter 3, where the tensile strength was used as the
main comparison criterion for carbon and alloy steels. This excep-
tion was made because structural steels generally are selected
based on their mechanical properties. Also in this same chapter,
high-strength, low-alloy steels are treated as a subcategory to
alloy steels, although ASTM A941 defines them separately.

Because there was insufficient space on a page to place both
the chemical composition and mechanical properties tables, they
were split into two separate tables. To assist the user in keeping
track of the comparison criteria used for a given steel, each table
within a chapter was sequentially numbered and appended with
the letter A or B. Table numbers ending in the letter A designate
that it was the main criterion used for comparison, whereas table
numbers ending with the letter B were “mirrored” from the A
tables. In this manner, the user must first consider the data in the
A table, and then see how well the data in the B table match the
steels that are being compared.

This is not a foolproof methodology of comparison. For exam-
ple, ASTM A958 Grade SC 4330 has one chemical composition but
has 13 different strength classes based on heat treatment (see
Chapter 7). So just because two steel grades have comparative
chemical compositions does not mean that they are comparable in
mechanical properties and vice versa. Using data found in this
handbook is only one step in finding suitable comparable steel for
the intended application.

With this basic methodology in place, the following is a list of
the comparison rules that were established to produce this handbook.

List of Comparison Rules

1. The first criterion of order for carbon (non-alloy) steels is based
on tensile strength, followed by yield strength; that is, if two
steels have the same tensile strength, then they are placed in
ascending order by yield strength, and if yield strength is not
required, it is placed at the top of the order.

2. Typically, comparative groups are made for every 50 MPa
(50 N/mm? or 7.25 ksi) in tensile strength (that is, a black
line divides comparative groups every 50 Mpa [50 N/mm? or 7.25
ksi]). When an abundance of data is available, this limit may be
reduced to improve the comparison accuracy.

3. Mechanical property subcategories, such as steels with impact
testing below —20°C (—4°F), are used to further narrow the com-
parison process.

4. If a carbon steel’s tensile strength varies with section thickness,
the tensile strength of the lowest section thickness will be used as

10.

11.
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the governing comparison factor. There is no technical reason for
choosing the lowest section thickness; it is just that one had to be
chosen.

If a carbon steel standard does not contain mechanical properties,
such as those found in Chapter 2, Carbon and Alloy Steels for
General Use, then the steels will be compared based on their car-
bon content.

The major criterion for alloy steel and stainless steel comparisons
is chemical composition. Once these steels are placed in a com-
parative group by chemical composition, they are then arranged
in ascending order within these groups by their tensile strength.
Where possible, subcategories of alloy and stainless steel groups
are made to further narrow the comparison process.

Chemical compositions listed are the heat analysis requirements
in the standards (also called ladle or cast analysis). Product anal-
yses are not listed.

The chemical composition and mechanical properties data for
the same steel grades are typically not listed on the same page
due to space limitations. Consequently, as a means of keeping
the data consistent between these two sets of tables, each table
is numbered, and each table number ends with either the letter
A orB.

Each set of steel data in the tables is divided by two types of
horizontal lines: black and gray. Black lines separate groups of
steels that are more closely comparable to each other, whereas
gray lines separate steel data within a comparative group. This
does not mean that steels outside of these groups cannot be com-
pared because these horizontal lines are dependent upon all of
the comparison rules in this list and can be subjective at times.
Caution: Do not confuse the thinner dividing black line within a
table with the thicker black rule that borders the table. To assist
in this regard, the pages were formatted to keep comparative
groups together as much as practicable. However, when a group
of comparative steels appears on more than one page, a note is
placed at the bottom of the page to indicate that the comparative
group continues on the following page (“Note: This group con-
tinues on the next page”). Likewise, when a specification within
a group of comparative steels cannot fit onto just one page, a note
is placed at the bottom of the page to indicate that the specifica-
tion within the comparative group continues on the following
page (“Note: This specification continues on the next page
within the same group”).

Steel data in standards are not always mandatory. Some data are
listed as typical values or informative values or are found in sup-
plementary requirements. This type of data is still very useful
and has been included in this handbook whenever possible. This
type of data is identified with an explanatory note that appears in
the list of standards at the beginning of the related chapter.

Some standards included multiple requirements for impact test-
ing, such as differing test temperatures or requirements for sub-
size specimens.
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12. Where space permitted, as much data as possible were included.
However, there are occasions when the phrase “see standard for
impact test data” was used to indicate that more data could be
found in the standard.

13. The phrase “see standard for impact test data” was also used
when the standard did not specify a test temperature but did spec-
ify an absorbed energy value.

14. Impact testing values listed in the tables are typically for full-size
specimens and for the minimum average result at the testing tem-
perature but do not include the minimum individual test piece
requirement, if any.

15. For the purpose of this handbook, phrases found in standards
such as “may be applied if necessary” or “may be applied by
agreement between the purchaser and supplier” or “the manu-
facturer may find it necessary to” or “when specified” or “may
be added if necessary” are not a part of the comparison
process.

16. Data from footnotes in the chemical composition and mechanical
properties tables of steel standards were considered during the
comparison process but were not always reported in the hand-
book due to lack of space in the tables or because they represented
technical issues that were too complex to be represented in a
tabular format. In these cases, the note “see standard” was used.

17. The same heat treatment terms used in each standard are listed at
the beginning of each chapter. Abbreviations in the tables were
made based on the terms used in the standards. A concerted
effort was made to make the abbreviations consistent from chap-
ter to chapter, although there are exceptions because each heat
treatment abbreviation must be referred to in the list of heat treat-
ment terms at the beginning of each chapter. There are many
instances when the heat treatment requirements within a standard
became very cumbersome to include in a small cell within a table.
Consequently, the phrase “see standard” is used to direct the user
to the standard to read all of the heat treatment details involved.

18. A determined effort was made to enter the data in this handbook
in a manner identical to that listed in the related standard, includ-
ing the use of niobium (Nb) or columbium (Cb). It should be noted
that even within the same SDO, data were not always entered in
the same manner from standard to standard; for example, TP304
versus TP 304, where a space between the letter P and the number
3 is listed in the data.

Brief Introduction to Steel Standards
and Designation Systems

In the world of standardization, metals were at the forefront at the
turn of the twentieth century. In 1895, the International Association
for Testing Materials (IATM) held their first conference in Zurich
and the standardization of metals began. The IATM encouraged
members to form national chapters and, on June 16, 1898, 70 IATM
members met in Philadelphia to form the American section of the
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International Association for Testing Materials, which in 1898
became the American Society for Testing Materials (ASTM).

By reviewing some examples of the more prominent metals’
designation systems, a direction is offered to assist those who use
metal standards as a part of their work or study. This section is not
all-inclusive. The amount of information on this topic could easily
make up a complete book.

ASTM Designation System

ASTM’s designation system for metals consists of a letter (A for
ferrous materials) followed by an arbitrary sequentially assigned
number. These designations often apply to specific products; for
example, A822 is applicable to seamless cold-drawn carbon steel
tubing for hydraulic system service. Metric ASTM standards have
a suffix letter M.

Examples of the ASTM ferrous metal designation system,
describing its use of specification numbers and letters, are as
follows:

ASTM A334/A334M-04a (2010), Grade 1—Pressure Vessel
Plates, Alloy Steel and High-Strength Low-Alloy Steel,
Quenched-and-Tempered:

* A describes a ferrous metal but does not subclassify it as cast iron,
carbon steel, alloy steel, tool steel, or stainless steel.

* 334 is a sequential number without any relationship to the metal’s
properties.

* M indicates that the standard A334M is written in rationalized SI
units (the “M” comes from the word “metric”); hence, together
A334/A334M includes both inch-pound and SI units.

* 04 indicates the year of adoption or last revision and a letter a follow-
ing the year indicates the second revision of the standard in 2004.

* (2010), a number in parentheses, indicates the year of last
reapproval.

* Grade 1 indicates the type of steel.

In the steel industry, the terms grade, type, and class generally are
defined as follows. Grade is used to describe chemical composi-
tion; type is used to define deoxidation practice; and class is used to
indicate other characteristics such as strength level or surface fin-
ish. However, within ASTM standards, these terms were adapted
for use to identify a particular metal within a metal standard and
are used without any “strict” definition but essentially mean the
same thing, although some loose rules do exist, as follows.

ASTM A106/A106M-14 Grade A, Grade B, Grade C—
Seamless Carbon Steel Pipe for High-Temperature Service:

» Typically an increase in alphabet (such as the letters A, B, C) results
in higher tensile or yield strength steels and, if it is an unalloyed
carbon steel, an increase in carbon content.

* Inthis case: Grade A: 0.25 % C (max.), 48 ksi tensile strength (min.);

Grade B: 0.30 % C (max.), 60 ksi tensile strength (min.); Grade C:
0.35 % C (max.), 70 ksi tensile strength (min.)



ASTM A276/A276M-15, Type 304, 316, 410—Stainless Steel Bars
and Shapes:

» Types 304, 316, 410, and others are based on the SAE designation
system for stainless steels (see SAE and former American Iron and
Steel Institute [AISI] description that follows).

Another use of ASTM grade designators is found in pipe, tube, and
forging products, where the first letter “P” refers to pipe, “T” refers
to tube, “TP” may refer to tube or pipe, and “F” refers to forging.
Examples are found in the following ASTM specifications:

*  ASTM A335/A335M-15, Grade P22, Seamless Ferritic Alloy-Steel
Pipe for High-Temperature Service

e ASTM A213/A213M-15a, Grade T22, Seamless Ferritic and Aus-
tenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes

e ASTM A312/A312M-15, Grade TP304, Seamless, Welded, and
Heavily Cold Worked Austenitic Stainless Steel Pipes

*  ASTM A336/A336M-10a, Grade F91, Alloy Steel Forgings for Pres-
sure and High-Temperature Parts

ASTM Referenced Standards and Supplementary
Requirements

ASTM standards contain a “referenced documents” section, which
lists other ASTM standards that are referenced in the text and that
either become a part of the original standard or its supplementary
requirements. Supplementary requirements are listed at the end of
the ASTM standards and do not apply unless specified in the pur-
chase order—that is, they are optional.

SAE Designation System and Related AISI Designation
System

For many years, certain grades of carbon and alloy steels have been
designated by a four-digit AISI/SAE numbering system that iden-
tified the grades according to standard chemical compositions.
Because the AISI does not write material specifications, the rela-
tionship between AISI and grade designations has been discontin-
ued. Beginning with the 1995 edition of the Iron and Steel Society
(ISS) Strip Steel Manual, the four-digit designations are referred to
solely as SAE designations.

The SAE system uses a basic four-digit system to designate the
chemical composition of carbon and alloy steels. Throughout the
system, the last two digits give the carbon content in hundredths of a
percent. Carbon steels are designated 10XX. For example, a carbon
steel containing 0.45 % carbon is designated 1045 in this system.

Resulfurized carbon steels are designated within the series
11XX, resulfurized and rephosphorized carbon steels within
12XX, and steels having manganese contents between 0.9 % and
1.5 % but no other alloying elements are designated 15XX.
Composition ranges for manganese and silicon and maximum per-
centages for sulfur and phosphorus are also specified.

Chapter 1 Introduction to Comparing World Steel Standards 15

For alloy steels, the first two digits of the SAE system describe
the major alloying elements present in the material, the first digit
giving the alloy group. For example the 43X X series of steels con-
tain 1.65-2.00 % Ni, 0.50—0.80 % Cr, and 0.20—0.30 % Mo, along
with composition ranges for manganese and silicon and the maxi-
mums for sulfur and phosphorus.

Additional letters added between the second and third digits
include “B” when boron is added (between 0.0005 % and 0.003 %)
for enhanced hardenability and “L” when lead is added (between
0.15 % and 0.35 %) for enhanced machinability. The prefix “M” is
used to designate merchant quality steel (the least restrictive qual-
ity descriptor for hot-rolled steel bars used in noncritical parts of
structures and machinery). The prefix “E” (electric-furnace steel)
and the suffix “H” (hardenability requirements) are mainly

Table 1.7 Types and Identifying Elements in Standard SAE Carbon
and Alloy Steels

Carbon

Steels Description

10XX Non-resulfurized, 1.00 manganese maximum

11XX Resulfurized

12XX Rephosphorized and resulfurized

15XX Non-resulfurized, over 1.00 manganese maximum

Alloy Steels Description

13XX 1.75 manganese

40XX 0.20 or 0.25 molybdenum or 0.25 molybdenum and
0.042 sulfur

41XX 0.50, 0.80, or 0.95 chromium and 0.12, 0.20, or 0.30
molybdenum

43XX 1.83 nickel, 0.50 to 0.80 chromium, and 0.25
molybdenum

46XX 0.85 or 1.83 nickel and 0.20 or 0.25 molybdenum

47XX 1.05 nickel, 0.45 chromium, 0.20 or 0.35 molybdenum

48XX 3.50 nickel and 0.25 molybdenum

51XX 0.80, 0.88, 0.93, 0.95, or 1.00 chromium

51XXX 1.03 chromium

52XXX 1.45 chromium

61XX 060 or 0.95 chromium and 0.13 or 0.15 vanadium
minimum

86XX 0.55 nickel, 0.50 chromium, and 0.20 molybdenum

87XX 0.55 nickel, 0.50 chromium, and 0.25 molybdenum

88XX 0.55 nickel, 0.50 chromium, and 0.35 molybdenum

92XX 2.00 silicon or 1.40 silicon and 0.70 chromium

50BXX 0.28 or 0.50 chromium

51BXX 0.80 chromium

81BXX 0.30 nickel, 0.45 chromium, and 0.12 molybdenum

94BXX 0.45 nickel, 0.40 chromium, and 0.12 molybdenum
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applicable to alloy steels. The full series of classification groups is
shown in Table 1.7.

UNS Designation System

The Unified Numbering System (UNS) is an alphanumeric desig-
nation system consisting of a letter followed by five numbers. This
system represents only the chemical composition for an individual
metal or alloy and is not a metal standard or specification. For the
most part, existing systems such as the SAE designations were
incorporated into the UNS so that some familiarity was given to
the system where possible.

For example, the UNS prefix letter for carbon and alloy steels
is “G,” and the first four digits are the SAE designation; for exam-
ple, SAE 1040 is UNS G10400. The intermediate letters “B” and
“L” of the SAE system are replaced by making the fifth digit of the
UNS designation 1 and 4, respectively, while the prefix letter “E”
for electric furnace steels is designated in the UNS system by
making the fifth digit “6.” The SAE steels, which have a harde-
nability requirement indicated by the suffix letter “H,” are desig-
nated by the Hxxxxx series in the UNS system. Carbon and alloy
steels not referred to in the SAE system are categorized under the
prefix letter “K.”

Where possible, the first letter in the system denotes the
metal group; for instance, “S” designates stainless steels. Of the
five digits of the UNS designation for stainless steels, the first
three are the SAE alloy classification; for example, S304XX.
The final two digits are equivalent to the various modifications
represented by suffix letters in the SAE system as given in the
list of suffixes in Table 1.7. The UNS designations for ferrous
metals and alloys are described in Table 1.8.

Canadian Standards Association (CSA)

The Canadian Standards Association (CSA) has established
metal standards for structural steels (CSA G40.20/40.21),
pipeline steels (CSA Z245.1), corrugated steel pipe (G401), wire

Table 1.8 UNS Designations for Ferrous Metals and Alloys

products (CSA G4, G12, G30.x, G279.2, G387), sprayed metal
coatings (G189), and welding consumables (CSA W48.x).

Most CSA material standards use SI units, although some are
available in both SI and Imperial units (for example, CSA G40.20/
G40.21-04). When a CSA standard designation is followed by the
letter “M,” it uses SI units, and if the letter “M” is not present, it may
use both units or use only Imperial units. The type of measurement
units adopted in CSA standards are specific industry driven, with
some industries moving faster toward the exclusive use of SI units
than others, and thus the reason for these differences.

As far as practicable, rationalization with relevant 1SO
standards has been achieved in CSA G4, Steel Wire Rope for
General Purpose and for Mine Hoisting and for Mine Haulage.
Similarly, the 2005 edition of CSA Z245.1, Steel Line Pipe, ref-
erences requirements for ISO 1027:1998 (E) on radiographic
image indicators for nondestructive testing: principles and iden-
tification, as well as ISO 5579:1998 on nondestructive testing—
radiographic examination of metallic materials by X- and
gamma rays—basic rules.

Introduction to European (EN) Standard Steel Designation
System

The Comité Européen de Normalisation (CEN, the European
Committee for Standardization) was founded in 1961 by the
national standards bodies in the European Economic Community
and European Free Trade Association (EFTA) countries. The CEN
is a system of formal processes to produce standards, shared prin-
cipally among:
» Thirty national members and the representative expertise they
assemble from each country; these members vote for and implement
European Standards (EN).

* Seven associate members and four affiliates.
» The CEN Management Centre, Brussels.

The CEN works closely with the European Committee for
Electrotechnical Standardization (CENELEC), the European

UNS Descriptor Ferrous Metals
Dxxxxx Specified mechanical properties of steels
Fxxxxx Cast irons
GIXXXXX SAE and former AISI carbon and alloy steels (except tool steels)
Hxxxxx AISI| H-steels
JXXXXX Cast steels
KXXXXX Miscellaneous steels and ferrous alloys
SXXXXX Heat and corrosion-resistant (stainless) steels
TXXXXX Tool steels

UNS Descriptor Welding Filler Metals
WXXXXX Welding filler metals, covered and tubular electrodes classified by weld deposit composition
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Telecommunications Standards Institute (ETSI), and the ISO. It
also has close liaisons with European trade and professional
organizations.

The principal task of CEN is to prepare and issue European
standards (EN), defined as a set of technical specifications estab-
lished and approved in collaboration with the parties concerned in
the various member countries of CEN. They are established on the
principle of consensus and are adopted by the votes of weighted
majority. Adopted standards must be implemented in their entirety
as national standards by each member country regardless of the
way in which the national member voted, and any conflicting
national standards must be withdrawn.

The identification of European standards in each member
country begins with the reference letters of the country’s national
standards body—for example, BS for the British Standards
Institution (BSI) in the United Kingdom; DIN for the German
Institute for Standardization (Deutsches Institut fiir Normung); NF
forthe French national organization for standardization (Association
Frangaise de Normalisation, or AFNOR). It is followed by the ini-
tials EN and a sequential number of up to five digits. For example,
BS EN 10025, DIN EN 10025, or NF EN 10025 are all the same
EN standard, which is available in English, French, and German.

An EN standard may contain one document, or it may be
made up of several parts. For example, EN 10028 Parts 1 through
7, where each part specifies a particular characteristic of the steel
product, may not include the word part in the designation but rather
it is replaced with a hyphen (e.g., EN 10028-1, etc.), meaning Part
1. The prefix “pr” preceding the EN designation identifies the doc-
ument as a draft standard that has not yet been approved,
(e.g., prEN 10088-1, etc.).

EN 10027 Standard Designation System for Steels

The CEN designation system for steels is standardized in EN
10027, which is published in two parts:

» Part 1—Steel Names
* Part 2—Numerical System

The steel name is a combination of letters and numbers as described
by EN 10027-1. Within this system, steel names are classified into
two groups. The system is similar in some respects to, but is not
identical with, that outlined in an ISO technical report (ISO TS
4949:2003—Steel names based on letter symbols).

Steel Names

Steel Names Group 1, within EN 10027-1, refers to steels that are
designated according to their application and mechanical or physi-
cal properties. These have names that are comprised of one or more
letters related to the application, followed by a number related to
properties. For example, the name for structural steels begins with
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the letter S, line pipe steels begin with the letter L, rail steels begin
with the letter R, and steels for pressure purposes begin with the
letter P, such as EN 10028-3 Steel Name P275NH.

Steel Names Group 2 is used for steels that are designated
according to their chemical composition and are further divided
into four subgroups, depending on alloy content. Examples of these
Group 2 steel names are:

e EN 10222-2 Steel Name 13CrMo4-5
e EN 10250-4 Steel Name X2CrNil8-9

Numerical System

EN 10027-2 describes the system used for assigning steel numbers,
which are complementary to the steel names described earlier.
These consist of a fixed set of digits and hence are more suitable
than the name for data processing purposes. The steel numbers are
in the form 1. XXXX, where the “1” refers to steel. The first two
digits following the “1” represent the steel group number. Examples
of steel numbers are as follows:

e EN 10222-2 Steel Name 13CrMo4-5, Steel Number 1.7335
¢ EN 10250-4 Steel Name X2CrNil8-9, Steel Number 1.4307

Former National Standards Superseded by CEN Standards

An increasing number of national European and UK standards are
being withdrawn and superseded by EN standards. This transition,
from old to new standards, has made it increasingly difficult to
compare the superseded national standards with current standards
from other nations outside of Europe and the UK, let alone to com-
pare them to the new EN standards. For example, if you are looking
up a former national standard such as DIN 17441, it has been super-
seded by EN 10028-7:2007.

Superseded national standards may be replaced by more than
one new EN standard, and some may have been partially replaced.
So, a superseded national standard could be replaced by 2, 3, 4, or
more new EN standards, or it may be only partially replaced by
these new EN standards.

Indexes in this Handbook

One of the easiest ways of using this handbook is to refer to one of
the four indexes. If a user is looking for a comparable steel, then the
information can be found in at least one of the indexes, which are
built around the steel designation systems described previously,
namely:

¢ Steel Grade/Name Index
¢ UNS Number Index
e Steel Number Index

» Specification Designation Index
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ASME Standard

[ASME sSA-29/SA-29M

Steel Bars, Carbon and Alloy, Hot-Wrought, General Requirements for

ASTM Standards

ASTM A29/A29M-12¢1
ASTM A322-13

ASTM A355-89 (2012)
ASTM A576-90b (2012)

General Requirements for Steel Bars, Carbon and Alloy, Hot-Wrought
Steel Bars, Alloy, Standard Grades

Steel Bars, Alloys, for Nitriding

Steel Bars, Carbon, Hot-Wrought, Special Quality

EN Standards

EN 10083-2:2006

EN 10083-3:2006 C1:2008
EN 10084:2008

EN 10085:2001

EN 10250-2:1999 C1:2000

EN 10263-3:2001 C1:2001

EN 10263-4:2001 C2:2003
EN 10269:2013

Steels for quenching and tempering — Part 2: Technical delivery conditions for non alloy steels

Steels for quenching and tempering — Part 3: Technical delivery conditions for alloy steels

Case hardening steels — Technical delivery conditions

Nitriding steels — Technical delivery conditions

Open die steel forgings for general engineering purposes — Part 2: Non-alloy quality and special steels

Steel rod, bars and wire for cold heading and cold extrusion — Part 3: Technical delivery conditions for case
hardening steels

Steel rod, bars and wire for cold heading and cold extrusion — Part 4: Technical delivery conditions for steels for
quenching and tempering
Steels and nickel alloys for fasteners with specified elevated and/or low temperature properties

ISO Standards

1ISO 683-1:1987

1ISO 683-10:1987
1ISO 683-11:1987

Heat-Treatable Steels, Alloy Steels and Free-Cutting Steels — Part 1: Direct-Hardening Unalloyed and Low-Alloyed
Wrought Steel in Form of Different Black Products

Heat-Treatable Steels, Alloy Steels and Free-Cutting Steels — Part 10: Wrought Nitriding Steels

Heat-Treatable Steels, Alloy Steels and Free-Cutting Steels — Part 11: Wrought Case-Hardening Steels

EN ISO Standards

EN ISO 16120-2:2011
EN ISO 16120-4:2011

Non-alloy steel wire rod for conversion to wire — Part 2: Specific requirements for general-purpose wire rod
Non-alloy steel wire rod for conversion to wire — Part 4: Specific requirements for wire rod for special applications

GB Standards

GB/T 699-1999
GB 715-89
GB/T 3077-1999
GB/T 3078-94
GB 5216-85

GB 13791-92

Quality Carbon Structural Steels

Hot-Rolled Round Carbon Steel Bars for Standard Parts

Alloy Structure Steels

Technical Requirements for Quality Structural Steel Cold Drawn Bars
Technical Requirements for Structural Steel with Specified Hardenability Bands
Cold Drawn Special Shaped Steel Bar

JIS Standards

JIS G 4051:2009
JIS G 4053:2008

JIS G 7105:2000

Carbon steels for machine structural use
Low-alloyed steels for machine structural use

Heat-treatable steels, alloy steels and free-cutting steels — Part 18: Bright products of unalloyed and low alloy
steels

SAE Standards

SAE J403 JUN14
SAE J404 JANO9

Chemical Compositions of SAE Carbon Steels (Long Products Only)
Chemical Compositions of SAE Alloy Steels (Hot Rolled and Cold Finished Bars Only)
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P S Cr Ni Mo Others
ASME SA-29/SA-29M Grade 1005 G10050 - 0.06 0.35 0.040 0.050
ASTM A29/A29M-12e1 Grade 1005 G10050  --- 0.06 0.35 0.040 0.050
EN 1ISO 16120-2:2011 C4D 1.0300 0.06 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN 1ISO 16120-4:2011 C3D2 1.1110 0.05 0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
SAE J403 JUN14 Grade 1005 G10050  --- 0.06 0.35 0.040 0.050
ASME SA-29/SA-29M Grade 1006 G10060  -- 0.08 0.25-0.40 0.040 0.050
ASTM A29/A29M-12e1 Grade 1006 G10060  -- 0.08 0.25-0.40 0.040 0.050
EN 1SO 16120-2:2011 C7D 1.0313 0.05-0.09 @ 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN ISO 16120-4:2011 C5D2 1.1111 0.07 0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
SAE J403 JUN14 Grade 1006 G10060  --- 0.08 0.25-0.40 0.040 0.050
ASME SA-29/SA-29M Grade 1008 G10080 - 0.10 0.30-0.50 0.040 0.050
ASTM A29/A29M-12e1 Grade 1008 G10080 - 0.10 0.30-0.50 0.040 0.050
ASTM A576-90b (2012) Grade 1008 G10080 - 0.10 0.30-0.50 0.040 0.050
EN 1SO 16120-2:2011 CaD 1.0304 0.10 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN ISO 16120-4:2011 C8D2 1.1113 0.06-0.10 @ 0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 08 0.05-0.11 = 0.35-0.65 0.17-0.37 0.10 0.30 Cu 0.25
Grade 08F 0.05-0.11 | 0.25-0.50 0.03 0.10 0.30 Cu 0.25
SAE J403 JUN14 Grade 1008 G10080  --- 0.10 0.30-0.50 0.040 0.050
ASME SA-29/SA-29M Grade 1010 G10100 - 0.08-0.13 = 0.30-0.60 0.040 0.050
ASTM A29/A29M-12e1 Grade 1010 G10100 - 0.08-0.13 = 0.30-0.60 0.040 0.050
ASTM A576-90b (2012) Grade 1010 G10100 - 0.08-0.13 ' 0.30-0.60 0.040 0.050
EN 10084:2008 C10E 1.1121 | 0.07-0.13 | 0.30-0.60 0.40 0.035 0.035
C10R 1.1207 0.07-0.13 = 0.30-0.60 0.40 0.035 = 0.020-
0.040
EN 1SO 16120-2:2011 c10D 1.0310 0.08-0.13 @ 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN ISO 16120-4:2011 C10D2 1.1114 0.08-0.12 @ 0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB 13791-92 Grade 10 0.07-0.13 = 0.35-0.65 @ 0.17-0.37 0.15 0.30 Cu 0.25
GB/T 3078-94 Grade 10 0.07-0.13 ' 0.35-0.65 @ 0.17-0.37 0.15 0.30 Cu 0.25
Grade 10F 0.07-0.13 0.50 0.03 0.035 0.035
GB/T 699-1999 Grade 10 0.07-0.13 = 0.35-0.65 @ 0.17-0.37 0.15 0.30 Cu 0.25
Grade 10F 0.07-0.13 = 0.25-0.50 0.07 0.15 0.30 Cu 0.25
ISO 683-11:1987 Type C 10 0.07-0.13 | 0.30-0.60 @ 0.15-0.40 | 0.035 0.035
JIS G 4051:2009 Symbol S10C 0.08-0.13 ' 0.30-0.60 @ 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
Symbol S09CK 0.07-0.12 = 0.30-0.60 = 0.10-0.35 @ 0.025 0.025 0.20 0.20 Cu 0.25; (Ni+Cr) 0.30
SAE J403 JUN14 Grade 1010 G10100 - 0.08-0.13 = 0.30-0.60 0.040 0.050
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo | Others
ASME SA-29/SA-29M Grade 1012 G10120  --- 0.10-0.15 | 0.30-0.60 0.040 0.050
ASTM A29/A29M-12e1 Grade 1012 G10120  --- 0.10-0.15 | 0.30-0.60 0.040 0.050
ASTM A576-90b (2012) Grade 1012 G10120  --- 0.10-0.15 ' 0.30-0.60 0.040 0.050
EN ISO 16120-2:2011 C12D 1.0311  0.10-0.15 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al0.01; Cu 0.30
EN ISO 16120-4:2011 C12D2 1.1124 | 0.10-0.15 = 0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB 715-89 Grade BL2 0.09-0.15 | 0.25-0.55 0.07 0.040 0.040
JIS G 4051:2009 Symbol S12C 0.10-0.15 ' 0.30-0.60 @ 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1012 G10120  --- 0.10-0.15 | 0.30-0.60 0.040 0.050
ASME SA-29/SA-29M Grade 1015 G10150  --- 0.13-0.18 | 0.30-0.60 0.040 0.050
Grade 1016 G10160  --- 0.13-0.18 | 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1015 G10150  --- 0.13-0.18 | 0.30-0.60 0.040 0.050
Grade 1016 G10160  --- 0.13-0.18 | 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1015 G10150  --- 0.13-0.18 | 0.30-0.60 0.040 0.050
Grade 1016 G10160  --- 0.13-0.18 | 0.60-0.90 0.040 0.050
EN 10084:2008 C15R 1.1140 0.12-0.18 = 0.30-0.60 0.40 0.035 = 0.020-
0.040
C15E 1.1141 0.12-0.18 | 0.30-0.60 0.40 0.035 0.035
C16E 1.1148 0.12-0.18 | 0.60-0.90 0.40 0.035 0.035
C16R 1.1208 = 0.12-0.18 = 0.60-0.90 0.40 0.035 = 0.020-
0.040
EN ISO 16120-2:2011 C15D 1.0413 | 0.12-0.17 ' 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN 1ISO 16120-4:2011 C15D2 1.1126 0.13-0.17  0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 15 0.12-0.18 = 0.35-0.65 0.17-0.37 0.25 0.30 Cu 0.25
Grade 15F 0.12-0.18 = 0.25-0.50 0.07 0.25 0.30 Cu 0.25
Grade 15Mn 0.12-0.18 = 0.70-1.00 = 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 3078-94 Grade 15 0.12-0.18 = 0.35-0.65 @ 0.17-0.37 0.25 0.30 Cu 0.25
Grade 15F 0.12-0.18 0.50 0.07 0.035 0.035
Grade 15Mn 0.12-0.18 = 0.70-1.00 @ 0.17-0.37 0.25 0.30 Cu0.25
GB 13791-92 Grade 15 0.12-0.18 = 0.35-0.65 @ 0.17-0.37 0.25 0.30 Cu 0.25
ISO 683-11:1987 Type C 16 M2 0.12-0.18 | 0.60-0.90 @ 0.15-0.40 @ 0.035 | 0.020-
0.040
Type C 16 E4 0.12-0.18 = 0.60-0.90 0.15-0.40 @ 0.035 0.035
Type C 15 M2 0.12-0.18 | 0.30-0.60 0.15-0.40 @ 0.035 | 0.020-
0.040
Type C 15 E4 0.12-0.18 = 0.30-0.60 0.15-0.40 @ 0.035 0.035
JIS G 4051:2009 Symbol S15C 0.13-0.18 ' 0.30-0.60 @ 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
Symbol S15CK 0.13-0.18 ' 0.30-0.60 = 0.15-0.35 = 0.025 0.025 0.20 0.20 Cu 0.25; (Ni+Cr) 0.30
SAE J403 JUN14 Grade 1015 G10150  --- 0.13-0.18 | 0.30-0.60 0.040 0.050
Grade 1016 G10160  --- 0.13-0.18 | 0.60-0.90 0.040 0.050
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2.1 Chemical Composition of Carbon Steels for General Use (Continued)

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-29/SA-29M Grade 1017 G10170  --- 0.15-0.20 = 0.30-0.60 0.040 0.050
Grade 1018 G10180  --- 0.15-0.20 = 0.60-0.90 0.040 0.050
Grade 1019 G10190  --- 0.15-0.20 = 0.70-1.00 0.040 0.050
ASTM A29/A29M-12e1 Grade 1017 G10170  --- 0.15-0.20 = 0.30-0.60 0.040 0.050
Grade 1018 G10180  --- 0.15-0.20 = 0.60-0.90 0.040 0.050
Grade 1019 G10190  --- 0.15-0.20 = 0.70-1.00 0.040 0.050
ASTM A576-90b (2012) Grade 1017 G10170  --- 0.15-0.20 = 0.30-0.60 0.040 0.050
Grade 1018 G10180  --- 0.15-0.20 = 0.60-0.90 0.040 0.050
Grade 1019 G10190  --- 0.15-0.20 = 0.70-1.00 0.040 0.050
EN ISO 16120-2:2011 Cc18D 1.0416 0.15-0.20 | 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN ISO 16120-4:2011 C18D2 1.1129 0.16-0.20 | 0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
JIS G 4051:2009 Symbol S17C 0.15-0.20 @ 0.30-0.60 @ 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1017 G10170  --- 0.15-0.20 = 0.30-0.60 0.040 0.050
Grade 1018 G10180  --- 0.15-0.20 = 0.60-0.90 0.040 0.050
ASME SA-29/SA-29M Grade 1020 G10200  --- 0.18-0.23 = 0.30-0.60 0.040 0.050
Grade 1021 G10210  --- 0.18-0.23 = 0.60-0.90 0.040 0.050
Grade 1022 G10220  --- 0.18-0.23 = 0.70-1.00 0.040 0.050
ASTM A29/A29M-12e1 Grade 1020 G10200  --- 0.18-0.23 = 0.30-0.60 0.040 0.050
Grade 1021 G10210  --- 0.18-0.23 = 0.60-0.90 0.040 0.050
Grade 1022 G10220  --- 0.18-0.23 = 0.70-1.00 0.040 0.050
ASTM A576-90b (2012) Grade 1020 G10200  --- 0.18-0.23 = 0.30-0.60 0.040 0.050
Grade 1021 G10210  --- 0.18-0.23 = 0.60-0.90 0.040 0.050
Grade 1022 G10220  --- 0.18-0.23 = 0.70-1.00 0.040 0.050
EN 10083-2:2006 C22R 1.1149 0.17-0.24 0.40-0.70 0.40 0.030 0.020-0.040 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
C22E 1.1151 0.17-0.24 0.40-0.70 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
EN 10250-2:1999 C1:2000 Cc22 1.0402 0.17-0.24 0.40-0.70 0.40 0.045 0.045 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
EN ISO 16120-2:2011 C20D 1.0414 0.18-0.23 | 0.30-0.60 0.30 0.035 0.035 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN ISO 16120-4:2011 C20D2 1.1137 0.18-0.23 | 0.30-0.50 0.30 0.020 0.025 0.10 0.10 0.05 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 20 0.17-0.23 = 0.35-0.65 0.17-0.37 0.25 0.30 Cu0.25
Grade 20Mn 0.17-0.23 = 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
GB 715-89 Grade BL3 0.14-0.22 = 0.30-0.60 0.07 0.040 0.040
GB/T 3078-94 Grade 20 0.17-0.23 = 0.35-0.65 0.17-0.37 0.25 0.30 Cu0.25
Grade 20F 0.17-0.24 0.50 0.07 0.035 0.035
Grade 20Mn 0.17-0.23 = 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
GB 13791-92 Grade 20 0.17-0.23 = 0.35-0.65 0.17-0.37 0.25 0.30 Cu 0.25

Note: This section continued on next page

Handbook of Comparative World Steel Standards



Chapter2  Carbon and Alloy Steels for General Use 24

2.1 Chemical Composition of Carbon Steels for General Use (Continued)

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others
JIS G 4051:2009 Symbol S20C 0.18-0.23 = 0.30-0.60 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
Symbol S20CK 0.18-0.23 = 0.30-0.60 0.15-0.35 @ 0.025 0.025 0.20 0.20 Cu 0.25; (Ni+Cr) 0.30
SAE J403 JUN14 Grade 1020 G10200  --- 0.18-0.23 | 0.30-0.60 0.040 0.050
Grade 1021 G10210 - 0.18-0.23 | 0.60-0.90 0.040 0.050
Grade 1022 G10220  --- 0.18-0.23 | 0.70-1.00 0.040 0.050
ASME SA-29/SA-29M Grade 1023 G10230  --- 0.20-0.25 = 0.30-0.60 0.040 0.050
ASTM A29/A29M-12e1 Grade 1023 G10230  --- 0.20-0.25 | 0.30-0.60 0.040 0.050
ASTM A576-90b (2012) Grade 1023 G10230  --- 0.20-0.25 = 0.30-0.60 0.040 0.050
JIS G 4051:2009 Symbol S22C 0.20-0.25 = 0.30-0.60 @ 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1023 G10230  --- 0.20-0.25 | 0.30-0.60 0.040 0.050
ASME SA-29/SA-29M Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.040 0.050
Grade 1026 G10260  --- 0.22-0.28 | 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1025 G10250  --- 0.22-0.28 | 0.30-0.60 0.040 0.050
Grade 1026 G10260  --- 0.22-0.28 | 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.040 0.050
Grade 1026 G10260  --- 0.22-0.28 | 0.60-0.90 0.040 0.050
EN 1ISO 16120-2:2011 C26D 1.0415 0.24-0.29 0.50-0.80 0.10-0.30 = 0.030 0.030 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN 1ISO 16120-4:2011 C26D2 1.1139 0.24-0.29 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB 13791-92 Grade 25 0.22-0.29 = 0.50-0.80 0.17-0.37 0.25 0.30 Cu0.25
GB/T 3078-94 Grade 25 0.22-0.29 = 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
Grade 25Mn 0.22-0.29 = 0.70-1.00 = 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 699-1999 Grade 25 0.22-0.29 = 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
Grade 25Mn 0.22-0.29 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
ISO 683-1:1987 Grade C 25 0.22-0.29 = 0.40-0.70 0.10-0.40 @ 0.045 0.045
Grade C 25 E4 0.22-0.29 0.40-0.70 0.10-0.40 @ 0.035 0.035
Grade C 25 M2 0.22-0.29 | 0.40-0.70 = 0.10-0.40 @ 0.035 | 0.020-
0.040
JIS G 4051:2009 Symbol S25C 0.22-0.28 = 0.30-0.60 = 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1025 G10250  --- 0.22-0.28 | 0.30-0.60 0.040 0.050
Grade 1026 G10260  --- 0.22-0.28 | 0.60-0.90 0.040 0.050
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo | Others

IASME SA-29/SA-29M Grade 1029 G10290  --- 0.25-0.31 = 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1029 G10290  --- 0.25-0.31 = 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1029 G10290  --- 0.25-0.31 = 0.60-0.90 0.040 0.050
JIS G 4051:2009 Symbol S28C 0.25-0.31  0.60-0.90 = 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu: 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1029 G10290  --- 0.25-0.31 = 0.60-0.90 0.040 0.050
IASME SA-29/SA-29M Grade 1030 G10300  --- 0.28-0.34 = 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1030 G10300  --- 0.28-0.34 = 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1030 G10300  --- 0.28-0.34 = 0.60-0.90 0.040 0.050
GB 13791-92 Grade 30 0.27-0.34 = 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 3078-94 Grade 30 0.27-0.34 0.60 0.20 0.035 0.035

Grade 30Mn 0.27-0.34 = 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
GB/T 699-1999 Grade 30 0.27-0.34 = 0.50-0.80 0.17-0.37 0.25 0.30 Cu0.25

Grade 30Mn 0.27-0.34 0.70-1.00 @ 0.17-0.37 0.25 0.30 Cu0.25
1ISO 683-1:1987 Grade C 30 0.27-0.34 = 0.50-0.80 @ 0.10-0.40 | 0.045 0.045

Grade C 30 E4 0.27-0.34 = 0.50-0.80 0.10-0.40 | 0.035 0.035

Grade C 30 M2 0.27-0.34 = 0.50-0.80 0.10-0.40 | 0.035 0.020-

0.040
JIS G 4051:2009 Symbol S30C 0.27-0.33 = 0.60-0.90 = 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1030 G10300  --- 0.28-0.34 = 0.60-0.90 0.040 0.050
EN ISO 16120-2:2011 C32D 1.0530 0.30-0.35 0.50-0.80 0.10-0.30 @ 0.030 0.030 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN ISO 16120-4:2011 C32D2 1.1143 0.30-0.34 = 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15

JIS G 4051:2009 Symbol S33C 0.30-0.36  0.60-0.90 = 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo | Others
ASME SA-29/SA-29M Grade 1034 G10340  --- 0.32-0.38 | 0.50-0.80 0.040 0.050
Grade 1035 G10350  --- 0.32-0.38 | 0.60-0.90 0.040 0.050
Grade 1037 G10370  --- 0.32-0.38 | 0.70-1.00 0.040 0.050
ASTM A29/A29M-12e1 Grade 1034 G10340  --- 0.32-0.38 | 0.50-0.80 0.040 0.050
Grade 1035 G10350  --- 0.32-0.38 | 0.60-0.90 0.040 0.050
Grade 1037 G10370  --- 0.32-0.38 | 0.70-1.00 0.040 0.050
ASTM A576-90b (2012) Grade 1035 G10350  --- 0.32-0.38 | 0.60-0.90 0.040 0.050
Grade 1037 G10370  --- 0.32-0.38 | 0.70-1.00 0.040 0.050
EN 10083-2:2006 C35R 1.1180 0.32-0.39 0.50-0.80 0.40 0.030 @ 0.020- 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
0.040
C35E 1.1181 0.32-0.39 0.50-0.80 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
C35 1.0501 0.32-0.39 0.50-0.80 0.40 0.045 0.045 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
EN ISO 16120-4:2011 C36D2 1.1145 | 0.34-0.38 @ 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 35 0.32-0.39 = 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
Grade 35Mn 0.32-0.39 ' 0.70-1.00 @ 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 3078-94 Grade 35 0.32-0.39 0.60 0.20 0.035 0.035
Grade 35Mn 0.32-0.39  0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
GB 13791-92 Grade 35 0.32-0.39 = 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
ISO 683-1:1987 Grade C 35 0.32-0.39  0.50-0.80 0.10-0.40 @ 0.045 0.045
Grade C 35 E4 0.32-0.39 0.50-0.80 0.10-0.40 @ 0.035 0.035
Grade C 35 M2 0.32-0.39 | 0.50-0.80 0.10-0.40 @ 0.035 | 0.020-
0.040
JIS G 4051:2009 Symbol S35C 0.32-0.38 ' 0.60-0.90 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1035 G10350  --- 0.32-0.38 | 0.60-0.90 0.040 0.050
ASME SA-29/SA-29M Grade 1038 G10380  --- 0.35-0.42 = 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1038 G10380  --- 0.35-0.42 | 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1038 G10380  --- 0.35-0.42 = 0.60-0.90 0.040 0.050
EN ISO 16120-2:2011 C38D 1.0516 0.35-0.40 0.50-0.80 0.10-0.30 = 0.030 0.030 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN ISO 16120-4:2011 C38D2 1.1150 = 0.36-0.40 @ 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
IS G 4051:2009 Symbol S38C 0.35-0.41 ' 0.60-0.90 0.15-0.35 = 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1038 G10380  --- 0.35-0.42 | 0.60-0.90 0.040 0.050
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo | Others
ASME SA-29/SA-29M Grade 1039 G10390  --- 0.37-0.44 = 0.70-1.00 0.040 0.050
Grade 1040 G10400  --- 0.37-0.44 | 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1039 G10390  --- 0.37-0.44 | 0.70-1.00 0.040 0.050
Grade 1040 G10400  --- 0.37-0.44 | 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1039 G10390  --- 0.37-0.44 = 0.70-1.00 0.040 0.050
Grade 1040 G10400  --- 0.37-0.44 | 0.60-0.90 0.040 0.050
EN 10083-2:2006 C40E 1.1186 0.37-0.44 0.50-0.80 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
C40R 1.1189 0.37-0.44 0.50-0.80 0.40 0.030 = 0.020- 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
0.040
C40 1.0511 | 0.37-0.44 @ 0.50-0.80 0.40 0.045 0.045 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
EN 1SO 16120-4:2011 C40D2 - 1.1153 0.38-0.42 0.50-0.70 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB 13791-92 Grade 40 0.37-0.44 0.50-0.80 0.17-0.37 0.25 0.30 Cu0.25
GB/T 3078-94 Grade 40 0.37-0.44 0.60 0.20 0.035 0.035
Grade 40Mn 0.37-0.44  0.70-1.00 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 699-1999 Grade 40 0.37-0.44 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
Grade 40Mn 0.37-0.44 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
ISO 683-1:1987 Grade C 40 0.37-0.44 0.50-0.80 0.10-0.40 @ 0.045 0.045
Grade C 40 E4 0.37-0.44 0.50-0.80 0.10-0.40 @ 0.035 0.035
Grade C 40 M2 0.37-0.44 | 0.50-0.80 0.10-0.40 @ 0.035 | 0.020-
0.040
JIS G 4051:2009 Symbol S40C 0.37-0.43 = 0.60-0.90 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1039 G10390  --- 0.37-0.44 | 0.70-1.00 0.040 0.050
Grade 1040 G10400  --- 0.37-0.44 | 0.60-0.90 0.040 0.050
ASME SA-29/SA-29M Grade 1042 G10420  --- 0.40-0.47 = 0.60-0.90 0.040 0.050
Grade 1043 G10430  --- 0.40-0.47 | 0.70-1.00 0.040 0.050
ASTM A29/A29M-12e1 Grade 1042 G10420  --- 0.40-0.47 | 0.60-0.90 0.040 0.050
Grade 1043 G10430 - 0.40-0.47 | 0.70-1.00 0.040 0.050
ASTM A576-90b (2012) Grade 1042 G10420  --- 0.40-0.47 = 0.60-0.90 0.040 0.050
Grade 1043 G10430  --- 0.40-0.47 | 0.70-1.00 0.040 0.050
EN ISO 16120-2:2011 C42D 1.0541 | 0.40-0.45 0.50-0.80 0.10-0.30 = 0.030 0.030 0.20 0.25 0.05 Al 0.01; Cu 0.30
EN 1ISO 16120-4:2011 C42D2 1.1154 0.40-0.44 0.50-0.70 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
JIS G 4051:2009 Symbol S43C 0.40-0.46 = 0.60-0.90 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1042 G10420  --- 0.40-0.47 | 0.60-0.90 0.040 0.050
Grade 1043 G10430  --- 0.40-0.47 | 0.70-1.00 0.040 0.050
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2.1 Chemical Composition of Carbon Steels for General Use (Continued)

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-29/SA-29M Grade 1044 G10440  --- 0.43-0.50 @ 0.30-0.60 0.040 0.050
Grade 1045 G10450  --- 0.43-0.50 | 0.60-0.90 0.040 0.050
Grade 1046 G10460  --- 0.43-0.50 | 0.70-1.00 0.040 0.050
ASTM A29/A29M-12e1 Grade 1044 G10440  --- 0.43-0.50 | 0.30-0.60 0.040 0.050
Grade 1045 G10450  --- 0.43-0.50 | 0.60-0.90 0.040 0.050
Grade 1046 G10460  --- 0.43-0.50 | 0.70-1.00 0.040 0.050
ASTM A576-90b (2012) Grade 1044 G10440  --- 0.43-0.50 = 0.30-0.60 0.040 0.050
Grade 1045 G10450  --- 0.43-0.50 | 0.60-0.90 0.040 0.050
Grade 1046 G10460  --- 0.43-0.50 | 0.70-1.00 0.040 0.050
EN 10083-2:2006 C45E 1.1191 | 0.42-0.50 @ 0.50-0.80 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
C45R 1.1201 | 0.42-0.50 @ 0.50-0.80 0.40 0.030 = 0.020- 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
0.040
C45 1.0503  0.42-0.50 @ 0.50-0.80 0.40 0.045 0.045 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
EN ISO 16120-2:2011 C48D 1.0517 | 0.45-0.50 @ 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C46D2 1.1162 = 0.44-0.48 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
C48D2 1.1164 = 0.46-0.50 @0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB 13791-92 Grade 45 0.42-0.50 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 699-1999 Grade 45 0.42-0.50 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
Grade 45Mn 0.42-0.50 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
GB/T 3078-94 Grade 45 0.42-0.49 0.60 0.20 0.035 0.035
Grade 45Mn 0.42-0.50 0.70-1.00 @ 0.17-0.37 0.25 0.30 Cu 0.25
ISO 683-1:1987 Grade C 45 0.42-0.50 0.50-0.80 0.10-0.40 @ 0.045 0.045
Grade C 45 E4 0.42-0.50 0.50-0.80 0.10-0.40 @ 0.035 0.035
Grade C 45 M2 0.42-0.50 | 0.50-0.80 0.10-0.40 @ 0.035 | 0.020-
0.040
JIS G 4051:2009 Symbol S45C 0.42-0.48  0.60-0.90 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
Symbol S48C 0.45-0.51 = 0.60-0.90 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1044 G10440  --- 0.43-0.50 | 0.30-0.60 0.040 0.050
Grade 1045 G10450  --- 0.43-0.50 | 0.60-0.90 0.040 0.050
Grade 1046 G10460  --- 0.43-0.50 | 0.70-1.00 0.040 0.050
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C | Mn Si | P | S | Cr | Ni | Mo | Others
IASME SA-29/SA-29M Grade 1049 G10490  --- 0.46-0.53 = 0.60-0.90 0.040 0.050
Grade 1050 G10500  --- 0.48-0.55 @ 0.60-0.90 0.040 0.050
Grade 1053 G10530  --- 0.48-0.55 @ 0.70-1.00 0.040 0.050
ASTM A29/A29M-12e1 Grade 1049 G10490  --- 0.46-0.53 = 0.60-0.90 0.040 0.050
Grade 1050 G10500  --- 0.48-0.55 @ 0.60-0.90 0.040 0.050
Grade 1053 G10530  --- 0.48-0.55 @ 0.70-1.00 0.040 0.050
ASTM A576-90b (2012) Grade 1049 G10490  --- 0.46-0.53 = 0.60-0.90 0.040 0.050
Grade 1050 G10500  --- 0.48-0.55 @ 0.60-0.90 0.040 0.050
Grade 1053 G10530  --- 0.48-0.55 @ 0.70-1.00 0.040 0.050
EN 10083-2:2006 C50E 1.1206 0.47-0.55 | 0.60-0.90 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
C50R 1.1241 0.47-0.55 | 0.60-0.90 0.40 0.030 = 0.020- 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
0.040
EN ISO 16120-2:2011 C50D 1.0586 0.48-0.53 @ 0.50-0.80 @ 0.10-0.30 @ 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C50D2 1.1171 0.48-0.52 0.50-0.70 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB 13791-92 Grade 50 0.47-0.55 @ 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
Grade 50Mn 0.48-0.56 = 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
GB/T 3078-94 Grade 50 0.47-0.55 @ 0.50-0.80 0.17-0.37 0.25 0.30 Cu0.25
Grade 50Mn 0.48-0.56 0.70-1.00 @ 0.17-0.37 0.25 0.30 Cu0.25
GB/T 699-1999 Grade 50 0.47-0.55 @ 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
Grade 50Mn 0.48-0.56 = 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
1ISO 683-1:1987 Grade C 50 0.47-0.55 @ 0.60-0.90 0.10-0.40 | 0.045 0.045
Grade C 50 E4 0.47-0.55 @ 0.60-0.90 0.10-0.40 | 0.035 0.035
Grade C 50 M2 0.47-0.55 @ 0.60-0.90 0.10-0.40 | 0.035 0.020-
0.040
JIS G 4051:2009 Symbol S50C 0.47-0.53 = 0.60-0.90 @ 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1049 G10490  --- 0.46-0.53 = 0.60-0.90 0.040 0.050
Grade 1050 G10500  --- 0.48-0.55 @ 0.60-0.90 0.040 0.050
Grade 1053 G10530  --- 0.48-0.55 @ 0.70-1.00 0.040 0.050
EN ISO 16120-2:2011 C52D 1.0588 0.50-0.55 0.50 0.80 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C52D2 1.1202 0.50-0.54 @ 0.50-0.70 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
JIS G 4051:2009 Symbol S53C 0.50-0.56 = 0.60-0.90 = 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
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2.1 Chemical Composition of Carbon Steels for General Use (Continued)

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others

ASME SA-29/SA-29M Grade 1055 G10550  --- 0.50-0.60 = 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1055 G10550  --- 0.50-0.60 | 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1055 G10550  --- 0.50-0.60 = 0.60-0.90 0.040 0.050
EN 10083-2:2006 C55E 1.1203 0.52-0.60 0.60-0.90 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63

C55R 1.1209 = 0.52-0.60 = 0.60-0.90 0.40 0.030 = 0.020- 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63

0.040

C55 1.0535 0.52-0.60 0.60-0.90 0.40 0.045 0.045 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
EN ISO 16120-2:2011 C56D 1.0518 0.53-0.58 @ 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C56D2 1.1220 = 0.54-0.58 @ 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al0.01; Cu 0.15; N 0.007;

(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15

GB/T 3078-94 Grade 55 0.52-0.60 @ 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 699-1999 Grade 55 0.52-0.60 = 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
ISO 683-1:1987 Grade C 55 0.52-0.60 0.60-0.90 0.10-0.40 @ 0.045 0.045

Grade C 55 E4 0.52-0.60 0.60-0.90 0.10-0.40 @ 0.035 0.035

Grade C 55 M2 0.52-0.60 | 0.60-0.90 0.10-0.40 @ 0.035 | 0.020-

0.040

JIS G 4051:2009 Symbol S55C 0.52-0.58 = 0.60-0.90 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1055 G10550  --- 0.50-0.60 | 0.60-0.90 0.040 0.050
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2.1 Chemical Composition of Carbon Steels for General Use (Continued)

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S Cr | Ni | Mo | Others
ASME SA-29/SA-29M Grade 1059 G10590 - 0.55-0.65 = 0.50-0.80 0.040 0.050
Grade 1060 G10600 - 0.55-0.65 = 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1059 G10590 - 0.55-0.65 @ 0.50-0.80 0.040 0.050
Grade 1060 G10600  --- 0.55-0.65 @ 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1060 G10600 - 0.55-0.65 = 0.60-0.90 0.040 0.050
EN 10083-2:2006 C60E 1.1221 0.57-0.65 0.60-0.90 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
C60R 1.1223 0.57-0.65 | 0.60-0.90 0.40 0.030 = 0.020- 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
0.040
C60 1.0601 0.57-0.65 0.60-0.90 0.40 0.045 0.045 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
EN ISO 16120-2:2011 C58D 1.0609 0.55-0.60 0.50-0.80 0.10-0.30 @ 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
C60D 1.0610 0.58-0.63 @ 0.50-0.80 @ 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C58D2 1.1212 0.56-0.60 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
C60D2 1.1228 0.58-0.62 @ 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB 13791-92 Grade 60 0.57-0.65 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 3078-94 Grade 60 0.57-0.65 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
Grade 60Mn 0.57-0.65 0.70-1.00 0.17-0.37 0.25 0.30 Cu0.25
GB/T 699-1999 Grade 60 0.57-0.65 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
Grade 60Mn 0.57-0.65 0.70-1.00 0.17-0.37 0.25 0.30 Cu 0.25
ISO 683-1:1987 Grade C 60 0.57-0.65 = 0.60-0.90 = 0.10-0.40 | 0.045 0.045
Grade C 60 E4 0.57-0.65 = 0.60-0.90 0.10-0.40  0.035 0.035
Grade C 60 M2 0.57-0.65 @ 0.60-0.90 @ 0.10-0.40 | 0.035  0.020-
0.040
UIS G 4051:2009 Symbol S58C 0.55-0.61 = 0.60-0.90 0.15-0.35 @ 0.030 0.035 0.20 0.20 Cu 0.30; (Ni+Cr) 0.35
SAE J403 JUN14 Grade 1060 G10600  --- 0.55-0.65 = 0.60-0.90 0.040 0.050
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2.1 Chemical Composition of Carbon Steels for General Use (Continued)

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-29/SA-29M Grade 1064 G10640  --- 0.60-0.70 = 0.50-0.80 0.040 0.050
Grade 1065 G10650  --- 0.60-0.70 | 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1064 G10640  --- 0.60-0.70 | 0.50-0.80 0.040 0.050
Grade 1065 G10650  --- 0.60-0.70 | 0.60-0.90 0.040 0.050
EN ISO 16120-2:2011 C62D 1.0611 | 0.60-0.65 @ 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
C66D 1.0612 | 0.63-0.68 @ 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
C68D 1.0613 0.65-0.70 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN 1ISO 16120-4:2011 C62D2 1.1222 0.60-0.64 0.50-0.70 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
C68D2 1.1232 | 0.66-0.70 = 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
C66D2 1.1236 = 0.64-0.68 @ 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 3078-94 Grade 65 0.62-0.70 = 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
Grade 65Mn 0.62-0.70 = 0.90-1.20 = 0.17-0.37 0.25 0.30 Cu 0.25
GB/T 699-1999 Grade 65 0.62-0.70 = 0.50-0.80 @ 0.17-0.37 0.25 0.30 Cu 0.25
Grade 65Mn 0.62-0.70 = 0.90-1.20 0.17-0.37 0.25 0.30 Cu0.25
SAE J403 JUN14 Grade 1065 G10650  --- 0.60-0.70 | 0.60-0.90 0.040 0.050
ASME SA-29/SA-29M Grade 1069 G10690  --- 0.65-0.75 ' 0.40-0.70 0.040 0.050
Grade 1070 G10700  --- 0.65-0.75 | 0.60-0.90 0.040 0.050
Grade 1071 0.65-0.70 | 0.75-1.05 0.040 0.050
ASTM A29/A29M-12e1 Grade 1069 G10690  --- 0.65-0.75 | 0.40-0.70 0.040 0.050
Grade 1070 G10700  --- 0.65-0.75 | 0.60-0.90 0.040 0.050
Grade 1071 0.65-0.70 | 0.75-1.05 0.040 0.050
ASTM A576-90b (2012) Grade 1070 G10700  --- 0.65-0.75 | 0.60-0.90 0.040 0.050
EN ISO 16120-2:2011 C70D 1.0615  0.68-0.73 = 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
C72D 1.0617 | 0.70-0.75 @ 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN 1ISO 16120-4:2011 C72D2 1.1242 0.70-0.74 @ 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
C70D2 1.1251 | 0.68-0.72 @ 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 70 0.67-0.75 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
Grade 70Mn 0.67-0.75 0.90-1.20 0.17-0.37 0.25 0.30 Cu0.25
SAE J403 JUN14 Grade 1070 G10700  --- 0.65-0.75 | 0.60-0.90 0.040 0.050
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2.1 Chemical Composition of Carbon Steels for General Use (Continued)

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-29/SA-29M Grade 1074 G10740  --- 0.70-0.80 = 0.50-0.80 0.040 0.050
Grade 1075 G10750  --- 0.70-0.80 = 0.40-0.70 0.040 0.050
ASTM A29/A29M-12e1 Grade 1074 G10740  --- 0.70-0.80 = 0.50-0.80 0.040 0.050
Grade 1075 G10750  --- 0.70-0.80 = 0.40-0.70 0.040 0.050
EN ISO 16120-2:2011 C76D 1.0614 0.73-0.78 @ 0.50-0.80 @ 0.10-0.30 @ 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
C78D 1.0620 0.75-0.80 0.50-0.80 = 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C78D2 1.1252 0.76-0.80 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
C76D2 1.1253 0.74-0.78 @ 0.50-0.70 = 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 75 0.72-0.80 = 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
SAE J403 JUN14 Grade 1074 G10740 - 0.70-0.80 = 0.50-0.80 0.040 0.050
Grade 1075 G10750  --- 0.70-0.80 = 0.40-0.70 0.040 0.050
IASME SA-29/SA-29M Grade 1078 G10780  --- 0.72-0.85 = 0.30-0.60 0.040 0.050
ASTM A29/A29M-12e1 Grade 1078 G10780  --- 0.72-0.85 @ 0.30-0.60 0.040 0.050
ASTM A576-90b (2012) Grade 1078 G10780  --- 0.72-0.85 = 0.30-0.60 0.040 0.050
EN ISO 16120-2:2011 C80D 1.0622 0.78-0.83 @ 0.50-0.80 @ 0.10-0.30 @ 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
Cc82D 1.0626 0.80-0.85 0.50-0.80 @ 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 Cc80D2 1.1255 0.78-0.82 @ 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
Cc82D2 1.1262 0.80-0.84 @ 0.50-0.70 = 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 80 0.77-0.85 @ 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
SAE J403 JUN14 Grade 1078 G10780  --- 0.72-0.85 = 0.30-0.60 0.040 0.050
IASME SA-29/SA-29M Grade 1080 G10800  --- 0.75-0.88 = 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1080 G10800  --- 0.75-0.88 = 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1080 G10800  --- 0.75-0.88 = 0.60-0.90 0.040 0.050
EN ISO 16120-2:2011 Cc86D 1.0616 0.83-0.88 0.50-0.80 @ 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C86D2 1.1265 0.84-0.88 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
SAE J403 JUN14 Grade 1080 G10800  --- 0.75-0.88 = 0.60-0.90 0.040 0.050
ASME SA-29/SA-29M Grade 1084 G10840  --- 0.80-0.93 = 0.60-0.90 0.040 0.050
Grade 1086 G10860  --- 0.80-0.93 = 0.30-0.50 0.040 0.050
ASTM A29/A29M-12e1 Grade 1084 G10840  --- 0.80-0.93 = 0.60-0.90 0.040 0.050
Grade 1086 G10860  --- 0.80-0.93 = 0.30-0.50 0.040 0.050
ASTM A576-90b (2012) Grade 1084 G10840  --- 0.80-0.93 = 0.60-0.90 0.040 0.050
EN ISO 16120-2:2011 C88D 1.0628 0.85-0.90 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C88D2 1.0628 0.86-0.90 0.50-0.70 = 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
GB/T 699-1999 Grade 85 0.82-0.90 @ 0.50-0.80 0.17-0.37 0.25 0.30 Cu 0.25
SAE J403 JUN14 Grade 1084 G10840  --- 0.80-0.93 = 0.60-0.90 0.040 0.050
Grade 1086 G10860  --- 0.80-0.93 = 0.30-0.50 0.040 0.050
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2.1 Chemical Composition of Carbon Steels for General Use (Continued)

Chapter 2

Carbon and Alloy Steels for General Use

UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo Others
ASME SA-29/SA-29M Grade 1090 G10900  --- 0.85-0.98 = 0.60-0.90 0.040 0.050
ASTM A29/A29M-12e1 Grade 1090 G10900  --- 0.85-0.98 | 0.60-0.90 0.040 0.050
ASTM A576-90b (2012) Grade 1090 G10900  --- 0.85-0.98 ' 0.60-0.90 0.040 0.050
EN ISO 16120-2:2011 C92D 1.0618 0.90-0.95 0.50-0.80 0.10-0.30 = 0.030 0.030 0.15 0.20 0.05 Al 0.01; Cu 0.25; (Cu+Sn) 0.25
EN ISO 16120-4:2011 C92D2 1.1282 | 0.90-0.94 0.50-0.70 0.10-0.30 = 0.020 0.025 0.10 0.10 0.03 Al0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
SAE J403 JUN14 Grade 1090 G10900  --- 0.85-0.98 | 0.60-0.90 0.040 0.050
ASME SA-29/SA-29M Grade 1095 G10950  --- 0.90-1.03 | 0.30-0.50 0.040 0.050
ASTM A29/A29M-12e1 Grade 1095 G10950  --- 0.90-1.03 | 0.30-0.50 0.040 0.050
ASTM A576-90b (2012) Grade 1095 G10950  --- 0.90-1.03 | 0.30-0.50 0.040 0.050
EN 1ISO 16120-4:2011 C98D2 1.1283 0.96-1.00 0.50-0.70 0.10-0.30 @ 0.020 0.025 0.10 0.10 0.03 Al 0.01; Cu 0.15; N 0.007;
(Cu+Ni+Cr) 0.30; (Cu+Sn) 0.15
SAE J403 JUN14 Grade 1095 G10950  --- 0.90-1.03 | 0.30-0.50 0.040 0.050
2.2 Chemical Composition of High Manganese Carbon Steels for General Use
UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo Others
ASME SA-29/SA-29M Grade 1522 G15220  --- 0.18-0.24 = 1.10-1.40 0.040 0.050
IASTM A29/A29M-12e1 Grade 1522 G15220  --- 0.18-0.24 | 1.10-1.40 - 0.040 0.050 - - -
Grade 1524 G15240  --- 0.19-0.25 | 1.35-1.65 0.040 0.050
ASTM A576-90b (2012) Grade 1522 G15220  --- 0.18-0.24 ' 1.10-1.40 - 0.040 0.050 - - -
Grade 1524 G15240  --- 0.19-0.25 | 1.35-1.65 0.040 0.050
GB/T 3077-1999 Grade 20Mn2 0.17-0.24 1.40-1.80 0.17-0.37 = 0.035 0.035 0.30 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 20Mn2 0.17-0.24  1.40-1.80 @ 0.17-0.37 | 0.035 0.035 0.30 0.30 0.15 Cu 0.30
ISO 683-1:1987 Grade 22 Mn 6 0.19-0.26  1.30-1.65 0.10-0.40 @ 0.035 0.035
JIS G 4053:2008 Symbol SMn420 0.17-0.23 = 1.20-1.50 0.15-0.35 @ 0.030 0.030 0.35 0.25 Cu 0.30
Symbol SMnC420 0.17-0.23 = 1.20-1.50 0.15-0.35 @ 0.030 0.030 = 0.35-0.70 0.25 Cu 0.30
SAE J403 JUN14 Grade 1522 G15220  --- 0.18-0.24 | 1.10-1.40 0.040 0.050
Grade 1524 G15240  --- 0.19-0.25 | 1.35-1.65 0.040 0.050
EN 10083-2:2006 28Mn6é 1.1170 0.25-0.32 1.30-1.65 0.40 0.030 0.035 0.40 0.40 0.10 (Cr+Mo+Ni) 0.63
GB/T 3077-1999 Grade 30Mn2 0.27-0.34  1.40-1.80 0.17-0.37 = 0.035 0.035 0.30 0.30 0.15 Cu 0.30
ISO 683-1:1987 Grade 28 Mn 6 0.25-0.32 1.30-1.65 0.10-0.40 @ 0.035 0.035
ASME SA-29/SA-29M Grade 1536 G15360  --- 0.30-0.37 | 1.20-1.50 0.040 0.050
ASTM A29/A29M-12e1 Grade 1536 G15360  --- 0.30-0.37 | 1.20-1.50 0.040 0.050
ASTM A576-90b (2012) Grade 1536 G15360  --- 0.30-0.37 | 1.20-1.50 0.040 0.050
GB/T 3077-1999 Grade 35Mn2 0.32-0.39 1.40-1.80 0.17-0.37 = 0.035 0.035 0.30 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 35Mn2 0.32-0.39 1.40-1.80 0.17-0.37 = 0.035 0.035 0.30 0.30 0.15 Cu 0.30
JIS G 4053:2008 Symbol SMn433 0.30-0.36 = 1.20-1.50 @ 0.15-0.35 @ 0.030 0.030 0.35 0.25 Cu 0.30
SAE J403 JUN14 Grade 1536 G15360  --- 0.30-0.37 | 1.20-1.50 0.040 0.050
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UNS | Steel Weight, %emax, Unless Otherwise Specified

Specification Designation No. No. Cc Mn Si [ P S Cr Ni Mo Others
ASME SA-29/SA-29M Grade 1541 G15410  --- 0.36-0.44 = 1.35-1.65 0.040 = 0.050
ASTM A29/A29M-12e1 Grade 1541 G15410 - 0.36-0.44 1.35-1.65 --- 0.040 0.050 --- --- ---
ASTM A576-90b (2012) Grade 1541 G15410 - 0.36-0.44 | 1.35-1.65 0.040 = 0.050
GB/T 3077-1999 Grade 40Mn2 0.37-0.44 | 1.40-1.80 0.17-0.37  0.085 = 0.035 0.30 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 40Mn2 0.37-0.44 | 1.40-1.80 | 0.17-0.37 | 0.035 | 0.035 0.30 0.30 0.15 Cu0.30
ISO 683-1:1987 Grade 36 Mn 6 0.33-0.40 | 1.30-1.65 | 0.10-0.40 | 0.035 | 0.035
JIS G 4053:2008 Symbol SMn438 0.35-0.41 | 1.35-1.65 0.15-0.35  0.030 = 0.030 0.35 0.25 Cu 0.30
SAE J403 JUN14 Grade 1541 G15410 - 0.36-0.44 | 1.35-1.65 0.040  0.050
ISO 683-1:1987 Grade 42 Mn 6 0.39-0.46 | 1.30-1.65 | 0.10-0.40 | 0.085 | 0.035
JIS G 4053:2008 Symbol SMn443 0.40-0.46  1.35-1.65  0.15-0.35 0.030 _ 0.030 0.35 0.25 Cu 0.30
ASTM A29/A29M-12e1 Grade 1547 G15470  --- 0.43-0.51 | 1.35-1.65 0.040 = 0.050
ASTM A576-90b (2012) Grade 1547 G15470  --- 0.43-0.51 | 1.35-1.65 0.040 = 0.050
GB/T 3077-1999 Grade 45Mn2 0.42-0.49 | 1.40-1.80 0.17-0.37  0.085 = 0.035 0.30 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 45Mn2 0.42-0.49 | 1.40-1.80 0.17-0.37 = 0.085 = 0.035 0.30 0.30 0.15 Cu 0.30
SAE J403 JUN14 Grade 1547 G15470  --- 0.43-0.51 | 1.35-1.65 0.040  0.050
ASTM A29/A29M-12e1 Grade 1552 G15520  --- 0.47-0.55 | 1.20-1.50 0.040 = 0.050
ASTM A576-90b (2012) Grade 1552 G15520  --- 0.47-0.55 | 1.20-1.50 0.040 = 0.050
GB/T 3077-1999 Grade 50Mn2 0.47-0.55 | 1.40-1.80 0.17-0.37  0.085 = 0.035 0.30 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 50Mn2 0.47-0.55 | 1.40-1.80 0.17-0.37 = 0.085 = 0.035 0.30 0.30 0.15 Cu 0.30
SAE J403 JUN14 Grade 1552 G15520  --- 0.47-0.55 | 1.20-1.50 0.040  0.050
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UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P S Cr | Ni | Mo | Others
EN 10084:2008 17CrS3 1.7014 | 0.14-0.20 = 0.60-0.90 0.40 0.025 = 0.020- @ 0.70-1.00
0.040
17Cr3 1.7016 0.14-0.20 0.60-0.90 0.40 0.025 0.035 @ 0.70-1.00
GB/T 3077-1999 Grade 15Cr 0.12-0.18 = 0.40-0.70 = 0.17-0.37 | 0.035 0.035 = 0.70-1.00 0.30 0.15 Cu 0.30
Grade 15CrA 0.12-0.17 = 0.40-0.70 0.17-0.37 = 0.025 0.025 @ 0.70-1.00 0.30 0.10 Cu 0.25
GB/T 3078-94 Grade 15CrA 0.12-0.17 = 0.40-0.70 0.17-0.37 = 0.025 0.025 @ 0.70-1.00 0.30 0.10 Cu0.25
JIS G 4053:2008 Symbol SCr415 0.13-0.18 = 0.60-0.90 = 0.15-0.35 = 0.030 0.030 = 0.90-1.20 0.25 Cu 0.30
ASME SA-29/SA-29M Grade 5120 G51200  --- 0.17-0.22 = 0.70-0.90 = 0.15-0.35 @ 0.035 0.040 = 0.70-0.90
ASTM A29/A29M-12e1 Grade 5120 G51200  --- 0.17-0.22 = 0.70-0.90 = 0.15-0.35 @ 0.035 0.040 = 0.70-0.90
ASTM A322-13 Grade 5120 G51200  --- 0.17-0.22  0.70-0.90 0.15-0.35 @ 0.035 0.040 = 0.70-0.90
GB 13791-92 Grade 20Cr 0.18-0.24 0.50-0.80 0.17-0.37 = 0.035 0.035 @ 0.70-1.00 0.30 0.15 Cu 0.30
GB 5216-85 Grade 20CrH 0.17-0.23 = 0.50-0.85 @ 0.17-0.37 | 0.035 0.085 = 0.70-1.10 0.30 Cu 0.30
GB/T 3077-1999 Grade 20Cr 0.18-0.24 = 0.50-0.80 @ 0.17-0.37 | 0.035 0.035 = 0.70-1.00 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 20Cr 0.18-0.24  0.50-0.80 @ 0.17-0.37 | 0.035 0.035 = 0.70-1.00 0.30 0.15 Cu 0.30
ISO 683-11:1987 Type 20 CrS 4 0.17-0.23 | 0.60-0.90 0.15-0.40 @ 0.035 | 0.020- | 0.90-1.20
0.040
Type 20 Cr 4 0.17-0.23 | 0.60-0.90 0.15-0.40 @ 0.035 0.035 = 0.90-1.20
JIS G 4053:2008 Symbol SCr420 0.18-0.23 = 0.60-0.90 0.15-0.35 @ 0.030 0.030 = 0.90-1.20 0.25 Cu 0.30
SAE J404 JANO9 Grade 5120 G51200  --- 0.17-0.22  0.70-0.90 0.15-0.35 = 0.030 0.040 = 0.70-0.90 0.25 0.06 Cu 0.35
ASME SA-29/SA-29M Grade 5130 G51300  --- 0.28-0.33 ' 0.70-0.90 @ 0.15-0.35 @ 0.035 0.040 = 0.80-1.10
ASTM A29/A29M-12e1 Grade 5130 G51300 - 0.28-0.33 ' 0.70-0.90 = 0.15-0.35 = 0.035 0.040 @ 0.80-1.10
ASTM A322-13 Grade 5130 G51300 - 0.28-0.33 | 0.70-0.90 0.15-0.35 = 0.035 0.040 @ 0.80-1.10
EN 10084:2008 28Cr4 1.7030 = 0.24-0.31 ' 0.60-0.90 0.40 0.025 0.035 = 0.90-1.20
28CrS4 1.7036 = 0.24-0.31 = 0.60-0.90 0.40 0.025 = 0.020- @ 0.90-1.20
0.040
GB/T 3077-1999 Grade 30Cr 0.27-0.34 = 0.50-0.80 @ 0.17-0.37 | 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 30Cr 0.27-0.34  0.50-0.80 0.17-0.37 = 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
JIS G 4053:2008 Symbol SCr430 0.28-0.33 = 0.60-0.90 0.15-0.35 @ 0.030 0.030 = 0.90-1.20 0.25 Cu 0.30
SAE J404 JANO9 Grade 5130 G51300  --- 0.28-0.33 = 0.70-0.90 = 0.15-0.35 | 0.030 0.040 = 0.80-1.10 0.25 0.06 Cu 0.35
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UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C Mn | Si | P | S Cr Ni | Mo | Others
ASME SA-29/SA-29M Grade 5132 G51320  --- 0.30-0.35 = 0.60-0.80 @ 0.15-0.35 @ 0.035 0.040 = 0.75-1.00
ASTM A29/A29M-12e1 Grade 5132 G51320  --- 0.30-0.35 = 0.60-0.80 0.15-0.35 @ 0.035 0.040 = 0.75-1.00
ASTM A322-13 Grade 5132 G51320  --- 0.30-0.35 0.60-0.80 0.15-0.35 = 0.035 0.040 = 0.75-1.00
EN 10083-3:2006 C1:2008  34Cr4 1.7033 0.30-0.37 0.60-0.90 0.40 0.025 0.035 = 0.90-1.20
34CrS4 1.7037 0.30-0.37 0.60-0.90 0.40 0.025 = 0.020- = 0.90-1.20
0.040
ISO 683-1:1987 Grade 34 Cr 4 0.30-0.37 ' 0.60-0.90 @ 0.10-0.40 | 0.035 0.035 = 0.90-1.20
Grade 34 CrS 4 0.30-0.37 = 0.60-0.90 @ 0.10-0.40 | 0.035 & 0.020- 0.90-1.20
0.040
SAE J404 JANO9 Grade 5132 G51320  --- 0.30-0.35 0.60-0.80 0.15-0.35 = 0.030 0.040 = 0.75-1.00 0.25 0.06 Cu 0.35
ASME SA-29/SA-29M Grade 5135 G51350  --- 0.33-0.38 ' 0.60-0.80 = 0.15-0.35 @ 0.035 0.040 @ 0.80-1.05
ASTM A29/A29M-12e1 Grade 5135 G51350  --- 0.33-0.38 ' 0.60-0.80 0.15-0.35 = 0.035 0.040 = 0.80-1.05
ASTM A322-13 Grade 5135 G51350  --- 0.33-0.38 ' 0.60-0.80 0.15-0.35 = 0.035 0.040 = 0.80-1.05
EN 10083-3:2006 C1:2008  37Cr4 1.7034 | 0.34-0.41 = 0.60-0.90 0.40 0.025 0.035 = 0.90-1.20
37CrS4 1.7038 | 0.34-0.41 = 0.60-0.90 0.40 0.025 = 0.020- @ 0.90-1.20
0.040
GB/T 3077-1999 Grade 35Cr 0.32-0.39 0.50-0.80 0.17-0.37 @ 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 35Cr 0.32-0.39 0.50-0.80 0.17-0.37 = 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
ISO 683-1:1987 Grade 37 Cr 4 0.34-0.41  0.60-0.90 @ 0.10-0.40 | 0.035 0.035 = 0.90-1.20
Grade 37 CrS 4 0.34-0.41 = 0.60-0.90 @ 0.10-0.40 | 0.035 & 0.020- 0.90-1.20
0.040
JIS G 4053:2008 Symbol SCr435 0.33-0.38 = 0.60-0.90 0.15-0.35 = 0.030 0.030 = 0.90-1.20 0.25 Cu 0.30
ASME SA-29/SA-29M Grade 5140 G51400 - 0.38-0.43  0.70-0.90 0.15-0.35 @ 0.035 0.040 @ 0.70-0.90
ASTM A29/A29M-12e1 Grade 5140 G51400 - 0.38-0.43  0.70-0.90 0.15-0.35 @ 0.035 0.040 = 0.70-0.90
ASTM A322-13 Grade 5140 G51400  --- 0.38-0.43 ' 0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.70-0.90
EN 10083-3:2006 C1:2008  41Cr4 1.7035  0.38-0.45 @ 0.60-0.90 0.40 0.025 0.035 = 0.90-1.20
41CrS4 1.7039 | 0.38-0.45 @ 0.60-0.90 0.40 0.025 = 0.020- @ 0.90-1.20
0.040
GB/T 3077-1999 Grade 40Cr 0.37-0.44 0.50-0.80 0.17-0.37 = 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 40Cr 0.34-0.42 | 0.50-0.80 0.20 0.035 0.035 = 0.80-1.10
GB 5216-85 Grade 40CrH 0.37-0.44  0.50-0.85 0.17-0.37 | 0.035 0.085 = 0.70-1.10 0.30 Cu 0.30
GB 13791-92 Grade 40Cr 0.37-0.44  0.50-0.80 @ 0.17-0.37 | 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
ISO 683-1:1987 Grade 41 Cr 4 0.38-0.45 0.60-0.90 @ 0.10-0.40 | 0.035 0.035 = 0.90-1.20
Grade 41 CrS 4 0.38-0.45 | 0.60-0.90 0.10-0.40 0.035 | 0.020- | 0.90-1.20
0.040
IS G 4053:2008 Symbol SCr440 0.38-0.43 = 0.60-0.90 0.15-0.35 @ 0.030 0.030 @ 0.90-1.20 0.25 Cu 0.30
SAE J404 JANO9 Grade 5140 G51400  --- 0.38-0.43 0.70-0.90 0.15-0.35 = 0.030 0.040 = 0.70-0.90 0.25 0.06 Cu 0.35

Handbook of Comparative World Steel Standards



2.3 Chemical Composition of Alloy Steels for General Use (Continued)

2.3.1 Chromium (Cr) Steels (Continued)

Chapter 2

Carbon and Alloy Steels for General Use

38

UNS | Steel Weight, %max, Unless Otherwise Specified

Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo Others
ASME SA-29/SA-29M Grade 5145 G51450  --- 0.43-0.48  0.70-0.90 0.15-0.35 0.035 0.040 = 0.70-0.90
ASTM A29/A29M-12e1 Grade 5145 G51450  --- 0.43-0.48  0.70-0.90 0.15-0.35  0.035 0.040 = 0.70-0.90
GB 5216-85 Grade 45CrH 0.42-0.49 0.50-0.85 0.17-0.37 @ 0.035 0.035 @ 0.70-1.10 0.30 Cu 0.30
GB/T 3077-1999 Grade 45Cr 0.42-0.49 0.50-0.80 @ 0.17-0.37 | 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
GB/T 3078-94 Grade 45Cr 0.42-0.49 = 0.50-0.80 @ 0.17-0.37 | 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
JIS G 4053:2008 Symbol SCr445 0.43-0.48 = 0.60-0.90 0.15-0.35 = 0.030 0.030 = 0.90-1.20 0.25 Cu 0.30
ASTM A29/A29M-12e1 Grade 5150 G51500  --- 0.48-0.53 = 0.70-0.90 0.15-0.35 @ 0.035 0.040 = 0.70-0.90
ASTM A322-13 Grade 5150 G51500  --- 0.48-0.53 0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.70-0.90
GB/T 3077-1999 Grade 50Cr 0.47-0.54 0.50-0.80 @ 0.17-0.37 | 0.035 0.035 = 0.80-1.10 0.30 0.15 Cu 0.30
SAE J404 JANOQ Grade 5150 G51500 - 0.48-0.53 = 0.70-0.90 @ 0.15-0.35 | 0.030 0.040 = 0.70-0.90 0.25 0.06 Cu 0.35
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UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S Cr Ni | Mo Others
ASME SA-29/SA-29M Grade 4118 G41180  --- 0.18-0.23 = 0.70-0.90 0.15-0.35 @ 0.035 0.040 = 0.40-0.60 0.08-0.15
Grade 4120 G41200  --- 0.18-0.23  0.90-1.20 0.15-0.35 @ 0.035 0.040 = 0.40-0.60 0.13-0.20
Grade 4121 G41210 - 0.18-0.23  0.75-1.00 0.15-0.35 @ 0.035 0.040 = 0.45-0.65 0.20-0.30
ASTM A29/A29M-12e1 Grade 4118 G41180  --- 0.18-0.23 ' 0.70-0.90 0.15-0.35 @ 0.035 0.040 = 0.40-0.60 0.08-0.15
Grade 4120 G41200  --- 0.18-0.23 ' 0.90-1.20 @ 0.15-0.35 | 0.035 0.040 = 0.40-0.60 0.13-0.20
Grade 4121 G41210 - 0.18-0.23 0.75-1.00 0.15-0.35 @ 0.035 0.040 = 0.45-0.65 0.20-0.30
ASTM A322-13 Grade 4118 G41180  --- 0.18-0.23  0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.40-0.60 0.08-0.15
Grade 4120 G41200 - 0.18-0.23 ' 0.90-1.20 @ 0.15-0.35 | 0.035 0.040 = 0.40-0.60 0.13-0.20
Grade 4121 G41210 - 0.18-0.23 ' 0.75-1.00 0.15-0.35 | 0.035 0.040 @ 0.45-0.65 0.20-0.30
EN 10084:2008 18CrMo4 1.7243 0.15-0.21  0.60-0.90 0.40 0.025 0.035 = 0.90-1.20 0.15-0.25
18CrMoS4 1.7244 | 0.15-0.21 = 0.60-0.90 0.40 0.025 = 0.020- @ 0.90-1.20 0.15-0.25
0.040
20MoCrS3 1.7319 0.17-0.23  0.60-0.90 0.40 0.025 = 0.020- @ 0.40-0.70 0.30-0.40
0.040
20MoCr3 1.7320 0.17-0.23 @ 0.60-0.90 0.40 0.025 0.035 = 0.40-0.70 0.30-0.40
20MoCr4 1.7321 0.17-0.23 0.70-1.00 0.40 0.025 0.035 = 0.30-0.60 0.40-0.50
20MoCrS4 1.7323 0.17-0.23 = 0.70-1.00 0.40 0.025 = 0.020- = 0.30-0.60 0.40-0.50
0.040
22CrMoS3-5 1.7333 0.19-0.24 0.70-1.00 0.40 0.025 = 0.020- @ 0.70-1.00 0.40-0.50
0.040
GB/T 3077-1999 Grade 20CrMnMo 0.17-0.23  0.90-1.20 0.17-0.37 = 0.035 0.035 1.10-1.40 0.30 0.20-0.30 Cu 0.30
Grade 20CrMo 0.17-0.24 = 0.40-0.70 0.17-0.37 = 0.035 0.035 @ 0.80-1.10 0.30 0.15-0.25 Cu 0.30
GB/T 3078-94 Grade 20CrMnMo 0.17-0.23 ' 0.90-1.20 = 0.17-0.37 = 0.035 0.035 1.10-1.40 0.30 0.20-0.30 Cu 0.30
Grade 20CrMo 0.17-0.24 = 0.40-0.70 = 0.17-0.37 = 0.035 0.035 = 0.80-1.10 0.30 0.15-0.25 Cu 0.30
GB 5216-85 Grade 20CrMnMoH 0.17-0.23 = 0.85-1.20 0.17-0.37 = 0.035 0.035 1.05-1.40 0.30 0.20-0.30 Cu 0.30
GB 13791-92 Grade 20CrMo(A) 0.17-0.24  0.40-0.70 0.17-0.37 = 0.025 0.025 = 0.80-1.10 0.30 0.15-0.25 Cu0.25
ISO 683-11:1987 Type 18 CrMo 4 0.15-0.21 | 0.60-0.90 0.15-0.40  0.035 0.035 = 0.90-1.20 0.15-0.25
Type 18 CrMoS 4 0.15-0.21 = 0.60-0.90 @ 0.15-0.40 | 0.035 & 0.020- @ 0.90-1.20 0.15-0.25
0.040
IS G 4053:2008 Symbol SCM418 0.16-0.21 = 0.60-0.90 = 0.15-0.35 @ 0.030 0.030 = 0.90-1.20 0.25 0.15-0.25 Cu 0.30
Symbol SCM420 0.18-0.23 ' 0.60-0.90 = 0.15-0.35 = 0.030 0.030 = 0.90-1.20 0.25 0.15-0.25 Cu 0.30
Symbol SCM421 0.17-0.23 ' 0.70-1.00 = 0.15-0.35 = 0.030 0.030 @ 0.90-1.20 0.25 0.15-0.25 Cu 0.30
Symbol SCM822 0.20-0.25 @ 0.60-0.90 0.15-0.35 @ 0.030 0.030 = 0.90-1.20 0.25 0.35-0.45 Cu 0.30
SAE J404 JANO9 Grade 4118 G41180  --- 0.18-0.23  0.70-0.90 0.15-0.35 @ 0.030 0.040 = 0.40-0.60 0.25 0.08-0.15 Cu 0.35
Grade 4120 G41200 - 0.18-0.23 = 0.90-1.20 = 0.15-0.35 | 0.030 0.040 = 0.40-0.60 0.25 0.13-0.20 Cu 0.35
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UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C Mn | Si | P | S Cr Ni | Mo | Others
ASME SA-29/SA-29M Grade 4130 G41300  --- 0.28-0.33 = 0.40-0.60 @ 0.15-0.35 @ 0.035 0.040 = 0.80-1.10 0.15-0.25
ASTM A29/A29M-12e1 Grade 4130 G41300  --- 0.28-0.33 = 0.40-0.60 @ 0.15-0.35  0.035 0.040 = 0.80-1.10 0.15-0.25
ASTM A322-13 Grade 4130 G41300  --- 0.28-0.33 = 0.40-0.60 0.15-0.35 @ 0.035 0.040 = 0.80-1.10 0.15-0.25
EN 10083-3:2006 C1:2008  25CrMoS4 1.7213  0.22-0.29 @ 0.60-0.90 0.40 0.025 = 0.020- = 0.90-1.20 0.15-0.30
0.040
25CrMo4 1.7218 | 0.22-0.29 = 0.60-0.90 0.40 0.025 0.035 = 0.90-1.20 0.15-0.30
GB/T 3077-1999 Grade 30CrMo 0.26-0.34 = 0.40-0.70 0.17-0.37 = 0.035 0.035 @ 0.80-1.10 0.30 0.15-0.25 Cu 0.30
Grade 30CrMoA 0.26-0.33 ' 0.40-0.70 = 0.17-0.37 = 0.025 0.025 @ 0.80-1.10 0.30 0.15-0.25 Cu 0.25
GB/T 3078-94 Grade 30CrMo 0.26-0.34 = 0.40-0.70 0.17-0.37 = 0.035 0.035 = 0.80-1.10 0.30 0.15-0.25 Cu 0.30
1ISO 683-1:1987 Grade 25 CrMo 4 0.22-0.29 0.60-0.90 0.10-0.40 @ 0.035 0.035 = 0.90-1.20 0.15-0.30
Grade 25 CrMoS 4 0.22-0.29 | 0.60-0.90 0.10-0.40 @ 0.085 | 0.020- | 0.90-1.20 0.15-0.30
0.040
UIS G 4053:2008 Symbol SCM425 0.23-0.28 = 0.60-0.90 0.15-0.35 @ 0.030 0.030 = 0.90-1.20 0.25 0.15-0.30 Cu 0.30
Symbol SCM430 0.28-0.33 ' 0.60-0.90 @ 0.15-0.35 @ 0.030 0.030 = 0.90-1.20 0.25 0.15-0.30 Cu 0.30
Symbol SCM432 0.27-0.37 ' 0.30-0.60 = 0.15-0.35 = 0.030 0.030 1.00-1.50 0.25 0.15-0.30 Cu 0.30
SAE J404 JANOQ Grade 4130 G41300 - 0.28-0.33 = 0.40-0.60 = 0.15-0.35 | 0.030 0.040 = 0.80-1.10 0.25 0.15-0.25 Cu 0.35
ASME SA-29/SA-29M Grade 4137 G41370 - 0.35-0.40  0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.80-1.10 0.15-0.25
ASTM A29/A29M-12e1 Grade 4137 G41370  --- 0.35-0.40 = 0.70-0.90 0.15-0.35 @ 0.035 0.040 = 0.80-1.10 0.15-0.25
ASTM A322-13 Grade 4137 G41370  --- 0.35-0.40 0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.80-1.10 0.15-0.25
EN 10083-3:2006 C1:2008  34CrMo4 1.7220 0.30-0.37 0.60-0.90 0.40 0.025 0.035 = 0.90-1.20 0.15-0.30
34CrMoS4 1.7226 0.30-0.37  0.60-0.90 0.40 0.025 = 0.020- = 0.90-1.20 0.15-0.30
0.040
GB 13791-92 Grade 35CrMo(A) 0.32-0.40 0.40-0.70 0.17-0.37 = 0.025 0.025 = 0.80-1.10 0.30 0.15-0.25 Cu0.25
GB/T 3077-1999 Grade 35CrMo 0.32-0.40 = 0.40-0.70 0.17-0.37 = 0.035 0.035 @ 0.80-1.10 0.30 0.15-0.25 Cu 0.30
GB/T 3078-94 Grade 35CrMo 0.32-0.40 = 0.40-0.70 0.17-0.37 = 0.035 0.035 = 0.80-1.10 0.30 0.15-0.25 Cu 0.30
1ISO 683-1:1987 Grade 34 CrMo 4 0.30-0.37 0.60-0.90 0.10-0.40 @ 0.035 0.035 = 0.90-1.20 0.15-0.30
Grade 34 CrMoS 4 0.30-0.37 | 0.60-0.90 0.10-0.40 @ 0.035 | 0.020- | 0.90-1.20 0.15-0.30
0.040
IS G 4053:2008 Symbol SCM435 0.33-0.38 = 0.60-0.90 0.15-0.35 = 0.030 0.030 = 0.90-1.20 0.25 0.15-0.30 Cu 0.30
SAE J404 JANO9 Grade 4137 G41370  --- 0.35-0.40 0.70-0.90 0.15-0.35 = 0.030 0.040 = 0.80-1.10 0.25 0.15-0.25 Cu 0.35
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UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C Mn | Si | P | S Cr Ni | Mo Others
ASME SA-29/SA-29M Grade 4140 G41400  --- 0.38-0.43 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A29/A29M-12e1 Grade 4140 G41400  --- 0.38-0.43 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A322-13 Grade 4140 G41400  --- 0.38-0.43  0.75-1.00 0.15-0.35 | 0.035 0.040 0.80-1.10 0.15-0.25
EN 10083-3:2006 C1:2008  42CrMo4 1.7225 0.38-0.45 | 0.60-0.90 0.40 0.025 0.035 0.90-1.20 0.15-0.30
42CrMoS4 1.7227 0.38-0.45 | 0.60-0.90 0.40 0.025 = 0.020- @ 0.90-1.20 0.15-0.30
0.040
GB/T 3077-1999 Grade 42CrMo 0.38-0.45 0.50-0.80 0.17-0.37 = 0.035 0.035 0.90-1.20 0.30 0.15-0.25 Cu 0.30
GB/T 3078-94 Grade 42CrMo 0.38-0.45 0.50-0.80 0.17-0.37 = 0.035 0.035 0.90-1.20 0.30 0.15-0.25 Cu 0.30
1ISO 683-1:1987 Grade 42 CrMo 4 0.38-0.45 0.60-0.90 @ 0.10-0.40 | 0.035 0.035 0.90-1.20 0.15-0.30
Grade 42 CrMoS 4 0.38-0.45 0.60-0.90 0.10-0.40 | 0.035 | 0.020- | 0.90-1.20 0.15-0.30
0.040
IS G 4053:2008 Symbol SCM440 0.38-0.43 = 0.60-0.90 0.15-0.35 = 0.030 0.030 0.90-1.20 0.25 0.15-0.30 Cu 0.30
SAE J404 JANO9 Grade 4140 G41400  --- 0.38-0.43 = 0.75-1.00 0.15-0.35 | 0.030 0.040 0.80-1.10 0.25 0.15-0.25 Cu 0.35
ASME SA-29/SA-29M Grade 4145 G41450  --- 0.43-0.48 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A29/A29M-12e1 Grade 4145 G41450  --- 0.43-0.48 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A322-13 Grade 4145 G41450  --- 0.43-0.48  0.75-1.00 0.15-0.35 | 0.035 0.040 0.80-1.10 0.15-0.25
JIS G 4053:2008 Symbol SCM445 0.43-0.48 = 0.60-0.90 0.15-0.35 = 0.030 0.030 0.90-1.20 0.25 0.15-0.30 Cu 0.30
SAE J404 JANO9 Grade 4145 G41450  --- 0.43-0.48 0.75-1.00 0.15-0.35 | 0.030 0.040 0.80-1.10 0.25 0.15-0.25 Cu 0.35
ASME SA-29/SA-29M Grade 4150 G41500  --- 0.48-0.53 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A29/A29M-12e1 Grade 4150 G41500  --- 0.48-0.53 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A322-13 Grade 4150 G41500  --- 0.48-0.53 ' 0.75-1.00 0.15-0.35 = 0.035 0.040 0.80-1.10 0.15-0.25
EN 10083-3:2006 C1:2008  50CrMo4 1.7228 0.46-0.54 | 0.50-0.80 0.40 0.025 0.035 0.90-1.20 0.15-0.30
1ISO 683-1:1987 Grade 50 CrMo 4 0.46-0.54 @ 0.50-0.80 0.10-0.40 | 0.035 0.035 0.90-1.20 0.15-0.30
JIS G 7105:2000 Type 50CrMo4 0.46-0.54 0.50-0.80 0.10-0.40 | 0.035 0.035 0.90-1.20 0.15-0.30
SAE J404 JANO9 Grade 4150 G41500  --- 0.48-0.53 = 0.75-1.00 0.15-0.35 | 0.030 0.040 0.80-1.10 0.25 0.15-0.25 Cu 0.35
2.3.3 Chromium-Nickel (Cr-Ni) Steels
UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn | Si | P S Cr Ni Mo Others
EN 10084:2008 15NiCr13 1.5752  0.14-0.20 = 0.40-0.70 0.40 0.025 0.035 0.60-0.90 = 3.00-3.50
GB/T 3077-1999 Grade 12CrNi3 0.10-0.17 ' 0.30-0.60 @ 0.17-0.37 = 0.035 0.035 0.60-0.90 2.75-3.15
1ISO 683-11:1987 Type 15 NiCr 13 0.12-0.18 = 0.35-0.65 0.15-0.40 | 0.035 0.035 0.60-0.90 = 3.00-3.50
JIS G 4053:2008 Symbol SNC815 0.12-0.18 = 0.35-0.65 = 0.15-0.35 = 0.030 0.030 0.60-1.00 = 3.00-3.50 Cu 0.30
GB/T 3077-1999 Grade 30CrNi3 0.27-0.33 = 0.30-0.60 0.17-0.37 0.60-0.90 @ 2.75-3.15
JIS G 4053:2008 Symbol SNC631 0.27-0.35 0.35-0.65 = 0.15-0.35 = 0.030 0.030 0.60-1.00 = 2.50-3.00 Cu 0.30

Handbook of Comparative World Steel Standards




Chapter2  Carbon and Alloy Steels for General Use 42
2.3 Chemical Composition of Alloy Steels for General Use (Continued)

2.3.4 Nickel-Chromium-Molybdenum (Ni-Cr-Mo) Steels

UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others
ISO 683-11:1987 Type 17 NiCrMo 6 0.14-0.20 = 0.60-0.90 @ 0.15-0.40 @ 0.035 0.035 @ 0.80-1.10  1.20-1.60 | 0.15-0.25
JIS G 4053:2008 Symbol SNCM415 0.12-0.18 = 0.40-0.70  0.15-0.35 = 0.030 0.030 | 0.40-0.60 @ 1.60-2.00 = 0.15-0.30 Cu 0.30
ASME SA-29/SA-29M Grade 4320 G43200  --- 0.17-0.22 = 0.45-0.65 0.15-0.35  0.035 0.040 = 0.40-0.60 1.65-2.00 | 0.20-0.30
ASTM A29/A29M-12e1 Grade 4320 G43200 - 0.17-0.22 = 0.45-0.65 0.15-0.35  0.035 0.040 = 0.40-0.60 @ 1.65-2.00 @ 0.20-0.30
ASTM A322-13 Grade 4320 G43200 - 0.17-0.22 ' 0.45-0.65 0.15-0.35 = 0.035 0.040 = 0.40-0.60 @ 1.65-2.00 @ 0.20-0.30
EN 10084:2008 20NiCrMoS6-4 1.6571  0.16-0.23 = 0.50-0.90 0.40 0.025 = 0.020- @ 0.60-0.90 | 1.40-1.70 @ 0.25-0.35
0.040
GB/T 3077-1999 Grade 20CrNiMo 0.17-0.23 = 0.60-0.95 0.17-0.37 = 0.035 0.035 = 0.40-0.70 & 0.35-0.75 @ 0.20-0.30
IS G 4053:2008 Symbol SNCM420 0.17-0.23 ' 0.40-0.70 = 0.15-0.35 = 0.030 0.030  0.40-0.60 @ 1.60-2.00 @ 0.15-0.30 Cu 0.30
SAE J404 JANO9 Grade 4320 G43200  --- 0.17-0.22  0.45-0.65 0.15-0.35 = 0.030 0.040 = 0.40-0.60 = 1.65-2.00 | 0.20-0.30 Cu 0.35
ASME SA-29/SA-29M Grade 4340 G43400  --- 0.38-0.43 = 0.60-0.80 0.15-0.35 0.035 0.040 = 0.70-0.90 1.65-2.00 | 0.20-0.30
Grade E4340 G43406  --- 0.38-0.43 0.65-0.85 0.15-0.35 @ 0.025 0.025 = 0.70-0.90 1.65-2.00 | 0.20-0.30
ASTM A29/A29M-12e1 Grade 4340 G43400 - 0.38-0.43 = 0.60-0.80 0.15-0.35 = 0.035 0.040 = 0.70-0.90 @ 1.65-2.00 @ 0.20-0.30
Grade E4340 G43406 - 0.38-0.43 = 0.65-0.85 0.15-0.35 = 0.025 0.025 = 0.70-0.90 @ 1.65-2.00 @ 0.20-0.30
ASTM A322-13 Grade 4340 G43400  --- 0.38-0.43 0.60-0.80 0.15-0.35 @ 0.035 0.040 = 0.70-0.90 1.65-2.00 | 0.20-0.30
Grade E4340 G43406  --- 0.38-0.43 0.65-0.85 0.15-0.35 @ 0.025 0.025 @ 0.70-0.90 1.65-2.00 | 0.20-0.30
GB/T 3077-1999 Grade 40CrNiMoA 0.37-0.44 = 0.50-0.80 @ 0.17-0.37 = 0.025 0.025 @ 0.60-0.90 1.25-1.65 | 0.15-0.25 Cu 0.25
GB/T 3078-94 Grade 40CrNiMoA 0.37-0.44 = 0.50-0.80 = 0.17-0.37 = 0.025 0.025 = 0.60-0.90 @ 1.25-1.65 0.15-0.25 Cu 0.25
IS G 4053:2008 Symbol SNCM439 0.36-0.43 = 0.60-0.90 0.15-0.35 = 0.030 0.030 0.60-1.00 @ 1.60-2.00 @ 0.15-0.30 Cu 0.30
SAE J404 JANO9 Grade 4340 G43400  --- 0.38-0.43 0.60-0.80 0.15-0.35 @ 0.030 0.040 = 0.70-0.90 1.65-2.00 | 0.20-0.30 Cu 0.35
Grade E4340 G43406 - 0.38-0.43 0.65-0.85 0.15-0.35 @ 0.025 0.025 = 0.70-0.90  1.65-2.00 | 0.20-0.30 Cu 0.35
ASME SA-29/SA-29M Grade 8620 G86200  --- 0.18-0.23 = 0.70-0.90 @ 0.15-0.35  0.035 0.040 = 0.40-0.60 @ 0.40-0.70 | 0.15-0.25
ASTM A29/A29M-12e1 Grade 8620 G86200  --- 0.18-0.23 ' 0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.40-0.60 @ 0.40-0.70 @ 0.15-0.25
ASTM A322-13 Grade 8620 G86200  --- 0.18-0.23 | 0.70-0.90 0.15-0.35 = 0.035 0.04 0.40-0.60 = 0.40-0.70 = 0.15-0.25
EN 10084:2008 20NiCrMo2-2 1.6523 0.17-0.23 | 0.65-0.95 0.40 0.025 0.035 = 0.35-0.70 @ 0.40-0.70 | 0.15-0.25
20NiCrMoS2-2 1.6526 0.17-0.23 | 0.65-0.95 0.40 0.025 = 0.020- 0.35-0.70 @ 0.40-0.70 | 0.15-0.25
0.040
GB 5216-85 Grade 20CrNiMoH 0.17-0.23 ' 0.60-0.95 0.17-0.37 = 0.035 0.085 = 0.35-0.65 @ 0.35-0.75 @ 0.15-0.25 Cu 0.30
ISO 683-11:1987 Type 20 NiCrMo 2 0.17-0.23 = 0.65-0.95 0.15-0.4 0.035 0.035 = 0.30-0.65 @ 0.40-0.70 | 0.15-0.25
Type 20 NiCrMoS 2 0.17-0.23 = 0.65-0.95 0.15-0.4 0.035 = 0.020- 0.30-0.65 0.40-0.70 | 0.15-0.25
0.040
JIS G 4053:2008 Symbol SNCM220 0.17-0.23 = 0.60-0.90 @ 0.15-0.35 @ 0.030 0.030 | 0.40-0.60 @ 0.40-0.70 @ 0.15-0.25 Cu 0.30
SAE J404 JANO9 Grade 8620 G86200  --- 0.18-0.23 = 0.70-0.90 0.15-0.35 = 0.030 0.040 = 0.40-0.60 = 0.40-0.70 | 0.15-0.25 Cu 0.35
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr | Ni | Mo Others
ASME SA-29/SA-29M Grade 8640 G86400  --- 0.38-0.43 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.40-0.60 = 0.40-0.70 = 0.15-0.25
ASTM A29/A29M-12e1 Grade 8640 G86400  --- 0.38-0.43 0.75-1.00 0.15-0.35 @ 0.035 0.040 0.40-0.60 = 0.40-0.70 = 0.15-0.25
ASTM A322-13 Grade 8640 G86400  --- 0.38-0.43 ' 0.75-1.00 0.15-0.35 = 0.035 0.040 0.40-0.60 = 0.40-0.70 @ 0.15-0.25
ISO 683-1:1987 Grade 41 CrNiMo 2 0.37-0.44 = 0.70-1.00 0.10-0.40 = 0.035 0.035 0.40-0.60 = 0.40-0.70 = 0.15-0.30
Grade 41 CrNiMoS 2 0.37-0.44 0.70-1.00 0.10-0.40 0.035 @ 0.020- @ 0.40-0.60 @ 0.40-0.70 = 0.15-0.30
0.040
IS G 4053:2008 Symbol SNCM240 0.38-0.43  0.70-1.00 0.15-0.35 = 0.030 0.030 0.40-0.60 = 0.40-0.70 = 0.15-0.30 Cu 0.30
SAE J404 JANOQ Grade 8640 G86400  --- 0.38-0.43 = 0.75-1.00 @ 0.15-0.35 | 0.030 0.040 0.40-0.60 = 0.40-0.70 = 0.15-0.25 Cu 0.35
ASME SA-29/SA-29M Grade E9310 G93106  --- 0.08-0.13 = 0.45-0.65 @ 0.15-0.30 @ 0.025 0.025 1.00-1.40 | 3.00-3.50 | 0.08-0.15
ASTM A29/A29M-12e1 Grade E9310 G93106  --- 0.08-0.13 = 0.45-0.65 0.15-0.30 @ 0.025 0.025 1.00-1.40 | 3.00-3.50 | 0.08-0.15
EN 10084:2008 14NiCrMo13-4 1.6657 0.11-0.17 = 0.30-0.60 0.40 0.025 0.035 0.80-1.10 = 3.00-3.50 = 0.20-0.30
2.3.5 Chromium-Molybdenum-Aluminum (Cr-Mo-Al) Steels
UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P S Cr Ni Mo Others
ASTM A355-89 (2012) Class A K24065  --- 0.38-0.43  0.50-0.70 = 0.15-0.35 @ 0.035 0.040 1.40-1.80 0.30-0.40 Al 0.95-1.30
EN 10085:2001 32CrAIMo7-10 1.8505 0.28-0.35 0.40-0.70 0.40 0.025 0.035 1.50-1.80 0.20-0.40 Al 0.80-1.20
34CrAIMo5-10 1.8507 0.30-0.37 | 0.40-0.70 0.40 0.025 0.035 1.00-1.30 0.15-0.25 Al 0.80-1.20
41CrAIMo7-10 1.8509 0.38-0.45 | 0.40-0.70 0.40 0.025 0.035 1.50-1.80 0.20-0.35 Al 0.80-1.20
34CrAINi7-10 1.8550 0.30-0.37 @ 0.40-0.70 0.40 0.025 0.035 1.50-1.80 0.85-1.15 @ 0.15-0.25 Al 0.80-1.20
GB/T 3077-1999 Grade 38CrMoAl 0.35-0.42 = 0.30-0.60 0.20-0.45 0.035 0.035 1.35-1.65 0.30 0.15-0.25 Al 0.70-1.10; Cu 0.30
GB/T 3078-94 Grade 38CrMoAIA 0.35-0.42 0.30-0.60 @ 0.20-0.45 @ 0.025 0.025 1.35-1.65 0.30 0.15-0.25 Al 0.70-1.10; Cu 0.25
1ISO 683-10:1987 Type 41 CrAIMo 74 0.38-0.45 @ 0.50-0.80 0.50 0.030 0.035 1.50-1.80 0.15-0.30 Al 0.8-1.20
JIS G 4053:2008 Symbol SACM645 0.40-0.50 0.60 0.15-0.50 = 0.030 0.030 1.30-1.70 0.25 0.15-0.30 Al 0.70-1.20; Cu 0.30
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2.3 Chemical Composition of Alloy Steels for General Use (Continued)

2.3.6 Boron (B) Steels

UNS | Steel Weight, %emax, Unless Otherwise Specified

Specification Designation No. No. C | Mn | Si | P | S | Cr | Ni | Mo | Others
ASTM A29/A29M-12e1 Grade 10B18 G10181  --- 0.15-0.20 | 0.60-0.90 0.040 0.050 B 0.0005-0.003
EN 10263-3:2001 C1:2001  Grade 18B2 1.5503 | 0.16-0.20 = 0.60-0.80 0.30 0.025 0.025 B 0.0008-0.005; Cu 0.25
EN 10263-4:2001 C2:2003  Grade 17B2 1.5502 0.15-0.20 0.60-0.90 0.30 0.025 0.025 0.30 B 0.0008-0.005; Cu 0.25
SAE J403 JUN14 Grade 10B18 G10181 - 0.15-0.20 = 0.60-0.90 0.040 0.050 -- B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 10B23 G10231 - 0.20-0.25 = 0.30-0.60 0.040 0.050 B 0.0005-0.003
EN 10263-4:2001 C2:2003  Grade 23B2 1.5508 = 0.20-0.25 @ 0.60-0.90 0.30 0.025 0.025 0.30 B 0.0008-0.005; Cu 0.25
SAE J403 JUN14 Grade 10B23 G10231  --- 0.20-0.25 | 0.30-0.60 0.040 0.050 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 10B29 G10291  --- 0.25-0.31 | 0.60-0.90 0.040 0.050 B 0.0005-0.003
EN 10263-4:2001 C2:2003  Grade 28B2 1.5510 0.25-0.30 @ 0.60-0.90 0.30 0.025 0.025 0.30 B 0.0008-0.005; Cu 0.25
SAE J403 JUN14 Grade 10B29 G10291  --- 0.25-0.31 = 0.60-0.90 0.040 0.050 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 10B30 G10301 - 0.28-0.34 = 0.60-0.90 0.040 0.050 B0.0005-0.003
EN 10263-4:2001 C2:2003  Grade 33B2 1.5514 | 0.30-0.35 @ 0.60-0.90 0.30 0.025 0.025 0.30 B 0.0008-0.005; Cu 0.25
SAE J403 JUN14 Grade 10B30 G10301  --- 0.28-0.34 | 0.60-0.90 0.040 0.050 B0.0005-0.003
ASTM A29/A29M-12e1 Grade 10B38 G10381  --- 0.35-0.42 | 0.60-0.90 0.040 0.050 B 0.0005-0.003
EN 10263-4:2001 C2:2003  Grade 38B2 1.5515 0.35-0.40 0.60-0.90 0.15-0.30 @ 0.025 0.025 0.30 B 0.0008-0.005; Cu 0.25
EN 10269:2013 Grade 35B2 1.5511 0.32-0.39  0.50-0.80 0.40 0.030 0.015 B 0.0008-0.0050; Al 0.020 min.
SAE J403 JUN14 Grade 10B38 G10381  --- 0.35-0.42 | 0.60-0.90 0.040 0.050 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 10B40 G10401  --- 0.37-0.44 | 0.60-0.90 0.040 0.050 B 0.0005-0.003
GB/T 3077-1999 Grade 40B 0.37-0.44 0.60-0.90 0.17-0.37 = 0.035 0.035 0.30 0.30 0.15 B 0.0005-0.0035; Cu 0.30
GB/T 3078-94 Grade 40B 0.37-0.44  0.60-0.90 @ 0.17-0.37 | 0.035 0.035 0.30 0.30 0.15 B 0.0005-0.0035; Cu 0.30
SAE J403 JUN14 Grade 10B40 G10401  --- 0.37-0.44 = 0.60-0.90 0.040 0.050 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 10B45 G10451 - 0.43-0.50 = 0.60-0.90 0.040 0.050 B 0.0005-0.003
GB/T 3077-1999 Grade 45B 0.42-0.49 0.60-0.90 0.17-0.37 @ 0.035 0.035 0.30 0.30 0.15 B 0.0005-0.0035; Cu 0.30
GB/T 3078-94 Grade 45B 0.42-0.49 0.60-0.90 0.17-0.37 = 0.035 0.035 0.30 0.30 0.15 B 0.0005-0.0035; Cu 0.30
SAE J403 JUN14 Grade 10B45 G10451  --- 0.43-0.50 = 0.60-0.90 0.040 0.050 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 10B50 G10501 - 0.48-0.55 @ 0.60-0.90 0.040 0.050 B 0.0005-0.003
GB 13791-92 Grade 50B 0.47-0.55 0.60-0.90 0.17-0.37 @ 0.035 0.035 0.30 0.30 0.15 B 0.0005-0.0035; Cu 0.30
GB/T 3077-1999 Grade 50B 0.47-0.55 0.60-0.90 0.17-0.37 @ 0.035 0.035 0.30 0.30 0.15 B 0.0005-0.0035; Cu 0.30
GB/T 3078-94 Grade 50B 0.47-0.55 0.60-0.90 0.17-0.37 = 0.035 0.035 0.30 0.30 0.15 B 0.0005-0.0035; Cu 0.30
SAE J403 JUN14 Grade 10B50 G10501  --- 0.48-0.55 = 0.60-0.90 0.040 0.050 B 0.0005-0.0035
ASTM A29/A29M-12e1 Grade 15B22 G15221 - 0.18-0.24  1.10-1.40 0.040 0.050 B 0.0005-0.003
EN 10083-3:2006 C1:2008  Grade 20MnB5 1.5530 0.17-0.23 1.10-1.40 0.40 0.025 0.035 B 0.0008-0.0050
SAE J403 JUN14 Grade 15B22 G15221  --- 0.18-0.24 | 1.10-1.40 0.040 0.050 B 0.0005-0.003
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2.3.6 Boron (B) Steels (Continued)
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UNS | Steel Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr Ni | Mo Others
ASME SA-29/SA-29M Grade 50B44 G50441 - 0.43-0.48  0.75-1.00 0.15-0.35 @ 0.035 0.040 = 0.20-0.60 B 0.0005-0.003
Grade 50B46 G50461 - 0.44-0.49 = 0.75-1.00 0.15-0.35 = 0.035 0.040 @ 0.20-0.35 B 0.0005-0.003
Grade 50B50 G50501 - 0.48-0.53 ' 0.75-1.00 0.15-0.35 = 0.035 0.040 = 0.40-0.60 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 50B44 G50441 - 0.43-0.48 = 0.75-1.00 0.15-0.35 = 0.035 0.040 = 0.20-0.60 B 0.0005-0.003
Grade 50B46 G50461 - 0.44-0.49 = 0.75-1.00 0.15-0.35 0.035 0.040 = 0.20-0.35 B 0.0005-0.003
Grade 50B50 G50501 - 0.48-0.53 ' 0.75-1.00 0.15-0.35 = 0.035 0.040 = 0.40-0.60 B 0.0005-0.003
ASTM A322-13 Grade 50B44 G50441 - 0.43-0.48 0.75-1.00 0.15-0.35 | 0.035 0.040 = 0.20-0.60 B 0.0005-0.003
Grade 50B46 G50461 - 0.44-0.49 = 0.75-1.00 0.15-0.35  0.035 0.040 @ 0.20-0.35 B 0.0005-0.003
Grade 50B50 G50501 - 0.48-0.53 = 0.75-1.00 0.15-0.35  0.035 0.040 = 0.40-0.60 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 51B35 G51351 - 0.33-0.38 ' 0.60-0.80 0.15-0.35 = 0.035 0.040 = 0.80-1.05 B 0.0005-0.003
EN 10263-4:2001 C2:2003  Grade 36CrB4 1.7077 0.34-0.38  0.70-1.00 0.30 0.025 0.025 0.90-1.20 B 0.0008-0.005; Cu 0.25
ASME SA-29/SA-29M Grade 50B60 G50601 - 0.56-0.64 0.75-1.00 0.15-0.35 @ 0.035 0.040 = 0.40-0.60 B 0.0005-0.003
Grade 51B60 G51601 - 0.56-0.64 = 0.75-1.00 0.15-0.35 = 0.035 0.040 = 0.70-0.90 B 0.0005-0.003
ASTM A29/A29M-12e1 Grade 50B60 G50601 - 0.56-0.64 = 0.75-1.00 0.15-0.35 @ 0.035 0.040 = 0.40-0.60 B 0.0005-0.003
Grade 51B60 G51601 - 0.56-0.64 = 0.75-1.00 0.15-0.35 0.035 0.040 @ 0.70-0.90 B 0.0005-0.003
ASTM A322-13 Grade 50B60 G50601 - 0.56-0.64 = 0.75-1.00 0.15-0.35 | 0.035 0.040 = 0.40-0.60 B 0.0005-0.003
Grade 51B60 G51601 - 0.56-0.64 = 0.75-1.00 0.15-0.35  0.035 0.040 = 0.70-0.90 B 0.0005-0.003
SAE J404 JANO9 Grade 51B60 G51601 - 0.56-0.64 = 0.75-1.00 @ 0.15-0.35 | 0.030 0.040 = 0.70-0.90 0.25 0.06 B 0.0005-0.003; Cu 0.35
2.3.7 Chromium-Vanadium (Cr-V) Steels
UNS | Steel Weight, %max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P | S | Cr Ni | Mo Others
ASME SA-29/SA-29M Grade 6150 G61500  --- 0.48-0.53 ' 0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.80-1.10 V 0.15 min.
ASTM A29/A29M-12e1 Grade 6150 G61500 - 0.48-0.53 ' 0.70-0.90 0.15-0.35 = 0.035 0.040 = 0.80-1.10 V 0.15 min.
ASTM A322-13 Grade 6150 G61500 - 0.48-0.53 ' 0.70-0.90 @ 0.15-0.35 | 0.035 0.040 @ 0.80-1.10 V 0.15 min.
EN 10083-3:2006 C1:2008 51CrV4 1.8159 0.47-0.55 0.70-1.10 0.40 0.025 0.025 0.90-1.20 V 0.10-0.25
GB/T 3077-1999 Grade 50CrVA 0.47-0.54 0.50-0.80 @ 0.17-0.37 | 0.025 0.025 0.80-1.10 0.30 0.10 V 0.10-0.20
ISO 683-1:1987 Grade 51 CrV 4 0.47-0.50 = 0.60-1.00 0.10-0.40  0.035 0.035 0.80-1.10 V 0.10-0.25
SAE J404 JANO9 Grade 6150 G61500 - 0.48-0.53 = 0.70-0.90 = 0.15-0.35 | 0.030 0.040 0.80-1.10 0.25 0.06 V 0.15 min.; Cu 0.35
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ASME Standards

Structural Steel Plates — List of Standards

Chapter 3

ASME SA-36/SA-36M
ASME SA-283/SA-283M
ASME SA-572/SA-572M

ASME SA-1011/SA-1011M

Carbon Structural Steel

Low and Intermediate Tensile Strength Carbon Steel Plates

High-Strength Low-Alloy Columbium-Vanadium Structural Steel

Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with
Improved Formability, and Ultra-High Strength

ASTM Standards

ASTM A36/A36M-14

ASTM A242/A242M-13
ASTM A283/A283M-13
ASTM A514/A514M-14
ASTM A529/A529M-14
ASTM A572/A572M-15
ASTM A573/A573M-13

ASTM A588/A588M-15

ASTM A606/A606M-09a

ASTM A633/A633M-13
ASTM AB56/A656M-13
ASTM A709/A709M-13a
ASTM A710/A710M-02
(2013)

ASTM A871/A871M-14

ASTM A1011/A1011M-14

Carbon Structural Steel

High-Strength Low-Alloy Structural Steel

Low and Intermediate Tensile Strength Carbon Steel Plates

High-Yield-Strength, Quenched and Tempered Alloy Steel Plate, Suitable for Welding

High-Strength Carbon-Manganese Steel of Structural Quality

High-Strength Low-Alloy Columbium-Vanadium Structural Steel

Structural Carbon Steel Plates of Improved Toughness

High-Strength Low-Alloy Structural Steel, up to 50 ksi [345 MPa] Minimum Yield Point, with Atmospheric Corrosion
Resistance

Steel, Sheet and Strip, High-Strength, Low-Alloy, Hot-Rolled and Cold-Rolled, with Improved Atmospheric
Corrosion Resistance

Normalized High-Strength Low-Alloy Structural Steel Plates

Hot-Rolled Structural Steel, High-Strength Low-Alloy Plate with Improved Formability

Structural Steel for Bridges

Precipitation-Strengthened Low-Carbon Nickel-Copper-Chromium-Molybdenum-Columbium Alloy Structural Steel
Plates

High-Strength Low-Alloy Structural Steel Plate with Atmospheric Corrosion Resistance

Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with
Improved Formability, and Ultra-High Strength

CSA Standard

[cSA G40.21-13

Structural Quality Steel - Plates, Sheet, Floor Plates, Bars, and Welded Shapes

EN Standard

|EN 10025-2:2004

Hot rolled products of structural steels — Part 2: Technical delivery conditions for non-alloy structural steels

GB Standards

GB/T 16270-1996
GB/T 18982-2003

GB 700-88 Carbon Structural Steels

GB 711-88 Hot-Rolled Quality Carbon Structural Steel Plates and Wide Strips
GB 712-2000 Hull Structural Steel

GB/T 1591-94 High Strength Low Alloy Structural Steels

GB/T 3524-92 Hot-Rolled Carbon and Low Alloy Structural Steel Strips

GB 11251-89 Hot-Rolled Alloy Structural Steel Plates

High Strength Structural Steel Plates and Strips: Products Supplied in the Heat-Treated or Controlled Rolled
Condition
Corrosion Resistant Steel Plates and Strips for Container

ISO Standards

1ISO 630:1995 A1:2003
1ISO 4950-2:1995 A1:2003

1ISO 4950-3:1995 A1:2003

1ISO 4952:2006
1ISO 5952:2005

Structural Steels - Plates, Wide Flats, Bars, Sections and Profiles

High Yield Strength Flat Steel Products, Part 2: Products Supplied in the Normalized or Controlled Rolled
Condition

High Yield Strength Flat Steel Products — Part 3: Products Supplied in the Heat-Treated (Quenched + Tempered)
Condition

Structural Steels with Improved Atmospheric Corrosion Resistance - Second Edition

Continuously Hot-Rolled Steel Sheet of Structural Quality with Improved Atmospheric Corrosion Resistance
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JIS G 3106:2008
JIS G 3114:2008
JIS G 3125:2010
JIS G 3128:2009
JIS G 3136:2012

Rolled steels for general structure

Rolled steels for welded structure

Hot-rolled atmospheric corrosion resisting steels for welded structure
Superior atmospheric corrosion resisting rolled steels

High yield strength steel plates for welded structure

Rolled steels for building structure
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Structural Steel Plates — Heat Treatment Terms

Chapter 3

Heat Treatment Terms Applicable to this Chapter

Standard

Heat Treatment Terms

ASME SA-36/SA-36M
ASME SA-283/SA-283M
ASME SA-572/SA-572M
ASME SA-1011/SA-1011M
ASTM A36/A36M-14
ASTM A242/A242M-13
ASTM A283/A283M-13
ASTM A514/A514M-14
ASTM A529/A529M-14
ASTM A572/A572M-15
ASTM A573/A573M-13
ASTM A588/A588M-15

ASTM A606/A606M-09a

ASTM A633/A633M-13
ASTM AB56/A656M-13
ASTM A709/A709M-13a
ASTM A710/A710M-02
(2013)

ASTM A871/A871M-14
ASTM A1011/A1011M-14
CSA G40.21-13

EN 10025-2:2004

GB 700-88

GB 711-88

GB 712-2000

GB/T 1591-94

GB/T 3524-92

GB 11251-89

GB/T 16270-1996

GB/T 18982-2003

1ISO 630:1995 A1:2003
1ISO 4950-2:1995 A1:2003
1ISO 4950-3:1995 A1:2003
1ISO 4952:2006

1ISO 5952:2005

JIS G 3101:2010

JIS G 3106:2008

JIS G 3114:2008

JIS G 3125:2010

JIS G 3128:2009

JIS G 3136:2012

HR: hot-rolled
SR: stress relieved

QT: quenched and tempered; SR: stress relieved

HR: hot-rolled (as-rolled); CR: cold-rolled; A: annealed; N: normalized; HR+A: hot-rolled and annealed; HR+N: hot
rolled and normalized

N: normalized; NN: double normalized

HR: hot-rolled

QT: quenched and tempered; AR: as rolled; CtR: control rolled; TMCP: thermo-mechanical control processed;
PHT: precipitation heat treatment; N+PHT: normalized followed by precipitation heat treatment; Q+PHT: quenched
followed by precipitation heat treatment

N: normalized; QT: quenched and tempered; AR: as rolled

HR: hot-rolled

AR: as-rolled; QT: quenched and tempered; N: normalized; CtR: control rolled; SR: stress relieved; A: annealed;
N: normalized rolled; TMCP: thermos-mechanically rolled; AR: as rolled

HR: hot-rolled; CtR: control-rolled; N: normalized

HR: hot-rolled; N: normalized; A: annealed; T: tempered

N: normalized; TMCP: thermo-mechanically control processed; HR: hot-rolled; CtR: controlled-rolled;

QT: quenched and tempered

HR: hot-rolled; CtR: control rolled; N: normalized; NT: normalized and tempered; QT: quenched and tempered
HR: hot-rolled

A: annealed; N: normalized; NT: normalized and tempered; QT: quenched and tempered;

CtR: control rolled; N: normalized; QT: quenched and tempered; NT: normalized and tempered

HR: hot-rolled; CR: cold-rolled

AR: as rolled; N: normalized or equivalent (obtained by controlled rolling); BA: by agreement

N: normalized; NT: normalized and tempered; CtR: controlled rolled condition

QT: quenched and tempered

AR: as rolled; N: normalized or equivalent (obtained by controlled rolling)

HR: hot-rolled

HR: hot-rolled

N: normalized; QHT: quench-hardened and tempered; T: tempered; TMCP: thermo-mechanical control processed
N: normalized; QT: quenched and tempered; TMCP: thermo-mechanical control processed; T: tempered

CR: cold-rolled; HR: hot-rolled

QT: quenched and tempered

N: normalized; T: tempered; TMCP: thermo-mechanical control processed

Impact Testing Notes Applicable to this Chapter

see standard for supplementary impact testing: the standard includes impact testing as a supplementary requirement (optional to the purchaser).
see standard for impact data: impact testing requirements are listed in the standard for multiple test temperatures.
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3.1 Carbon Steels for Structural Steel Plates

3.1A Mechanical Properties of Carbon Steels for Structural Steel Plates

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
1ISO 630:1995 A1:2003 Grade E 185 (Fe 310), 3<t<16 185 300-540 18 AR
Quality 0 16<t<25 175 300-540 18 AR
ASME SA-283/SA-283M Grade A K01400  --- 165 24 310-415 45-60 30
EN 10025-2:2004 S185 1.0035 t<3 185 310-540 AR, N or TMCP
3 <t<16 185 290-510 18L,16 T AR, N or TMCP
16 <t<40 175 290-510 18L,16 T AR, N or TMCP
40 <t<63 175 290-510 17L, 15T AR, N or TMCP
63<t<80 175 290-510 16L,14T AR, N or TMCP
80<t<100 175 290-510 16L,14T AR, N or TMCP
100 <t< 150 165 280-500 15L, 13T AR, N or TMCP
150 <t <200 155 270-490 15L, 13T AR, N or TMCP
200 <t <250 145 270-490 15L,13T AR, N or TMCP
GB 700-88 Grade Q195 t<16 315-390 33 HR, CtR or N
16 <t<40 315-390 32 HR, CtR or N
t>40 315-390 HR, CtRor N
GB 711-88 Grade 08F t< 60 315 34 N, A, T or HR
GB/T 3524-92 Grade Q195 195 315-430 33 HR
GB 711-88 Grade 08 t < 60 325 33 N, A, T or HR
Grade 10F t<60 325 32 N, A, Tor HR
Grade 10 t< 60 335 32 N, A, T or HR
JIS G 3101:2010 Symbol SS330 t<16 205 330-430 see standard HR
16 <t<40 - 195 330-430 see standard HR
40 <t<100 - 175 330-430 see standard HR
t> 100 165 330-430 see standard HR

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 700-88 Grade Q215A t<16 215 335-410 31 HR or CtR
16 <t<40 205 335-410 30 HR or CtR
40 <t <60 195 335-410 29 HR or CtR
60 <t<100 185 335-410 28 HR or CtR
100 <t <150 175 335-410 27 HR or CtR
t>150 165 335-410 26 HR or CtR
Grade Q215B t<16 215 335-410 31 HR, CtR or N L:27 J @ 20°C
16 <t<40 205 335-410 30 HR, CtRor N L: 27 J @ 20°C
40 <t <60 195 335-410 29 HR, CtRor N L:27J @ 20°C
60 <t< 100 185 335-410 28 HR, CtR or N L:27J @ 20°C
100 <t <150 175 335-410 27 HR, CtR or N L:27J @ 20°C
t>150 165 335-410 26 HR, CtRor N L:27J @ 20°C
GB/T 3524-92 Grade Q215A 215 335-450 31 HR
Grade Q215B 215 335-450 31 HR
ASME SA-1011/SA-1011M  Grade 30 [205], SS -~  065<t<1.6 0.025<t<0.064 205 30 340 L 49 L 21 L HR
16<t<25 0.064<t<0.097 205 30 340 L 49 L 24 L HR
25<t<6.0 0.097<t<0.230 205 30 340 L 49 L 25L HR
ASTM A1011/A1011M-14 Grade 30 [205], SS ---  065<t<1.6 0.025<t<0.064 205 30 340 L 49 L 21L HR
16<t<25 0.064<t<0.097 205 30 340 L 49 L 24 L HR
25<t<6.0 0097 <t<0.230 205 30 340 L 49 L 25L HR
1ISO 630:1995 A1:2003 Grade E 235 (Fe 360), 3<t<16 235 340-470 26 AR
Quality A 16 <t<40 225 340-470 26 AR
40 <t <63 215 340-470 25 AR
63 <t<80 215 340-470 24 AR
80 <t< 100 215 340-470 24 AR
100 <t <150 195 340-470 22 AR
150 <t <200 185 340-470 21 AR
Grade E 235 (Fe 360), 3<t<16 235 340-470 26 AR
Quality B 16<t<25 225 340-470 26 AR
Grade E 235 (Fe 360), 3<t<16 235 340-470 26 AR 27J @ 20°C
Quality B NF 16 <t<40 225 340-470 26 AR 27 J @ 20°C
40 <t <63 215 340-470 25 AR 27 J @ 20°C
63 <t<80 215 340-470 24 AR 27 J @ 20°C
80 <t< 100 215 340-470 24 AR 27 J @ 20°C
100 <t <150 195 340-470 22 AR 27 J @ 20°C
150 <t <200 185 340-470 21 AR 27 J @ 20°C

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 630:1995 A1:2003 Grade E 235 (Fe 360), 3<t<16 235 340-470 26 AR 27J @ 0°C
Quality C 16 <t<40 225 340-470 26 AR 27J @ 0°C
40 <t <63 215 340-470 25 AR 27J @ 0°C
63<t<80 215 340-470 24 AR 27J @ 0°C
80 <t<100 215 340-470 24 AR 27 J @ 0°C
100 <t <150 195 340-470 22 AR 27 J @ 0°C
150 <t <200 185 340-470 21 AR 27J @ 0°C
Grade E 235 (Fe 360), 3<t=<16 235 340-470 26 N or BA 27 J @ -20°C
Quality D 16 <t<40 225 340-470 26 N or BA 27 J @ -20°C
40 <t <63 215 340-470 25 N or BA 27 J @ -20°C
63 <t<80 215 340-470 24 N or BA 27 J @ -20°C
80 <t< 100 215 340-470 24 N or BA 27 J @ -20°C
100 <t <150 195 340-470 22 N or BA 27 J @ -20°C
150 <t <200 185 340-470 21 N or BA 27 J @ -20°C
IASME SA-283/SA-283M Grade B K01702  --- 185 27 345-450 50-65 28
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 711-88 Grade 15F t <60 355 30 N, A, T or HR
ASME SA-1011/SA-1011M  Grade 33 [230], SS -~ 065<t<1.6 0.025<t<0.064 230 33 360 L 52 L 18L HR
1.6<t<25 0.064<t<0.097 230 33 360 L 52 L 22 L HR
25<t<6.0 0.097<t<0.230 230 33 360 L 52 L 23 L HR
ASTM A1011/A1011M-14 Grade 33 [230], SS -~  065<t<1.6 0.025<t<0.064 230 33 360 L 52 L 18L HR
1.6<t<25 0.064<t<0.097 230 33 360 L 52 L 22 L HR
25<t<6.0 0097 <t<0.230 230 33 360 L 52 L 23 L HR
EN 10025-2:2004 S235JR 1.0038 t<3 235 360-510 AR, N or TMCP
3<t<16 235 360-510 26L,24T AR, N or TMCP L:27J @ 20°C
16 <t<40 225 360-510 26L,24T AR, N or TMCP L:27J @ 20°C
40 <t <63 215 360-510 25L,24T AR, N or TMCP L:27J @ 20°C
63 <t<80 215 360-510 241,22T AR, N or TMCP L: 27 J @ 20°C
80 <t< 100 215 360-510 241,22T AR, N or TMCP L: 27 J @ 20°C
100 <t <150 195 350-500 221,227 AR, N or TMCP L:27J @ 20°C
150 <t <200 185 340-490 21L,21T AR, N or TMCP L:27J @ 20°C
200 <t< 250 175 340-490 21L,21T AR, N or TMCP L:27J @ 20°C
S235J0 1.0114 t<3 235 360-510 AR, N or TMCP
3<t<16 235 360-510 26L,24T AR, N or TMCP L:27J @ 0°C
16 <t<40 225 360-510 26L,24T AR, N or TMCP L:27J @ 0°C
40 <t <63 215 360-510 25L,24T AR, N or TMCP L:27J @ 0°C
63 <t<80 215 360-510 24L,22T AR, N or TMCP L:27J @ 0°C
80 <t< 100 215 360-510 241,22T AR, N or TMCP L:27J @ 0°C
100 <t <150 195 350-500 221,227 AR, N or TMCP L:27J @ 0°C
150 <t <200 185 340-490 21L,21T AR, N or TMCP L:27J @ 0°C
200 <t< 250 175 340-490 21L,21T AR, N or TMCP L:27J @ 0°C
IASME SA-1011/SA-1011M  Grade 36 [250], Type 1,SS = --- -~ 065<t<1.6 0.025<t<0.064 250 36 365 L 53 L 17L HR
1.6<t<25 0.064<t<0.097 250 36 365 L 53 L 21L HR
25<t<6.0 0.097<t<0.230 250 36 365 L 53 L 22 L HR
ASTM A1011/A1011M-14 Grade 36 [250], Type 1, SS ~ --- -~ 065<t<1.6 0.025<t<0.064 250 36 365 L 53 L 17L HR
16<t<25 0.064<t<0.097 250 36 365 L 53 L 21L HR
25<t<6.0 0.097<t<0.230 250 36 365 L 53 L 22 L HR
GB 711-88 Grade 15 t <60 370 30 N, A, T or HR

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 700-88 Grade Q235A t<16 235 375-460 26 HR or CtR
16 <t<40 225 375-460 25 HR or CtR
40 <t <60 215 375-460 24 HR or CtR
60 <t<100 205 375-460 23 HR or CtR
100 <t <150 195 375-460 22 HR or CtR
t>150 185 375-460 21 HR or CtR
Grade Q235B t<16 235 375-460 26 HR, CtR or N L:27 J @ 20°C
16 <t<40 225 375-460 25 HR, CtRor N L: 27 J @ 20°C
40 <t <60 215 375-460 24 HR, CtRor N L:27J @ 20°C
60 <t< 100 205 375-460 23 HR, CtR or N L:27J @ 20°C
100 <t <150 195 375-460 22 HR, CtR or N L:27J @ 20°C
t>150 185 375-460 21 HR, CtRor N L:27J @ 20°C
Grade Q235C t<16 235 375-460 26 HR, CtR or N L:27J @ 0°C
16 <t<40 225 375-460 25 HR, CtRor N L:27J @ 0°C
40 <t <60 215 375-460 24 HR, CtR or N L:27J @ 0°C
60 <t< 100 205 375-460 23 HR, CtR or N L:27J @ 0°C
100 <t <150 195 375-460 22 HR, CtRor N L:27J @ 0°C
t> 150 185 375-460 21 HR, CtRor N L:27J @ 0°C
Grade Q235D t<16 235 375-460 26 HR, CtR or N L:27J @ -20°C
16 <t<40 225 375-460 25 HR, CtR or N L:27J @ -20°C
40 <t <60 215 375-460 24 HR, CtR or N L:27J @ -20°C
60 <t <100 205 375-460 23 HR, CtRor N L:27J @ -20°C
100 <t <150 195 375-460 22 HR, CtRor N L:27J @ -20°C
t>150 185 375-460 21 HR, CtR or N L:27J @ -20°C
GB/T 3524-92 Grade Q235A 235 375-500 26 HR
Grade Q235B 235 375-500 26 HR
GB 711-88 Grade 20F t <60 380 27 N, A, Tor HR
ASME SA-283/SA-283M Grade C K02401 205 30 380-515 55-75 25
IASTM A283/A283M-13 Grade C K02401 205 30 380-515 55-75 25
ASME SA-1011/SA-1011M  Grade 40 [275], SS -~ 065<t<1.6 0.025<t<0.064 275 40 380 L 55L 15L HR
16<t<25 0.064<t<0.097 275 40 380 L 55 L 20 L HR
25<t<6.0 0.097<t<0.230 275 40 380 L 55L 21L HR
ASTM A1011/A1011M-14 Grade 40 [275], SS -~  065<t<16 0.025<t<0.064 275 40 380 L 55L 15L HR
16<t<25 0.064<t<0.097 275 40 380 L 55L 20L HR
25<t<6.0 0.097<t<0.230 275 40 380 L 55 L 21L HR

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min.| Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
IASTM A573/A573M-13 Grade 58 [400] K02301 t<40 t<1.5 220 32 400-490 58-71 24
GB 712-2000 Grade A - - - 235 400-520 22 N, TMCP, HR or CtR ' see standard for
Grade B 235 400-520 22 N, TMCP, HR or CtR impact data
Grade D 235 400-520 22 N, TMCP, HR or CtR
Grade E - - 235 400-520 22 see standard
JIS G 3136:2012 Grade SN400A 6<t<16 235 400-510 17 N, T or TMCP
16 <t<40 235 400-510 21 N, T or TMCP
40 <t<100 215 400-510 23 N, T or TMCP
Grade SN400B 6<st<12 235 400-510 18 N, T or TMCP
12<t<16 235-355 400-510 18 N, T or TMCP L:27J @ 0°C
16 <t<40 235-355 400-510 22 N, T or TMCP L:27J @ 0°C
40 <t <100 215-335 400-510 24 N, T or TMCP L:27J @ 0°C
Grade SN400C 6<t<16 400-510 18 N, T or TMCP
16 <t<40 235-355 400-510 22 N, T or TMCP L:27J @ 0°C
40 <t <100 215-335 400-510 24 N, T or TMCP L:27J @ 0°C
JIS G 3101:2010 Symbol SS400 --- t<16 245 400-510 see standard HR
16 <t<40 235 400-510 see standard HR
40 <t <100 - 215 400-510 see standard HR
t>100 - 205 400-510 see standard HR
JIS G 3106:2008 Grade SM400A t<5 245 400-510 23 N, QHT, T or TMCP
5<t<16 245 400-510 18 N, QHT, T or TMCP
16 <t<40 235 400-510 22 N, QHT, T or TMCP
40 <t<100 215 400-510 24 N, QHT, T or TMCP
100 <t <160 205 400-510 24 N, QHT, T or TMCP
160 <t <200 195 400-510 24 N, QHT, T or TMCP
Grade SM400B t<5b 245 400-510 23 N, QHT, T or TMCP
5<t<16 245 400-510 18 N, QHT, T or TMCP L:27J @ 0°C
16 <t<40 235 400-510 22 N, QHT, T or TMCP L:27J @ 0°C
40 <t <100 215 400-510 24 N, QHT, T or TMCP L:27J @ 0°C
100 <t <160 205 400-510 24 N, QHT, T or TMCP L:27J @ 0°C
160 <t <200 195 400-510 24 N, QHT, T or TMCP L:27J @ 0°C
Grade SM400C t<b 245 400-510 23 N, QHT, T or TMCP
5<t<16 245 400-510 18 N, QHT, T or TMCP L:47J @ 0°C
16 <t<40 235 400-510 22 N, QHT, T or TMCP L:47J @ 0°C
40 <t <100 215 400-510 24 N, QHT, T or TMCP L:47J @ 0°C
100 < t <200 400-510 24 N, QHT, T or TMCP L:47J @ 0°C

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-36/SA-36M K02595  --- 100 <t <200 4<t<8 250 36 400-550 58-80 23
t>200 t>8 220 32 400-550 58-80 23
K02596  --- 65 <t<100 25<t<4 250 36 400-550 58-80 23
K02597  --- 40 <t<65 15<t<25 250 36 400-550 58-80 23
K02598  --- 20<t<40 0.75<t=<1.5 250 36 400-550 58-80 23
K02599  --- t<20 t<0.75 250 36 400-550 58-80 23
ASME SA-1011/SA-1011M  Grade 36 [250], Type 2,SS - --- 065=<t<1.6 0.025<t<0.064 250 36 400-550 L = 58-80 L 16 L HR
16<t<25 0.064<t<0.097 250 36 400-550 L = 58-80 L 20 L HR
25<t<6.0 0097 <t<0.230 250 36 400-550 L = 58-80 L 21L HR
ASTM A36/A36M-14 K02595  --- 100 <t <200 4<t<8 250 36 400-550 58-80 23 SR or none
t>200 t>8 220 32 400-550 58-80 23 SR or none
K02596  --- 65 <t<100 25<t<4 250 36 400-550 58-80 23 SR or none
K02597  --- 40 <t<65 15<t<25 250 36 400-550 58-80 23 SR or none
K02598  --- 20<t<40 0.75<t=<1.5 250 36 400-550 58-80 23 SR or none
K02599  --- t<20 t<0.75 250 36 400-550 58-80 23 SR or none
ASTM A709/A709M-13a Grade 36 [250] - t<75 t<3 250 36 400 58 21 - see standard for
t<100 t<4 250 36 400-550 58-80 23 QT impact data
t>75 t>3 250 36 400 58 19
ASTM A1011/A1011M-14 Grade 36 [250], Type 2, SS =~ --- -- 1 065<t<1.6 0.025<t<0.064 250 36 400-550 L = 58-80 L 16 L HR
1.6<t<25 0.064<t<0.097 250 36 400-550 L = 58-80 L 20L HR
25<t<6.0 0.097 <t<0.230 250 36 400-550 L = 58-80 L 21 L HR
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 711-88 Grade 20 t < 60 410 28 N, A, T or HR
GB 700-88 Grade Q255A t<16 255 410-510 24 HR or CtR
16 <t<40 245 410-510 23 HR or CtR
40 <t <60 235 410-510 22 HR or CtR
60 <t<100 225 410-510 21 HR or CtR
100 <t <150 215 410-510 20 HR or CtR
t>150 205 410-510 19 HR or CtR
Grade Q255B t<16 255 410-510 24 HR, CtR or N L:27 J @ 20°C
16 <t<40 245 410-510 23 HR, CtRor N L:27J @ 20°C
40 <t<60 235 410-510 22 HR, CtRor N L:27J @ 20°C
60 <t< 100 225 410-510 21 HR, CtRor N L:27J @ 20°C
100 <t< 150 215 410-510 20 HR, CtRor N L: 27 J @ 20°C
t>150 205 410-510 19 HR, CtRor N L:27J @ 20°C
GB/T 3524-92 Grade Q255A 255 410-550 24 HR
Grade Q255B 255 410-550 24 HR
1ISO 630:1995 A1:2003 Grade E 275 (Fe 430), 3<t<16 275 410-540 22 AR
Quality A 16 <t<40 265 410-540 22 AR
40 <t <63 255 410-540 21 AR
63<t<80 245 410-540 20 AR
80<t<100 235 410-540 20 AR
100 <t <150 225 410-540 18 AR
150 <t <200 215 410-540 17 AR
Grade E 275 (Fe 430), 3<t<16 275 410-540 22 AR 27 J @ 20°C
Quality B 16 <t<40 265 410-540 22 AR 27 J @ 20°C
40 <t<63 255 410-540 21 AR 27 J @ 20°C
63 <t<80 245 410-540 20 AR 27 J @ 20°C
80<t<100 235 410-540 20 AR 27 J @ 20°C
100 <t <150 225 410-540 18 AR 27 J @ 20°C
150 <t <200 215 410-540 17 AR 27 J @ 20°C
Grade E 275 (Fe 430), 3<t<16 275 410-540 22 AR 27J @ 0°C
Quality C 16 <t<40 265 410-540 22 AR 27J @ 0°C
40 <t <63 255 410-540 21 AR 27J @ 0°C
63<t<80 245 410-540 20 AR 27J @ 0°C
80<t<100 235 410-540 20 AR 27J @ 0°C
100 <t <150 225 410-540 18 AR 27J @ 0°C
150 <t < 200 215 410-540 17 AR 27 J @ 0°C

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
1ISO 630:1995 A1:2003 Grade E 275 (Fe 430), 3<t<16 275 410-540 22 N or BA 27 J @ -20°C
Quality D 16 <t<40 265 410-540 22 N or BA 27 J @ -20°C
40 <t <63 255 410-540 21 N or BA 27 J @ -20°C
63<t<80 245 410-540 20 N or BA 27 J @ -20°C
80 <t<100 235 410-540 20 N or BA 27 J @ -20°C
100 <t <150 225 410-540 18 N or BA 27 J @ -20°C
150 <t <200 215 410-540 17 N or BA 27 J @ -20°C
ASME SA-1011/SA-1011M  Grade 45 [310], SS -~ 065<t<1.6 0.025<t<0.064 310 45 410 L 60 L 13 L HR
1.6<t<25 0.064<t<0.097 310 45 410 L 60 L 18 L HR
25<t<6.0 0097 <t<0.230 310 45 410 L 60 L 19L HR
ASTM A1011/A1011M-14 Grade 45 [310], Type 1,SS~ --- -~ 065<t<1.6 0.025<t<0.064 310 45 410 L 60 L 13L HR
1.6<t<25 0.064<t<0.097 310 45 410 L 60 L 18 L HR
25<t<6.0 0.097<t<0.230 310 45 410 L 60 L 19L HR
Grade 45 [310], Type 2,SS - --  0.65<t<1.6 0.025<t<0.064 310-410 45-60 410L 60 L 14 L HR
1.6<t<25 0.064<t<0.097 310-410  45-60 410 L 60 L 19L HR
25<t<6.0 0.097 <t<0.230 310-410 45-60 410 L 60 L 20L HR
IASME SA-283/SA-283M Grade D K02702  --- 230 33 415-550 60-80 23
ASTM A283/A283M-13 Grade D K02702  --- 230 33 415-550 60-80 23
EN 10025-2:2004 S275JR 1.0044 t<3 275 430-580 AR, N or TMCP
3<t<16 275 410-560 23L,21T AR, N or TMCP L:27J @ 20°C
16 <t<40 265 410-560 23L,21T AR, N or TMCP L:27J @ 20°C
40 <t <63 255 410-560 22L,20T AR, N or TMCP L:27J @ 20°C
63<t<80 245 410-560 21L,19T AR, N or TMCP L:27J @ 20°C
80 <t<100 235 410-560 21L,19T AR, N or TMCP L:27J @ 20°C
100 <t <150 225 400-540 19L,19T AR, N or TMCP L:27J @ 20°C
150 <t <200 215 380-540 18L,18T AR, N or TMCP L: 27 J @ 20°C
200 <t <250 205 380-540 18L,18T AR, N or TMCP L:27J @ 20°C
S275J0 1.0143 t<3 275 430-580 AR, N or TMCP
3<t<16 275 410-560 23L,21T AR, N or TMCP L:27J @ 0°C
16 <t<40 265 410-560 23L,21T AR, N or TMCP L:27J @ 0°C
40 <t <63 255 410-560 22L,20T AR, N or TMCP L:27J @ 0°C
63<t<80 245 410-560 21L,19T AR, N or TMCP L:27J @ 0°C
80 <t<100 235 410-560 21L,19T AR, N or TMCP L:27J @ 0°C
100 <t <150 225 400-540 19L,19T AR, N or TMCP L:27J @ 0°C
150 <t <200 215 380-540 18L,18T AR, N or TMCP L:27J @ 0°C
200 <t <250 205 380-540 18L,18T AR, N or TMCP L:27J @ 0°C

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 712-2000 Grade A32 - - 315 440-570 22 N, TMCP, QT, HR or CtR see standard for
Grade D32 - - 315 - 440-570 22 N, TMCP, QT, HR or CtR impact data
Grade E32 315 440-570 22 see standard
Grade F32 315 440-570 22 see standard
GB 711-88 Grade 20Mn t <60 450 24 N, A, T or HR
Grade 25 t <60 450 24 N, A, T or HR
ASTM A573/A573M-13 Grade 65 [450] K02404  --- t <40 t<1.5 240 35 450-530 65-77 23
ASTM A529/A529M-14 Grade 50 [345] K02703  --- t<25 t<1 345 50 450-690 65-100 21
ASME SA-1011/SA-1011M  Grade 50 [340], SS 065<t<1.6 0.025<t<0.064 340 50 450 L 65 L 11L HR
1.6<t<25 0.064<t<0.097 340 50 450 L 65 L 16L HR
25<t<6.0 0097 <t<0.230 340 50 450 L 65 L 17L HR
ASTM A1011/A1011M-14 Grade 50 [340], SS 065<t<1.6 0.025<t<0.064 340 50 450 L 65L 11L HR
1.6<t<25 0.064<t<0.097 340 50 450 L 65L 16 L HR
25<t<6.0 0.097<t<0.230 340 50 450 L 65 L 17 L HR
ASME SA-1011/SA-1011M  Grade 55 [380], SS 0.65<t<1.6 0.025<t<0.064 380 55 480 70 L 9L HR
16<t<25 0.064<t<0.097 380 55 480 70 L 14 L HR
25<t<6.0 0.097<t<0.230 380 55 480 70L 15L HR
ASTM A1011/A1011M-14 Grade 55 [380], SS 0.65<t<1.6 0.025<t<0.064 380 55 480 70L 9L HR
1.6<t<25 0.064<t<0.097 380 55 480 70 L 14 L HR
25<t<6.0 0097 <t<0.230 380 55 480 70 L 15L HR
ASTM A573/A573M-13 Grade 70 [485] K02701 t<40 t<1.5 290 42 485-620 70-90 21
ASTM A529/A529M-14 Grade 55 [380] K02703  --- t<25 t<1 380 55 485-690 70-100 20
GB 711-88 Grade 25Mn - t< 60 - 490 22 N, A, Tor HR
Grade 30 t <60 490 22 N, A, T or HR
JIS G 3136:2012 Grade SN490C 6<t<16 490-610 17 N, T or TMCP
16 <t<40 325-445 490-610 21 N, T or TMCP L:27J @ 0°C
40 <t<100 295-415 490-610 23 N, T or TMCP L:27J @ 0°C
GB 700-88 Grade Q275 t<16 275 490-610 20 HR, CtR or N
16 <t<40 265 490-610 19 HR, CtR or N
40 <t <60 255 490-610 18 HR, CtR or N
60 <t <100 245 490-610 17 HR, CtRor N
100 <t <150 235 490-610 16 HR, CtR or N
t>150 225 490-610 15 HR, CtR or N
GB/T 3524-92 Grade Q275 275 490-650 20 HR

Note: This section continued on next page.
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3.1A Mechanical Properties of Carbon Steels for Structural Steel Plates (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
JIS G 3101:2010 Symbol SS490 --- t<16 285 490-610 see standard HR
16 <t<40 - 275 490-610 see standard HR
40 <t<100 255 490-610 see standard HR
t>100 245 490-610 see standard HR
EN 10025-2:2004 E295 1.0050 t<3 295 490-660 AR, N or TMCP
3<t<16 295 470-610 20L,18T AR, N or TMCP
16 <t<40 285 470-610 20L,18T AR, N or TMCP
40<t<63 275 470-610 19L 17T AR, N or TMCP
63 <t<80 265 470-610 18L,16 T AR, N or TMCP
80<t<100 255 470-610 18L,16 T AR, N or TMCP
100 <t< 150 245 450-610 16L,156T AR, N or TMCP
150 <t < 200 235 440-610 15L, 14T AR, N or TMCP
200 <t <250 225 440-610 15L, 14T AR, N or TMCP
JIS G 3106:2008 Grade SM490A t<5 325 490-610 22 N, QHT, T or TMCP
5<t<16 325 490-610 17 N, QHT, T or TMCP
16 <t<40 315 490-610 21 N, QHT, T or TMCP
40 <t<100 295 490-610 23 N, QHT, T or TMCP
100 <t <160 285 490-610 23 N, QHT, T or TMCP
160 <t <200 275 490-610 23 N, QHT, T or TMCP
Grade SM490B t<5 325 490-610 22 N, QHT, T or TMCP
5<t<16 325 490-610 17 N, QHT, T or TMCP L:27J @ 0°C
16 <t<40 315 490-610 21 N, QHT, T or TMCP L:27J @ 0°C
40 <t<100 295 490-610 23 N, QHT, T or TMCP L:27J @ 0°C
100 <t< 160 285 490-610 23 N, QHT, T or TMCP L:27J @ 0°C
160 <t <200 275 490-610 23 N, QHT, T or TMCP L:27J @ 0°C
Grade SM490C t<5 325 490-610 22 N, QHT, T or TMCP
5<t<16 325 490-610 17 N, QHT, T or TMCP L:47J @ 0°C
16 <t<40 315 490-610 21 N, QHT, T or TMCP L:47J @ 0°C
40 <t<100 295 490-610 23 N, QHT, T or TMCP L:47J @ 0°C
100 <t <200 490-610 23 N, QHT, T or TMCP L:47J @ 0°C
JIS G 3136:2012 Grade SN490B 6=<t<12 325 490-610 17 N, T or TMCP
12<t<16 325-445 490-610 17 N, T or TMCP L:27J @ 0°C
16 <t<40 325-445 490-610 21 N, T or TMCP L:27J @ 0°C
40 <t <100 295-415 490-610 23 N, T or TMCP L:27J @ 0°C

Note: This section continued on next page.
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3.1A Mechanical Properties of Carbon Steels for Structural Steel Plates (Continued)
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 712-2000 Grade A36 - - - 355 490-630 21 N, TMCP, QT, HR or CtR see standard for
Grade D36 - - 355 - 490-630 21 N, TMCP, QT, HR or CtR impact data
Grade E36 355 490-630 21 see standard
Grade F36 355 490-630 21 see standard
ISO 630:1995 A1:2003 Grade E 355 (Fe 510), 3<t<16 355 490-640 22 AR 27 J @ 0°C
Quality C 16 <t<40 345 490-640 22 AR 27J @ 0°C
40 <t <63 335 490-640 21 AR 27J @ 0°C
63 <t<80 325 490-640 20 AR 27J @ 0°C
80<t<100 315 490-640 20 AR 27J @ 0°C
100 <t <150 295 490-640 18 AR 27 J @ 0°C
150 <t <200 285 490-640 17 AR 27J @ 0°C
Grade E 355 (Fe 510), 3<t<16 355 490-640 22 N or BA 27 J @ -20°C
Quality D 16 <t<40 345 490-640 22 N or BA 27 J @ -20°C
40 <t <63 335 490-640 21 N or BA 27 J @ -20°C
63 <t<80 325 490-640 20 N or BA 27 J @ -20°C
80 <t< 100 315 490-640 20 N or BA 27 J @ -20°C
100 <t <150 295 490-640 18 N or BA 27 J @ -20°C
150 <t <200 285 490-640 17 N or BA 27 J @ -20°C
JIS G 3106:2008 Grade SM490YA t<b 365 490-610 19 N, QHT, T or TMCP
5<t<16 365 490-610 15 N, QHT, T or TMCP
16 <t<40 355 490-610 19 N, QHT, T or TMCP
40<t<75 335 490-610 21 N, QHT, T or TMCP
75 <t<100 325 490-610 21 N, QHT, T or TMCP
Grade SM490YB t<5 365 490-610 19 N, QHT, T or TMCP
5<t<16 365 490-610 15 N, QHT, T or TMCP L:27J @ 0°C
16 <t<40 355 490-610 19 N, QHT, T or TMCP L:27J @ 0°C
40<t<75 335 490-610 21 N, QHT, T or TMCP L:27J @ 0°C
75 <t<100 325 490-610 21 N, QHT, T or TMCP L:27J @ 0°C
GB 11251-89 Grade 40 B 500-700 20 A, N or NT
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3.1A Mechanical Properties of Carbon Steels for Structural Steel Plates (Continued)
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10025-2:2004 S355JR 1.0045 t<3 355 510-680 AR, N or TMCP
3<t<16 355 470-630 22L,20T AR, N or TMCP L:27J @ 20°C
16 <t<40 345 470-630 22L,20T AR, N or TMCP L:27J @ 20°C
40 <t <63 == 335 470-630 21L,19T AR, N or TMCP L:27J @ 20°C
63 <t<80 325 470-630 20L,18T AR, N or TMCP L:27J @ 20°C
80 <t< 100 315 470-630 20L,18T AR, N or TMCP L:27J @ 20°C
100 <t <150 295 450-600 18L,18T AR, N or TMCP L:27J @ 20°C
150 <t <200 285 450-600 17L, 17T AR, N or TMCP L: 27 J @ 20°C
200 <t <250 275 450-600 17L, 17T AR, N or TMCP L:27J @ 20°C
S355J0 1.0553 t<3 355 510-680 AR, N or TMCP
3<t<16 355 470-630 22L,20T AR, N or TMCP L:27J @ 0°C
16 <t<40 345 470-630 22L,20T AR, N or TMCP L:27J @ 0°C
40 <t <63 335 470-630 21L,19T AR, N or TMCP L:27J @ 0°C
63<t<80 325 470-630 20L,18T AR, N or TMCP L:27J @ 0°C
80 <t< 100 315 470-630 20L,18T AR, N or TMCP L:27J @ 0°C
100 <t <150 295 450-600 18L,18T AR, N or TMCP L:27J @ 0°C
150 <t <200 285 450-600 17L, 17T AR, N or TMCP L:27J @ 0°C
200 <t <250 == 275 450-600 17L,17T AR, N or TMCP L:27J @ 0°C
GB 712-2000 Grade A40 - - 390 510-660 20 N, TMCP, QT, HR or CtR ' see standard for
Grade D40 - - 390 - 510-660 - 20 N, TMCP or CtR impact data
Grade E40 390 510-660 20 N, TMCP, QT
Grade F40 390 510-660 20 N, TMCP, QT
JIS G 3106:2008 Grade SM520B t<b 365 520-640 19 N, QHT, T or TMCP
5<t<16 365 520-640 15 N, QHT, T or TMCP L:27J @ 0°C
16 <t<40 355 520-640 19 N, QHT, T or TMCP L:27J @ 0°C
40<t<75 335 520-640 21 N, QHT, T or TMCP L:27J @ 0°C
75 <t<100 325 520-640 21 N, QHT, T or TMCP L:27J @ 0°C
Grade SM520C t<b 365 520-640 19 N, QHT, T or TMCP
5<t<16 365 520-640 15 N, QHT, T or TMCP L:47J @ 0°C
16 <t<40 355 520-640 19 N, QHT, T or TMCP L:47J @ 0°C
40<t<75 335 520-640 21 N, QHT, T or TMCP L:47J @ 0°C
75 <t<100 325 520-640 21 N, QHT, T or TMCP L:47J @ 0°C

Note: This section continued on next page.
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3.1A Mechanical Properties of Carbon Steels for Structural Steel Plates (Continued)
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min.| Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 711-88 Grade 35 t<60 530 20 N, A, Tor HR
Grade 30Mn t<60 540 20 N, A, Tor HR
JIS G 3101:2010 Symbol SS540 t<16 400 540 see standard HR
16 <t<40 390 540 see standard HR
GB 11251-89 Grade 45 B 550-750 18 A, Nor NT
Grade 45Mn2 600-850 13 A, Nor NT
Grade 50 B 550-750 16 A, N or NT
GB 711-88 Grade 40 t<60 570 19 N, A, Tor HR
Grade 40Mn t< 60 590 17 N, A, Tor HR
Grade 45 t<60 600 17 N, A, Tor HR
JIS G 3106:2008 Grade SM570 t<16 460 570-720 19 N, QHT, T or TMCP L:47J @ -5°C
16 <t<40 450 570-720 26 N, QHT, T or TMCP L:47J @ -5°C
40<t=<75 430 570-720 26 N, QHT, T or TMCP L:47J @ -5°C
75 <t<100 420 570-720 26 N, QHT, T or TMCP L:47J @ -5°C
EN 10025-2:2004 E335 1.0060 t<3 335 590-770 AR, N or TMCP
3<t<16 335 570-710 16L,14T AR, N or TMCP
16 <t<40 325 570-710 16L,14T AR, N or TMCP
40<t<63 315 570-710 15L,13T AR, N or TMCP
63 <t<80 305 570-710 14L,12T AR, N or TMCP
80<t<100 295 570-710 14L,12T AR, N or TMCP
100 <t< 150 275 550-710 12L, 11T AR, N or TMCP
150 <t <200 265 540-710 11L,10T AR, N or TMCP
200 < t <250 255 540-710 11L,10T AR, N or TMCP
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 711-88 Grade 50 t <60 625 16 N, A, T or HR
Grade 50Mn t< 60 650 13 N, A, T or HR
Grade 55 t< 60 645 13 N, A, T or HR
Grade 60 t <60 675 12 N, A, Tor HR
Grade 60Mn t< 60 695 11 N, A, T or HR
Grade 65 t< 60 695 10 N, A, T or HR
EN 10025-2:2004 E360 1.0070 t<3 360 690-900 AR, N or TMCP
3<t=<16 360 670-830 11L,10T AR, N or TMCP
16 <t<40 355 670-830 11L,10T AR, N or TMCP
40 <t <63 345 670-830 10L,9T AR, N or TMCP
63 <t<80 335 670-830 9L,8T AR, N or TMCP
80 <t< 100 325 670-830 9L,8T AR, N or TMCP
100 <t <150 305 650-830 8L, 7T AR, N or TMCP
150 <t <200 295 640-830 7L,6T AR, N or TMCP
200 <t <250 285 640-830 7L,6T AR, N or TMCP
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C Mn Si | P | S | Cr | Ni | Mo | Others
1ISO 630:1995 A1:2003 Grade E 185 (Fe 310), 3<t=<25
Quality 0
IASME SA-283/SA-283M Grade A K01400  --- t<40 t<15 0.14 0.90 0.40 0.035 0.04 - ---
t> 40 t>1.5 0.14 0.90 0.15-0.40 0.035 0.04 --- ---
EN 10025-2:2004 S185 1.0035 t <250
GB 700-88 Grade Q195 0.06-0.12 0.25-0.50 0.30 0.045 0.050 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
GB 711-88 Grade 08F t <60 0.05-0.11 0.25-0.50 0.03 0.035 0.040 0.10 0.25 Cu 0.25; N 0.008
GB/T 3524-92 Grade Q195 0.06-0.12 0.25-0.50 0.30 0.045 0.050 0.30 0.30 --- Cu 0.30; N 0.008; As 0.080
GB 711-88 Grade 08 t<60 0.05-0.12 0.35-0.650.17-0.37 0.035 0.040 0.10 0.25 Cu 0.25; N 0.008
Grade 10F t <60 0.07-0.14 0.25-0.50 0.07 0.035 0.040 0.15 0.25 Cu 0.25; N 0.008
Grade 10 t <60 0.07-0.14 0.35-0.650.17-0.37 0.035 0.040 0.15 0.25 Cu 0.25; N 0.008
JIS G 3101:2010 Symbol SS330 0.050 0.050
GB 700-88 Grade Q215A 0.09-0.15 0.25-0.55 0.30 0.045 0.050 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
Grade Q215B 0.09-0.15 0.25-0.55 0.30 0.045 0.045 0.30 0.30 --- Cu 0.30; N 0.008; As 0.080
GB/T 3524-92 Grade Q215A 0.09-0.15 0.25-0.55 0.30 0.045 0.050 0.30 0.30 --- Cu 0.30; N 0.008; As 0.080
Grade Q215B 0.09-0.15 0.25-0.55 0.30 0.045 0.045 0.30 0.30 --- ' Cu 0.30; N 0.008; As 0.080
IASME SA-1011/SA-1011M  Grade 30 [205], SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A1011/A1011M-14 Grade 30 [205], SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
1ISO 630:1995 A1:2003 Grade E 235 (Fe 360), t=3 0.22 0.050 0.050
Quality A
Grade E 235 (Fe 360), 3<t<16 0.17 1.40 0.40 0.045 0.045
Quality B
16<t<25 0.20 1.40 0.40 0.045 0.045
Grade E 235 (Fe 360), 3=<t=<40 0.17 1.40 0.40 0.045 0.045
Quality B NF
t>40 0.20 1.40 0.40 0.045 0.045
Grade E 235 (Fe 360), t>3 0.17 1.40 0.40 0.040 0.040
Quality C
Grade E 235 (Fe 360), t>3 0.17 1.40 0.40 0.035 0.035
Quality D
IASME SA-283/SA-283M Grade B K01702  --- t<40 t<15 0.17 0.90 0.40 0.035 0.04 --- ---
t> 40 t>1.5 0.17 0.90 0.15-0.40 0.035 0.04 --- ---
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3.1 Carbon Steels for Structural Steel Plates

3.1B Chemical Composition of Carbon Steels for Structural Steel Plates (Continued)

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
GB 711-88 Grade 15F t <60 0.12-0.19 0.25-0.50 0.07 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
IASME SA-1011/SA-1011M  Grade 33 [230], SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A1011/A1011M-14 Grade 33 [230], SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
EN 10025-2:2004 S235JR --- 1.0038 t<40 0.17 1.40 0.035 0.035 Cu 0.55; N 0.012
40 <t< 150 0.20 1.40 0.035 0.035 Cu 0.55; N 0.012
150 <t < 250 0.20 1.40 0.035 0.035 Cu 0.55; N 0.012
S235J0 -- 1 1.0114 t<40 0.17 1.40 0.030 0.030 Cu 0.55; N 0.012
40 <t< 150 0.17 1.40 0.030 0.030 Cu 0.55; N 0.012
150 <t < 250 0.17 1.40 0.030 0.030 Cu 0.55; N 0.012
ASME SA-1011/SA-1011M  Grade 36 [250], Type 1, SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A1011/A1011M-14 Grade 36 [250], Type 1, SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
GB 711-88 Grade 15 t <60 0.12-0.19 0.35-0.650.17-0.37/ 0.035 |0.040 0.25 0.25 Cu 0.25; N 0.008
GB 700-88 Grade Q235A 0.14-0.22 0.30-0.65 0.30 0.045 0.050 0.30 0.30 --- |Cu 0.30; N 0.008; As 0.080
Grade Q235B 0.12-0.20 0.30-0.70 0.30 0.045 0.045 0.30 0.30 --- |Cu 0.30; N 0.008; As 0.080
Grade Q235C 0.18 0.35-0.80 0.30 0.040 0.040 0.30 0.30 ---|Cu 0.30; N 0.008; As 0.080
Grade Q235D 0.17 0.35-0.80 0.30 0.035 0.035 0.30 0.30 --- |Cu 0.30; N 0.008; As 0.080
GB/T 3524-92 Grade Q235A 0.14-0.22 0.30-0.65 0.30 0.045 0.050 0.30 0.30 --- |Cu 0.30; N 0.008; As 0.080
Grade Q235B 0.12-0.20 0.30-0.70 0.30 0.045 0.045 0.30 0.30 ---|Cu 0.30; N 0.008; As 0.080
GB 711-88 Grade 20F t <60 0.17-0.24 0.25-0.50 0.07 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
ASME SA-283/SA-283M Grade C K02401  --- t<40 t<15 0.24 0.90 0.40 0.035 0.04
t > 40 t>1.5 0.24 0.90 0.15-0.40 0.035 @ 0.04
IASTM A283/A283M-13 Grade C K02401  --- t<40 t<15 0.24 0.90 0.40 0.030 0.030
t> 40 t>1.5 0.24 0.90 0.15-0.40 0.030 0.030
ASME SA-1011/SA-1011M  Grade 40 [275], SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A1011/A1011M-14 Grade 40 [275], SS 0.25 0.90 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
IASTM A573/A573M-13 Grade 58 [400] K02301  --- t<13 t<0.5 0.23  |0.60-0.90/0.10-0.35/ 0.030 0.030
13<t<40 05<t<1.5 0.23  |/0.60-0.90/0.10-0.35/ 0.030 0.030
GB 712-2000 Grade A 0.21 0.50 0.035 0.035 0.20 0.40 Cu 0.35; Mn 2.5xC min.
Grade B 0.21 0.80-1.20 0.35 0.035 0.035 0.20 0.40 Cu 0.35
Grade D 0.21 0.60-1.20 0.35 0.035 0.035 0.20 0.40 Cu 0.35
Grade E 0.18 0.70-1.20 0.35 0.035 0.035 0.20 0.40 Cu 0.35

Note: This section continued on next page.
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3.1 Carbon Steels for Structural Steel Plates

3.1B Chemical Composition of Carbon Steels for Structural Steel Plates (Continued)

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
JIS G 3136:2012 Grade SN400A 6<t<100 0.24 0.050 0.050
Grade SN400B 6<t<50 0.20 |0.60-1.50 0.35 0.030 0.015
50 <t< 100 0.22 |0.60-1.50 0.35 0.030 0.015
Grade SN400C 16 <t<50 0.20 |0.60-1.50 0.35 0.020 0.008
50 <t< 100 0.22 |0.60-1.50 0.35 0.020 0.008
JIS G 3101:2010 Symbol SS400 0.050 0.050
JIS G 3106:2008 Grade SM400A t< 50 0.23 0.035 0.035
50 <t <200 0.25 0.035 0.035
Grade SM400B t <50 0.20 |0.60-1.50 0.35 0.035 0.035
50 <t <200 0.22 |0.60-1.50 0.35 0.035 0.035
Grade SM400C t<100 0.18 |0.60-1.50, 0.35 0.035 0.035
IASME SA-36/SA-36M K02595  --- t>100 t>4 0.29 0.85-1.200.15-0.40 0.04  0.05
K02596  --- 65<t<100 25<t<4 0.27 |0.85-1.20/0.15-0.40 0.04 | 0.05
K02597  --- 40<t<65 15<t<25 0.26 |0.80-1.20/0.15-0.40 0.04 | 0.05
K02598  --- 20<t<40 0.75<t<15 025 0.80-1.20 0.40 0.04 | 0.05
K02599  --- t<20 t<0.75 0.25 0.40 0.04 | 0.05
ASME SA-1011/SA-1011M  Grade 36 [250], Type 2, SS 0.25 1.35 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A36/A36M-14 K02595  --- t>100 t>4 0.29 |0.85-1.20/0.15-0.40 0.04 | 0.05
K02596  --- 65<t<100 25<t<4 0.27 |0.85-1.20/0.15-0.40 0.04 | 0.05
K02597  --- 40<t<65 15<t<25 0.26 |0.80-1.20/0.15-0.40/ 0.04 | 0.05
K02598  --- 20<t<40 0.75<t<15 025 0.80-1.20 0.40 0.04  0.05
K02599  --- t<20 t<0.75 0.25 0.40 0.04 | 0.05
IASTM A709/A709M-13a Grade 36 [250] t<20 t<0.75 0.25 0.40 0.04  0.05

20<t<40 0.75<t<15 025 0.80-1.20 0.40 0.04 | 0.05
40<t<65 15<t<25 0.26 0.80-1.200.15-0.40 0.04  0.05
65<t<100 25<t<4 0.27 0.85-1.200.15-0.40 0.04  0.05
t<20 t<0.75 0.26 0.40 0.04 0.05
20<t<40 0.75<t<15 0.27 0.60-0.90 0.40 0.04 | 0.05
40<t<100 15<t<4 0.28 |0.60-0.90 0.40 0.04 | 0.05
0.26 0.40 0.04  0.05

ASTM A1011/A1011M-14 Grade 36 [250], Type 2, SS | --- --- 0.25 1.35 --- 0.085 1 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
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3.1 Carbon Steels for Structural Steel Plates

3.1B Chemical Composition of Carbon Steels for Structural Steel Plates (Continued)

UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
GB 711-88 Grade 20 t<60 0.17-0.24 0.35-0.650.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
GB 700-88 Grade Q255A 0.18-0.28 0.40-0.70 0.30 0.045 0.050 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
Grade Q255B 0.18-0.28 0.40-0.70  0.30 0.045 0.045 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
GB/T 3524-92 Grade Q255A 0.18-0.28 0.40-0.70  0.30 0.045 0.050 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
Grade Q255B 0.18-0.28 0.40-0.70  0.30 0.045 0.045 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
1ISO 630:1995 A1:2003 Grade E 275 (Fe 430), t>3 0.24 0.050 0.050
Quality A
Grade E 275 (Fe 430), 3=<t=<40 0.21 1.50 0.40 0.045 0.045
Quality B t>40 0.22 1.50 0.40 0.045 0.045
Grade E 275 (Fe 430), t>3 0.20 1.50 0.40 0.040 0.040
Quality C
Grade E 275 (Fe 430), t=3 0.20 1.50 0.40 0.035 0.035
Quality D
ASME SA-1011/SA-1011M  Grade 45 [310], SS 0.25 1.35 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A1011/A1011M-14 Grade 45 [310], Type 1,SS | --- 0.25 1.35 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
Grade 45 [310], Type 2,SS | --- 0.02-0.08 0.30-1.00 0.60 0.030- 0.025 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
0.070 Ti 0.008; Cb 0.008; Al
0.02-0.08; N 0.010-0.030
ASME SA-283/SA-283M Grade D K02702  --- t<40 t<15 0.27 0.90 0.40 0.035 0.04
t> 40 t>1.5 0.27 0.90 0.15-0.40 0.035 @ 0.04 - - -
ASTM A283/A283M-13 Grade D K02702  --- t<40 t<15 0.27 0.90 0.40 0.030 0.030
t>40 t>1.5 0.27 0.90 0.15-0.40 0.030 0.030
EN 10025-2:2004 S275JR - 1.0044 t<40 0.21 1.50 0.035 0.035 Cu 0.55; N 0.012
40 <t< 150 0.22 1.50 0.035 0.035 Cu 0.55; N 0.012
150 <t < 250 0.22 1.50 0.035 0.035 Cu 0.55; N 0.012
S275J0 --1.0143 t<40 0.18 1.50 0.030 0.030 Cu 0.55; N 0.012
40 <t<150 0.18 1.50 0.030 0.030 Cu 0.55; N 0.012
150 < t < 250 0.18 1.50 0.030 0.030 Cu 0.55; N 0.012
GB 712-2000 Grade A32 0.18 0.90-1.60 0.50 0.085 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade D32 0.18 0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade E32 0.18 0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade F32 0.16  0.90-1.60 0.50 0.025 0.025 0.20 0.8 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05;
N 0.009

Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
GB 711-88 Grade 20Mn t< 60 0.17-0.24 0.70-1.000.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 25 t <60 0.22-0.30 0.50-0.800.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
IASTM A573/A573M-13 Grade 65 [450] K02404  --- t<13 t<0.5 0.24 0.85-1.200.15-0.40 0.030 0.030
13<t<40 05<t<15 0.26  0.85-1.200.15-0.40 0.030 0.030
ASTM A529/A529M-14 Grade 50 [345] K02703  --- t<25 t<1 0.27 1.35 0.40 0.04  0.05
ASME SA-1011/SA-1011M  Grade 50 [340], SS 0.25 1.35 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A1011/A1011M-14 Grade 50 [340], SS 0.25 1.35 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
IASME SA-1011/SA-1011M  Grade 55 [380], SS 0.25 1.35 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
ASTM A1011/A1011M-14 Grade 55 [380], SS 0.25 1.35 0.035 0.04 0.15 0.20 0.06 V 0.008; Cu 0.20 nom.;
Ti 0.025; Cb 0.008
IASTM A573/A573M-13 Grade 70 [485] K02701  --- t<13 t<0.5 0.27 0.85-1.200.15-0.40 0.030 0.030
13<t<40 05<t<15 0.28 0.85-1.200.15-0.40 0.030 0.030
ASTM A529/A529M-14 Grade 55 [380] K02703  --- t<25 t<1 0.27 1.35 0.40 0.04  0.05
GB 711-88 Grade 25Mn t <60 0.22-0.30 0.70-1.000.17-0.37 0.035 '0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 30 t< 60 0.27-0.35 0.50-0.800.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
JIS G 3136:2012 Grade SN490C 16 <t <50 0.18 1.65 0.55 0.020 0.008
50 <t<100 0.20 1.65 0.55 0.020 0.008
GB 700-88 Grade Q275 0.28-0.38 0.50-0.80 0.35 0.045 0.050 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
GB/T 3524-92 Grade Q275 0.28-0.38 0.50-0.80 0.35 0.045 0.050 0.30 0.30 ---  Cu 0.30; N 0.008; As 0.080
JIS G 3101:2010 Symbol SS490 0.050 0.050
EN 10025-2:2004 E295 ---11.0050 t <250 0.045 0.045 N 0.012
JIS G 3106:2008 Grade SM490A t< 50 0.20 1.65 0.55 0.035 0.035
50 <t <200 0.22 1.65 0.55 0.035 0.035
Grade SM490B t< 50 0.18 1.65 0.55 0.035 0.035
50 <t <200 0.20 1.65 0.55 0.035 0.035
Grade SM490C t<100 0.18 1.65 0.55 0.035 0.035
JIS G 3136:2012 Grade SN490B 6<t<50 0.18 1.65 0.55 0.030 0.015
50 <t< 100 0.20 1.65 0.55 0.030 0.015

Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
GB 712-2000 Grade A36 0.18 |0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade D36 0.18 0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade E36 0.18 0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade F36 0.16  0.90-1.60 0.50 0.025 0.025 0.20 0.80 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05;
N 0.009
1ISO 630:1995 A1:2003 Grade E 355 (Fe 510), 3<t=<30 0.20 1.60 0.55 0.040 0.040
Quality C t> 30 0.22 1.60 0.55 0.040 0.040
Grade E 355 (Fe 510), 3<t=<30 0.20 1.60 0.55 0.035 0.035
Quality D t> 30 0.22 1.60 0.55 0.035 0.035
JIS G 3106:2008 Grade SM490YA t<100 0.20 1.65 0.55 0.035 0.035
Grade SM490YB t<100 0.20 1.65 0.55 0.035 0.035
GB 11251-89 Grade 40 B 0.37-0.44 0.17-0.37 0.60-0.90 B 0.0005-0.0035
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3.1 Carbon Steels for Structural Steel Plates

3.1B Chemical Composition of Carbon Steels for Structural Steel Plates (Continued)

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
EN 10025-2:2004 S355JR ---11.0045 t<30 0.24 1.60 0.55 0.035 0.035 Cu 0.55; N 0.012
30<t<150 0.24 1.60 0.55 0.035 0.035 Cu 0.55; N 0.012
150 <t < 250 0.24 1.60 0.55 0.035 0.035 Cu 0.55; N 0.012
S355J0 ---  11.0553 t< 30 0.20 1.60 0.55 0.030 0.030 Cu 0.55; N 0.012
30<t<40 0.22 1.60 0.55 0.030 0.030 Cu 0.55; N 0.012
40 <t< 150 0.22 1.60 0.55 0.030 0.030 Cu 0.55; N 0.012
150 <t < 250 0.22 1.60 0.55 0.030 0.030 Cu 0.55; N 0.012
GB 712-2000 Grade A40 0.18 0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade D40 0.18 0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade E40 0.18 0.90-1.60 0.50 0.035 0.035 0.20 0.40 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05
Grade F40 0.16  0.90-1.60 0.50 0.025 0.025 0.20 0.80 0.08 V 0.05-0.10; Cu 0.35;
Ti 0.02; Nb 0.02-0.05;
N 0.009
JIS G 3106:2008 Grade SM520B t<100 0.20 1.65 0.55 0.035 0.035
Grade SM520C t< 100 0.20 1.65 0.55 0.035 0.035
GB 711-88 Grade 35 t <60 0.32-0.40 0.50-0.800.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 30Mn t <60 0.27-0.35 0.70-1.000.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
JIS G 3101:2010 Symbol SS540 0.30 1.60 0.040 0.040
GB 11251-89 Grade 45 B 0.42-0.49 0.60-0.900.17-0.37 0.035 0.035 0.30 0.30 0.15 Cu 0.30; B 0.0005-0.0035
Grade 45Mn2 0.42-0.49 1.40-1.800.17-0.37 0.035 0.035 0.30 0.30 0.15 Cu 0.30
Grade 50 B 0.47-0.55 0.60-0.90 0.17-0.37 0.035 0.035 0.30 0.30 0.15 Cu 0.30
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo Others
GB 711-88 Grade 40 t <60 0.37-0.45 0.50-0.800.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 40Mn t <60 0.37-0.45 0.70-1.000.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 45 t <60 0.42-0.50 0.50-0.800.17-0.37/ 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
JIS G 3106:2008 Grade SM570 t<100 0.18 1.70 0.55 0.035 0.035
EN 10025-2:2004 E335 --- 11.0060 t < 250 0.045 0.045 N 0.012
GB 711-88 Grade 50 t <60 0.47-0.55 0.50-0.800.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 50Mn t <60 0.48-0.56 0.70-1.000.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 55 t <60 0.52-0.60 0.50-0.800.17-0.37/ 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 60 t <60 0.57-0.65 0.50-0.800.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 60Mn t <60 0.57-0.65 0.70-1.00 0.17-0.37/ 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
Grade 65 t <60 0.62-0.70 0.50-0.800.17-0.37 0.035 0.040 0.25 0.25 Cu 0.25; N 0.008
EN 10025-2:2004 E360 --- 1 1.0070 t < 250 0.045 0.045 N 0.012
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3.2 Alloy Steels for Structural Steel Plates

3.2.1A Mechanical Properties of High-Strength Low-Alloy Structural Steel Plates

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. [ Elongation

Specification Designation No. No. mm | in. MPa | Ksi MPa | Ksi % min. Heat Treatment Other

GB/T 1591-94 Grade Q295A t<16 295 390-570 23 HR, CtR, N or NT
16<t<35 275 390-570 23 HR, CtR, N or NT
35 <t<50 255 390-570 23 HR, CtR, N or NT
50<t<100 235 390-570 23 HR, CtR, N or NT

Grade Q295B t<16 295 390-570 23 HR, CtR, N or NT L:34J @ 20°C
16 <t<35 275 390-570 23 HR, CtR, N or NT
35 <t<50 255 390-570 23 HR, CtR, N or NT
50<t<100 235 390-570 23 HR, CtR, N or NT
CSA G40.21-13 Grade 260W (38W) 260 38 410-590 60-85 23 AR, N or CtR
t<65 t<25 260 38 410-590 60-85 23L,21T AR, N or CtR
65 <t <200 25<t<8 250 36 410-590 60-85  23L,21T AR, N or CtR

Grade 260WT (38WT) - - - - 260 38 410-590 60-85 23 AR, N or CtR see standard for

t<65 t<25 260 38 410-590 60-85 23L,21T AR, N or CtR impact data
65 <t<200 25<t<8 250 36 410-590 60-85 < 23L,21T AR, N or CtR

ASME SA-1011/SA-1011M  Grade 45 [310], Class 1, t<25 t<0.097 310 45 410L 60 L 23 L HR
HSLAS t>25 t>0.097 310 45 410L 60 L 25L HR
ASTM A1011/A1011M-14 Grade 45 [310], Class 1, t<25 t<0.097 310 45 410L 60 L 23 L HR
HSLAS t>25 t>0.097 310 45 410L 60 L 25L HR
ASME SA-1011/SA-1011M  Grade 50 [340], Class 2, t<25 t<0.097 340 50 410L 60 L 20L HR
HSLAS t>25 t>0.097 340 50 410L 60 L 22L HR
ASTM A1011/A1011M-14 Grade 50 [340], Class 2, t<25 t<0.097 340 50 410L 60 L 20 L HR
HSLAS t>25 t>0.097 340 50 410L 60 L 22 L HR
ASME SA-572/SA-572M Grade 42 [290], Type 1 290 42 415 60 24
Grade 42 [290], Type 2 290 42 415 60 24
Grade 42 [290], Type 3 290 42 415 60 24
Grade 42 [290], Type 5 290 42 415 60 24
ASTM A572/A572M-15 Grade 42 [290], Type 1 290 42 415 60 24
Grade 42 [290], Type 2 290 42 415 60 24
Grade 42 [290], Type 3 290 42 415 60 24
Grade 42 [290], Type 5 290 42 415 60 24
ASTM A656/A656M-13 Grade 50 [345], Type 3 t< 50 t<2 345 50 415 60 23 HR
Grade 50 [345], Type 7 t< 50 t<2 345 50 415 60 23 HR
Grade 50 [345], Type 8 t< 50 t<2 345 50 415 60 23 HR
ASTM A633/A633M-13 Grade A K01802  --- t< 100 t<4 290 42 430-570 63-83 23 N

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. [ Elongation
Specification Designation No. No. mm in. MPa ksi MPa | ksi % min. Heat Treatment Other
CSA G40.21-13 Grade 300W (44W) 300 44 440-620 64-90 23 AR, N or CtR
300 44 410-590 60-85 23 SR, AorN
t<65 t<25 300 44 440-620 64-90 23L,21T AR, N or CtR
65 <t <200 25<t<8 280 40 440-620 64-90 23L,21T AR, N or CtR
Grade 300WT (44WT) 300 44 440-620 64-90 23 AR, N or CtR see standard for
t<65 t<25 300 44 440-620 64-90 23L,21T AR, N or CtR impact data
65 <t <200 25<t<8 280 40 440-620 64-90 23L,21T AR, N or CtR
ASME SA-1011/SA-1011M  Grade 50 [340], Class 1, t<25 t<0.097 340 50 450 L 65 L 20L HR
HSLAS t>25 t>0.097 340 50 450 L 65 L 22 L HR
ASTM A1011/A1011M-14 Grade 50 [340], Class 1, t<25 t<0.097 340 50 450 L 65 L 20L HR
HSLAS t>25 t>0.097 340 50 450 L 65 L 22 L HR
ASME SA-572/SA-572M Grade 50 [345], Type 1 345 50 450 65 21
Grade 50 [345], Type 2 345 50 450 65 21
Grade 50 [345], Type 3 345 50 450 65 21
Grade 50 [345], Type 5 345 50 450 65 21
IASTM A572/A572M-15 Grade 50 [345], Type 1 345 50 450 65 21
Grade 50 [345], Type 2 345 50 450 65 21
Grade 50 [345], Type 3 345 50 450 65 21
Grade 50 [345], Type 5 345 50 450 65 21
ASTM A709/A709M-13a Grade 50 [345], Type 1 t<100 t<4 345 50 450 65 21 QT see standard for
Grade 50 [345], Type 2 t<100 t<4 345 50 450 65 21 QT impact data
Grade 50 [345], Type 3 t<100 t<4 345 50 450 65 21 QT
Grade 50 [345], Type 5 t<100 t<4 345 50 450 65 21 QT
CSA G40.21-13 Grade 350W (50W) 350 50 450-650 65-95 22 AR, N or CtR
350 50 450-620 65-90 22 SR, AorN
t<65 t<25 350 50 450-650 65-95 22L,20T AR, N or CtR
65 <t <200 25<t<8 320 46 450-650 65-95 22L,20T AR, N or CtR
ASME SA-1011/SA-1011M  Grade 55 [380], Class 2, t<25 t<0.097 380 55 450 L 65 L 18L HR
HSLAS t>25 t>0.097 380 55 450 L 65 L 20 L HR
ASTM A1011/A1011M-14 Grade 55 [380], Class 2, t<25 t<0.097 380 55 450 L 65 L 18L HR
HSLAS t>25 t > 0.097 380 55 450 L 65 L 20 L HR
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. [ Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
GB/T 1591-94 Grade Q345A t<16 345 470-630 21 HR, CtR, N or NT
16 <t<35 325 470-630 21 HR, CtR, N or NT
35<t<50 295 470-630 21 HR, CtR, N or NT
50 <t< 100 275 470-630 21 HR, CtR, N or NT
Grade Q345B t<16 345 470-630 21 HR, CtR, N or NT L:34J @ 20°C
16 <t<35 325 470-630 21 HR, CtR, N or NT
35<t<50 295 470-630 21 HR, CtR, N or NT
50 <t< 100 275 470-630 21 HR, CtR, N or NT
Grade Q345C t<16 345 470-630 22 HR, CtR, N or NT
16 <t<35 325 470-630 22 HR, CtR, N or NT L:34J @ 0°C
35<t<50 295 470-630 22 HR, CtR, N or NT
50 <t< 100 275 470-630 22 HR, CtR, N or NT
Grade Q345D t<16 345 470-630 22 HR, CtR, N or NT
16 <t<35 325 470-630 22 HR, CtR, N or NT
35<t<50 295 470-630 22 HR, CtR, N or NT L:34J @ -20°C
50 <t<100 275 470-630 22 HR, CtR, N or NT
Grade Q345E t<16 345 470-630 22 HR, CtR, N or NT
16 <t<35 325 470-630 22 HR, CtR, N or NT
35<t<50 295 470-630 22 HR, CtR, N or NT
50 <t< 100 275 470-630 22 HR, CtR, N or NT L: 27 J @ -40°C
ASTM A242/A242M-13 Type 1 K11510  --- t<20 t<0.75 345 50 480 70 21
20<t<40 0.75<t=<15 315 46 460 67 21
t<40 t<1.5 345 50 485 70 21
40 <t <50 15<t<2 315 46 460 67 21
40 <t<100 15<t<4 290 42 435 63 21
t>50 t>2 290 42 435 63 21
CSA G40.21-13 Grade 350WT (50WT) 350 50 450-650 65-95 22 AR, N or CtR see standard for
350 50 450-620 65-90 22 SR, AorN impact data
t<65 t<25 350 50 450-650 65-95 22L,20T AR, N or CtR
65 <t <200 25<t<8 320 46 450-650 65-95 22L,20T AR, N or CtR
Grade 380W (55W) 380 55 480-650 65-95 21 AR, N or CtR
380 55 480-650 70-95 21 SR,AorN
t<65 t<25 380 55 480-650 70-95 21L AR, N or CtR
65 <t <200 25<t<8 350 50 480-650 70-95 21L AR, N or CtR
IASME SA-1011/SA-1011M  Grade 55 [380], Class 1, t<25 t<0.097 380 55 480 L 70L 18L HR
HSLAS t>25 t>0.097 380 55 480 L 70L 20L HR
Grade 60 [410], Class 2, t<25 t<0.097 410 60 480 L 70L 16 L HR
HSLAS t>25 t > 0.097 410 60 480 L 70 L 18 L HR

Note: This section continued on next page.
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3.2.1A Mechanical Properties of High-Strength Low-Alloy Structural Steel Plates (Continued)
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. [ Elongation
Specification Designation No. No. mm in. MPa ksi MPa | ksi % min. Heat Treatment Other
ASTM A1011/A1011M-14 Grade 55 [380], Class 1 t<25 t<0.097 380 55 480 L 70 L 18L HR
HSLAS t>25 t>0.097 380 55 480 L 70L 20L HR
Grade 60 [410], Class 2 t<25 t < 0.097 410 60 480 L 70L 16 L HR
HSLAS t>25 t>0.097 410 60 480 L 70L 18L HR ---
IASTM A588/A588M-15 Grade A K11947 - 345 50 485 70 21
t<100 t<4 345 50 485 70 21
100<t<125 4<t<5 315 46 460 67 21
125 <t <200 5<t<8 290 42 435 63 21
Grade B K12043  --- 345 50 485 70 21
t<100 t<4 345 50 485 70 21
100<t<125 4<t<5 315 46 460 67 21
125 <t <200 5<t<8 290 42 435 63 21
Grade K 345 50 485 70 21
t< 100 t<4 345 50 485 70 21
100<t<125 4<t<5 315 46 460 67 21
125 <t <200 5<t<8 290 42 435 63 21
ASTM A633/A633M-13 Grade C K12000  --- t<65 t<25 345 50 485-620 70-90 23 N
65 <t<100 25<t<4 315 46 450-590 65-85 23 N
Grade D K12037  --- t<65 t<25 345 50 485-620 70-90 23 N
65 <t<100 25<t<4 315 46 450-590 65-85 23 N
ASME SA-572/SA-572M Grade 55 [380], Type 1 380 55 485 70 20
Grade 55 [380], Type 2 380 55 485 70 20
Grade 55 [380], Type 3 380 55 485 70 20
Grade 55 [380], Type 5 380 55 485 70 20
IASTM A572/A572M-15 Grade 55 [380], Type 1 380 55 485 70 20
Grade 55 [380], Type 2 380 55 485 70 20
Grade 55 [380], Type 3 380 55 485 70 20
Grade 55 [380], Type 5 380 55 485 70 20
ASTM A656/A656M-13 Grade 60 [415], Type 3 t<40 t<15 415 60 485 70 20 HR
Grade 60 [415], Type 7 t<40 t<1.5 415 60 485 70 20 HR
Grade 60 [415], Type 8 t<40 t<1.5 415 60 485 70 20 HR
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. [ Elongation
Specification Designation No. No. mm in. MPa ksi MPa | ksi % min. Heat Treatment Other
CSA G40.21-13 Grade 400W (60W) 400 60 520-690 75-100 18 AR, N or CtR
400 60 520-690 75-100 20 SR, AorN
t<65 t<25 400 60 520-690 75-100  18L,15T AR, N or CtR
65 <t <200 25<t<8 370 54 520-690 75-100  18L,15T AR, N or CtR
Grade 400WT (60WT) 400 60 520-690 75-100 20 AR, N or CtR see standard for
400 60 520-690 75-100 20 SR,AorN impact data
t<65 t<25 400 60 520-690 75-100  20L,17T AR, N or CtR
65 <t <200 25<t<8 370 54 520-690 75-100  20L,17T AR, N or CtR
IASME SA-1011/SA-1011M  Grade 60 [410], Class 1, t<25 t<0.097 410 60 520 L 75L 16 L HR
HSLAS t>25 t>0.097 410 60 520 L 75L 18L HR
Grade 65 [450], Class 2, t<25 t<0.097 450 65 520 L 75L 14 L HR
HSLAS t>25 t>0.097 450 65 520 L 75L 16 L HR
ASTM A1011/A1011M-14 Grade 60 [410], Class 1, t<25 t < 0.097 410 60 520 L 75L 16 L HR
HSLAS t>25 t>0.097 410 60 520 L 75L 18L HR
Grade 65 [450], Class 2, t<25 t<0.097 450 65 520 L 75L 14 L HR
HSLAS t>25 t>0.097 450 65 520 L 75L 16 L HR
ASME SA-572/SA-572M Grade 60 [415], Type 1 415 60 520 75 18
Grade 60 [415], Type 2 415 60 520 75 18
Grade 60 [415], Type 3 415 60 520 75 18
Grade 60 [415], Type 5 415 60 520 75 18
IASTM A572/A572M-15 Grade 60 [415], Type 1 415 60 520 75 18
Grade 60 [415], Type 2 415 60 520 75 18
Grade 60 [415], Type 3 415 60 520 75 18
Grade 60 [415], Type 5 415 60 520 75 18
GB/T 1591-94 Grade Q420A t<16 420 520-680 18 HR, CtR, N or NT
16 <t<35 400 520-680 18 HR, CtR, N or NT
35<t<50 380 520-680 18 HR, CtR, N or NT
50 <t< 100 360 520-680 18 HR, CtR, N or NT
Grade Q420B t<16 420 520-680 18 HR, CtR, N or NT L:34J @ 20°C
16 <t<35 400 520-680 18 HR, CtR, N or NT
35<t<50 380 520-680 18 HR, CtR, N or NT
50 <t< 100 360 520-680 18 HR, CtR, N or NT
Grade Q420C t<16 420 520-680 19 HR, CtR, N, NT or QT
16 <t<35 400 520-680 19 HR, CtR, N, NT or QT L:34J @ 0°C
35<t<50 380 520-680 19 HR, CtR, N, NT or QT
50 <t< 100 360 520-680 19 HR, CtR, N, NT or QT

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. [ Elongation
Specification Designation No. No. mm in. MPa ksi MPa | ksi % min. Heat Treatment Other
GB/T 1591-94 Grade Q420D t<16 420 520-680 19 HR, CtR, N, NT or QT
16 <t<35 400 520-680 19 HR, CtR, N, NT or QT
35<t<50 380 520-680 19 HR, CtR,N,NTorQT L:34J @ -20°C
50 <t< 100 360 520-680 19 HR, CtR, N, NT or QT
Grade Q420E t<16 420 520-680 19 HR, CtR, N, NT or QT
16 <t<35 400 520-680 19 HR, CtR, N, NT or QT
35<t<50 380 520-680 19 HR, CtR, N, NT or QT
50 <t< 100 360 520-680 19 HR, CtR, N, NTorQT L:27J @ -40°C
GB/T 16270-1996 Grade Q420C t<50 420 520-670 T 18T CtR, N, QT or NT see standard for
50 <t< 100 400 520-670 T 18T CtR, N, QT or NT impact data
Grade Q420D t< 50 420 520-670 T 18T CtR, N, QT or NT
50 <t< 100 400 520-670 T 18T CtR, N, QT or NT
Grade Q420E t< 50 420 520-670 T 18T CtR, N, QT or NT
50 <t< 100 400 520-670 T 18T CtR, N, QT or NT
ASTM A633/A633M-13 Grade E K12202  --- t<100 t<4 415 60 550-690 80-100 23 N or NN
100 <t <150 4<t<6 380 55 515-655 75-95 23 NN
ASME SA-572/SA-572M Grade 65 [450], Type 1 450 65 550 80 17
Grade 65 [450], Type 2 450 65 550 80 17
Grade 65 [450], Type 3 450 65 550 80 17
Grade 65 [450], Type 5 450 65 550 80 17
IASTM A572/A572M-15 Grade 65 [450], Type 1 450 65 550 80 17
Grade 65 [450], Type 2 450 65 550 80 17
Grade 65 [450], Type 3 450 65 550 80 17
Grade 65 [450], Type 5 450 65 550 80 17
IASME SA-1011/SA-1011M  Grade 65 [450], Class 1, t<25 t<0.097 450 65 550 L 80 L 14 L HR
HSLAS t>25 t>0.097 450 65 550 L 80 L 16 L HR
ASTM A1011/A1011M-14 Grade 65 [450], Class 1, t<25 t<0.097 450 65 550 L 80L 14 L HR
HSLAS t>25 t>0.097 450 65 550 L 80 L 16 L HR
ASTM A656/A656M-13 Grade 70 [485], Type 3 t<25 t<1 485 70 550 80 17 HR
Grade 70 [485], Type 7 t<25 t<1 485 70 550 80 17 HR -
Grade 70 [485], Type 8 t<25 t<1 485 70 550 80 17 HR -
ASME SA-1011/SA-1011M  Grade 70 [480], Class 1, t<25 t<0.097 480 70 585 L 85L 12L HR
HSLAS t>25 t>0.097 480 70 585 L 85L 14 L HR
ASTM A1011/A1011M-14 Grade 70 [480], Class 1, t<25 t<0.097 480 70 585 L 85L 12L HR
HSLAS t>25 t > 0.097 480 70 585 L 85 L 14 L HR
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
GB/T 1591-94 Grade Q295A 0.16  0.80-1.50 0.55 0.045 0.045 0.30 0.30 V 0.02-0.15; Cu 0.30;
Ti 0.02-0.20; Nb 0.015-0.060
Grade Q295B 0.16  0.80-1.50 0.55 0.040  0.040 | 0.30 0.30 V 0.02-0.15; Cu 0.30;
Ti 0.02-0.20; Nb 0.015-0.060
CSA G40.21-13 Grade 260W (38W) 0.20 0.50-1.50 0.40 0.04 | 0.05
Grade 260WT (38WT) 0.20  0.80-1.500.15-0.40 0.03 = 0.04
IASME SA-1011/SA-1011M  Grade 45 [310], Class 1, 0.22 1.35 0.04 0.04 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 45 [310], Class 1, 0.22 1.35 0.04 0.04 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
IASME SA-1011/SA-1011M  Grade 50 [340], Class 2, 0.15 1.35 0.04 0.04 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 50 [340], Class 2, 0.15 1.35 0.04 004 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASME SA-572/SA-572M Grade 42 [290], Type 1 t< 150 t<6 0.21 0.50-1.35 0.40 0.04 | 0.05 Cb 0.005-0.05
Grade 42 [290], Type 2 t<150 t<6 0.21 0.50-1.35 0.40 0.04 0.05 V 0.01-0.15
Grade 42 [290], Type 3 t<150 t<6 0.21 0.50-1.35 0.40 0.04  0.05 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02-0.15
Grade 42 [290], Type 5 t<150 t<6 0.21 0.50-1.25 0.40 0.04  0.05 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
IASTM A572/A572M-15 Grade 42 [290], Type 1 t<150 t<6 0.21 0.50-1.35 0.40 0.030 0.030 Cb 0.005-0.05
Grade 42 [290], Type 2 t< 150 t<6 0.21 0.50-1.35 0.40 0.030 @ 0.030 V 0.01-0.15
Grade 42 [290], Type 3 t<150 t<6 0.21 0.50-1.35 0.40 0.030 0.030 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02-0.15
Grade 42 [290], Type 5 t<150 t<6 0.21 0.50-1.25 0.40 0.030 0.030 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
IASTM A656/A656M-13 Grade 50 [345], Type 3 t< 50 ts2 0.18 1.65 0.60 0.025 0.030 V 0.08; Cb 0.008-0.10;
N 0.030
Grade 50 [345], Type 7 t< 50 2 0.18 1.65 0.60 0.025 ' 0.030 V 0.15; Cb 0.10; N 0.030
Grade 50 [345], Type 8 t<50 t<2 0.18 1.65 0.60 0.025 ' 0.030 V 0.15; Ti 0.15; Cb 0.10;
N 0.030
ASTM A633/A633M-13 Grade A K01802  --- t<100 t<4 0.18 1.00-1.350.15-0.50 0.030 0.030 Cb 0.05
CSA G40.21-13 Grade 300W (44W) 0.22 0.50-1.50 0.40 0.04 @ 0.05
Grade 300WT (44WT) 0.22 0.80-1.500.15-0.40 0.03 @ 0.04
ASME SA-1011/SA-1011M  Grade 50 [340], Class 1, 0.23 1.35 0.04 004 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 50 [340], Class 1, 0.23 1.35 0.04 004 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom.;

HSLAS

Ti 0.005 min.; Cb 0.005 min.

Note: This section continued on next page.
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3.2.1B Chemical Composition of High-Strength Low-Alloy Structural Steel Plates (Continued)

UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-572/SA-572M Grade 50 [345], Type 1 t< 100 t<4 0.23 0.50-1.35 0.40 0.04 @ 0.05 Cb 0.005-0.05
Grade 50 [345], Type 2 t<100 t<4 0.23 0.50-1.35 0.40 0.04 0.05 V 0.01-0.15
Grade 50 [345], Type 3 t<100 t<4 0.23 0.50-1.35 0.40 0.04 0.05 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02-0.15
Grade 50 [345], Type 5 t<100 t<4 0.23 0.50-1.35 0.40 0.04 0.05 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
IASTM A572/A572M-15 Grade 50 [345], Type 1 t<100 t<4 0.23 0.50-1.35 0.40 0.030 0.030 Cb 0.005-0.05
Grade 50 [345], Type 2 t<100 t<4 0.23 0.50-1.35 0.40 0.030 ' 0.030 V 0.01-0.15
Grade 50 [345], Type 3 t<100 t<4 0.23 0.50-1.35 0.40 0.030 0.030 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02-0.15
Grade 50 [345], Type 5 t<100 t<4 0.23 0.50-1.35 0.40 0.030 0.030 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
ASTM A709/A709M-13a Grade 50 [345], Type 1 t<100 t<4 0.23 0.50-1.35 0.40 0.04 @ 0.05 Cb 0.005-0.05
Grade 50 [345], Type 2 t<100 t<4 0.23 0.50-1.35 0.40 0.04 0.05 V 0.01-0.15
Grade 50 [345], Type 3 t<100 t<4 0.23 0.50-1.35 0.40 0.04 | 0.05 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02-0.15
Grade 50 [345], Type 5 t<100 t<4 0.23 0.50-1.35 0.40 0.04  0.05 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
CSA G40.21-13 Grade 350W (50W) 0.23 0.50-1.50 0.40 0.04 @ 0.05
ASME SA-1011/SA-1011M  Grade 55 [380], Class 2, 0.15 1.35 0.04 004 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 55 [380], Class 2, 0.15 1.35 0.04 004 0.15 0.20 0.06 | V 0.005 min.; Cu 0.20 nom;
HSLAS Ti 0.005 min.; Cb 0.005 min.
GB/T 1591-94 Grade Q345A 0.20 1.00-1.60 0.55 0.045 0.045 | 0.30 0.30 V 0.02-0.15; Cu 0.30;
Ti 0.02-0.20; Nb 0.015-0.060
Grade Q345B 0.20 1.00-1.60 0.55 0.040  0.040 | 0.30 0.30 V 0.02-0.15; Cu 0.30;
Ti 0.02-0.20; Nb 0.015-0.060
Grade Q345C 0.20 1.00-1.60 0.55 0.035 0.035 | 0.30 0.30 V 0.02-0.15; Al 0.015 min;

Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q345D 0.18 1.00-1.60 0.55 | 0.030 0.030 0.30 0.30 V 0.02-0.15; Al 0.015 min;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q345E 0.18 1.00-1.60 0.55 | 0.025 0.025 0.30 0.30 V 0.02-0.15; Al 0.015 min;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
ASTM A242/A242M-13 Type 1 K11510  --- t <100 t<4 0.15 1.00 0.15 = 0.05 Cu 0.20 min.
Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
CSA G40.21-13 Grade 350WT (50WT) 0.22 0.80-1.500.15-0.40 0.03 @ 0.04
Grade 380W (55W) 0.23 0.50-1.50 0.40 0.04 @ 0.05
ASME SA-1011/SA-1011M  Grade 55 [380], Class 1, 0.25 1.35 0.04 0.04 0.15 0.20 0.06 =V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
Grade 60 [410], Class 2, - - - 0.15 1.50 0.04 0.04 0.15 0.20 0.06 = V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 55 [380], Class 1, 0.25 1.35 0.04 0.04 0.15 0.20 0.06 =V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
Grade 60 [410], Class 2, 0.15 1.50 0.04 0.04 0.5 0.20 0.06 =V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
IASTM A588/A588M-15 Grade A K11947  --- t<200 t<8 0.19  0.80-1.250.30-0.65 0.030 0.030 0.40- 0.40 V 0.02-0.10; Cu 0.25-0.40
0.65
Grade B K12043  --- t <200 t<8 0.20 0.75-1.350.15-0.50 0.030 0.030 0.40- 0.50 V 0.01-0.10; Cu 0.20-0.40
0.70
Grade K t <200 t<8 0.17  0.50-1.20 0.25-0.50 0.030 @ 0.030 @0.40- 0.40 0.10 | Cu 0.30-0.50; Cb 0.005-0.05
0.70
JASTM A633/A633M-13 Grade C K12000  --- t< 100 t<4 0.20 1.15-1.500.15-0.50 0.030 0.030 Cb 0.01-0.05
Grade D K12037  --- t<40 t<1.5 0.20 0.70-1.350.15-0.50 0.030 0.030 0.25 0.25 0.08 Cu 0.35
40<t<100 15<t<4 0.20 1.00-1.60 0.15-0.50 0.030 ' 0.030 0.25 0.25 0.08 Cu 0.35
IASME SA-572/SA-572M Grade 55 [380], Type 1 t <50 ts2 0.25 0.50-1.35 0.40 0.04 | 0.05 Cb 0.005-0.05
Grade 55 [380], Type 2 t< 50 t<2 0.25 0.50-1.35 0.40 0.04  0.05 V 0.01-0.15
Grade 55 [380], Type 3 t< 50 t<2 0.25 0.50-1.35 0.40 0.04 | 0.05 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02-0.15
Grade 55 [380], Type 5 t<50 t<2 0.25 0.50-1.35 0.40 0.04 @ 0.05 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
IASTM A572/A572M-15 Grade 55 [380], Type 1 t< 50 t<2 0.25 0.50-1.35 0.40 0.030  0.030 Cb 0.005-0.05
Grade 55 [380], Type 2 <50 t<2 0.25 0.50-1.35 0.40 0.030 @ 0.030 V 0.01-0.15
Grade 55 [380], Type 3 50 ts2 0.25 0.50-1.35 0.40 0.030 | 0.030 V 0.01-0.15; Cb 0.005-0.05
(Cb+V) 0.02-0.15
Grade 55 [380], Type 5 t< 50 t<2 0.25 0.50-1.35 0.40 0.030 0.030 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
ASTM A656/A656M-13 Grade 60 [415], Type 3 t<40 t<15 0.18 1.65 0.60 0.025 | 0.030 V 0.08; Cb 0.008-0.10;
N 0.030
Grade 60 [415], Type 7 t<40 5 0.18 1.65 0.60 0.025  0.030 V 0.15; Cb 0.10; N 0.030
Grade 60 [415], Type 8 t<40 <15 0.18 1.65 0.60 0.025 ' 0.030 V 0.15; Ti 0.15; Cb 0.10;

N 0.030
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Steel | Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. mm | in. C Mn Si | P S | Ni | Mo | Others
CSA G40.21-13 Grade 400W (60W) 0.23 0.50-1.50  0.40 0.04 0.05
Grade 400WT (60WT) 0.22 0.80-1.60 0.15-0.40 0.03 0.04
ASME SA-1011/SA-1011M  Grade 60 [410], Class 1, 0.26 1.50 0.04 0.04 0.20 0.06  V 0.005 min.; Cu 0.20 nom;
HSLAS Ti 0.005 min.; Cb 0.005 min.
Grade 65 [450], Class 2, - 0.15 1.50 0.04 0.04 0.20 0.06  V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 60 [410], Class 1, 0.26 1.50 0.04 0.04 0.20 0.06  V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
Grade 65 [450], Class 2, 0.15 1.50 0.04 0.04 0.20 0.06  V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASME SA-572/SA-572M Grade 60 [415], Type 1 t<32 t<1.25 0.26 0.50-1.35  0.40 0.04 0.05 Cb 0.005-0.05
Grade 60 [415], Type 2 t<32 t<1.25 0.26 0.50-1.35  0.40 0.04 0.05 V 0.01-0.15
Grade 60 [415], Type 3 t<32 t<1.25 0.26 0.50-1.35  0.40 0.04 0.05 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02 to 0.15
Grade 60 [415], Type 5 t<32 t<1.25 0.26 0.50-1.35  0.40 0.04 0.05 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
ASTM A572/A572M-15 Grade 60 [415], Type 1 t<32 t<1.25 0.26 0.50-1.35  0.40 0.030  0.030 Cb 0.005-0.05
Grade 60 [415], Type 2 t<32 t<1.25 0.26 0.50-1.35  0.40 0.030 @ 0.030 V 0.01-0.15
Grade 60 [415], Type 3 t<32 t<1.25 0.26 0.50-1.35  0.40 0.030 @ 0.030 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02 to 0.15
Grade 60 [415], Type 5 t<32 t<1.25 0.26 0.50-1.35  0.40 0.030 | 0.030 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
GB/T 1591-94 Grade Q420A 0.20 1.00-1.70  0.55 0.045 @ 0.045 0.70 V 0.02-0.20; Cu 0.30; Ti
0.02-0.20; Nb 0.015-0.060
Grade Q420B 0.20 1.00-1.70  0.55 0.040 | 0.040 0.70 V 0.02-0.20; Cu 0.30; Ti
0.02-0.20; Nb 0.015-0.060
Grade Q420C 0.20 1.00-1.70  0.55 0.035  0.035 0.70 V 0.02-0.20; Al 0.015 min;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q420D 0.20 1.00-1.70  0.55 0.030 | 0.030 0.70 V 0.02-0.20; Al 0.015 min;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q420E 0.20 1.00-1.70  0.55 0.025 0.025 0.70 V 0.02-0.20; Al 0.015 min;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
GB/T 16270-1996 Grade Q420C 0.20 1.00-1.60 0.55 0.035  0.035 0.70 0.20 V 0.10; Ti 0.20; Nb 0.06
Grade Q420D 0.18 1.00-1.60  0.55 0.030 @ 0.030 0.70 0.20 V 0.10; Ti 0.20; Nb 0.06
Grade Q420E 0.18 1.00-1.60  0.55 0.025 = 0.025 0.70 0.20 V 0.10; Ti 0.20; Nb 0.06

Note: This section continued on next page.

Handbook of Comparative World Steel Standards



3.2 Alloy Steels for Structural Steel Plates

3.2.1B Chemical Composition of High-Strength Low-Alloy Structural Steel Plates (Continued)

Chapter 3

Structural Steel Plates

84

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni Mo | Others
ASTM A633/A633M-13 Grade E K12202  --- t< 150 t<6 0.22 | 1.15-1.50 0.15-0.50 0.030 | 0.030 V 0.04-0.11; N 0.03;
Cb 0.01-0.05
ASME SA-572/SA-572M Grade 65 [450], Type 1 -- 13<t<32 05<t<125 0.23 0.80-1.65 0.40 0.04 0.05 Cb 0.005-0.05
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.04 0.05 Cb 0.005-0.05
Grade 65 [450], Type 2 - 13<t<32 05<t=<125 023  0.80-1.65 0.40 0.04 0.05 V 0.01-0.15
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.04 0.05 V 0.01-0.15
Grade 65 [450], Type 3 - 13<t<32 05<t<125 0.23  0.80-1.65 0.40 0.04 0.05 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02 t0 0.15
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.04 0.05 V 0.01-0.15; Cb 0.005-0.05;
(Cb+V) 0.02 t0 0.15
Grade 65 [450], Type 5 -~ 13<t<32 05<t<125 0.23  0.80-1.65 0.40 0.04 0.05 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.04 0.05 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
ASTM A572/A572M-15 Grade 65 [450], Type 1 -- 13<t<32 05<t<125 0.23 0.80-1.65 0.40 0.030 @ 0.030 Cb 0.005-0.05
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.030  0.030 Cb 0.005-0.05
Grade 65 [450], Type 2 -- 13<t=<32 05<t<125 023 0.80-1.65 0.40 0.030 = 0.030 V 0.01-0.15
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.030 @ 0.030 V 0.01-0.15
Grade 65 [450], Type 3 - 13<t=<32 05<t<125 023 0.80-1.65 0.40 0.030  0.030 V 0.01-0.15; Cb 0.005-0.05
(Cb+V) 0.02 to 0.15
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.030  0.030 V 0.01-0.15; Cb 0.005-0.05
(Cb+V) 0.02 to 0.15
Grade 65 [450], Type 5 - 13<t<32 05<t=<125 023  0.80-1.65 0.40 0.030  0.030 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
t<13 t<0.5 0.26 | 0.50-1.35  0.40 0.030  0.030 V 0.06; Ti 0.006-0.04;
N 0.003-0.015
ASME SA-1011/SA-1011M  Grade 65 [450], Class 1, 0.26 1.50 0.04 0.04 0.15 0.20 0.06 |V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 65 [450], Class 1, 0.26 1.50 0.04 0.04 0.15 0.20 0.06 |V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A656/A656M-13 Grade 70 [485], Type 3 t<25 t<1 0.18 1.65 0.60 0.025 @ 0.030 V 0.08; Cb 0.008-0.10;
N 0.030
Grade 70 [485], Type 7 t<25 t<1 0.18 1.65 0.60 0.025 @ 0.030 V 0.15; Cb 0.10; N 0.030
Grade 70 [485], Type 8 t<25 t<1 0.18 1.65 0.60 0.025  0.030 V 0.15; Ti 0.15; Cb 0.10;
N 0.030
ASME SA-1011/SA-1011M  Grade 70 [480], Class 1, 0.26 1.65 0.04 0.04 0.15 0.20 0.06 |V 0.005 min.; Cu 0.20 nom.;
HSLAS Ti 0.005 min.; Cb 0.005 min.
ASTM A1011/A1011M-14 Grade 70 [480], Class 1, - - - 0.26 1.65 0.04 0.04 0.15 0.20 0.16  V 0.005 min.; Cu 0.20 nom;

HSLAS

Ti 0.005 min.; Cb 0.005 min.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 11251-89 Grade 15 Cr 400-600 21 A, Nor NT
Grade 20 Cr 400-650 20 A, Nor NT
Grade 20CrMnSiA 450-700 21 A, Nor NT
ISO 4950-2:1995 A1:2003 Grade E 355, Quality DD 3<t<16 355 470-630 22 N, NT or CtR see standard for
16 <t< 35 345 470-630 22 N, NT or CtR impact data
35<t=<50 335 470-630 22 N, NT or CtR
50<t=<70 325 470-630 22 N, NT or CtR
70 <t<100 305 450-610 22 N, NT or CtR
100<t< 125 295 440-600 22 N, NT or CtR
125 <t< 150 285 430-590 22 N, NT or CtR
Grade E 355, Quality E 3<t<16 355 --- 470-630 22 N, NT or CtR see standard for
16 <t<35 345 470-630 22 N, NT or CtR impact data
35<t<50 335 470-630 22 N, NT or CtR
50<t<70 325 470-630 22 N, NT or CtR
70 <t<100 305 450-610 22 N, NT or CtR
100<t< 125 295 440-600 22 N, NT or CtR
125 <t <150 285 430-590 22 N, NT or CtR
IASTM A709/A709M-13a Grade 50W [345W], Type A --- t<100 t<4 345 50 485 70 21 QT see standard for
Grade 50W [345W], Type B --- t< 100 t<4 345 50 485 70 21 QT impact data

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB/T 1591-94 Grade Q390A t<16 390 490-650 19 HR, CtR, N or NT
16<t<35 370 490-650 19 HR, CtR, N or NT
35<t<50 350 490-650 19 HR, CtR, N or NT
50 <t< 100 330 490-650 19 HR, CtR, N or NT
Grade Q390B t<16 390 490-650 19 HR, CtR, N or NT L:34J @ 20°C
16<t<35 370 490-650 19 HR, CtR, N or NT
35<t<50 350 490-650 19 HR, CtR, N or NT
50 <t< 100 330 490-650 19 HR, CtR, N or NT
Grade Q390C t<16 390 490-650 20 HR, CtR, N or NT
16<t<35 370 490-650 20 HR, CtR, N or NT L:34J @ 0°C
35<t=<50 350 490-650 20 HR, CtR, N or NT
50 <t<100 330 490-650 20 HR, CtR, N or NT
Grade Q390D t<16 390 490-650 20 HR, CtR, N or NT
16<t<35 370 490-650 20 HR, CtR, N or NT
35<t<50 350 490-650 20 HR, CtR, N or NT L:34J @ -20°C
50 <t< 100 330 490-650 20 HR, CtR, N or NT
Grade Q390E t<16 390 490-650 20 HR, CtR, N or NT
16<t<35 370 490-650 20 HR, CtR, N or NT
35<t<50 350 490-650 20 HR, CtR, N or NT
50 <t< 100 330 490-650 20 HR, CtR, N or NT L: 27 J @ -40°C
ASTM A710/A710M-02 (2013) Grade A, Class 2 K20747  --- t<25 t=s1 450 65 495 72 20 N+PHT
25<t<50 1<t<2 415 60 495 72 20 N+PHT
50 <t< 100 2<t<4 380 55 450 65 20 N+PHT
t>100 t>4 345 50 415 60 20 N+PHT
GB 11251-89 Grade 25CrMnSiA 500-700 20 A, Nor NT 152-221 HB
1000 10 QT 39J @ RT
Grade 30 Cr 500-700 19 A, N or NT
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 11251-89 Grade 30CrMnSiA 550-750 19 A, Nor NT 152-221 HB
1100 10 QT 39J @ RT
Grade 35 Cr 550-750 18 A, Nor NT
Grade 27SiMn 550-800 18 A, Nor NT
Grade 40 Cr 550-800 16 A, NorNT
GB/T 1591-94 Grade Q460C t<16 460 550-720 17 HR, CtR, N, NT or QT
16<t<35 440 550-720 17 HR, CtR, N, NT or QT L:34J @ 0°C
35<t<50 420 550-720 17 HR, CtR, N, NT or QT
50 <t< 100 400 550-720 17 HR, CtR, N, NT or QT
Grade Q460D t<16 460 550-720 17 HR, CtR, N, NT or QT
16<t<35 440 550-720 17 HR, CtR, N, NT or QT
35<t<50 420 550-720 17 HR, CtR, N, NTorQT L:34J @ -20°C
50 <t< 100 400 550-720 17 HR, CtR, N, NT or QT
Grade Q460E t<16 460 550-720 17 HR, CtR, N, NT or QT
16<t<35 440 550-720 17 HR, CtR, N, NT or QT
35<t<50 420 550-720 17 HR, CtR, N, NT or QT
50 <t< 100 400 550-720 17 HR, CtR, N, NTorQT L:27J @ -40°C
GB/T 16270-1996 Grade Q460C t<50 460 550-710 T 17T CtR, N, QT or NT see standard for
50 <t<100 440 550-710 T 17T CtR, N, QT or NT impact data
Grade Q460D t<50 460 550-710 T 17T CtR, N, QT or NT see standard for
50 <t<100 440 550-710 T 17T CtR, N, QT or NT impact data
Grade Q460E t<50 460 550-710 T 17T CtR, N, QT or NT see standard for
50 <t<100 440 550-710 T 17T CtR, N, QT or NT impact data

Note: This section continued on next page.
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 4950-3:1995 A1:2003 Grade E 460, Quality DD 3<t<50 460 --- 570-720 T 17T QT see standard for
50<t<70 440 570-720 T 17T QT impact data
Grade E 460, Quality E 3<t<50 --- 460 --- 570-720 T --- 17T QT see standard for
50<t<70 440 570-720 T 17T QT impact data
ASTM A709/A709M-13a Grade HPS 70W [HPS t<100 t<4 485 70 585-760 85-110 19 AR, CtR, TMCP or QT  see standard for
485W] impact data
IASTM A710/A710M-02 (2013) Grade A, Class 3 K20747, - t<30 t<1.25 550 80 585 85 20 Q+PHT
30<t<50 125<t<?2 515 75 585 85 20 Q+PHT
50 <t< 100 2<t<4 450 65 515 75 20 Q+PHT
t>100 t>4 415 60 485 70 20 Q+PHT
CSA G40.21-13 Grade 480WT (70WT) - 480 70 590-790 85-115 17 AR, N or CtR see standard for
480 70 590-790 85-115 17 SR, AorN impact data
t<65 t<25 480 70 590-790 85-115 17 L, 14T AR, N or CtR
65 <t <200 25<t<8 450 65 590-790 85-115 17 L, 14T AR, N or CtR
GB 11251-89 Grade 35CrMnSiA 600-800 16 A, N or NT
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB/T 16270-1996 Grade Q500D t<50 500 - 610-770 T 16T CtR, N, QT or NT see standard for
50 <t<100 480 610-770 T 16T CtR, N, QT or NT impact data
Grade Q500E t<50 500 610-770 T 16T CtR, N, QT or NT
50 <t< 100 480 610-770 T 16T CtR, N, QT or NT
CSA G40.21-13 Grade 550WT (80WT) 550 80 620-860 90-125 15 SR, AorN see standard for
t<65 t<25 550 80 620-860 90-125 15L,12T AR, N or CtR impact data
65 <t <200 25<t<8 520 75 620-860 90-125 15L,12T AR, N or CtR
ASTM A710/A710M-02 (2013) Grade A, Class 1 K20747  --- t<8 t<0.3125 585 85 620 920 20 PHT see standard for
8<t<20 0.3125<t< 550 80 620 90 20 PHT impact data
0.75
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3.2 Alloy Steels for Structural Steel Plates

3.2.2A Mechanical Properties of Alloy Steels for Structural Steel Plates (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB/T 16270-1996 Grade Q550D t<50 550 670-830 T 16T CtR, N, QT or NT see standard for
50 <t<100 530 670-830 T 16T CtR, N, QT or NT impact data
Grade Q550E t< 50 550 670-830 T 16T CtR, N, QT or NT
50 <t<100 530 670-830 T 16T CtR, N, QT or NT
Grade Q620D t<50 620 720-890 T 15T CtR, N, QT or NT see standard for
impact data
50 <t<100 600 720-890 T 15T CtR, N, QT or NT see standard for
impact data
Grade Q620E t<50 620 720-890 T 15T CtR, N, QT or NT see standard for
impact data
50 <t<100 600 720-890 T 15T CtR, N, QT or NT see standard for
impact data
ASTM A514/A514M-14 Grade A K11856/  --- t<20 t<0.75 690 100 760-895  110-130 18 L QT or SR 235-293 HB
20<t<32 0.75<t<1.25 690 100 760-895  110-130 18L QT or SR
Grade B K11630  --- t<20 t<0.75 690 100 760-895  110-130 18L QT or SR 235-293 HB
20<t<32 0.75<t<1.25 690 100 760-895  110-130 18L QT or SR
Grade E K21604 --- t<20 t<0.75 690 100 760-895  110-130 18L QT or SR 235-293 HB
20<t<65 @ 0.75<t<25 690 100 760-895  110-130 18 L QT or SR
65 <t<150 25<t<6 620 90 690-895 | 100-130 16 L QT or SR
Grade F K11576/ --- t<20 t<0.75 690 100 760-895  110-130 18L QT or SR 235-293 HB
20<t<65 0.75<t<25 690 100 760-895  110-130 18 L QT or SR
Grade H K11646  --- t<20 t<0.75 690 100 760-895  110-130 18 L QT or SR 235-293 HB
20<t<50 0.75<t<?2 690 100 760-895  110-130 18L QT or SR
Grade P K21650  --- t<20 t<0.75 690 100 760-895  110-130 18L QT or SR 235-293 HB
20<t<65 0.75<t<25 690 100 760-895  110-130 18L QT or SR
65 <t<150 25<t<6 620 90 690-895 | 100-130 16 L QT or SR
Grade Q t<20 t<0.75 690 100 760-895  110-130 18 L QT or SR 235-293 HB
20<t<65 0.75<t<25 690 100 760-895  110-130 18 L QT or SR
65 <t<150 25<t<6 620 90 690-895 | 100-130 16 L QT or SR
Grade S t<20 t<0.75 690 100 760-895  110-130 18 L QT or SR 235-293 HB
20<t<65 0.75<t<25 690 100 760-895  110-130 18 L QT or SR

Note: This section continued on next page.
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3.2 Alloy Steels for Structural Steel Plates

3.2.2A Mechanical Properties of Alloy Steels for Structural Steel Plates (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
IASTM A709/A709M-13a Grade HPS 100W [HPS t<65 t<2.5 690 100 760-895 | 110-130 18 QT see standard for
690W] impact data
65 <t<100 25<t<4 620 90 690-895 | 100-130 16 QT see standard for
impact data
CSA G40.21-13 Grade 700Q (100Q) t<65 t<25 700 100 760-895 | 110-130 18L,16T QT
65 <t<100 25<t<4 620 20 760-895 | 110-130 18L,16T QT
Grade 700QT (100QT) t<65 t<25 700 100 760-895 | 110-130 18L,16T QT see standard for
65 <t<100 25<t<4 620 90 760-895 | 110-130 18L,16T QT impact data
GB/T 16270-1996 Grade Q690D t<50 690 770-940 T 14T CtR, N, QT or NT see standard for
impact data
50 <t<100 670 770-940 T 14T CtR, N, QT or NT see standard for
impact data
Grade Q690E t<50 690 770-940 T 14T CtR, N, QT or NT see standard for
impact data
50<t<100 670 770-940 T 14T CtR, N, QT or NT see standard for
impact data
JIS G 3128:2009 Grade SHY685 6<t<16 685 780-930 T 16T QT see standard for
impact data
16 <t<20 685 780-930 T 24T QT L:47 J @ -20°C
20<t<50 685 780-930 T 16T QT L:47 J @ -20°C
50 <t<100 665 760-910 T 16T QT L:47 J @ -20°C
Grade SHY685N 6<t<16 - 685 - 780-930 T 16T QT see standard for
impact data
16<t<20 685 780-930 T 24T QT L:47 J @ -20°C
20 <t<50 685 780-930 T 16T QT L:47J @ -20°C
50 <t<100 665 760-910 T 16T QT L:47J @ -20°C
Grade SHY685NS 6<t<16 685 780-930 T 16T QT see standard for
impact data
16 <t<20 685 780-930 T 24T QT 47 J @ -40°C
20 <t<50 685 780-930 T 16T QT 47 J @ -40°C
50 <t<100 665 760-910 T 16T QT see standard for
impact data
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UNS | Steel | Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
GB 11251-89 Grade 15 Cr 0.12-0.18 0.40-0.70 0.17-0.37 0.035 0.035 0.70-1.00 0.30 0.15 Cu 0.30
Grade 20 Cr 0.18-0.24 0.50-0.80 0.17-0.37 0.035 0.035 0.70-1.00 0.30 0.15 Cu 0.30
Grade 20CrMnSiA 0.17-0.23 0.80-1.10  0.90-1.20
1ISO 4950-2:1995 A1:2003 Grade E 355, Quality DD - - 0.18 0.9-1.6 0.50 0.030 0.030 0.25 0.30 0.10 V 0.02-0.10; Al 0.020 min.;
Cu 0.35; Ti 0.02-0.20;
Nb 0.015-0.060
Grade E 355, Quality E 0.18 0.9-1.6 0.50 0.025 0.025 0.25 0.30 0.10 V 0.02-0.10; Al 0.020 min.;
Cu 0.35; Ti 0.02-0.20;
Nb 0.015-0.060
ASTM A709/A709M-13a Grade 50W [345W], Type A --- t< 100 t<4 0.19 0.80-1.25 0.30-0.65 0.04 0.05 0.40-0.65 0.40 V 0.02-0.10; Cu 0.25-0.40
Grade 50W [345W], Type B --- t<100 t<4 0.20 0.75-1.35 0.15-0.50 0.04 = 0.05 0.40-0.70 0.50 V 0.01-0.10; Cu 0.20-0.40
GB/T 1591-94 Grade Q390A - 0.20 1.00-1.60 0.55 0.045 0.045 0.30 0.70 V 0.02-0.20; Cu 0.30;
Ti 0.02-0.20; Nb 0.015-0.060
Grade Q390B 0.20 1.00-1.60 0.55 0.040 0.040 0.30 0.70 V 0.02-0.20; Cu 0.30;
Ti 0.02-0.20; Nb 0.015-0.060
Grade Q390C 0.20 1.00-1.60 0.55 0.035 0.035 0.30 0.70 V 0.02-0.20; Al 0.015 min.;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q390D 0.20 1.00-1.60 0.55 0.030 0.030 0.30 0.70 V 0.02-0.20; Al 0.015 min.;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q390E -—- 0.20 1.00-1.60 0.55 0.025 0.025 0.30 0.70 V 0.02-0.20; Al 0.015 min.;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
ASTM A710/A710M-02 (2013) Grade A, Class 2 K20747  --- 0.07 | 0.40-0.70 0.40 0.025  0.025 0.60-0.900.70-1.00 0.15- = Cu 1.00-1.30; Cb 0.02 min.
0.25
GB 11251-89 Grade 25CrMnSiA
Grade 30 Cr 0.27-0.34 0.50-0.80  0.17-0.37 --- 0.80-1.10
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo Others
GB 11251-89 Grade 30CrMnSiA 0.28-0.34 0.80-1.10 0.90-1.20 --- 0.80-1.10
Grade 35 Cr 0.32-0.39 0.50-0.80 0.17-0.37
Grade 27SiMn 0.24-0.32 1.10-1.401.10-1.40
Grade 40 Cr 0.37-0.44 0.50-0.800.17-0.37  --- - 0.80-1.10 -
GB/T 1591-94 Grade Q460C 0.20 1.00-1.70 0.55 0.035 0.035 0.70 0.70 --- 1V 0.02-0.20; Al 0.015 min.;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q460D 0.20 1.00-1.70 0.55 0.080 0.030 0.70 0.70 - V 0.02-0.20; Al 0.015 min.;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
Grade Q460E 0.20 1.00-1.70 0.55 0.025 0.025 0.70 0.70 --- 1V 0.02-0.20; Al 0.015 min.;
Cu 0.30; Ti 0.02-0.20;
Nb 0.015-0.060
GB/T 16270-1996 Grade Q460C 0.20 1.00-1.60 0.55 0.035 0.035 0.30 0.70 0.20 =V 0.10; Ti 0.20; Nb 0.06
Grade Q460D 0.18 1.00-1.60 0.55 0.030 0.030 0.30 0.70 0.20 V 0.10; Ti 0.20; Nb 0.06
Grade Q460E 0.18 1.00-1.60 0.55 0.025 0.025 0.30 0.70 0.20 V 0.10; Ti 0.20; Nb 0.06
ISO 4950-3:1995 A1:2003 Grade E 460, Quality DD - 0.20 0.7-1.7 0.55 0.035 0.035 2 2 1 V 0.10; Cu 1.5; Ti 0.20;
Nb 0.060; N 0.020;
B 0.005; Zr 0.15
Grade E 460, Quality E 0.20 0.7-1.7 0.55 0.030 0.030 2 2 1 V 0.10; Cu 1.5; Ti 0.20;
Nb 0.060; N 0.020;
B 0.005; Zr 0.15
ASTM A709/A709M-13a Grade HPS 70W 0.11 1.10-1.350.30-0.50 0.020 0.006 0.45-0.70 0.25-0.40 0.02- V 0.04-0.08;
[HPS 485W] 0.08 Al 0.010-0.040;

Cu 0.25-0.40; N 0.015

Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
ASTM A710/A710M-02 (2013) Grade A, Class 3 K20747  --- 0.07 0.40-0.70 0.40 0.025 0.025 0.60-0.90 0.70-1.00 0.15- Cu 1.00-1.30; Cb 0.02 min.
0.25
CSA G40.21-13 Grade 480WT (70WT) 0.26 | 0.80-1.500.15-0.40 0.03 | 0.04
GB 11251-89 Grade 35CrMnSiA --- --- --- 0.32-0.39 0.80-1.10/1.10-1.40 ---1.10-1.40 --- ---
GB/T 16270-1996 Grade Q500D 0.18 1.00-1.60 0.55 0.030 0.030 0.60 1.00 0.40  V 0.10; Ti 0.20; Nb 0.06;
B 0.003
Grade Q500E 0.18 1.00-1.60 0.55 0.025 0.025 0.60 1.00 0.40  V 0.10; Ti 0.20; Nb 0.06;
B 0.003
CSA G40.21-13 Grade 550WT (80WT) 0.15 1.75 0.15-040 0.03  0.04 -
IASTM A710/A710M-02 (2013) Grade A, Class 1 K20747  --- t<20 t<0.75 0.07 0.40-0.70 0.40 0.025 0.025 0.60-0.90 0.70-1.00 0.15- Cu 1.00-1.30; Cb 0.02 min.
0.25
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo Others
GB/T 16270-1996 Grade Q550D 0.18 1.00-1.60 0.55 0.030 0.030 0.60 1.00 0.40  V 0.10; Ti 0.20; Nb 0.06;
B 0.003
Grade Q550E 0.18 1.00-1.60 0.55 0.025 0.025 0.60 1.00 0.40  V 0.10; Ti 0.20; Nb 0.06;
B 0.003
Grade Q620D 0.18 1.00-1.60 0.55 0.030 0.030 0.80 1.20 0.60 V 0.10; Ti 0.20; Nb 0.06;
B 0.003
Grade Q620E 0.18 1.00-1.60 0.55 0.025 0.025 0.80 1.20 0.60 V 0.10; Ti 0.20; Nb 0.06;
B 0.003
ASTM A514/A514M-14 Grade A K11856  --- t<32 t<1.25 | 0.15-0.21 0.80-1.100.40-0.80 0.030 0.030 0.50-0.80 0.18- B 0.0025; Zr 0.05-0.15
0.28
Grade B K11630  --- t<32 t<1.25 | 0.12-0.21 0.70-1.00 0.20-0.35 0.030 0.030 0.40-0.65 0.15-  V 0.03-0.08; Ti 0.01-0.10;
0.25 B 0.0005-0.005
Grade E K21604  --- t< 150 t<6 0.12-0.20 0.40-0.70 0.20-0.40 0.030 0.030 1.40-2.00 0.40- Ti0.01-0.10; B 0.001-0.005|
0.60
Grade F K11576  --- t<65 t<25 0.10-0.20 0.60-1.000.15-0.35 0.030 0.030 0.40-0.650.70-1.00 0.40- 'V 0.03-0.08; Cu 0.15-0.50;
0.60 B 0.0005-0.006
Grade H K11646  --- t<50 t<2 0.12-0.21 0.95-1.30 0.20-0.35 0.030 0.030 0.40-0.65 0.30-0.70 0.20- V 0.03-0.08;
0.30 B 0.0005-0.005
Grade P K21650  --- t< 150 t<6 0.12-0.21 0.45-0.70 0.20-0.35 0.030 0.030 0.85-1.20 1.20-1.50 0.45- B 0.001-0.005
0.60
Grade Q t< 150 t<6 0.14-0.21 0.95-1.300.15-0.35 0.030 0.030 1.00-1.50 1.20-1.50 0.40- V 0.03-0.08
0.60
Grade S t<65 t<25 0.11-0.21 1.10-1.50 0.15-0.45 0.030 0.020 0.10- V 0.06; Cb 0.06;
0.60 B 0.001-0.005
ASTM A709/A709M-13a Grade HPS 100W [HPS t<100 t<4 0.08 0.95-1.500.15-0.35 0.015 0.006 0.40-0.65 0.65-0.90 0.40- V 0.04-0.08; Cb 0.01-0.03;
690W] 0.65 Cu 0.90-1.20; N 0.015;

Al 0.020-0.050

Note: This section continued on next page.
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3.2 Alloy Steels for Structural Steel Plates

3.2.2B Chemical Composition of Alloy Steels for Structural Steel Plates (Continued)

UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others
CSA G40.21-13 Grade 700Q (100Q) 0.20 1.50 0.15-0.40 0.03 | 0.04 B 0.0005-0.005
Grade 700QT (100QT) 0.20 1.50 0.15-0.40 0.03  0.04 B 0.0005-0.005
GB/T 16270-1996 Grade Q690D 0.18 1.00-1.60 0.55 0.030 0.030 1.20 1.50 0.60 V 0.10; Ti 0.20; Nb 0.06;
B 0.003
Grade Q690E 0.18 1.00-1.60 0.55 0.025 0.025 1.20 1.50 0.60  V 0.10; Ti 0.20; Nb 0.06;
B 0.003
JIS G 3128:2009 Grade SHY685 6<t<50 0.18 1.50 0.55 0.030 0.025 1.20 0.60 V0.10; Cu 0.50; B 0.005
50<t<75 0.18 1.50 0.55 0.030 0.025 1.20 0.60 V 0.10; Cu 0.50; B 0.005
75 <t<100 0.18 1.50 0.55 0.030 0.025 1.20 0.60 V0.10; Cu 0.50; B 0.005
Grade SHY685N 6<t<50 0.18 1.50 0.55 0.030 0.025 0.80 0.30-1.50 0.60 @V 0.10; Cu 0.50; B 0.005
50<t<75 0.18 1.50 0.55 0.030 0.025 0.80 0.30-1.50 0.60 @V 0.10; Cu 0.50; B 0.005
75 <t<100 0.18 1.50 0.55 0.030 0.025 0.80 0.30-1.50 0.60 @V 0.10; Cu 0.50; B 0.005
Grade SHY685NS 6<t<50 0.14 1.50 0.55 0.015 0.015 0.80 0.30-1.50 0.60 @V 0.05; Cu 0.50; B 0.005
50<t<75 0.14 1.50 0.55 0.015 0.015 0.80 0.30-1.50 0.60 @V 0.05; Cu0.50; B 0.005
75<t<100 0.14 1.50 0.55 0.015 0.015 0.80 0.30-1.50 0.60 @V 0.05; Cu 0.50; B 0.005
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UNS | Steel | Section Thickness/Diameter [Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 4952:2006 Grade S235W, Quality B t<16 235 360-520 26 AR 27 J @ 20°C
16 <t<40 225 360-520 26 AR 27 J @ 20°C
40<t<63 215 360-520 25 AR 27J @ 20°C
Grade S235W, Quality C t<16 235 360-520 26 AR 27J @ 0°C
16 <t<40 225 360-520 26 AR 27J @ 0°C
40<t<63 215 360-520 25 AR 27J @ 0°C
Grade S235W, Quality D t<16 235 360-520 26 AR or N 27 J @ -20°C
16 <t<40 225 360-520 26 AR or N 27 J @ -20°C
40<t<63 215 360-520 25 AR or N 27 J @ -20°C
ISO 5952:2005 Grade HSA 235W, Class B t<3 235 360-510 20 HR
t=3 235 340-470 24 HR
Grade HSA 235W, Class D t<3 235 360-510 20 HR
t=3 235 340-470 24 HR
GB/T 18982-2003 Grade Q295GNHJ 295 390 L 24 L HR L:47 J @ 20°C
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UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 5952:2005 Grade HSA 245W, Class B t<3 245 400-540 20 HR
t>3 245 400-540 24 HR
Grade HSA 245W, Class D t<3 245 400-540 20 HR
t>3 245 400-540 --- 24 HR ---
JIS G 3114:2008 Symbol SMA400AW t<16 245 400-540 see standard N, QT, T or TMCP
16 <t<40 - 235 400-540 see standard N, QT, T or TMCP -
40 <t <100 - 215 400-540 - see standard N, QT, T or TMCP -
100 <t <160 205 400-540 see standard N, QT, T or TMCP
160 <t <200 195 400-540 see standard N, QT, T or TMCP
Symbol SMA400BW t<16 245 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
16 <t <40 - 235 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
40 <t <100 - 215 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
100 <t < 160 205 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
160 < t <200 195 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
Symbol SMA400CW --- t<16 245 --- 400-540 see standard N, QT, T or TMCP L:47J @ 0°C
16 <t<40 - 235 400-540 see standard N, QT, T or TMCP L:47J @ 0°C
40 <t <100 - 215 400-540 see standard N, QT, T or TMCP L:47J @ 0°C
Symbol SMA400AP t<16 245 400-540 see standard N, QT, T or TMCP
16 <t <40 --- 235 400-540 see standard N, QT, T or TMCP -
40 <t <100 - 215 400-540 - see standard N, QT, T or TMCP -
100 <t <160 - 205 400-540 see standard N, QT, T or TMCP -
160 <t <200 195 400-540 see standard N, QT, T or TMCP
Symbol SMA400BP t<16 245 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
16 <t<40 235 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
40 <t <100 - 215 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
100 <t <160 - 205 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
160 < t <200 195 400-540 see standard N, QT, T or TMCP L:27J @ 0°C
Symbol SMA400CP t<16 245 400-540 see standard N, QT, T or TMCP L:47J @ 0°C
16 <t <40 - 235 400-540 see standard N, QT, T or TMCP L:47J @ 0°C
40 <t <100 - 215 400-540 see standard N, QT, T or TMCP L:47J @ 0°C
GB/T 18982-2003 Grade Q245NHYJ --- 245 400 L 19L HR
Grade Q310GNHJ 310 440 L 26 L CR
Grade Q310GNHLJ --- 310 440 L --- 26 L CR ---
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3.3A Mechanical Properties of Structural Steels with Improved Atmospheric Corrosion-Resistance (Continued)

UNS | Steel | Section Thickness/Diameter [Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
JIS G 3125:2010 Symbol SPA-C 06<t<23 315 450 26 CR
ISO 4952:2006 Grade S355WP, Quality A t<12 355 470-630 21 AR
Grade S355WP, Quality D t<12 355 470-630 21 AR 27 J @ -20°C
Grade S355W, Quality B t<16 355 470-630 22 AR 27 J @ 20°C
16 <t<40 345 470-630 22 AR 27 J @ 20°C
40<t<63 335 470-630 21 AR 27 J @ 20°C
Grade S355W, Quality C t<16 355 470-630 22 AR 27J @ 0°C
16 <t<40 345 470-630 22 AR 27 J @ 0°C
40<t<63 335 470-630 21 AR 27J @ 0°C
Grade S355W, Quality D t<16 355 470-630 22 AR 27 J @ -20°C
16 <t<40 345 470-630 22 AR 27 J @ -20°C
40<t<63 335 470-630 21 AR 27 J @ -20°C
ASTM A606/A606M-09a Type 2 340 50 480 70 22 HR
310 45 450 65 22 HR+A or HR+N
310 45 450 65 22 CR
Type 4 340 50 480 70 22 HR
310 45 450 65 22 HR+A or HR+N
310 45 450 65 22 CR
CSA G40.21-13 Grade 350A (50A) 350 50 480-650 70-95 21 AR, N or CtR
350 50 480-650 70-95 21 SR,AorN
t<100 t<4 350 50 480-650 70-95 21L,19T AR, N or CtR
Grade 350AT (50AT) 350 50 480-650 70-95 21 AR, N or CtR see standard for
350 50 480-650 70-95 21 SR,AorN impact data
t<100 t<4 350 50 480-650 70-95 21L,19T AR, N or CtR
Grade 350R (50R) 350 50 480-650 70-95 21 AR, N or CtR
t<65 t<25 350 50 480-650 70-95 21L,18T AR, N or CtR
GB/T 18982-2003 Grade Q325NHYJ 325 490 L 18 L HR
Grade Q345GNHJ - 345 480 L == 24 L HR L:47 J @ 20°C
Grade Q345GNHLJ 345 480 L 24 L HR L:47J @ 20°C
ISO 5952:2005 Grade HSA 365W, Class B t<3 365 490-610 15 HR
3<t<6 365 490-610 17 HR
t>6 365 490-610 21 HR
Grade HSA 365W, Class D t<3 365 490-610 15 HR
3<t<6 365 490-610 17 HR
t>6 365 490-610 21 HR

Note: This section continued on next page
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3.3 Structural Steels with Improved Atmospheric Corrosion Resistance
3.3A Mechanical Properties of Structural Steels with Improved Atmospheric Corrosion-Resistance (Continued)
UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
JIS G 3114:2008 Symbol SMA490AW t<16 365 490-610 see standard N, QT, T or TMCP
16 <t <40 - 355 490-610 see standard N, QT, T or TMCP -
40<t<75 - 335 490-610 see standard N, QT, T or TMCP -
75<t<100 325 490-610 see standard N, QT, T or TMCP
100 <t < 160 305 490-610 see standard N, QT, T or TMCP
160 <t <200 - 295 490-610 see standard N, QT, T or TMCP -
Symbol SMA490AP --- t<16 --- 365 --- 490-610 see standard N, QT, T or TMCP
16 <t<40 355 490-610 see standard N, QT, T or TMCP
40<t<75 335 490-610 see standard N, QT, T or TMCP
75<t<100 325 490-610 see standard N, QT, T or TMCP
100 <t <160 - 305 490-610 see standard N, QT, T or TMCP -
160 <t <200 - 295 490-610 see standard N, QT, T or TMCP -
Symbol SMA490BW t<16 365 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
16 <t <40 355 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
40<t<75 - 335 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
75 <t <100 - 325 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
100 <t <160 - 305 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
160 < t <200 295 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
Symbol SMA490BP t<16 365 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
16 <t <40 - 355 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
40<t<75 - 335 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
75<t<100 325 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
100 <t < 160 305 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
160 < t <200 295 490-610 see standard N, QT, T or TMCP L:27J @ 0°C
Symbol SMA490CW --- t<16 365 --- 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
16 <t<40 - 355 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
40<t<75 335 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
75<t<100 325 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
Symbol SMA490CP --- t<16 365 --- 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
16 <t<40 - 355 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
40<t<75 335 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
75<t<100 325 490-610 see standard N, QT, T or TMCP L:47J @ 0°C
JIS G 3125:2010 Symbol SPA-H t<6.0 355 490 22 HR
6.0<t<16 355 490 15 HR
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3.3 Structural Steels with Improved Atmospheric Corrosion Resistance

3.3A Mechanical Properties of Structural Steels with Improved Atmospheric Corrosion-Resistance (Continued)

UNS | Steel | Section Thickness/Diameter [Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASTM A871/A871M-14 Grade 60, Type | - - - 415 60 520 75 18 AR, N or QT see standard for
Grade 60, Type Il --- 415 60 520 75 18 AR, N or QT impact data
Grade 60, Type IV --- 415 60 520 75 18 AR, N or QT
CSA G40.21-13 Grade 400A (60A) - 400 60 520-690 75-100 21 AR, N or CtR -
400 60 520-690 75-100 20 SR,AorN
t<65 t<25 400 60 520-690 75-100 21L,18T AR, N or CtR
Grade 400AT (60AT) - 400 60 520-690 75-100 21 AR, N or CtR see standard for
400 60 520-690 75-100 20 SR, AorN impact data
t<65 t<25 400 60 520-690 75-100 21L,18T AR, N or CtR
ISO 5952:2005 Grade HSA 355W1, t<3 355 510-680 15 HR
Class A 3<t<6 355 490-630 20 HR
t>6 355 490-630 24 HR
Grade HSA 355W1, t<3 355 510-680 15 HR
Class D 3<t<6 355 490-630 20 HR
t>6 355 490-630 24 HR
Grade HSA 355W2, t<3 355 510-680 18 HR
Class C 3<t<6 355 490-630 20 HR
t>6 355 490-630 24 HR
Grade HSA 355W2, t<3 355 510-680 18 HR
Class D 3<t<6 355 490-630 20 HR
t>6 355 490-630 24 HR
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3.3 Structural Steels with Improved Atmospheric Corrosion Resistance

3.3A Mechanical Properties of Structural Steels with Improved Atmospheric Corrosion-Resistance (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASTM A871/A871M-14 Grade 65, Type | - - - 450 65 550 80 17 AR, N or QT see standard for
Grade 65, Type Il --- 450 65 550 80 17 AR, N or QT impact data
Grade 65, Type IV --- 450 65 550 80 17 AR, N or QT
JIS G 3114:2008 Symbol SMA570W t<16 460 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
16 <t<40 450 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
40<t<75 - 430 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
75<t<100 - 420 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
Symbol SMA570P t<16 460 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
16 <t<40 450 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
40<t<75 430 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
75<t<100 - 420 570-720 see standard N, QT, T or TMCP L:47J @ -5°C
CSA G40.21-13 Grade 480A (70A) 480 70 590-790 85-115 17 SR, AorN
t<65 t<25 480 70 590-790 85-115 17L, 14T AR, N or CtR
Grade 480AT (70AT) - 480 70 590-790 85-115 17 SR, AorN see standard for
t<65 t<25 480 70 590-790 85-115 17L, 14T AR, N or CtR impact data
Grade 550A (80A) 550 80 620-860 90-125 15 SR, AorN
t<65 t<25 550 80 620-860 90-125 15L,12T AR, N or CtR
Grade 550AT (80AT) 550 80 620-860 90-125 15 SR, AorN see standard for
t < 65 t<25 550 80 620-860 90-125 15L,12T AR, N or CtR impact data
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr Ni | Mo | Others
1ISO 4952:2006 Grade S235W, Quality B 0.13  |/0.20-0.60/0.10-0.40/ 0.040 |0.035/0.40-0.80 0.65 --- |V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060
Grade S235W, Quality C - 0.13 0.20-0.60 0.10-0.40 0.040 |0.035 0.40-0.80, 0.65 V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060
Grade S235W, Quality D 0.13 |/0.20-0.60/0.10-0.40/ 0.040 |0.035/0.40-0.80/ 0.65 --- |V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060
1ISO 5952:2005 Grade HSA 235W, Class B 0.13 0.20-0.60/ 0.100- = 0.040 0.035/0.40-0.80 0.65 Cu 0.25-0.55
0.40
Grade HSA 235W, Class D 0.13 |/0.20-0.60, 0.100- | 0.040 |0.035/0.40-0.80, 0.65 --- |A10.020 min.; Cu 0.25-0.55
0.40
GB/T 18982-2003 Grade Q295GNHJ 0.12  /0.25-0.55/0.20-0.40/0.07-0.12 0.030 Cu 0.25-0.50; Ti 0.030
1ISO 5952:2005 Grade HSA 245W, Class B 0.18 1.25 |0.15-0.65 0.035 0.035/0.45-0.750.05-0.30 --- Cu 0.30-0.50;
(Mo+Nb+Ti+V+Zr) 0.15
Grade HSA 245W, Class D - 0.18 1.25 0.15-0.65 0.035 0.035/0.45-0.750.05-0.30  --- Al 0.020 min.;
Cu 0.30-0.50;
(Mo+Nb+Ti+V+Z2r) 0.15
JIS G 3114:2008 Symbol SMA400AW t <200 0.18 1.25 |0.15-0.65 0.035 0.035/0.45-0.75/0.05-0.30/ --- Cu 0.30-0.50
Symbol SMA400BW t <200 0.18 1.25 |0.15-0.65 0.035 0.035/0.45-0.750.05-0.30 --- Cu 0.30-0.50
Symbol SMA400CW t< 100 0.18 1.25 0.15-0.65 0.035 |0.035 0.45-0.750.05-0.30/ --- Cu 0.30-0.50
Symbol SMA400AP t <200 0.18 1.25 0.55 0.035 0.035 0.30-0.55 Cu 0.20-0.35
Symbol SMA400BP t <200 0.18 1.25 0.55 0.035 0.035/0.30-0.55 Cu 0.20-0.35
Symbol SMA400CP t<100 0.18 1.25 0.55 0.035 0.035 0.30-0.55 Cu 0.20-0.35
GB/T 18982-2003 Grade Q245NHYJ 0.14 1.50 0.55 0.030 0.030 0.80-1.30 0.30 Cu 0.15-0.40
Grade Q310GNHJ 0.12  |0.15-0.70/0.10-0.50/0.06-0.12 0.030 Cu 0.20-0.50; Ti 0.030
Grade Q310GNHLJ 0.12 /0.20-0.50/0.25-0.75/0.07-0.12/0.030/0.30-1.25  0.65 Cu 0.25-0.50
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si P | S | Cr Ni | Mo | Others
JIS G 3125:2010 Symbol SPA-C 06<t<23 0.12 0.60 0.20-0.75 0.070- 0.0350.30-1.25 0.65 Cu 0.25-0.55
0.150
1ISO 4952:2006 Grade S355WP, Quality A - - 0.12 1.00 0.20-0.750.06-0.15 0.035 0.30-1.25 0.65 V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060
Grade S355WP, Quality D 0.12 1.00 0.20-0.750.06-0.15 0.035 0.30-1.25 0.65 --- 1V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060
Grade S355W, Quality B 0.19 0.50-1.50 0.50 0.040 0.035 0.40-0.80 0.65 0.30 'V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060; Zr 0.15
Grade S355W, Quality C 0.19 0.50-1.50 0.50 0.040 0.035 0.40-0.80 0.65 0.30 'V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060; Zr 0.15
Grade S355W, Quality D 0.19 0.50-1.50 0.50 0.040 0.035 0.40-0.80 0.65 0.30 'V 0.02-0.15; Al 0.020 min.;
Cu 0.25-0.55; Ti 0.02-0.10;
Nb 0.015-0.060; Zr 0.15
ASTM A606/A606M-09a Type 2 0.22 1.25 0.04 Cu 0.20 min.
Type 4 0.22 1.25 0.04
CSA G40.21-13 Grade 350A (50A) 0.20 0.75-1.350.15-0.50 0.03 0.04 0.70 0.90 --- | Cu 0.20-0.60; (Cr+Ni) 0.40
Grade 350AT (50AT) 0.20 0.75-1.350.15-0.50 0.03 | 0.04 0.70 0.90 --- | Cu 0.20-0.60; (Cr+Ni) 0.40
Grade 350R (50R) 0.16 0.75 0.75 0.05-0.15 0.04 0.30-1.25 0.90 Cu 0.20-0.60;
(Cr+Ni+Cu) 1.00
GB/T 18982-2003 Grade Q325NHYJ 0.14 1.50 0.55 0.030 0.030 0.80-1.30  --- Nb 0.10
Grade Q345GNHJ 0.12  0.20-0.70 0.20-0.50 0.07-0.12 0.030 Cu 0.25-0.50; Ti 0.030
Grade Q345GNHLJ 0.12  0.20-0.50 0.25-0.75 0.07-0.12 0.030 0.30-1.25  0.65 Cu 0.25-0.50
1ISO 5952:2005 Grade HSA 365W, Class B 0.18 1.40 0.15-0.65 0.035 0.035 0.45-0.750.05-0.30  --- Cu 0.30-0.50;
(Mo+Nb+Ti+V+Zr) 0.15
Grade HSA 365W, Class D 0.18 1.40 0.15-0.65 0.035 0.035 0.45-0.750.05-0.30 --- Al 0.020 min.;
Cu 0.30-0.50;

(Mo+Nb+Ti+V+Zr) 0.15

Note: This section continued on next page
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others

JIS G 3114:2008 Symbol SMA490AW t <200 0.18 1.40 0.15-0.65 0.035 0.035 0.45-0.750.05-0.30 --- Cu 0.30-0.50
Symbol SMA490AP t <200 0.18 1.40 0.55 0.035 0.035 0.30-0.55 Cu 0.20-0.35
Symbol SMA490BW t <200 0.18 140 0.15-0.65 0.035 0.035 0.45-0.750.05-0.30 --- Cu 0.30-0.50
Symbol SMA490BP t <200 0.18 1.40 0.55 0.035 0.035 0.30-0.55 Cu 0.20-0.35
Symbol SMA490CW t<100 0.18 140 0.15-0.65 0.035 0.035 0.45-0.750.05-0.30 --- Cu 0.30-0.50
Symbol SMA490CP t< 100 0.18 1.40 0.55 0.035 0.035 0.30-0.55 Cu 0.20-0.35

JIS G 3125:2010 Symbol SPA-H t<16 0.12 0.60 0.20-0.75 0.070- 0.0350.30-1.25 0.65 Cu 0.25-0.55

0.150

ASTM A871/A871M-14 Grade 60, Type | 0.19  0.80-1.350.30-0.65 0.030 0.030 0.40-0.70 0.40 --- V0.02-0.10; Cu 0.25-0.40
Grade 60, Type Il 0.20 0.75-1.350.15-0.50 0.030 0.030 0.40-0.70 0.50 --- V0.01-0.10; Cu 0.20-0.40
Grade 60, Type IV 0.17  0.50-1.200.25-0.50 0.030 0.030 0.40-0.70 0.40 0.10 Cu 0.30-0.50;

Cb 0.005-0.05

CSA G40.21-13 Grade 400A (60A) 0.20 0.75-1.350.15-0.50 0.03 0.04 0.70 0.90 --- Cu 0.20-0.60; (Cr+Ni) 0.40
Grade 400AT (60AT) 0.20 0.75-1.350.15-0.50 0.03 | 0.04 0.70 0.90 -~ Cu 0.20-0.60; (Cr+Ni) 0.40

1ISO 5952:2005 Grade HSA 355W1, Class A --- 0.12 1.00 0.20-0.750.06-0.15 0.035 0.30-1.25  0.65 Cu 0.25-0.55
Grade HSA 355W1, 0.12 1.00 0.20-0.750.06-0.15 0.035 0.30-1.25  0.65 --- A1 0.020 min.; Cu 0.25-0.55
Class D
Grade HSA 355W2, 0.16  0.50-1.50 0.50 0.035 0.035 0.40-0.80 0.65 0.3 Cu 0.25-0.55; Zr 0.15
Class C
Grade HSA 355W2, 0.16  0.50-1.50 0.50 0.035 0.035 0.40-0.80 0.65 0.3 Al 0.020 min.;
Class D Cu 0.25-0.55; Zr 0.15
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in. C | Mn | Si | P | S | Cr | Ni | Mo | Others

IASTM A871/A871M-14 Grade 65, Type | 0.19 0.80-1.350.30-0.65 0.030 0.0300.40-0.70 0.40 V 0.02-0.10; Cu 0.25-0.40
Grade 65, Type Il 0.20 0.75-1.350.15-0.50 0.030 0.030 0.40-0.70 0.50 V 0.01-0.10; Cu 0.20-0.40

Grade 65, Type IV 0.17 0.50-1.20 0.25-0.50 0.030 0.030/0.40-0.70 0.40 0.10 Cu 0.30-0.50;

Cb 0.005-0.05

JIS G 3114:2008 Symbol SMA570W t<100 0.18 140 0.15-0.65 0.035 0.035 0.45-0.750.05-0.30 --- Cu 0.30-0.50

Symbol SMA570P t<100 0.18 1.40 0.55 0.035 0.035 0.30-0.55 Cu 0.20-0.35
CSA G40.21-13 Grade 480A (70A) 0.20 1.00-1.600.15-0.50 0.025 0.035 0.70 0.25-0.50 ---  Cu 0.20-0.60; (Cr+Ni) 0.40
Grade 480AT (70AT) 0.20 1.00-1.600.15-0.50 0.025 '0.035/ 0.70 0.25-0.50 ---  Cu 0.20-0.60; (Cr+Ni) 0.40
Grade 550A (80A) 0.15 1.75 10.15-0.50 0.025 0.035 0.70 0.25-0.50 ---  Cu 0.20-0.60; (Cr+Ni) 0.40
Grade 550AT (80AT) 0.15 1.75 0.15-0.40 0.025 0.035 0.70 0.25-0.50 ---  Cu 0.20-0.60; (Cr+Ni) 0.40
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ASME Standards

ASME SA-203/SA-203M
ASME SA-204/SA-204M

ASME SA-240/SA-240M

ASME SA-302/SA-302M
ASME SA-353/SA-353M
ASME SA-387/SA-387M
ASME SA-414/SA-414M
ASME SA-479/SA-479M
ASME SA-515/SA-515M
ASME SA-516/SA-516M

ASME SA-533/SA-533M

ASME SA-537/SA-537M
ASME SA-553/SA-553M
ASME SA-612/SA-612M
ASME SA-662/SA-662M
ASME SA-666

ASME SA-737/SA-737M

ASME SA-738/SA-738M
ASME SA-841/SA-841M

Pressure Vessel Plates, Alloy Steel, Nickel

Pressure Vessel Plates, Alloy Steel, Molybdenum

Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for
General Applications

Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum and Manganese-Molybdenum-Nickel
Pressure Vessel Plates, Alloy Steel, Double-Normalized and Tempered 9 Percent Nickel

Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum

Steel, Sheet, Carbon, for Pressure Vessels

Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels

Pressure Vessel Plates, Carbon Steel, for Intermediate-and-Higher-Temperature Service

Pressure Vessel Plates, Carbon Steel, for Moderate-and-Lower-Temperature Service

Pressure Vessel Plates, Alloy Steel, Quenched and Tempered, Manganese-Molybdenum and Manganese-
Molybdenum-Nickel

Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel

Pressure Vessel Plates, Alloy Steel, Quenched and Tempered 8 and 9 Percent Nickel

Pressure Vessel Plates, Carbon Steel, High Strength, for Moderate and Lower Temperature Service
Pressure Vessel Plates, Carbon-Manganese-Silicon Steel, for Moderate and Lower Temperature Service
Annealed or Cold-Worked Austenitic Stainless Steel, Sheet, Strip, Plate, and Flat Bar

Pressure Vessel Plates, High-Strength Low-Alloy Steel

Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel, for Moderate and Lower
Temperature Service

Steel Plates for Pressure Vessels, Produced by Thermo-Mechanical Control Process (TMCP)

ASTM Standards

ASTM A203/A203M-12
ASTM A204/A204M-12

ASTM A240/A240M-15a
ASTM A302/A302M-12

ASTM A387/A387M-11
ASTM A414/A414M-14
ASTM A479/A479M-14
ASTM A515/A515M-10
ASTM A516/A516M-10

ASTM A537/A537M-13
ASTM A553/A553M-14
ASTM A612/A612M-12
ASTM A662/A662M-12
ASTM A666-15

ASTM A738/A738M-12a

ASTM A841/A841M-13
ASTM A844/A844M-09

ASTM A353/A353M-09 (2014)

ASTM A533/A533M-09 (2014)

ASTM A737/A737M-09 (2013)

Pressure Vessel Plates, Alloy Steel, Nickel

Pressure Vessel Plates, Alloy Steel, Molybdenum

Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for
General Applications

Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum and Manganese-Molybdenum-Nickel
Pressure Vessel Plates, Alloy Steel, Double-Normalized and Tempered 9 Percent Nickel

Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum

Steel, Sheet, Carbon, and High-Strength, Low-Alloy for Pressure Vessels

Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels

Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher-Temperature Service

Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service

Pressure Vessel Plates, Alloy Steel, Quenched and Tempered, Manganese-Molybdenum and Manganese-
Molybdenum-Nickel

Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel

Pressure Vessel Plates, Alloy Steel, Quenched and Tempered 7, 8, and 9 Percent Nickel

Pressure Vessel Plates, Carbon Steel, High Strength, for Moderate and Lower Temperature Service
Pressure Vessel Plates, Carbon-Manganese-Silicon Steel, for Moderate and Lower Temperature Service
Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar

Pressure Vessel Plates, High-Strength, Low-Alloy Steel

Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel, for Moderate and Lower
Temperature Service

Steel Plates for Pressure Vessels, Produced by Thermo-Mechanical Control Process (TMCP)

Steel Plates, 9 Percent Nickel Alloy, for Pressure Vessels, Produced by the Direct-Quenching Process
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EN 10028-2:2009
EN 10028-3:2009
EN 10028-4:2009
EN 10028-7:2007
EN 10088-2:2014

EN 10088-3:2014
EN 10120:2008

Flat products made of steels for pressure purposes - Part 2: Non-alloy and alloy steels with specified elevated
temperature properties

Flat products made of steels for pressure purposes - Part 3: Weldable fine grain steels, normalized

Flat products made of steels for pressure purposes - Part 4: Nickel alloy steels with specified low temperature
properties

Flat products made of steels for pressure purposes - Part 7: Stainless steels

Stainless steels - Part 2: Technical delivery conditions for sheet/plate and strip of corrosion resisting steels for general
purposes

Stainless steels - Part 3: Technical delivery conditions for semi-finished products, bars, rods, wire, sections and bright
products of corrosion resisting steels for general purposes

Steel sheet and strip for welded gas cylinders

GB Standards

GB 713-1997
GB 3280-92
GB 3531-1996
GB 4237-92
GB 4238-92
GB 6653-94
GB 6654-1996

Steel Plates for Boilers

Cold Rolled Stainless Steel Sheets and Plates

Low Alloy Steel Plates for Low Temperature Pressure Vessels
Hot Rolled Stainless Steel Sheets and Plates

Heat-Resisting Steel Sheets and Plates

Steel Plates for Welded Gas Cylinders

Steel Plates for Pressure Vessels

ISO Standards

ISO 4706:1989
1ISO 4978:1983

1SO 9328-2:2004

1ISO 9328-4:2004
1ISO 9328-7:2004

Refillable Welded Steel Gas Cylinders

Flat Rolled Steel Products for Welded Gas Cylinders

Steel Plates and Strips for Pressure Purposes - Technical Delivery Conditions - Part 2: Unalloyed and Low- Alloyed
Steels With Specified Room Temperature and Elevated Temperature Properties

Steel Plates and Strips for Pressure Purposes - Technical Delivery Conditions - Part 4: Weldable Fine Grain Steels
With High Proof Stress Supplied In The Normalized or Quenched and Tempered Condition

Steel Flat Products for Pressure Purposes - Technical Delivery Conditions - Part 7: Stainless Steels

JIS Standards

JIS G 3103:2012
JIS G 3115:2010
JIS G 3116:2013
JIS G 3118:2010
JIS G 3119:2013

JIS G 3120:2014

JIS G 3124:2009
JIS G 3126:2009
JIS G 3127:2013
JIS G 4109:2013

JIS G 4110:2008

JIS G 4304:2012
JIS G 4305:2012
JIS G 4312:2011

Carbon steel and molybdenum alloy steel plates for boilers and pressure vessels

Steel plates for pressure vessels for intermediate temperature service

Steel sheet, plates and strip for gas cylinders

Carbon steel plates for pressure vessels for intermediate and moderate temperature service
Manganese-molybdenum and manganese-molybdenum-nickel alloy steel plates for boilers and pressure vessels
Manganese-molybdenum and manganese-molybdenum-nickel alloy steel plates quenched and tempered for pressure
vessels

High strength steel plates for pressure vessel for intermediate and moderate temperature service

Carbon steel plates for pressure vessels for low temperature service

Nickel steel plates for pressure vessels for low temperature services

Chromium-molybdenum alloy steel plates for boilers and pressure vessels

High strength chromium-molybdenum and chromium-molybdenum-vanadium alloy steel plates for pressure vessels
under high-temperature service

Hot-rolled stainless steel plates, sheets and strip

Cold-rolled stainless steel plates, sheets and strip

Heat-resisting steel plate, sheet and strip
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Heat Treatment Terms Applicable to this Chapter

Standard

[Heat Treatment Terms

ASME SA-203/SA-203M
ASME SA-204/SA-204M
ASME SA-240/SA-240M
ASME SA-302/SA-302M
ASME SA-353/SA-353M
ASME SA-387/SA-387M
ASME SA-414/SA-414M
ASME SA-479/SA-479M
ASME SA-515/SA-515M
ASME SA-516/SA-516M
ASME SA-533/SA-533M
ASME SA-537/SA-537M
ASME SA-553/SA-553M
ASME SA-612/SA-612M
ASME SA-662/SA-662M
ASME SA-666

ASME SA-737/SA-737M
ASME SA-738/SA-738M
ASME SA-841/SA-841M
ASTM A203/A203M-12
ASTM A204/A204M-12
ASTM A240/A240M-15a
ASTM A302/A302M-12

ASTM A387/A387M-11
ASTM A414/A414M-14
ASTM A479/A479M-14
ASTM A515/A515M-10
ASTM A516/A516M-10

ASTM A537/A537M-13
ASTM A553/A553M-14
ASTM A612/A612M-12
ASTM A662/A662M-12
ASTM A666-15

ASTM A738/A738M-12a
ASTM A841/A841M-13
ASTM A844/A844M-09
EN 10028-2:2009

EN 10028-3:2009

EN 10028-4:2009

EN 10028-7:2007

EN 10088-2:2014

EN 10088-3:2014

EN 10120:2008

ASTM A353/A353M-09(2014)

ASTM A533/A533M-09(2014)

ASTM A737/A737M-09(2013)

N: normalized; Q+T: quenched and tempered

AR: as-rolled; SR: stress relieved; N: normalized; SR+N: stress relieved and normalized
See standard; Q+SA: quenched in water and solution annealed

AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
NN+T: double-normalized and tempered

A: annealed; N+T: normalized and tempered; SR: stress relieved; Q+T: quenched and tempered
HR: hot-rolled

A: annealed

AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
Q+T: quenched and tempered

N: normalized; Q+T: quenched and tempered

Q+T: quenched and tempered

AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
A: annealed

N: normalized

N: normalized; Q+T: quenched and tempered

TMCP: thermo-mechanical control process

N: normalized; Q+T: quenched and tempered

AR: as-rolled; N: normalized; SR: stress relieved; SR+N: stress relieved and normalized
See standard; SA: solution annealed

AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
NN+T: double-normalized and tempered

A: annealed; N+T: normalized and tempered; Q+T: quenched and tempered; SR: stress relieved
HR: hot-rolled

SA: solution annealed

AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
Q+T: quenched and tempered

N: normalized; Q+T: quenched and tempered

Q+T: quenched and tempered

AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
AR: as-rolled; N: normalized; SR: stress relieved; N+SR: normalized and stress relieved
A: annealed

N: normalized

N: normalized; Q+T: quenched and tempered

TMCP: thermo-mechanical control processed

Q+T: quenched and tempered

AR: as-rolled; N: normalized; N+T: normalized and tempered; Q+T: quenched and tempered;
AR: as-rolled; N: normalized

N+T: normalized and tempered; N: normalized; Q+T: quenched and tempered;

A: annealed; Q+T: quenched and tempered; SA: solution annealed

A: annealed; SA: solution annealed

SA: solution annealed

HR or HR+N: hot-rolled or hot-rolled and normalized
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Heat Treatment Terms Applicable to this Chapter (continued)
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GB 6654-1996

ISO 4706:1989

1ISO 4978:1983

1ISO 9328-2:2004
1ISO 9328-4:2004
1ISO 9328-7:2004
JIS G 3103:2012
JIS G 3115:2010
JIS G 3116:2013
JIS G 3118:2010
JIS G 3119:2013
JIS G 3120:2014
JIS G 3124:2009
JIS G 3126:2009

JIS G 3127:2013

JIS G 4109:2013
JIS G 4110:2008
JIS G 4304:2012
JIS G 4305:2012
JIS G 4312:2011

Standard [Heat Treatment Terms

GB 713-1997 HR: hot-rolled; CtR: controlled-rolled; N or N+T: normalized or normalized and tempered
GB 3280-92 A: annealed; ST: solution treated

GB 3531-1996 N or N+T: normalized or normalized and tempered

GB 4237-92 A: annealed; ST: solution treated

GB 4238-92 A: annealed; ST: solution treated

GB 6653-94 HR: hot-rolled; CtR: control-rolled; A: annealed

N: normalized; N+T: normalized and tempered

N or SR: normalized or stress relieved

N+C(A): normalized and air cooled

N: normalized; BA: as rolled if agreed upon at the time of enquiry

N: normalized; N+T: normalized and (if appropriate) tempered; Q+T: quenched and tempered
SA: solution annealed; A: annealed; Q+T: quenched and tempered

AR: as-rolled; N: normalized; SR: stress relieved

AR: as-rolled; N: normalized; Q+T: quenched and tempered; TMCP: thermo-mechanical control processed

HR: hot-rolled

AR: as-rolled; N: normalized; Q+T: quenched and tempered; TMCP: thermo-mechanical control processed
AR: as-rolled; N: normalized; A: annealed; Q+T: quenched and tempered; N+A: normalized and annealed

AR: as-rolled; A: annealed; Q+T: quenched and tempered
AR: as-rolled; N: normalized; N+T: normalized and tempered; A: annealed
N: normalized; Q+T: quench hardened and tempered; TMCP: thermo-mechanical control process

N: normalized; NNT: double normalized and tempered; N+T: normalized and tempered; TMCP: thermo-

mechanical control processed; Q+T: quenched and tempered
A: annealed; N+T: normalized and tempered

N+T: normalized and tempered; Q+T: quench and tempered
A: annealed; ST: solution treated

A: annealed; ST: solution treated

A: annealed

Impact Testing Notes Applicable to this Chapter

see standard for supplementary impact testing: the standard includes impact testing as a supplementary requirement (optional to the purchaser).
see standard for impact data: impact testing requirements are listed in the standard for multiple test temperatures.
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4.1 Carbon Steels for Pressure Vessel Plates

4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates

UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10028-2:2009 P235GH 1.0345 t<16 235 360-480 24 AR, N see standard for
16 <t<40 225 360-480 24 AR, N impact data
40 <t <60 215 360-480 24 AR, N
60 <t<100 200 360-480 24 AR, N
100 <t <150 185 350-480 24 AR, N
150 <t <250 --- 170 340-480 24 AR, N
1ISO 4978:1983 Grade 2 t<3 235 360-460 22 N+C(A)
3<t<6 235 360-460 30 N+C(A)
1ISO 9328-2:2004 Grade P235GH t<16 235 360-480 24 N or BA see standard for
16 <t<40 225 360-480 24 N or BA impact data
40 <t <60 215 360-480 24 N or BA
60 <t<100 200 360-480 24 N or BA
100 <t <150 185 350-480 24 N or BA
150 <t < 250 170 340-480 24 N or BA
EN 10120:2008 P245NB -- 1 1.0111 t<b 245 360-450 T 34T HR or HR+N
ASME SA-414/SA-414M Grade C K02503  --- 15<t<22 0.057<t<0.089 230 33 380-485T 55-70T 19T HR
22<t<3.8 0.089=<t<0.145 230 33 380-485T 55-70T 20T HR
38=<t<7.0 0145<t<0.270 230 33 380-485T 55-70T 22T HR
ASTM A414/A414M-14 Grade C K02503  --- 15<t<22 0.057<t<0.089 230 33 380-485T 55-70T 19T HR
22<t<3.8 0.089<t<0.145 230 33 380-485T 55-70T 20T HR
38<t<7.0 0.145<t<0.270 230 33 380-485T 55-70T 22T HR
GB 6653-94 Grade HP245 245 390T 28T HR, CtRor A see standard for
impact data
EN 10028-3:2009 P275NH 1.0487 t<16 275 390-510 24 AR, N see standard for
16 <t <40 - 265 390-510 24 AR, N impact data
40 <t <60 255 390-510 24 AR, N
60 <t<100 235 370-490 23 AR, N
100 <t <150 225 360-480 23 AR, N
150 <t <250 215 350-470 23 AR, N
JIS G 3116:2013 Symbol SG255 1.6<t<6.0 255 400 L 28 L HR

Note: This section continued on next page.
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4.1 Carbon Steels for Pressure Vessel Plates
4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
JIS G 3115:2010 Symbol SPV235 6<t<16 235 400-510 17 AR or N see standard for
impact data
16 <t< 40 235 400-510 21 AR or N L:47J @ 0°C
40<t<50 235 400-510 24 AR or N L:47J @ 0°C
50 <t< 100 215 400-510 24 AR or N L:47J @ 0°C
100 <t <200 195 400-510 24 AR or N L:47J @ 0°C
GB 6654-1996 Grade 20R 6<t<16 245 400-520 25 N T:31J @ 20°C
16 <t< 36 235 400-520 25 N T:31J @ 20°C
36 <t<60 225 400-520 25 N T:31J @ 20°C
60 <t<100 205 390-510 24 N T:31J @ 20°C
GB 713-1997 Grade 20g 6<t<16 245 400-530 26 HR, CtR, N or N+T see standard for
16<t<25 235 400-520 25 HR, CtR, N or N+T impact data
25<t<36 225 400-520 24 HR, CtR, N or N+T
36 <t<60 225 400-520 23 HR, CtR, N or N+T
60 <t<100 205 390-510 22 HR, CtR, N or N+T
100 <t < 150 185 380-500 22 HR, CtR, N or N+T
EN 10028-2:2009 P265GH - 1.0425 t<16 265 410-530 22 AR, N see standard for
16 <t<40 --- 255 410-530 22 AR, N impact data
40<t<60 --- 245 410-530 22 AR, N
60 <t<100 215 410-530 22 AR, N
100 <t< 150 200 400-530 22 AR, N
150 <t <250 185 390-530 22 AR, N
EN 10120:2008 P265NB --- 1.0423 t<5b 265 410-500 T 32T HR or HR+N
GB 6653-94 Grade HP265 - 265 410T 27T HR, CtRor A see standard for
impact data
1ISO 4978:1983 Grade 3 t<3 265 410-510 20 N+C(A)
3<t<6 265 410-510 28 N+C(A)
1ISO 9328-2:2004 Grade P265GH t<16 - 265 410-530 22 N or BA see standard for
16 <t <40 255 410-530 22 N or BA impact data
40<t<60 --- 245 410-530 22 N or BA
60 <t<100 215 410-530 22 N or BA
100 <t< 150 200 400-530 22 N or BA
150 <t <250 185 390-530 22 N or BA
JIS G 3103:2012 Symbol SB410 6<t<50 225 410-550 21 AR, N or SR
50 <t <200 225 410-550 25 N

Note: This section continued on next page.
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4.1 Carbon Steels for Pressure Vessel Plates
4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
JIS G 3118:2010 Symbol SGV410 6<t<50 225 410-490 T 21 AR, N, Q+T or TMCP
50 < t <200 225 410-490 T 25 N, Q+T, TMCP
ASME SA-515/SA-515M Grade 60 [415] K02401  --- t <50 t<2 220 32 415-550 60-80 25 AR or N or SR or N+SR
t> 50 t>2 220 32 415-550 60-80 25 N
ASME SA-516/SA-516M Grade 60 [415] K02100  --- t<40 t<1.50 220 32 415-550 60-80 25 AR or N or SR or N+SR
t>40 t>1.50 220 32 415-550 60-80 25 N
ASTM A515/A515M-10 Grade 60 [415] K02401| - t<50 t<2 220 32 415-550 60-80 25 AR, N, SR or N+SR
t> 50 t>2 220 32 415-550 60-80 25 N
ASTM A516/A516M-10 Grade 60 [415] K02100  --- t<40 t<1.50 220 32 415-550 60-80 25 AR, N, SR or N+SR
t>40 t>1.50 220 32 415-550 60-80 25 N
ASME SA-414/SA-414M Grade D K02505  --- 15<t<22 0.057<t<0.089 240 35 415-515T 60-75T 17T HR
22<t<3.8 0.089<t<0.145 240 35 415-515T 60-75T 18T HR
38=<t<7.0 0.145<t<0.270 240 35 415-515T 60-75T 20T HR
ASTM A414/A414M-14 Grade D K02505  --- 15<t<22 0.057<t<0.089 240 35 415-515T 60-75T 17T HR
22<t<3.8 0.089<t<0.145 240 35 415-515T 60-75T 18T HR
3.8<t<7.0 0.145<t<0.270 240 35 415-515T 60-75T 20T HR
GB 6653-94 Grade HP295 - 295 440T 26T HR, CtRor A see standard for
impact data
JIS G 3116:2013 Symbol SG295 16<t<6.0 295 440 L 26 L HR
ASME SA-515/SA-515M Grade 65 [450] K02800  --- t <50 ts2 240 35 450-585 65-85 23 AR or N or SR or N+SR
t> 50 t>2 240 35 450-585 65-85 23 N
ASME SA-516/SA-516M Grade 65 [450] K02403  --- t<40 t<1.50 240 35 450-585 65-85 23 AR or N or SR or N+SR
t>40 t>1.50 240 35 450-585 65-85 23 N
ASTM A515/A515M-10 Grade 65 [450] K02800  --- t<50 t<2 240 35 450-585 65-85 23 AR, N, SR or N+SR
t> 50 t>2 240 35 450-585 65-85 23 N
ASTM A516/A516M-10 Grade 65 [450] K02403  --- t<40 t<1.50 240 35 450-585 65-85 23 AR, N, SR or N+SR
t>40 t>1.50 240 35 450-585 65-85 23 N
JIS G 3103:2012 Symbol SB450 6<t<50 245 450-590 19 AR, N or SR
50 <t <200 245 450-590 23 N
JIS G 3118:2010 Symbol SGV450 6<t=<50 245 450-540 T 19 AR, N, Q+T or TMCP
50 < t <200 245 450-540 T 23 N, Q+T, TMCP
ASME SA-414/SA-414M Grade E K02704,  --- 15<t<22 0.057<t<0.089 260 38 450-585 T 65-85T 15T HR
22<t<3.8 0.089<t<0.145 260 38 450-585T 65-85T 16T HR
38<t<7.0 0.145<t<0.270 260 38 450-585 T 65-85T 18T HR
ASTM A414/A414M-14 Grade E K02704,  --- 15<t<22 0.057<t<0.089 260 38 450-585 T 65-85T 15T HR
22<t<3.8 0.089<t<0.145 260 38 450-585T 65-85T 16T HR
3.8<t<7.0 0.145<t<0.270 260 38 450-585 T 65-85T 18T HR
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4.1 Carbon Steels for Pressure Vessel Plates
4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10028-2:2009 P295GH 1.0481 t<16 295 460-580 21 AR, N see standard for
16 <t<40 290 460-580 21 AR, N impact data
40<t<60 285 460-580 21 AR, N
60 <t<100 260 460-580 21 AR, N
100 <t< 150 235 440-570 21 AR, N
150 <t <250 220 430-570 21 AR, N
EN 10120:2008 P310NB - 11.0437 t<5b 310 460-550 T 28T HR or HR+N
JIS G 3103:2012 Symbol SB480 6<t<50 265 480-620 17 AR, N or SR
50 < t <200 265 480-620 21 N
JIS G 3118:2010 Symbol SGV480 6<t<50 265 480-590 T 17 AR, N, Q+T or TMCP
50 < t <200 265 480-590 T 21 N, Q+T, TMCP
ASME SA-515/SA-515M Grade 70 [485] K03101| - t<50 t<2 260 38 485-620 70-90 21 AR or N or SR or N+SR
t> 50 t>2 260 38 485-620 70-90 21 N
ASME SA-516/SA-516M Grade 70 [485] K02700  --- t<40 t<1.50 260 38 485-620 70-90 21 AR or N or SR or N+SR
t>40 t>1.50 260 38 485-620 70-90 21 N
ASME SA-537/SA-537M Class 1 K12437 - t<65 t<25 345 50 485-620 70-90 22 N
65 <t<100 25<t<4 310 45 450-585 65-85 22 N
ASME SA-737/SA-737M Grade B K12001| --- 345 50 485-620 70-90 23 N
ASTM A515/A515M-10 Grade 70 [485] K03101| - t<50 t<2 260 38 485-620 70-90 21 AR, N, SR or N+SR
t> 50 t>2 260 38 485-620 70-90 21 N
ASTM A516/A516M-10 Grade 70 [485] K02700  --- t<40 t<1.50 260 38 485-620 70-90 21 AR, N, SR or N+SR
t>40 t>1.50 260 38 485-620 70-90 21 N
ASME SA-414/SA-414M Grade F K03102  --- 15<t<22 0.057<t<0.089 290 42 485-620 T 70-90 T 13T HR
22<t<3.8 0.089<t<0.145 290 42 485-620 T 70-90 T 14T HR
3.8<t<7.0 0.145<t<0.270 290 42 485-620 T 70-90 T 16T HR
ASTM A414/A414M-14 Grade F K03102  --- 15<t<22 0.057<t<0.089 290 42 485-620 T 70-90 T 13T HR
22<t<38 0.089<t<0.145 290 42 485-620 T 70-90 T 14T HR
3.8<t<7.0 0.145<t<0.270 290 42 485-620 T 70-90 T 16T HR
ASTM A537/A537M-13 Class 1 K12437 - t<65 t<25 345 50 485-620 70-90 22 N
65 <t<100 25<t<4 310 45 450-585 65-85 22 N
ASTM A737/A737M-09 (2013) Grade B K12001  --- 345 50 485-620 70-90 23 N

Note: This section continued on next page.
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4.1 Carbon Steels for Pressure Vessel Plates
4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 4706:1989 carbon steel t<3 490 max. 22 N or SR
t=3 - --- 490 max. 29 N or SR -
alloy steel t<3 --- --- 490 15 N or SR
t=3 490 20 N or SR
GB 3531-1996 Grade 16MnDR 6<t<16 315 490-620 21 N or N+T
16 <t<36 295 470-600 21 N or N+T
36 <t<60 275 450-580 21 N or N+T
60 <t<100 255 450-580 21 N or N+T
JIS G 3115:2010 Symbol SPV315 6<t<16 315 490-610 16 AR, N, Q+T or TMCP  see standard for
impact data
16 <t<40 315 490-610 20 AR, N, Q+T or TMCP L:47J @ 0°C
40<t<50 315 490-610 23 AR, N, Q+T or TMCP L:47J @ 0°C
50 <t< 100 295 490-610 23 AR, N, Q+T or TMCP L:47J @ 0°C
100 <t < 150 275 490-610 23 AR, N, Q+T or TMCP L:47J @ 0°C
GB 6653-94 Grade HP325 - 325 490 T 21T HR, CtR or A see standard for
impact data
JIS G 3116:2013 Symbol SG325 1.6<t<6.0 325 490 L 22 L HR
ISO 4978:1983 Grade 4 t<3 345 490-610 17 N+C(A)
3<t<6 345 490-610 24 N+C(A)
EN 10028-3:2009 P355N - 1.0562 t<16 355 490-630 22 AR, N see standard for
16 <t<40 345 490-630 22 AR, N impact data
40<t<60 335 490-630 22 AR, N
60 <t< 100 315 470-610 21 AR, N
100 <t < 150 305 460-600 21 AR, N
150 <t < 250 295 450-590 21 AR, N
P355NH 1.0565 t<16 355 490-630 22 AR, N see standard for
16 <t <40 - 345 490-630 22 AR, N impact data
40<t<60 335 490-630 22 AR, N
60 <t<100 315 470-610 21 AR, N
100 <t< 150 305 460-600 21 AR, N
150 <t < 250 295 450-590 21 AR, N
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4.1 Carbon Steels for Pressure Vessel Plates
4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 6654-1996 Grade 16MnR 6<t<16 345 510-640 21 N T:31J @ 20°C
16 <t< 36 325 490-620 21 N T:31J @ 20°C
36 <t<60 305 470-600 21 N T:31J @ 20°C
60 <t<100 285 460-590 20 N T:31J @ 20°C
100 <t<120 275 450-580 20 N T:31J @ 20°C
GB 713-1997 Grade 16Mng --- 6<t<16 345 --- 510-655 21 HR, CtR, N or N+T see standard for
16<t<25 325 490-635 19 HR, CtR, N or N+T impact data
25<t<36 305 470-620 19 HR, CtR, N or N+T
36 <t<60 285 470-620 19 HR, CtR, N or N+T
60 <t<100 265 440-590 18 HR, CtR, N or N+T
100 <t< 150 245 440-590 18 HR, CtR, N or N+T
Grade 19Mng 6<t<16 355 510-650 20 HR, CtR, N or N+T T:31J @ 0°C
16 <t<40 345 510-650 20 HR, CtR, N or N+T T:31J @ 0°C
40 <t<60 335 510-650 20 HR, CtR, N or N+T T:31J @ 0°C
60 <t<100 315 490-630 20 HR, CtR, N or N+T T:31J @ 0°C
100 <t <150 295 480-630 20 HR, CtR, N or N+T T:31J @ 0°C
GB 6653-94 Grade HP345 - 345 510 T 20T HR, CtRor A see standard for
impact data
EN 10028-2:2009 P355GH 1.0473 t<16 355 510-650 20 AR, N see standard for
16 <t<40 --- 345 510-650 20 AR, N impact data
40 <t<60 335 510-650 20 AR, N
60 <t<100 315 490-630 20 AR, N
100 <t <150 295 480-630 20 AR, N
150 <t <250 280 470-630 20 AR, N
EN 10120:2008 P355NB ---  1.0557 t<5b 355 510-620 T 24T HR or HR+N
JIS G 3124:2009 Symbol SEV 245 6<t<50 370 510-650 T 16 AR, N, N+T or A T:31J @ 0°C
50 <t< 100 355 510-650 T 20 AR, N, N+T or A T:31J @ 0°C
100<t<125 345 500-640 T 20 AR, N, N+T or A T:31J @ 0°C
125<t< 150 335 490-630 T 20 AR, N, N+T or A T:31J @ 0°C
GB 713-1997 Grade 22Mng t>25 275 515-655 19 HR, CtR, N or N+T T:27J @ RT
ASME SA-414/SA-414M Grade G K03103  --- 15<t<22 0.057<t<0.089 310 45 515-655T 75-95T 13T HR
22<t<3.8 0.089<t<0.145 310 45 515-655T 75-95T 14T HR
3.8<t<7.0 0.145<t<0.270 310 45 515-655 T 75-95T 16 T HR

Note: This section continued on next page.
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4.1 Carbon Steels for Pressure Vessel Plates
4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASTM A414/A414M-14 Grade G K03103| --- 1.5<t<22 0.057<t<0.089 310 45 515-655 75-95 13 HR
22<t<38 0.089<t<0.145 310 45 515-655 75-95 14 HR
3.8<t<7.0 0.145<t<0.270 310 45 515-655 75-95 16 HR
ASME SA-738/SA-738M Grade A K12447  --- t<65 t<25 310 45 515-655 75-95 20 N or Q+T
t>65 t>25 310 45 515-655 75-95 20 Q+T
ASTM A738/A738M-12a Grade A K12447  --- t<65 t<25 310 45 515-655 75-95 20 N or Q+T
t>65 t>25 310 45 515-655 75-95 20 Q+T
JIS G 3115:2010 Symbol SPV355 --- 6<t<16 355 --- 520-640 14 AR, N, Q+T or TMCP  see standard for
impact data
16 <t<40 355 520-640 18 AR, N, Q+T or TMCP L:47J @ 0°C
40 <t<50 355 520-640 21 AR, N, Q+T or TMCP L:47J @ 0°C
50 <t< 100 335 520-640 21 AR, N, Q+T or TMCP L:47J @ 0°C
100 <t< 150 315 520-640 21 AR, N, Q+T or TMCP L:47J @ 0°C
GB 6654-1996 Grade 15MnVR 6<t<16 390 530-665 19 N T:31J @ 20°C
16 <t<36 370 510-645 19 N T:31J @ 20°C
36 <t<60 350 490-625 19 N T:31J @ 20°C
GB 6653-94 Grade HP365 365 540 T 20T HR, CtR or A see standard for
impact data
JIS G 3116:2013 Symbol SG365 16<t<6.0 365 540 L 20L HR
ASME SA-537/SA-537M Class 3 K12437, - t<65 t<25 380 55 550-690 @ 80-100 22 Q+T
65 <t<100 25<t=<4 345 50 515-655 75-95 22 Q+T
100 <t <150 4<t<6 275 40 485-620 70-90 20 Q+T
Class 2 K12437 - t<65 t<25 415 60 550-690 @ 80-100 22 Q+T
65 <t< 100 25<t<4 380 55 515-655 75-95 22 Q+T
100 <t< 150 4<t<6 315 46 485-620 70-90 20 Q+T
ASTM A537/A537M-13 Class 3 K12437 - t<65 t<25 380 55 550-690 @ 80-100 22 Q+T
65 <t<100 25<t<4 345 50 515-655 75-95 22 Q+T
100 <t< 150 4<t<6 275 40 485-620 70-90 20 Q+T
Class 2 K12437  --- t<65 t<25 415 60 550-690 @ 80-100 22 Q+T
65 <t<100 25<t<4 380 55 515-655 75-95 22 Q+T
100 <t < 150 4<t<6 315 46 485-620 70-90 20 Q+T

Note: This section continued on next page.
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4.1 Carbon Steels for Pressure Vessel Plates
4.1A Mechanical Properties of Carbon Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
JIS G 3115:2010 Symbol SPV410 6<t<16 410 550-670 12 N, Q+T or TMCP see standard for
impact data
16 <t<40 410 550-670 16 N, Q+T or TMCP L:47J @ -10°C
40<t<50 410 550-670 18 N, Q+T or TMCP L:47J @ -10°C
50 <t< 100 390 550-670 18 N, Q+T or TMCP L:47J @ -10°C
100 <t< 150 370 550-670 18 N, Q+T or TMCP L:47J @ -10°C
ASME SA-737/SA-737M Grade C K12202| --- 415 60 550-690 = 80-100 23 N
ASTM A737/A737M-09 (2013) Grade C K12202| --- 415 60 550-690 = 80-100 23 N
ASME SA-738/SA-738M Grade C K02008  --- t<65 t<25 415 60 550-690 @ 80-100 22 Q+T
65 <t<100 25<t<4 380 55 515-655 75-95 22 Q+T
t>100 t>4 315 46 485-620 70-90 20 Q+T
ASTM A738/A738M-12a Grade C K02008  --- t<65 t<25 415 60 550-690 = 80-100 22 Q+T
65 <t<100 25<t<4 380 55 515-655 75-95 22 Q+T
t> 100 t>4 315 46 485-620 70-90 20 Q+T
ASME SA-612/SA-612M t<125 t<0.5 345 50 570-725 = 83-105 22 AR or N or SR or N+SR
125<t<25 05<t<1 345 50 560-695 @ 81-101 22 AR or N or SR or N+SR
ASTM A612/A612M-12 t<12.5 t<0.5 345 50 570-725 = 83-105 22 AR, N, SR or N+SR
125<t<25 05<t<1 345 50 560-695 @ 81-101 22 AR, N, SR or N+SR
JIS G 3115:2010 Symbol SPV450 6<t<16 450 570-700 19 Nor Q+T see standard for
impact data
16<t<20 450 570-700 26 Nor Q+T L:47J @ -10°C
20<t<50 450 570-700 20 Nor Q+T L:47J @ -10°C
50 <t< 100 430 570-700 20 Nor Q+T L:47J @ -10°C
100 <t< 150 410 570-700 20 Nor Q+T L:47J @ -10°C
ASME SA-738/SA-738M Grade B 415 60 585-705 @ 85-102 20 Q+T
ASTM A738/A738M-12a Grade B 415 60 585-705 = 85-102 20 Q+T
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn | Si | P | S | Cr | Ni | Mo | Others
EN 10028-2:2009 P235GH -~ 1.0345 0.16 | 0.60-1.20 0.35 0.025 0.010 0.30 0.30 0.08 V 0.02; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.020; N 0.012;
(Cr+Cu+Mo+Ni) 0.70
1ISO 4978:1983 Grade 2 0.16 | 0.25 min. 0.15 0.035 0.035 Al 0.015 min.
1ISO 9328-2:2004 Grade P235GH 0.16 | 0.60-1.20 0.30 0.025 0.015 0.30 0.30 0.08 |V 0.02; Al 0.02; Cu 0.30; Ti 0.03;
Nb 0.02; (Cr+Cu+Mo+Ni) 0.70
EN 10120:2008 P245NB - 1.0111 0.16 | 0.30 min. 0.25 0.025 0.015 Al 0.020 min.; Ti 0.03; Nb 0.050;
N 0.009
ASME SA-414/SA-414M  Grade C K02503  --- 0.25 0.90 0.30 0.035 0.035 Al 0.02-0.08
ASTM A414/A414M-14  Grade C K02503  --- 0.25 0.90 0.30 0.035 0.035 0.30 0.40 0.12 Cu 0.40; Al 0.02-0.08; V 0.03;
Ti 0.025; Cb 0.02
GB 6653-94 Grade HP245 0.16 0.60 0.35 0.035 0.035 0.30 0.30 0.30 V 0.12; Al 0.020 min.; Cu 0.20;
Ti 0.20; Nb 0.060; (P+S) 0.060
EN 10028-3:2009 P275NH -~ 1.0487 0.16 | 0.80-1.50 0.40 0.025 0.010 0.30 0.50 0.08 V 0.05; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.05; N 0.012;
(Nb+Ti+V) 0.05; (Cr+Cu+Mo) 0.45
JIS G 3116:2013 Symbol SG255 1.6<t<6.0 0.20 0.30 0.020 0.020
JIS G 3115:2010 Symbol SPV235 6<t=<100 0.18 1.40 0.35  0.030 0.030
100 < t <200 0.20 1.40 0.35  0.030 0.030
GB 6654-1996 Grade 20R 0.20 | 0.40-0.90 0.15-0.30 0.035 0.030 0.30 0.30 Cu 0.30
GB 713-1997 Grade 20g 0.20 | 0.50-0.90 0.15-0.30 0.035 0.035 0.30 0.30 0.10 V' 0.010; Cu 0.30
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn Si | P | S | Cr | Ni | Mo | Others
EN 10028-2:2009 P265GH - 1.0425 0.20  0.80-1.40 0.40 0.025 0.010 0.30 0.30 0.08 V 0.02; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.020; N 0.012;
(Cr+Cu+Mo+Ni) 0.70
EN 10120:2008 P265NB - 1.0423 0.19  0.40 min. 0.25 0.025 0.015 Al 0.020 min.; Ti 0.03; Nb 0.050;
N 0.009
GB 6653-94 Grade HP265 0.19 0.80 0.35 0.035 0.035 0.30 0.30 0.30 V 0.12; Al 0.020 min.; Cu 0.20;
Ti 0.20; Nb 0.060; (P+S) 0.060
1ISO 4978:1983 Grade 3 0.19  0.40 min. 0.20  0.035 0.035 Al 0.015 min.
1ISO 9328-2:2004 Grade P265GH 0.20  0.80-1.40 0.40 0.025 0.015 0.30 0.30 0.08  V0.02; Al 0.02; Cu 0.30; Ti 0.03;
Nb 0.02; (Cr+Cu+Mo+Ni) 0.70
JIS G 3103:2012 Symbol SB410 6<t<25 0.24 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.12  V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
25<t<50 0.27 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.12  V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
50 <t< 100 0.29 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.12  V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
100 <t <200 0.30 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.12  V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
JIS G 3118:2010 Symbol SGV410 6<t<125 0.21 0.85-1.20 0.15-0.40 0.030 0.030
125 <t<50 0.23 | 0.85-1.20 0.15-0.40 0.030 0.030
50 <t< 100 0.25  0.85-1.20 0.15-0.40 0.030 0.030
100 <t <200 0.27  0.85-1.20 0.15-0.40 0.030 0.030
IASME SA-515/SA-515M* Grade 60 [415] K02401  --- t<25 t<1 0.24 0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.27 0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50<t<100 2<t<4 0.29 0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.31 0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;

Cb 0.02; B 0.0010

Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-516/SA-516M* Grade 60 [415] K02100  --- t<12.5 t<0.5 0.21 0.60-0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
125<t<50 05<t=<2 0.23  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t<4 0.25  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.27  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A515/A515M-10*  Grade 60 [415] K02401  --- t<25 t<1 0.24 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.27 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<ts<4 0.29 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.31 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A516/A516M-10*  Grade 60 [415] K02100  --- t<12.5 t<0.5 0.21 0.60-0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
125<t<50 05<t=<2 0.23  0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.25 | 0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.27  0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASME SA-414/SA-414M  Grade D K02505  --- 0.25 1.20 0.30 0.035 0.035 Al 0.02-0.08
IASTM A414/A414M-14  Grade D K02505  --- 0.25 1.20 0.30 0.035 0.035 0.30 0.40 0.12 Cu 0.40; Al 0.02-0.08; V 0.03;
Ti 0.025; Cb 0.02
GB 6653-94 Grade HP295 0.20 1.00 0.35 0.035 0.035 0.30 0.30 0.30 V 0.12; Al 0.020 min.; Cu 0.20;
Ti 0.20; Nb 0.060; (P+S) 0.060
JIS G 3116:2013 Symbol SG295 16<t<6.0 0.20 1.00 0.35 0.020 0.020
IASME SA-515/SA-515M* Grade 65 [450] K02800  --- t<25 t<1 0.28 0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.31 0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.33 0.90 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;

Cb 0.02; B 0.0010

*: See ASTM A20/A20M-14 for additional information.
Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn | Si | P | S | Cr Ni | Mo | Others
IASME SA-516/SA-516M* Grade 65 [450] K02403  --- t<12.5 t<0.5 0.24  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
125<t<50 05<t=<2 0.26  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t<4 0.28  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.29  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A515/A515M-10*  Grade 65 [450] K02800  --- t<25 t<1 0.28 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.31 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.33 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A516/A516M-10*  Grade 65 [450] K02403  --- t<125 t<0.5 0.24  0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
125<t<50 05<t=<2 0.26 | 0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t<4 0.28  0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.29  0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 3103:2012 Symbol SB450 6<t<25 0.28 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
25<t<50 0.31 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
50 <t <200 0.33 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
JIS G 3118:2010 Symbol SGV450 6<t<125 0.24  0.85-1.20 0.15-0.40 0.030 0.030
12.5<t<50 0.26  0.85-1.20 0.15-0.40 0.030 0.030
50 <t<100 0.28  0.85-1.20 0.15-0.40 0.030 0.030
100 <t <200 0.29 | 0.85-1.20 0.15-0.40 0.030 0.030
IASME SA-414/SA-414M  Grade E K02704  --- 0.27 1.20 0.30 0.035 0.035 Al 0.02-0.08
ASTM A414/A414M-14  Grade E K02704  --- 0.27 1.20 0.30 0.035 0.035 0.30 0.40 0.12 Cu 0.40; Al 0.02-0.08; V 0.03;

Ti 0.025; Cb 0.02

*: See ASTM A20/A20M-14 for additional information.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn Si | P | S | Cr | Ni | Mo | Others
EN 10028-2:2009 P295GH - 1.0481 0.08-0.20 0.90-1.50 0.40 0.025 0.010  0.30 0.30 0.08 V 0.02; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.020; N 0.012;
(Cr+Cu+Mo+Ni) 0.70
EN 10120:2008 P310NB - 1.0437 0.20  0.70 min. 0.50 0.025 0.015 Al 0.020 min.; Ti 0.03; Nb 0.050;
N 0.009
JIS G 3103:2012 Symbol SB480 6<t<25 0.31 1.20 0.15-0.40 0.020 0.020 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
25<t<50 0.33 1.20 0.15-0.40 0.020 0.020 0.30 0.40 0.12  V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
50 <t <200 0.35 1.20 0.15-0.40 0.020 0.020 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010; (Cu+Ni+Mo+Cr) 1.00;
(Cr+Mo) 0.32
JIS G 3118:2010 Symbol SGV480 6<t<125 0.27  0.85-1.20 0.15-0.40 0.030 0.030
125 <t<50 0.28 | 0.85-1.20 0.15-0.40 0.030 0.030
50 <t< 100 0.30  0.85-1.20 0.15-0.40 0.030 0.030
100 <t <200 0.31 0.85-1.20 0.15-0.40 0.030 0.030
IASME SA-515/SA-515M* Grade 70 [485] K03101  --- t<25 ts1 0.31 1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.33 1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.35 1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASME SA-516/SA-516M* Grade 70 [485] K02700  --- t<12.5 t<0.5 0.27  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
125<t<50 05<t=<2 0.28  0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50<t<100 2<t<4 0.30 | 0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.31 0.85-1.20 0.15-0.40 0.035 0.035 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASME SA-537/SA-537M* Class 1 K12437  --- t<40 t<1.5 0.24 | 0.70-1.35 0.15-0.50 0.035 0.035 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
40<t<100 15<t<4 0.24 | 1.00-1.60 0.15-0.50 0.035 0.035 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
ASME SA-737/SA-737M* Grade B K12001  --- 0.20  1.15-1.50 0.15-0.50 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;

Cb 0.05; B 0.0010

*: See ASTM A20/A20M-14 for additional information.
Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn | Si | P | S | Cr | Ni | Mo | Others
ASTM A515/A515M-10*  Grade 70 [485] K03101  --- t<25 t<1 0.31 1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.33 1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.35 1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A516/A516M-10*  Grade 70 [485] K02700  --- t<25 t<1 0.27  0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.28  0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50<t<100 2<t<4 0.30 | 0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.31 0.85-1.20 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASME SA-414/SA-414M  Grade F K03102  --- 0.31 1.20 0.30 0.035 0.035 Al 0.02-0.08
ASTM A414/A414M-14  Grade F K03102  --- 0.31 1.20 0.30 0.035 0.035 0.30 0.40 0.12 Cu 0.40; Al 0.02-0.08; V 0.03;
Ti 0.025; Cb 0.02
[ASTM A537/A537M-13* Class 1 K12437  --- t<40 t<1.5 0.24  0.70-1.35 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
t>40 t>1.5 0.24  1.00-1.60 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A737/A737M-09  Grade B K12001 - 0.20 | 1.15-1.50 0.15-0.50 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
(2013)* Cb 0.05; B 0.0010
1ISO 4706:1989 carbon steel 0.22 1.60 0.45 0.04 0.04 (P+S) 0.07
alloy steel 0.22 1.60 0.45 0.04 0.04 V 0.20; Ti 0.20; Nb 0.08;
(P+S) 0.07; (Nb+V) 0.20
GB 3531-1996 Grade 16MnDR 0.20 | 1.20-1.60 0.15-0.50 0.030 0.025 0.25 0.40 0.08 Al 0.020 min.; Cu 0.25
JIS G 3115:2010 Symbol SPV315 6 <t<150 0.18 1.60 0.55  0.030 0.030
GB 6653-94 Grade HP325 0.20 1.50 0.35 0.035 0.035 0.30 0.30 0.30 V 0.12; Al 0.020 min.; Cu 0.20;
Ti 0.20; Nb 0.060; (P+S) 0.060
JIS G 3116:2013 Symbol SG325 1.6<t<6.0 0.20 1.50 0.55 0.020 0.020
1ISO 4978:1983 Grade 4 0.20  0.70 min. 0.45 0.035 0.035 Al 0.015 min.
EN 10028-3:2009 P355N -~ 1.0562 0.18 | 1.10-1.70 0.50 0.025 0.010 0.30 0.50 0.08 V 0.10; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.05; N 0.012;
(Nb+Ti+V) 0.12; (Cr+Cu+Mo) 0.45
P355NH - 1.0565 0.18 | 1.10-1.70 0.50 0.025 0.010 0.30 0.50 0.08 V 0.10; Al 0.020 min.; Cu 0.30;

(Nb+Ti+V) 0.12; (Cr+Cu+Mo) 0.45

Ti 0.03; Nb 0.05; N 0.012;

*: See ASTM A20/A20M-14 for additional information.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr Ni | Mo | Others
GB 6654-1996 Grade 16MnR 0.20 1.20-1.60 0.20-0.55 0.035 0.030 0.30 0.30 Cu 0.30
GB 713-1997 Grade 16Mng 0.20 1.20-1.60 0.20-0.55 0.035 0.030 0.30 0.30 0.10 V 0.010; Cu 0.30
Grade 19Mng 0.15-0.22 1.00-1.60 0.30-0.60 0.030 0.025 0.30 0.30 0.10 V 0.010; Cu 0.30
GB 6653-94 Grade HP345 == --- - 0.20 1.50 0.35 0.035 0.035 0.30 0.30 0.30 V 0.12; Al 0.020 min.; Cu 0.20;
Ti 0.20; Nb 0.060; (P+S) 0.060
EN 10028-2:2009 P355GH ---11.0473 0.10-0.22 1.10-1.70 0.60 0.025 0.010  0.30 0.30 0.08 V 0.02; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.040; N 0.012;
(Cr+Cu+Mo+Ni) 0.70
EN 10120:2008 P355NB ---  1.0557 0.20 0.70 min. 0.50 0.025 0.015 Al 0.020 min.; Ti 0.03; Nb 0.050;
N 0.009
JIS G 3124:2009 Symbol SEV245 6<t<150 0.20 | 0.80-1.60 0.15-0.60 0.030 0.030 0.35 V 0.10; Cu 0.40; Nb 0.05
GB 713-1997 Grade 22Mng 0.30  0.90-1.50 0.15-0.40 0.025 0.025 0.30 0.30 0.10 V 0.010; Cu 0.30
ASME SA-414/SA-414M  Grade G K03103  --- 0.31 1.35 0.30 0.035 0.035 Al 0.02-0.08
ASTM A414/A414M-14  Grade G K03103  --- 0.31 1.35 0.30 0.035 0.035 0.30 0.40 0.12 Cu 0.40; Al 0.02-0.08; V 0.03;
Ti 0.025; Cb 0.02
ASME SA-738/SA-738M  Grade A K12447 - t<65 t<25 0.24 1.50 0.15-0.50 0.035 0.035 0.25 0.50 0.08 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
65<t<150 25<t<6 0.24 1.60 0.15-0.50 0.035 0.035 0.25 0.50 0.08 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
ASTM A738/A738M-12a Grade A K12447 - t<65 t<25 0.24 1.50 0.15-0.50 0.025 0.025 0.25 0.50 0.08 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
65<t<150 25<t<6 0.24 1.60 0.15-0.50 0.025 0.025 0.25 0.50 0.08 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
JIS G 3115:2010 Symbol SPV355 6<ts<150 0.20 1.60 0.55 0.030 0.030
GB 6654-1996 Grade 15MnVR 0.18 1.20-1.60 0.20-0.55 0.035 0.030 0.30 0.30 V 0.04-0.12; Cu 0.30
GB 6653-94 Grade HP365 0.20 1.50 0.35 0.035 0.035 0.30 0.30 0.30 V 0.12; Al 0.020 min.; Cu 0.20;
Ti 0.20; Nb 0.060; (P+S) 0.060
JIS G 3116:2013 Symbol SG365 1.6<t<6.0 0.20 1.50 0.55 0.020 0.020

Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr Ni | Mo Others
IASME SA-537/SA-537M* Class 3 K12437  --- t<40 t<1.5 0.24  0.70-1.35 0.15-0.50 0.035 0.035 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
40<t<150 15<t<6 0.24 1.00-1.60 0.15-0.50 0.035 0.035 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
Class 2 K12437  --- t<40 t<1.5 0.24  0.70-1.35 0.15-0.50 0.035 0.035 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
40<t<150 15<t<6 0.24 1.00-1.60 0.15-0.50 0.035 0.035 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A537/A537M-13*  Class 3 K12437 - t<40 t<15 0.24  0.70-1.35 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
40<t<150 15<t<6 0.24 1.00-1.60 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
Class 2 K12437 - t<40 t<15 0.24  0.70-1.35 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
40<t<150 15<t<6 0.24 1.00-1.60 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.03; Cu 0.35; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 3115:2010 Symbol SPV410 6<t<150 0.18 1.60 0.75 0.030 0.030
IASME SA-737/SA-737M* Grade C K12202  --- 0.22 1.15-1.50 0.15-0.50 0.025 0.025 0.30 0.40 0.12 V 0.04-0.11; Cu 0.40; Ti 0.03;
Cb 0.05; N 0.03; B 0.0010
IASTM A737/A737M-09  Grade C K12202  --- 0.22 1.15-1.50 0.15-0.50 0.025 0.025 0.30 0.40 0.12 V 0.04-0.11; Cu 0.40; Ti 0.03;
(2013)* Cb 0.05; N 0.03; B 0.0010
ASME SA-738/SA-738M Grade C K02008  --- t<65 t<2.5 0.20 1.50 0.15-0.50 0.025 0.025 0.25 0.50 0.08 V 0.05; Cu 0.35
65<t<150 25<t<6 0.20 1.60 0.15-0.50 0.025 0.025 0.25 0.50 0.08 V 0.05; Cu 0.35
ASTM A738/A738M-12a Grade C K02008  --- t<65 t<25 0.20 1.50 0.15-0.50 0.025 0.025 0.25 0.50 0.08 V 0.05; Cu 0.35
65<t<150 25<t<6 0.20 1.60 0.15-0.50 0.025 0.025 0.25 0.50 0.08 V 0.05; Cu 0.35
ASME SA-612/SA-612M  --- 0.25 1.00-1.50 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.08; Cu 0.35
ASTM A612/A612M-12 - 0.25 1.00-1.50 0.15-0.50 0.025 0.025 0.25 0.25 0.08 V 0.08; Cu 0.35
JIS G 3115:2010 Symbol SPV450 6<t<150 0.18 1.60 0.75 0.030 0.030
IASME SA-738/SA-738M Grade B t<40 t<15 0.20 | 0.90-1.50 0.15-0.55 0.030 0.030 0.30 0.60 0.20 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
40<t<65 15<t<25 020 0.90-1.50 0.15-0.55 0.030 0.030 0.30 0.60 0.20 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
65<t<100 25<t<4 0.20  0.90-1.60 0.15-0.55 0.030 0.030 0.30 0.60 0.20 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
ASTM A738/A738M-12a Grade B t<40 t<15 0.20  0.90-1.50 0.15-0.55 0.025 0.025 0.30 0.60 0.20 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
40<t<65 15<t<25 020 0.90-1.50 0.15-0.55 0.025 0.025 0.30 0.60 0.20 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08
65<t<100 25<t<4 0.20 | 0.90-1.60 0.15-0.55 0.025 0.025 0.30 0.60 0.20 V 0.07; Cu 0.35; Cb 0.04;
(Cb+V) 0.08

*: See ASTM A20/A20M-14 for additional information.
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4.2 Carbon Steels for Pressure Vessel Plates — With Impact Testing Below -20°C
4.2A Mechanical Properties of Carbon Steels for Pressure Vessel Plates — With Impact Testing Below -20°C
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
EN 10028-3:2009 P275NL1 ---11.0488 t<16 275 390-510 24 AR, N see standard for
16 <t <40 - 265 390-510 24 AR, N impact data
40 <t<60 255 390-510 24 AR, N
60 <t=< 100 235 370-490 23 AR, N
100 <t <150 225 360-480 23 AR, N
150 <t <250 215 350-470 23 AR, N
P275NL2 1.1104 t<16 275 390-510 24 AR, N see standard for
16 <t<40 265 390-510 24 AR, N impact data
40 <t<60 255 390-510 24 AR, N
60 <t< 100 235 370-490 23 AR, N
100 <t< 150 225 360-480 23 AR, N
150 <t <250 215 350-470 23 AR, N
ASME SA-662/SA-662M Grade A K01701| - 275 40 400-540 58-78 23 N
ASTM A662/A662M-12 Grade A K01701|  --- 275 40 400-540 58-78 23 N
JIS G 3126:2009 Symbol SLA235A -—- 6<t<16 235 -—- 400-510 T --- 18 N or TMCP see standard for
16 <t <40 235 400-510 T 22 N or TMCP impact data
40 <t<50 215 400-510 T 24 N or TMCP
Symbol SLA235B --- --- 6<t<16 235 --- 400-510 T --- 18 N or TMCP see standard for
16 <t <40 235 400-510 T 22 N or TMCP impact data
40<t<50 215 400-510 T 24 N or TMCP
Symbol SLA325A --- --- 6<t<16 325 --- 440-560 T --- 22 N or TMCP see standard for
16 <t<20 325 440-560 T 30 N or TMCP impact data
20<t<38 325 440-560 T 22 N or TMCP
Symbol SLA325B --- 6<t<16 325 --- 440-560 T 22 Q+T or TMCP see standard for
16<t<20 325 440-560 T 30 Q+T or TMCP impact data
20<t<38 325 440-560 T 22 Q+T or TMCP
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4.2 Carbon Steels for Pressure Vessel Plates — With Impact Testing Below -20°C

4.2A Mechanical Properties of Carbon Steels for Pressure Vessel Plates — With Impact Testing Below -20°C (Continued)

UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
ASME SA-662/SA-662M Grade B K02203  --- t<40 t<1.5 275 40 450-585 65-85 23 AR, N, SR or N+SR
t>40 t>1.5 275 40 450-585 65-85 23 N
Grade C K02007,  --- t<40 t<1.5 295 43 485-620 70-90 22 AR, N, SR or N+SR
t>40 t>15 295 43 485-620 70-90 22 N
ASTM A662/A662M-12 Grade B K02203  --- t<40 t<1.5 275 40 450-585 65-85 23 AR, N, SR or N+SR
t>40 t>1.5 275 40 450-585 65-85 23 N
Grade C K02007,  --- t<40 t<15 295 43 485-620 70-90 22 AR, N, SR or N+SR
t>40 t>1.5 295 43 485-620 70-90 22 N
ASME SA-841/SA-841M Grade A, Class 1 K02010,  --- t<65 t<25 345 50 480-620 70-90 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 315 45 450-585 65-85 22 TMCP L:20J @ -40°C
Grade B, Class 1 t<65 t<25 345 50 480-620 70-90 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 315 45 450-585 65-85 22 TMCP L:20J @ -40°C
Grade C, Class 1 t<65 t<25 345 50 480-620 70-90 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 315 45 450-585 65-85 22 TMCP L:20J @ -40°C
ASTM A841/A841M-13 Grade A, Class 1 K02010,  --- t<65 t<25 345 50 480-620 70-90 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 315 45 450-585 65-85 22 TMCP L:20J @ -40°C
Grade B, Class 1 t<65 t<25 345 50 480-620 70-90 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 315 45 450-585 65-85 22 TMCP L:20J @ -40°C
Grade C, Class 1 t<65 t<25 345 50 480-620 70-90 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 315 45 450-585 65-85 22 TMCP L:20J @ -40°C
EN 10028-3:2009 P355NL1 --- 1 1.0566 t<16 355 490-630 22 AR, N see standard for
16 <t<40 345 490-630 22 AR, N impact data
40 <t<60 335 490-630 22 AR, N
60 <t<100 315 470-610 21 AR, N
100 <t< 150 305 460-600 21 AR, N
150 <t <250 295 450-590 21 AR, N
P355NL2 1.1106 t<16 355 490-630 22 AR, N see standard for
16 <t <40 - 345 490-630 22 AR, N impact data
40 <t<60 335 490-630 22 AR, N
60 <t< 100 315 470-610 21 AR, N
100 <t <150 305 460-600 21 AR, N
150 <t <250 295 450-590 21 AR, N
JIS G 3126:2009 Symbol SLA365 - 6<t<16 365 --- 490-610 T --- 20 Q+T or TMCP see standard for
16<t<20 365 490-610 T 28 Q+T or TMCP impact data
20<t<38 365 490-610 T 20 Q+T or TMCP
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4.2 Carbon Steels for Pressure Vessel Plates — With Impact Testing Below -20°C

4.2A Mechanical Properties of Carbon Steels for Pressure Vessel Plates — With Impact Testing Below -20°C (Continued)

UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
JIS G 3126:2009 Symbol SLA410 6<t<16 410 520-640 T 18 Q+T or TMCP see standard for
16<t<20 410 520-640 T 26 Q+T or TMCP impact data
20<t<38 410 520-640 T 18 Q+T or TMCP
ASME SA-841/SA-841M Grade A, Class 2 K02010  --- t<65 t<25 415 60 550-690 = 80-100 22 TMCP L:20J @ -40°C
65<t<100 25<t<4 380 55 515-655 75-95 22 TMCP L:20J @ -40°C
Grade B, Class 2 t<65 t<25 415 60 550-690 @ 80-100 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 380 55 515-655 75-95 22 TMCP L:20J @ -40°C
Grade C, Class 2 t<65 t<25 415 60 550-690 @ 80-100 22 TMCP L:20J @ -40°C
65 <t<100 25<t<4 380 55 515-655 75-95 22 TMCP L:20J @ -40°C
ASTM A841/A841M-13 Grade A, Class 2 K02010, --- t<65 t<25 415 60 550-690 = 80-100 22 TMCP L:20J @ -40°C
65 <t=<100 25<t<4 380 55 515-655 75-95 22 TMCP L:20J @ -40°C
Grade B, Class 2 t< 65 t<25 415 60 550-690 = 80-100 22 TMCP L:20J @ -40°C
65<t<100 25<t<4 380 55 515-655 75-95 22 TMCP L:20J @ -40°C
Grade C, Class 2 t<65 t<25 415 60 550-690 @ 80-100 22 TMCP L:20J @ -40°C
65 <t< 100 25<t<4 380 55 515-655 75-95 22 TMCP L:20J @ -40°C
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UNS | Steel Section Thickness Weight, %emax, Unless Otherwise Specified
Specification Designation No. No. mm | in C | Mn | Si | P | S | Cr Ni | Mo | Others
EN 10028-3:2009 P275NL1 -~ 1.0488 0.16 | 0.80-1.50 0.40 0.025 0.008 0.30 0.50 0.08 V 0.05; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.05; N 0.012;
(Nb+Ti+V) 0.05; (Cr+Cu+Mo) 0.45
P275NL2 - 11104 0.16 | 0.80-1.50 0.40 0.020 0.005 0.30 0.50 0.08 V 0.05; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.05; N 0.012;
(Nb+Ti+V) 0.05; (Cr+Cu+Mo) 0.45
IASME SA-662/SA-662M* Grade A K01701 - 0.14  0.90-1.35 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A662/A662M-12*  Grade A K01701 - 0.14 | 0.90-1.35 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 3126:2009 Symbol SLA235A <50 0.15 | 0.70-1.50 0.30  0.025 0.020
Symbol SLA235B 6<t<50 0.15 | 0.70-1.50 0.30 0.025 0.020
Symbol SLA325A 6<t<38 0.16  0.80-1.60 0.55 0.025 0.020
Symbol SLA325B 6<t<38 0.16  0.80-1.60 0.55 0.025 0.020

*: See ASTM A20/A20M-14 for additional information.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn | Si | P | S | Cr Ni | Mo | Others
IASME SA-662/SA-662M* Grade B K02203  --- 0.19  0.85-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade C K02007  --- 0.20 1.00-1.60 0.15-0.50 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A662/A662M-12*  Grade B K02203  --- 0.19  0.85-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade C K02007 - 0.20 1.00-1.60 0.15-0.50 0.025 0.025 0.30 0.40 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASME SA-841/SA-841M* Grade A, Class 1 K02010  --- t<40 t<1.5 0.20 | 0.70-1.35 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t<4 0.20 1.00-1.60 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade B, Class 1 t<40 t<15 0.15  0.70-1.35 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t<4 0.15 1.00-1.60 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade C, Class 1 t<40 t<15 0.10  0.70-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;
Cb 0.06; B 0.0010
40<t<100 15<t<4 0.10 1.00-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;
Cb 0.06; B 0.0010
ASTM A841/A841M-13*  Grade A, Class 1 K02010  --- t<40 t<1.5 0.20  0.70-1.35 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t<4 0.20 1.00-1.60 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade B, Class 1 t<40 t<15 0.15  0.70-1.35 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t<4 0.15 1.00-1.60 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade C, Class 1 t<40 t<15 0.10  0.70-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;
Cb 0.06; B 0.0010
40<t<100 15<t<4 0.10 1.00-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;
Cb 0.06; B 0.0010
EN 10028-3:2009 P355NL1 --- 1 1.0566 0.18 1.10-1.70 0.50 0.025 0.008 0.30 0.50 0.08 V 0.10; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.05; N 0.012;
(Nb+Ti+V) 0.12; (Cr+Cu+Mo) 0.45
P355NL2 --  1.1106 0.18 1.10-1.70 0.50 0.020 0.005 0.30 0.50 0.08 V 0.10; Al 0.020 min.; Cu 0.30;
Ti 0.03; Nb 0.05; N 0.012;
(Nb+Ti+V) 0.12; (Cr+Cu+Mo) 0.45
JIS G 3126:2009 Symbol SLA365 6<t<38 0.18  0.80-1.60 0.55 0.025 0.020

*: See ASTM A20/A20M-14 for additional information.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
JIS G 3126:2009 Symbol SLA410 6<t<38 0.18  0.80-1.60 0.55 0.025 0.020
IASME SA-841/SA-841M* Grade A, Class 2 K02010  --- t<40 t<1.5 0.20  0.70-1.35 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t<4 0.20 1.00-1.60 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade B, Class 2 t<40 t<15 0.15  0.70-1.35 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t=<4 0.15 1.00-1.60 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade C, Class 2 t<40 t<15 0.10  0.70-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;
Cb 0.06; B 0.0010
40<t<100 15<t<4 0.10 1.00-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;
Cb 0.06; B 0.0010
ASTM A841/A841M-13*  Grade A, Class 2 K02010  --- t<40 t<1.5 0.20  0.70-1.35 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t<4 0.20 1.00-1.60 0.15-0.50 0.030 0.030 0.25 0.25 0.08 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade B, Class 2 t<40 t<15 0.15  0.70-1.35 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
40<t<100 15<t=<4 0.15 1.00-1.60 0.15-0.50 0.030 0.025 0.25 0.60 0.30 V 0.06; Al 0.020 min.; Cu 0.35;
Ti 0.03; Cb 0.03; B 0.0010
Grade C, Class 2 t<40 t<15 0.10  0.70-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;
Cb 0.06; B 0.0010
40<t<100 15<t<4 0.10 1.00-1.60 0.15-0.50 0.030 0.015 0.25 0.25 0.08 V 0.06; Cu 0.35; Ti 0.006-0.02;

Cb 0.06; B 0.0010

*: See ASTM A20/A20M-14 for additional information.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm in Cc | Mn | Si | P | S Cr | Ni Mo | Others
EN 10028-2:2009 18MnMo4-5 --- 1 1.5414 0.20  0.90-1.50 0.40 0.015 0.005 0.30 0.30 0.45-0.60 Cu 0.30; N 0.012
16Mo3 -- 1 1.5415 0.12-0.20 0.40-0.90 0.35 0.025 0.010  0.30 0.30 0.25-0.35 Cu 0.30; N 0.012
GB 713-1997 Grade 13MnNiMoNbg 0.15 1.00-1.60 0.10-0.50 0.025 0.025 0.20-0.40 0.60-1.00 0.20-0.40 V 0.010; Cu 0.30; Nb 0.005-0.020
ISO 9328-2:2004 Grade 16Mo3 0.12-0.20 0.40-0.90 0.35 0.025 0.010  0.30 0.30 0.25-0.35 Cu 0.30
ASME SA-204/SA-204M* Grade A K11820  --- t<25 t<1 0.18 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.21 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.23 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.25 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade B K12020  --- t<25 t<1 0.20 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25 <t<50 1<t<2 0.23 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.25 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.27 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade C K12320  --- t<25 t<1 0.23 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.26 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.28 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A204/A204M-12*  Grade A K11820  --- t<25 t<1 0.18 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.21 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.23 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.25 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;

Cb 0.02; B 0.0010

*: See ASTM A20/A20M-14 for additional information.
Note: This section continued on next page.
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm in Cc Mn | Si | P | S Cr Ni Mo | Others
ASTM A204/A204M-12*  Grade B K12020  --- t<25 t<1 0.20 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<ts<4 0.25 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.27 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade C K12320 -~ t<25 t<1 0.23 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.26 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.28 0.90 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 3103:2012 Symbol SB450M 6<t<25 0.18 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
25<t<50 0.21 0.90 0.15-0.40 0.020 0.020 0.30 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
50 <t<100 0.23 0.90 0.15-0.40 0.020 0.020 0.30 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
100 <t< 150 0.25 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
Symbol SB480M 6<t<25 0.20 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
25 <t<50 0.23 0.90 0.15-0.40 0.020 0.020 0.30 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
50 <t<100 0.25 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
100 <t< 150 0.27 0.90 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;

B 0.0010
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4.3 V2 Mo Alloy Steels for Pressure Vessel Plates

4.3A Chemical Composition of 2Mo Alloy Steels for Pressure Vessel Plates (Continued)

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-302/SA-302M* Grade A K12021  --- t<25 t<1 0.20  0.95-1.30 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23  0.95-1.30 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25  0.95-1.30 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A302/A302M-12*  Grade A K12021 - t<25 t<1 0.20  0.95-1.30 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23  0.95-1.30 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25  0.95-1.30 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 3119:2013 Symbol SBV1A 6<t<25 0.20 | 0.95-1.30 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
25<t<50 0.23  0.95-1.30 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
50 <t<150 0.25  0.95-1.30 0.15-0.40 0.020 0.020 0.30 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
JIS G 3124:2009 Symbol SEV295 6<t<150 0.19  0.80-1.60 0.15-0.60 0.030 0.030 0.10-0.40 V 0.10; Cu 0.70; Nb 0.05

*: See ASTM A20/A20M-14 for additional information.
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4.3 V2 Mo Alloy Steels for Pressure Vessel Plates

4.3A Chemical Composition of 2Mo Alloy Steels for Pressure Vessel Plates (Continued)

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-302/SA-302M* Grade B K12022  --- t<25 t<1 0.20 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASME SA-533/SA-533M* Type A, Class 1 K12521  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type A, Class 2 K12521 - 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type A, Class 3 K12521 - 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A302/A302M-12*  Grade B K12022  --- t<25 t<1 0.20 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A533/A533M-09  Type A, Class 1 K12521 - 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
(2014)* Cb 0.02; B 0.0010
Type A, Class 2 K12521 - 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type A, Class 3 K12521 - 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
GB 6654-1996 Grade 18MnMoNbR 0.22 1.20-1.60 0.15-0.50 0.035 0.030 0.30 0.30 0.45-0.65 Cu 0.30; Nb 0.025-0.050
JIS G 3119:2013 Symbol SBV1B 6<t<25 0.20 1.15-1.50 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
25<t<50 0.23 1.15-1.50 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
50 <t< 150 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
JIS G 3120:2014 Symbol SQV1A 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
Symbol SQV1B 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
JIS G 3124:2009 Symbol SEV345 6<t<150 0.19 | 0.80-1.70 0.15-0.60 0.030 0.030 0.15-0.50 V 0.10; Cu 0.70; Nb 0.05

*: See ASTM A20/A20M-14 for additional information.
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4.3 2Mo Alloy Steels for Pressure Vessel Plates
4.3B Mechanical Properties of ¥2Mo Alloy Steels for Pressure Vessel Plates
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10028-2:2009 18MnMo4-5 --  |1.5414 t< 60 345 510-650 20 N+T see standard for
60 <t< 150 325 510-650 20 N+T impact data
150 <t < 250 310 480-620 20 Q+T
16Mo3 1.5415 t<16 275 - 440-590 22 AR, N or N+T see standard for
16 <t<40 270 440-590 22 AR, N or N+T impact data
40<t<60 260 440-590 22 AR, N or N+T
60 <t< 100 240 430-580 22 AR, N or N+T
100 <t< 150 220 420-570 22 AR, N or N+T
150 <t <250 210 410-570 22 AR, N or N+T
GB 713-1997 Grade 13MnNiMoNbg t<100 390 570-740 18 HR, CtR, N or N+T T:31J @ 0°C
100 <t< 120 380 570-740 18 HR, CtR, N or N+T T:31J @0°C
120 <t <150 375 570-740 18 HR, CtR, N or N+T T:31J @0°C
1ISO 9328-2:2004 Grade 16Mo3 - t<16 275 440-590 22 N or BA see standard for
16 <t <40 270 440-590 22 N or BA impact data
40<t<60 260 440-590 22 N or BA
60 <t<100 240 430-580 22 N or BA
100 <t <150 220 420-570 22 N or BA
150 <t < 250 210 410-570 22 N or BA
ASME SA-204/SA-204M Grade A K11820  --- t<40 t<15 255 37 450-585 65-85 23 AR or SR or N or SR+N
t>40 t>1.5 255 37 450-585 65-85 23 N
Grade B K12020, --- t<40 t<1.5 275 40 485-620 70-90 21 AR or SR or N or SR+N
t>40 t>1.5 275 40 485-620 70-90 21 N
Grade C K12320, --- t<40 t<1.5 295 43 515-655 75-95 20 AR or SR or N or SR+N
t>40 t>1.5 295 43 515-655 75-95 20 N
ASTM A204/A204M-12 Grade A K11820  --- t<40 t<1.5 255 37 450-585 65-85 23 AR, SR, N or SR+N
t>40 t>1.5 255 37 450-585 65-85 23 N
Grade B K12020, --- t<40 t<1.5 275 40 485-620 70-90 21 AR, SR, N or SR+N
t>40 t>15 275 40 485-620 70-90 21 N
Grade C K12320, --- t<40 t<1.5 295 43 515-655 75-95 20 AR, SR, N or SR+N
t>40 t>1.5 295 43 515-655 75-95 20 N
JIS G 3103:2012 Symbol SB450M 6<t<50 255 450-590 19 AR, N or SR
50 <t< 150 255 450-590 23 N
Symbol SB480M 6<t<50 275 480-620 17 AR, N or SR
50 <t <150 275 480-620 21 N
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4.3 2Mo Alloy Steels for Pressure Vessel Plates
4.3B Mechanical Properties of ¥2Mo Alloy Steels for Pressure Vessel Plates (Continued)
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-302/SA-302M Grade A K12021| --- t<50 t<2 310 45 515-655 75-95 19 AR or N or SR or N+SR
t>50 t>2 310 45 515-655 75-95 19 N
ASTM A302/A302M-12 Grade A K12021| --- t<50 ts2 310 45 515-655 75-95 19 AR, N, SR or N+SR
t>50 t>2 310 45 515-655 75-95 19 N
JIS G 3119:2013 Symbol SBV1A 6<t<50 315 520-660 15 AR, N, A, Q+T or N+A
50 <t< 150 315 520-660 19 N or Q+T
JIS G 3124:2009 Symbol SEV295 6<t<50 420 540-690 T 15 AR, N, N+T or A T:31J @ 0°C
50 <t< 100 400 540-690 T 19 AR, N, N+T or A T:31J @0°C
100<t< 125 390 530-680 T 19 AR, N, N+T or A T:31J @ 0°C
125 <t < 150 380 520-670 T 19 AR, N, N+T or A T:31J @ 0°C
ASME SA-302/SA-302M Grade B K12022| --- t<50 t<2 345 50 550-690 @ 80-100 18 AR or N or SR or N+SR
t>50 t>2 345 50 550-690 @ 80-100 18 N
ASME SA-533/SA-533M Type A, Class 1 K12521| --- t>6.5 t=0.25 345 50 550-690 @ 80-100 18 Q+T
Type A, Class 2 K12521|  --- t=6.5 t=0.25 485 70 620-795 = 90-115 16 Q+T
Type A, Class 3 K12521| --- 65<t<65 025<t<25 570 83 690-860 @ 100-125 16 Q+T
ASTM A302/A302M-12 Grade B K12022| --- t<50 t<2 345 50 550-690 = 80-100 18 AR, N, SR or N+SR
t>50 t>2 345 50 550-690 @ 80-100 18 N
ASTM A533/A533M-09 (2014) Type A, Class 1 K12521| --- t=6.5 t>0.25 345 50 550-690 @ 80-100 18 Q+T
Type A, Class 2 K12521|  --- t>6.5 t>0.25 485 70 620-795 = 90-115 16 Q+T
Type A, Class 3 K12521| --- 65<t<65 025<t<25 570 83 690-860 @ 100-125 16 Q+T
GB 6654-1996 Grade 18MnMoNbR 30<t<60 440 590-740 17 N+T T:34J @ 20°C
60 <t<100 410 570-720 17 N+T T:34J @ 20°C
JIS G 3119:2013 Symbol SBV1B 6<t<50 345 550-690 15 AR, N, A, Q+T or N+A
50 <t< 150 345 550-690 18 N or Q+T
JIS G 3120:2014 Symbol SQV1A 345 550-690 T 18 AR, Aor Q+T L: 40 J @ BA°C
Symbol SQV1B --= --= 480 620-790 T 16 AR, Aor Q+T L:47 J @ BA°C
JIS G 3124:2009 Symbol SEV345 6<t<50 430 590-740 T 14 AR, N, N+T or A T:31J @0°C
50 <t< 100 430 590-740 T 18 AR, N, N+T or A T:31J @ 0°C
100<t< 125 420 580-730 T 18 AR, N, N+T or A T:31J @0°C
125 <t <150 410 570-720 T 18 AR, N, N+T or A T:31J @ 0°C
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4.4 Cr-Mo Alloy Steels for Pressure Vessel Plates

4.4.1A Chemical Composition of 3%Cr-2Mo Alloy Steels for Pressure Vessel Plates

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-387/SA-387M* Grade 2, Class 1 S50460  --- 0.05-0.21 0.55-0.80  0.15-0.40 0.025 0.025 0.50-0.80 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 2, Class 2 S50460  --- 0.05-0.21 0.55-0.80  0.15-0.40 0.025 0.025 0.50-0.80 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A387/A387M-11*  Grade 2, Class 1 S50460  --- 0.05-0.21 0.55-0.80  0.15-0.40 0.025 0.025 0.50-0.80 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 2, Class 2 S50460  --- 0.05-0.21 0.55-0.80 0.15-0.40 0.025 0.025 0.50-0.80 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 4109:2013 Symbol SCMV1-1 6 <t<200 0.21 0.55-0.80 0.40 0.020 0.020 0.50-0.80° 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
Symbol SCMV1-2 6 <t<200 0.21 0.55-0.80 0.40 0.020 0.020 0.50-0.80 0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;

Nb 0.02; B 0.003

*: See ASTM A20/A20M-14 for additional information.

4.4.1B Mechanical Properties of 3Cr-2Mo Alloy Steels for Pressure Vessel Plates

UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | Kksi MPa | ksi % min. Heat Treatment Other

ASME SA-387/SA-387M Grade 2, Class 1 S50460  --- 230 33 380-550 55-80 22 A, N+T or Q+T
Grade 2, Class 2 S50460  --- 310 45 485-620 70-90 22 A, N+T or Q+T

ASTM A387/A387M-11 Grade 2, Class 1 550460  --- 230 33 380-550 55-80 22 A, N+T or Q+T
Grade 2, Class 2 S50460  --- 310 45 485-620 70-90 22 A, N+T or Q+T

JIS G 4109:2013 Symbol SCMV1-1 6<t<50 225 380-550 T 18 Aor N+T
50 <t <200 225 380-550 T 22 Aor N+T

Symbol SCMV1-2 6<t<50 315 480-620 T 18 N+T

50 <t <200 315 480-620 T 22 N+T
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4.4.2A Chemical Composition of 1Cr-2Mo Alloy Steels for Pressure Vessel Plates
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Pressure
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm in Cc | Mn Si | P | S Cr Ni Mo | Others
IASME SA-387/SA-387M* Grade 12, Class 1 K11757 - 0.05-0.17 0.40-0.65 0.15-0.40 0.025 0.025 0.80-1.15  0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 12, Class 2 K11757 - 0.05-0.17 0.40-0.65 0.15-0.40 0.025 0.025 0.80-1.15  0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A387/A387M-11*  Grade 12, Class 1 K11757 - 0.05-0.17 0.40-0.65 0.15-0.40 0.025 0.025 0.80-1.15  0.40  0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 12, Class 2 K11757 - 0.05-0.17 0.40-0.65 0.15-0.40 0.025 0.025 0.80-1.15  0.40  0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-2:2009 13 CrMo 4-5 --- 1.7335 0.08-0.18 0.40-1.00 0.35 0.025 0.010 0.70-1.15 0.40-0.60 Cu 0.30; N 0.012
GB 6654-1996 Grade 15CrMoR 0.12-0.18 0.40-0.70 ' 0.15-0.40 0.030 0.030 0.80-1.20  0.30  0.45-0.60 Cu 0.30
GB 713-1997 Grade 15CrMog 0.12-0.18 0.40-0.70 0.15-0.40 0.030 0.030 0.80-1.20 0.30  0.45-0.60 V 0.010; Cu 0.30
JIS G 4109:2013 Symbol SCMV2-1 6 <t<200 0.17 | 0.40-0.65 0.40 0.020 0.020 0.80-1.15  0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
Symbol SCMV2-2 6 <t<200 0.17 | 0.40-0.65 0.40 0.020 0.020 0.80-1.15  0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
*: See ASTM A20/A20M-14 for additional information.
4.4.2B Mechanical Properties of 1Cr-2Mo Alloy Steels for Pressure Vessel Plates
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-387/SA-387M Grade 12, Class 1 K11757| --- 230 33 380-550 55-80 22 A, N+T or Q+T
Grade 12, Class 2 K11757 --- 275 40 450-585 65-85 22 A, N+T or Q+T
ASTM A387/A387M-11 Grade 12, Class 1 K11757, --- 230 33 380-550 55-80 22 A, N+T or Q+T
Grade 12, Class 2 K11757 --- 275 40 450-585 65-85 22 A, N+T or Q+T
EN 10028-2:2009 13 CrMo 4-5 -- 1 1.7335 t<16 300 450-600 19 N+T see standard for
15<t<60 - 290 450-600 19 N+T impact data
60 <t< 100 270 440-590 19 N+T
100 <t< 150 255 430-580 19 N+T or Q+T
150 <t <250 245 420-570 19 Q+T
GB 6654-1996 Grade 15CrMoR 6<t<60 295 450-590 19 N+T T:31J @ 20°C
60 <t<100 275 450-590 18 N+T T:31J @ 20°C
GB 713-1997 Grade 15CrMog t <60 295 450-590 19 HR, CtR, N or N+T T:31J @ RT
60 <t<100 275 450-590 18 HR, CtR, N or N+T T:31J @ RT
JIS G 4109:2013 Symbol SCMV2-1 6<t<50 225 380-550 T 18 Aor N+T
50 < t <200 225 380-550 T 22 Aor N+T
Symbol SCMV2-2 6<t<50 275 450-590 T 19 N+T
50 < t <200 275 450-590 T 22 N+T
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-387/SA-387M* Grade 11, Class 1 K11789  --- 0.05-0.17 0.40-0.65 0.50-0.80 0.025 0.025 1.00-1.50  0.40  0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 11, Class 2 K11789  --- 0.05-0.17 0.40-0.65 0.50-0.80 0.025 0.025 1.00-1.50 0.40 0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A387/A387M-11*  Grade 11, Class 1 K11789  --- 0.05-0.17 0.40-0.65 0.50-0.80 0.025 0.025 1.00-1.50  0.40  0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 11, Class 2 K11789  --- 0.05-0.17 0.40-0.65 0.50-0.80 0.025 0.025 1.00-1.50  0.40  0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-2:2009 13CrMoSi5-5 - 1.7336 0.17  0.40-0.65 0.50-0.80 0.015 0.005 1.00-1.50 0.30  0.45-0.65 Cu 0.30; N 0.012
JIS G 4109:2013 Symbol SCMV3-1 6 <t<200 0.17  0.40-0.65 0.50-0.80 0.020 0.020 1.00-1.50  0.40  0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
Symbol SCMV3-2 6 <t<200 0.17  0.40-0.65 0.50-0.80 0.020 0.020 1.00-1.50 0.40 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
*: See ASTM A20/A20M-14 for additional information.
4.4.3B Mechanical Properties of 1% Cr-2Mo Alloy Steels for Pressure Vessel Plates
UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-387/SA-387M Grade 11, Class 1 K11789  --- 240 35 415-585 60-85 22 A, N+T or Q+T
Grade 11, Class 2 K11789  --- 310 45 515-690 @ 75-100 22 A, N+T or Q+T
ASTM A387/A387M-11 Grade 11, Class 1 K11789  --- 240 35 415-585 60-85 22 A, N+T or Q+T
Grade 11, Class 2 K11789  --- 310 45 515-690  75-100 22 A, N+T or Q+T
EN 10028-2:2009 13CrMoSi5-5 --  1.7336 t< 60 310 510-690 20 N+T see standard for
t< 60 - 400 510-690 20 Q+T impact data
60 <t< 100 300 480-660 20 N+T
60 <t< 100 390 500-680 20 Q+T
100 <t < 250 380 490-670 20 Q+T
JIS G 4109:2013 Symbol SCMV3-1 6<t<50 235 410-590 T 19 Aor N+T
50 < t <200 235 410-590 T 22 Aor N+T
Symbol SCMV3-2 6<t<50 315 520-690 T 18 N+T
50 < t <200 315 520-690 T 22 N+T
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-387/SA-387M* Grade 22, Class 1 K21590  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.00-2.50 0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 22, Class 2 K21590  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.00-2.50 0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 22L, Class 1 K21590  --- 0.10  0.30-0.60 0.50 0.025 0.025 2.00-2.50 0.40 0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A387/A387M-11*  Grade 22, Class 1 K21590  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.00-2.50 0.40 0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 22, Class 2 K21590  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.00-2.50 0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 22L, Class 1 K21590  --- 0.10  0.30-0.60 0.50 0.025 0.025 2.00-2.50 0.40 0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-2:2009 10CrMo9-10 --- 1 1.7380 0.08-0.14  0.40-0.80 0.50 0.020 0.010 2.00-2.50 0.90-1.10 Cu 0.30; N0.012
JIS G 4109:2013 Symbol SCMV4-1 6 <t<300 0.17  0.30-0.60 0.50 0.020 0.020 2.00-2.50  0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
Symbol SCMV4-2 6 <t<300 0.17  0.30-0.60 0.50 0.020 0.020 2.00-2.50 0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
JIS G 4110:2008 Symbol SCMQ4E 6 <t<300 0.17  0.30-0.60 0.50 0.015 0.015 2.00-2.50 0.40 0.90-1.10 V 0.03; Cu 0.40; Nb 0.02
*: See ASTM A20/A20M-14 for additional information.
4.4.4B Mechanical Properties of 2/4Cr-1Mo Alloy Steels for Pressure Vessel Plates
UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
ASME SA-387/SA-387M Grade 22, Class 1 K21590  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
Grade 22, Class 2 K21590  --- 310 45 515-690 75-100 18 A, SR, N+T or Q+T
Grade 22L, Class 1 K21590  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
ASTM A387/A387M-11 Grade 22, Class 1 K21590  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
Grade 22, Class 2 K21590  --- 310 45 515-690 75-100 18 A, SR, N+T or Q+T
Grade 22L, Class 1 K21590  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
EN 10028-2:2009 10CrMo9-10 - 11.7380 t<16 310 480-630 18 N+T see standard for
16 <t<40 300 480-630 18 N+T impact data
40 <t<60 290 480-630 18 N+T
60 <t<100 280 470-620 17 N+T or Q+T
100 <t <150 260 460-610 17 Q+T
150 <t <250 250 450-600 17 Q+T
JIS G 4109:2013 Symbol SCMV4-1 6 <t<300 205 410-590 T 18 Aor N+T
Symbol SCMV4-2 6 <t<300 315 520-690 T 18 N+T
JIS G 4110:2008 Symbol SCMQ4E 6 <t=<300 380 580-760 T 18 Q+T or N+T T:54J @ -18°C
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in c | Mn | Si | P | S | Cr Ni Mo Others
IASME SA-387/SA-387M* Grade 21, Class 1 K31545  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.75-3.25  0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 21, Class 2 K31545  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.75-3.25 ~ 0.40 0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 21L, Class 1 K31545  --- 0.10  0.30-0.60 0.50 0.025 0.025 2.75-3.25 ~ 0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A387/A387M-11*  Grade 21, Class 1 K31545  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.75-3.25  0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 21, Class 2 K31545  --- 0.05-0.15 0.30-0.60 0.50 0.025 0.025 2.75-3.25 ~ 0.40 0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 21L, Class 1 K31545  --- 0.10  0.30-0.60 0.50 0.025 0.025 2.75-3.25 ~ 0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 4109:2013 Symbol SCMV5-1 6 <t<300 0.17 | 0.30-0.60 0.50 0.020 0.020 2.75-3.25  0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
Symbol SCMV5-2 6 <t<300 0.17 | 0.30-0.60 0.50 0.020 0.020 2.75-3.25  0.40  0.90-1.10 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
*: See ASTM A20/A20M-14 for additional information.
4.4.5B Mechanical Properties of 3Cr—1Mo Alloy Steels for Pressure Vessel Plates
UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-387/SA-387M Grade 21, Class 1 K31545  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
Grade 21, Class 2 K31545  --- 310 45 515-690  75-100 18 A, SR, N+T or Q+T
Grade 21L, Class 1 K31545  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
ASTM A387/A387M-11 Grade 21, Class 1 K31545  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
Grade 21, Class 2 K31545  --- 310 45 515-690  75-100 18 A, SR, N+T or Q+T
Grade 21L, Class 1 K31545  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
JIS G 4109:2013 Symbol SCMV5-1 6 <t<300 205 410-590 T 18 Aor N+T
Symbol SCMV5-2 6 <t<300 315 520-690 T 18 N+T
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4.4 Cr-Mo Alloy Steels for Pressure Vessel Plates

4.4.6A Chemical Composition of 5Cr-2Mo Alloy Steels for Pressure Vessel Plates

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-387/SA-387M* Grade 5, Class 1 S50200  --- 0.15  0.30-0.60 0.50 0.025 0.025 4.00-6.00 0.40 0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 5, Class 2 S$50200  --- 0.15  0.30-0.60 0.50 0.025 0.025 4.00-6.00 0.40 0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A387/A387M-11*  Grade 5, Class 1 S50200  --- 0.15  0.30-0.60 0.50 0.025 0.025 4.00-6.00 0.40 0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade 5, Class 2 S50200  --- 0.15  0.30-0.60 0.50 0.025 0.025 4.00-6.00 0.40 0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-2:2009 X12CrMo5 - 11.7362 0.10-0.15 0.30-0.60 0.50 0.020 0.005 4.0-6.0 0.30 0.45-0.65 Cu 0.30; N 0.012
JIS G 4109:2013 Symbol SCMV6-1 6 <t<300 0.15  0.30-0.60 0.50 0.020 0.020 4.00-6.00 0.40 0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;
Nb 0.02; B 0.003
Symbol SCMV6-2 6 <t<300 0.15  0.30-0.60 0.50 0.020 0.020 4.00-6.00 0.40 0.45-0.65 V 0.03; Cu 0.40; Ti 0.03;

Nb 0.02; B 0.003

*: See ASTM A20/A20M-14 for additional information.

4.4.6B Mechanical Properties of 5Cr—"2Mo Alloy Steels for Pressure Vessel Plates

UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | Kksi MPa | Ksi % min. Heat Treatment Other
ASME SA-387/SA-387M Grade 5, Class 1 S50200 --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
Grade 5, Class 2 S50200  --- 310 45 515-690  75-100 18 A, SR, N+T or Q+T
ASTM A387/A387M-11 Grade 5, Class 1 S50200  --- 205 30 415-585 60-85 18 A, SR, N+T or Q+T
Grade 5, Class 2 S50200 --- 310 45 515-690  75-100 18 A, SR, N+T or Q+T
EN 10028-2:2009 X12CrMo5 -- 1 1.7362 t<60 320 510-690 20 N+T see standard for
60 <t< 150 300 480-660 20 N+T impact data
150 <t < 250 300 450-630 20 Q+T
JIS G 4109:2013 Symbol SCMV6-1 6 <t<300 205 410-590 T 18 Aor N+T
Symbol SCMV6-2 6 <t<300 315 520-690 T 18 N+T
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4.4 Cr-Mo Alloy Steels for Pressure Vessel Plates

4.4.7A Chemical Composition of 9Cr-1Mo Alloy Steels for Pressure Vessel Plates

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-387/SA-387M* Grade 91, Class 2 K90901  --- 0.08-0.12 0.30-0.60 0.20-0.50 0.020 0.010 8.00-9.50 0.40 0.85-1.05 V 0.18-0.25; Al 0.02; Cu 0.40;

Ti0.01; Cb 0.06-0.10;
N 0.030-0.070; Zr 0.01; B 0.0010
ASTM A387/A387M-11*  Grade 91, Class 2 K91560  --- - 0.08-0.12 0.30-0.60 0.20-0.50 0.020 0.010 8.00-9.50  0.40  0.85-1.05 V 0.18-0.25; Al 0.02; Cu 0.40;
Ti0.01; Cb 0.06-0.10;
N 0.030-0.070; Zr 0.01; B 0.0010
EN 10028-2:2009 X10CrMoVNb9-1 - 1.4903 0.08-0.12 0.30-0.60 0.50 0.020 0.005 8.0-9.5 0.30 0.85-1.05 V 0.18-0.25; Al 0.040; Cu 0.30;
Nb 0.06-0.10; N 0.030-0.070

*: See ASTM A20/A20M-14 for additional information.

4.4.7B Mechanical Properties of 9Cr—1Mo Alloy Steels for Pressure Vessel Plates

UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-387/SA-387M Grade 91, Class 2 K90901| --- 415 60 585-760 @ 85-110 18 N+T, A or SR
ASTM A387/A387M-11 Grade 91, Class 2 K91560  --- 415 60 585-760 @ 85-110 18 N+T, A or SR
EN 10028-2:2009 X10CrMoVNb9-1 - 1.4903 t<60 445 580-760 18 N+T see standard for
60 <t< 150 435 550-730 18 N+T impact data
150 < t < 250 435 520-700 18 Q+T
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S Cr Ni Mo | Others
EN 10028-4:2009 11MnNi5-3 -- 1.6212 0.14  0.70-1.50 0.50 0.025 0.010 0.30-0.80 V 0.050; Al 0.020 min.; Nb 0.05;
(Cr+Cu+Mo) 0.50
13MnNi6-3 - 1.6217 0.16  0.85-1.70 0.50 0.025 0.010 0.30-0.85 V 0.050; Al 0.020 min.; Nb 0.05;
(Cr+Cu+Mo) 0.50
GB 3531-1996 Grade 15MnNiDR 0.18  1.20-1.60 0.15-0.50 0.030 0.025 0.25  0.20-0.60 0.08 V 0.06; Al 0.020 min.; Cu 0.25
1ISO 9328-4:2004 Grade 11MnNi5-3 0.14  0.70-1.50 0.50 0.025 0.015 0.30-0.80 V 0.05; Al 0.02-; Nb 0.05;
(Cr+Cu+Mo) 0.50
Grade 13MnNi6-3 0.16  0.85-1.70 0.50 0.025 0.015 0.30-0.80 V 0.05; Al 0.02-; Nb 0.05;
(Cr+Cu+Mo) 0.50
4.5.1B Mechanical Properties of 2 Ni Alloy Steels for Pressure Vessel Plates
UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10028-4:2009 11MnNi5-3 - 1.6212 t<30 285 420-530 24 N+T see standard for
30 <t<50 275 420-530 24 N+T impact data
50<t<80 265 420-530 24 N+T
13MnNi6-3 1.6217 t< 30 355 - 490-610 22 N+T see standard for
30 <t<50 345 490-610 22 N+T impact data
50<t<80 335 490-610 22 N+T
GB 3531-1996 Grade 15MnNiDR 6<t<16 325 490-630 20 N or N+T
16 <t< 36 305 470-610 20 N or N+T
36 <t<60 290 460-600 20 N or N+T
1ISO 9328-4:2004 Grade 11MnNi5-3 t<30 285 550, 80 35,24 T N or N+T see standard for
420-530 T impact data
30<t<50 275 420-530 T 24T N or N+T
50<t<80 265 420-530 T 24T N or N+T
Grade 13MnNi6-3 - - t< 30 355 - 490-610 T 22T N or N+T see standard for
30<t<50 345 490-610 T 22T N or N+T impact data
50 <t<80 335 490-610 T 22T N or N+T
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S Cr Ni Mo | Others

EN 10028-4:2009 15NiMn6 - 1.6228 0.18  0.80-1.50 0.35 0.025 0.010 1.30-1.70 V 0.05; (Cr+Cu+Mo) 0.50

ISO 9328-4:2004 Grade 15NiMn6 0.18  0.80-1.50 0.35 0.025 0.015 1.30-1.70 V 0.05; (Cr+Cu+Mo) 0.50

4.5.2B Mechanical Properties of 12 Ni Alloy Steels for Pressure Vessel Plates

UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa ksi MPa ksi % min. Heat Treatment Other

EN 10028-4:2009 15NiMn6 1.6228 t< 30 355 490-640 22 N or N+T or Q+T see standard for
30 <t<50 345 490-640 22 N or N+T or Q+T impact data
50 <t<80 335 490-640 22 N or N+T or Q+T

1ISO 9328-4:2004 Grade 15NiMn6 - t<30 --= 355 490-640 T 22T N or N+T or Q+T see standard for
30<t=<50 345 490-640 T 22T N or N+T or Q+T impact data
50 <t <80 335 490-640 T 22T N or N+T or Q+T
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-203/SA-203M* Grade A K21703  --- t<50 t<2 0.17 0.70 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.20 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.23 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade B K22103  --- t<50 t<2 0.21 0.70 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.24 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.25 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A203/A203M-12*  Grade A K21703  --- t<50 t<2 0.17 0.70 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.20 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.23 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade B K22103  --- t<50 t<2 0.21 0.70 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.24 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>100 t>4 0.25 0.80 0.15-0.40 0.025 0.025 0.30 2.10-2.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
JIS G 3127:2013 Symbol SL2N255 6<t<50 0.17 0.70 0.30 0.015 0.015 2.10-2.50

*: See ASTM A20/A20M-14 for additional information.
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4.5 Ni Alloy Steels for Pressure Vessel Plates
4.5.3B Mechanical Properties of 2%Ni Alloy Steels for Pressure Vessel Plates
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
ASME SA-203/SA-203M Grade A K21703 - t< 50 t<2 255 37 450-585 65-85 23 N 27 J @ BA°C
t>50 t>2 255 37 450-585 65-85 23 N 27 J @ BA°C
Grade B K22103| --- t<50 t<2 275 40 485-620 70-90 21 N 27 J @ BA°C
t>50 t>2 275 40 485-620 70-90 21 N 27 J @ BA°C
ASTM A203/A203M-12 Grade A K21703 --- t<50 t<2 255 37 450-585 65-85 23 N 27 J @ BA°C
t>50 t>2 255 37 450-585 65-85 23 N 27 J @ BA°C
Grade B K22103| --- t<50 t<2 275 40 485-620 70-90 21 N 27 J @ BA°C
t>50 t>2 275 40 485-620 70-90 21 N 27 J @ BA°C
JIS G 3127:2013 Symbol SL2N255 --- --- 6<t<16 255 --- 450-590 T 24 N, N+T or TMCP see standard for
impact data
16<t<20 255 450-590 T 29 N, N+T or TMCP L:21J @ -70°C
20 <t<50 255 450-590 T 24 N, N+T or TMCP L:21J @ -70°C
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4.5 Ni Alloy Steels for Pressure Vessel Plates

4.5.4A Chemical Composition of 3'2Ni Alloy Steels for Pressure Vessel Plates

UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc | Mn | Si | P | S | Cr | Ni | Mo | Others
IASME SA-203/SA-203M* Grade D K31718  --- t<50 t<2 0.17 0.70 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.20 0.80 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade E K32018  --- t<50 t<2 0.20 0.70 0.15-0.40 0.025 0.025 0.30 @ 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.23 0.80 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade F t<50 t<2 0.20 0.70 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t<4 0.23 0.80 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A203/A203M-12*  Grade D K31718  --- t<50 t<2 0.17 0.70 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t=<4 0.20 0.80 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade E K32018  --- t<50 t<2 0.20 0.70 0.15-0.40 0.025 0.025 0.30  3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<ts<4 0.23 0.80 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Grade F t<50 t<2 0.20 0.70 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
50 <t<100 2<t<4 0.23 0.80 0.15-0.40 0.025 0.025 0.30 3.25-3.75 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-4:2009 12Ni14 - 1.5637 0.15  0.30-0.80 0.35 0.020 0.005 3.25-3.75 V 0.05; (Cr+Cu+Mo) 0.50
JIS G 3127:2013 Symbol SL3N255 6<t<50 0.15 0.70 0.30 0.015 0.015 3.25-3.75
Symbol SL3N275 6<t<50 0.17 0.70 0.30 0.015 0.015 3.25-3.75
Symbol SL3N440 6 <t<50 0.15 0.70 0.30 0.015 0.015 3.25-3.75

*: See ASTM A20/A20M-14 for additional information.
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4.5 Ni Alloy Steels for Pressure Vessel Plates
4.5.4B Mechanical Properties of 3'2Ni Alloy Steels for Pressure Vessel Plates
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-203/SA-203M Grade D K31718 - t< 50 t<2 255 37 450-585 65-85 23 N 27 J @ BA°C
t>50 t>2 255 37 450-585 65-85 23 N 27 J @ BA°C
Grade E K32018  --- t<50 t<2 275 40 485-620 70-90 21 N 27 J @ BA°C
t>50 t>2 275 40 485-620 70-90 21 N 27 J @ BA°C
Grade F t<50 ts2 380 55 550-690 = 80-100 20 Q+T
t>50 t>2 345 50 515-655 75-95 20 Q+T
ASTM A203/A203M-12 Grade D K31718  --- t<50 t<2 255 37 450-585 65-85 23 N 27 J @ BA°C
t>50 t>2 255 37 450-585 65-85 23 N 27 J @ BA°C
Grade E K32018  --- t<50 t<2 275 40 485-620 70-90 21 N 27 J @ BA°C
t>50 t>2 275 40 485-620 70-90 21 N 27 J @ BA°C
Grade F t<50 ts2 380 55 550-690 @ 80-100 20 Q+T
t>50 t>2 345 50 515-655 75-95 20 Q+T
EN 10028-4:2009 12Ni14 - 1.5637 t<30 355 490-640 22 N or N+T or Q+T see standard for
30<t<50 345 490-640 22 N or N+T or Q+T impact data
50<t<80 335 490-640 22 N or N+T or Q+T
JIS G 3127:2013 Symbol SL3N255 --- --- 6<t<16 255 --- 450-590 T 24 N, N+T or TMCP see standard for
impact data
16<t<20 255 450-590 T 29 N, N+T or TMCP L:21J @ -101°C
20<t<50 255 450-590 T 24 N, N+T or TMCP L:21J @ -101°C
Symbol SL3N275 - 6<t<16 275 --- 480-620 T 22 N, N+T or TMCP see standard for
impact data
16<t<20 275 480-620 T 26 N, N+T or TMCP L:21J @ -101°C
20<t<50 275 480-620 T 22 N, N+T or TMCP L:21J @ -101°C
Symbol SL3N440 --- 6<t<16 440 --- 540-690 T 21 Q+T see standard for
impact data
16<t<20 440 540-690 T 25 Q+T L:27J @ -110°C
20 <t<50 440 540-690 T 21 Q+T L:27J @ -110°C
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm in Cc | Mn | Si | P | S Cr Ni Mo | Others
EN 10028-4:2009 X12Ni5 - 1.5680 0.15  0.30-0.80 0.35 0.020 0.005 4.75-5.25 V 0.05; (Cr+Cu+Mo) 0.50
JIS G 3127:2013 Symbol SL5N590 6<t<50 0.13 1.50 0.30 0.015 0.015 4.75-6.00
4.5.5B Mechanical Properties of 5Ni Alloy Steels for Pressure Vessel Plates
UNS | Steel |Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
EN 10028-4:2009 X12Ni5 --- 1 1.5680 t< 30 390 530-710 20 N or N+T or Q+T see standard for
30 <t<50 380 530-710 20 N or N+T or Q+T impact data
JIS G 3127:2013 Symbol SL5N590 6<t<16 590 690-830 T 21 Q+T see standard for
impact data
16<t<20 590 690-830 T 25 Q+T L:41J @ -130°C
20 <t<50 590 690-830 T 21 Q+T L:41J @ -130°C
4.5.6A Chemical Composition of 9Ni Alloy Steels for Pressure Vessel Plates
UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in 9 | Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-353/SA-353M*  --- K81340  --- 0.13 0.90 0.15-0.40 0.015 0.015 0.30  8.50-9.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASME SA-553/SA-553M* Type I K71340  --- 0.13 0.90 0.15-0.40 0.035 0.035 0.30 | 7.50-8.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type | K81340 --- 0.13 0.90 0.15-0.40 0.035 0.035 0.30  8.50-9.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A353/A353M-09  --- K81340  --- 0.13 0.90 0.15-0.40 0.015 0.015 0.30  8.50-9.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
(2014)* Cb 0.02; B 0.0010
ASTM A553/A553M-14*  Type Il K71340  --- 0.13 0.90 0.15-0.40 0.015 0.015 0.30 | 7.50-8.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type | K81340 --- 0.13 0.90 0.15-0.40 0.015 0.015 0.30 | 8.50-9.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A844/A844M-09*  --- K81340  --- 0.13 0.90 0.15-0.40 0.015 0.015 0.30 | 8.50-9.50 0.12 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-4:2009 X8Ni9 - 1.5662 0.10  0.30-0.80 0.35 0.020 0.005 8.5-10.0 0.10 V 0.05; (Cr+Cu+Mo) 0.50
X7Ni9 - 1.5663 0.10  0.30-0.80 0.35 0.015 0.005 8.5-10.0 0.10 V 0.01; (Cr+Cu+Mo) 0.50
JIS G 3127:2013 Symbol SLIN520 6<t<50 0.12 0.90 0.30 0.015 0.015 8.50-9.50
Symbol SLON590 6<t<100 0.12 0.90 0.30 0.015 0.015 8.50-9.50

*: See ASTM A20/A20M-14 for additional information.
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4.5 Ni Alloy Steels for Pressure Vessel Plates
4.5.6B Mechanical Properties of 9Ni Alloy Steels for Pressure Vessel Plates
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-353/SA-353M K81340  --- 515 75 690-825 @ 100-120 20.0 NN+T
ASME SA-553/SA-553M Type Il K71340 --- 585 85 690-825 = 100-120 20.0 Q+T
Type | K81340  --- 585 85 690-825  100-120 20.0 Q+T
ASTM A353/A353M-09 (2014) --- K81340  --- 515 75 690-825  100-120 20.0 NN+T
ASTM A553/A553M-14 Type Il K71340  --- 585 85 690-825 @ 100-120 20.0 Q+T
Type | K81340  --- 585 85 690-825 @ 100-120 20.0 Q+T
ASTM A844/A844M-09 K81340  --- t<50 t<2 585 85 690-825 = 100-120 20.0 Q+T
EN 10028-4:2009 X8Ni9 -- 1.5662 t<30 490 640-840 18 N or N+T see standard for
t<30 490 640-840 18 Q+T impact data
t<30 585 680-820 18 Q+T
30<t<50 480 640-840 18 N or N+T
30<t<50 480 640-840 18 Q+T
30<t=<50 575 680-820 18 Q+T
X7Ni9 -- 1.5663 t<15 585 680-820 18 N or N+T or Q+T see standard for
15<t<30 585 680-820 18 Q+T impact data
30<t=<50 575 680-820 18 Q+T
JIS G 3127:2013 Symbol SLIN520 - 6<t<16 520 -—- 690-830 T 21 NN+T see standard for
impact data
16 <t<20 520 690-830 T 25 NN+T L:34J @ -196°C
20<t<50 520 690-830 T 21 NN+T L:34J @ -196°C
Symbol SLIN590 --- --- 6<t<16 590 --- 690-830 T 21 Q+T see standard for
impact data
16<t<20 590 690-830 T 25 Q+T L:41J @ -196°C
20 <t< 100 590 690-830 T 21 Q+T L:41J @ -196°C
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn | Si | P | S Cr Ni Mo | Others
IASME SA-302/SA-302M* Grade C K12039  --- t<25 t<1 0.20 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASME SA-533/SA-533M* Type B, Class 1 K12539  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type B, Class 2 K12539  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type B, Class 3 K12539  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A302/A302M-12*  Grade C K12039  --- t<25 t<1 0.20 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A533/A533M- 09  Type B, Class 1 K12539  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
(2014)* Cb 0.02; B 0.0010
Type B, Class 2 K12539  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type B, Class 3 K12539  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-2:2009 20MnMoNi4-5 -- 1 1.6311 0.15-0.23 1.00-1.50 0.40 0.020 0.010 0.20 | 0.40-0.80 0.45-0.60 V 0.02; Cu 0.20; N 0.012
JIS G 3119:2013 Symbol SBV2 6<t<25 0.20 1.15-1.50 0.15-0.40 0.020 0.020 0.30 | 0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
25<t<50 0.23 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
50 <t< 150 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
JIS G 3120:2014 Symbol SQV2A 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
Symbol SQV2B 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.40-0.70 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;

B 0.0010

*: See ASTM A20/A20M-14 for additional information.
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4.6 Ni-Mo Alloy Steels for Pressure Vessel Plates
4.6.1B Mechanical Properties of 12Ni-2Mo Alloys Steels for Pressure Vessel Plates
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-302/SA-302M Grade C K12039  --- t<50 t<2 345 50 550-690 = 80-100 20 AR or N or SR or N+SR
t>50 t>2 345 50 550-690 = 80-100 20 N
ASME SA-533/SA-533M Type B, Class 1 K12539  --- t=6.5 t=0.25 345 50 550-690 = 80-100 18 Q+T
Type B, Class 2 K12539  --- t=6.5 t=0.25 485 70 620-795 @ 90-115 16 Q+T
Type B, Class 3 K12539  --- 65<t<65 025<t=<25 570 83 690-860 @ 100-125 16 Q+T
ASTM A302/A302M-12 Grade C K12039  --- t<50 t<2 345 50 550-690  80-100 20 AR, N, SR or N+SR
t>50 t>2 345 50 550-690 = 80-100 20 N
ASTM A533/A533M-09 (2014) Type B, Class 1 K12539  --- t=6.5 t=0.25 345 50 550-690  80-100 18 Q+T
Type B, Class 2 K12539  --- t=6.5 t=0.25 485 70 620-795 @ 90-115 16 Q+T
Type B, Class 3 K12539  --- 65<t<65 025<t=<25 570 83 690-860 @ 100-125 16 Q+T
EN 10028-2:2009 20MnMoNi4-5 -- 1.6311 t<40 470 590-750 18 Q+T see standard for
40<t<60 460 590-730 18 Q+T impact data
60 <t<100 450 570-710 18 Q+T
100 <t< 150 440 570-710 18 Q+T
150 <t < 250 400 560-700 18 Q+T
JIS G 3119:2013 Symbol SBV2 6<t<50 345 550-690 17 AR, N, A, Q+T or N+A
50 <t< 150 345 550-690 20 N or Q+T
JIS G 3120:2014 Symbol SQV2A 345 550-690 T 18 AR, Aor Q+T L: 40 J @ BA°C
Symbol SQV2B 480 620-790 T 16 AR, A or Q+T L:47 J @ BA°C
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UNS | Steel Section Thickness Weight, %max, Unless Otherwise Specified
Specification Designation No. No. mm | in Cc Mn | Si | P | S Cr Ni Mo | Others
IASME SA-302/SA-302M* Grade D K12054  --- t<25 t<1 0.20 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASME SA-533/SA-533M* Type C, Class 1 K12554  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type C, Class 2 K12554  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type C, Class 3 K12554  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
IASTM A302/A302M-12*  Grade D K12054  --- t<25 t<1 0.20 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
25<t<50 1<t<2 0.23 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
t>50 t>2 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
ASTM A533/A533M-09  Type C, Class 1 K12554 - 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
(2014)* Cb 0.02; B 0.0010
Type C, Class 2 K12554  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
Type C, Class 3 K12554  --- 0.25 1.15-1.50 0.15-0.40 0.025 0.025 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03;
Cb 0.02; B 0.0010
EN 10028-2:2009 15NiCuMoNb5-6-4 -- 1 1.6368 0.17  0.80-1.20 0.25-0.50 0.025 0.010 0.30 1.00-1.30 0.25-0.50 Al 0.015 min.; Cu 0.50-0.80;
Nb 0.015-0.045; N 0.020
GB 6654-1996 Grade 13MnNiMoNbR 0.15 1.20-1.60 0.15-0.50 0.025 0.025 0.20-0.40 0.60-1.00 0.20-0.40 Cu 0.30; Nb 0.005-0.020
JIS G 3119:2013 Symbol SBV3 6<t<25 0.20 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
25 <t<50 0.23 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
50 <t<150 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30 | 0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
JIS G 3120:2014 Symbol SQV3A 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;
B 0.0010
Symbol SQV3B 0.25 1.15-1.50 0.15-0.40 0.020 0.020 0.30  0.70-1.00 0.45-0.60 V 0.03; Cu 0.40; Ti 0.03; Nb 0.02;

B 0.0010

*: See ASTM A20/A20M-14 for additional information.
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4.6 Ni-Mo Alloy Steels for Pressure Vessel Plates
4.6.2B Mechanical Properties of 3%Ni-2Mo Alloy Steels for Pressure Vessel Plates
UNS | Steel [Section Thickness / Diameter |Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa | ksi % min. Heat Treatment Other
ASME SA-302/SA-302M Grade D K12054  --- t<50 t<2 345 50 550-690 @ 80-100 20 AR or N or SR or N+SR
t>50 t>2 345 50 550-690  80-100 20 N
ASME SA-533/SA-533M Type C, Class 1 K12554  --- t=6.5 t=0.25 345 50 550-690  80-100 18 Q+T
Type C, Class 2 K12554| --- t=6.5 t=0.25 485 70 620-795 = 90-115 16 Q+T
Type C, Class 3 K12554| --- 65<t<65 025<t<25 570 83 690-860 @ 100-125 16 Q+T
ASTM A302/A302M-12 Grade D K12054| --- t<50 t<2 345 50 550-690 = 80-100 20 AR, N, SR or N+SR
t> 50 t>2 345 50 550-690 = 80-100 20 N
ASTM A533/A533M-09 (2014) Type C, Class 1 K12554| --- t>6.5 t>0.25 345 50 550-690 = 80-100 18 Q+T
Type C, Class 2 K12554| --- t=6.5 t=0.25 485 70 620-795 = 90-115 16 Q+T
Type C, Class 3 K12554| --- 65<t<65  025<t<25 570 83 690-860 = 100-125 16 Q+T
EN 10028-2:2009 15NiCuMoNb5-6-4 -- 1.6368 t<40 460 610-780 16 N+T see standard for
40 <t <60 440 610-780 16 N+T impact data
60 <t<100 430 600-760 16 N+T
100 <t< 150 420 590-740 16 N+T or Q+T
150 <t <200 410 580-740 16 Q+T
GB 6654-1996 Grade 13MnNiMoNbR t<100 390 570-720 18 N+T T:31J @0°C
100 <t< 120 380 570-720 18 N+T T:31J @ 0°C
JIS G 3119:2013 Symbol SBV3 6<t<50 345 550-690 17 AR, N, A, Q+T or N+A
50 <t< 150 345 550-690 20 N or Q+T
JIS G 3120:2014 Symbol SQV3A 345 550-690 T 18 AR, Aor Q+T L: 40J @ BA°C
Symbol SQV3B 480 620-790 T 16 AR, A or Q+T L: 47 J @ BA°C
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UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No No C Mn Si | P S Cr Ni Mo Others
ASME SA-240/SA-240M  Type 405 S40500 0.08 1.00 1.00 0.040 0.030 11.5-14.5 0.60 Al 0.10-0.30
ASTM A240/A240M-15a  Type 405 S40500 0.08 1.00 1.00 0.040 0.030 11.5-14.5 0.60 Al 0.10-0.30
EN 10088-2:2014 X6CrAI13 1.4002 0.08 1.00 1.00 0.040 0.015 12.0-14.0 Al 0.10-0.30
GB 3280-92 Grade 0Cr13Al 0.08 1.00 1.00 0.035 0.030 = 11.50-14.50 0.60 Al 0.10-0.30
GB 4237-92 Grade 0Cr13Al 0.08 1.00 1.00 0.035 0.030 = 11.50-14.50 0.60 Al 0.10-0.30
GB 4238-92 Grade 0Cr13Al 0.08 1.00 1.00 0.035 0.030 = 11.50-14.50 0.60 Al 0.10-0.30
JIS G 4304:2012 Symbol SUS405 0.08 1.00 1.00 0.040 0.030 = 11.50-14.50 0.60 Al 0.10-0.30
JIS G 4305:2012 Symbol SUS405 0.08 1.00 1.00 0.040 0.030 = 11.50-14.50 0.60 Al 0.10-0.30
ASME SA-240/SA-240M  --- S40977 0.030 1.50 1.00 0.040 0.015 10.5-12.5 0.30-1.00 N 0.030
S41050 0.04 1.00 1.00 0.045 0.030 10.5-12.5 0.60-1.10 N 0.10
ASTM A240/A240M-15a  --- S40977 0.030 1.50 1.00 0.040 0.015 10.5-12.5 0.30-1.00 N 0.030
S41050 0.04 1.00 1.00 0.045 0.030 10.5-12.5 0.60-1.10 N 0.10
EN 10028-7:2007 X2CrNi12 1.4003 0.030 1.50 1.00 0.040 0.015 10.5-12.5 0.30-1.00 N 0.030
EN 10088-2:2014 X2CrNi12 1.4003 0.030 1.50 1.00 0.040 0.015 10.5-12.5 0.30-1.00 N 0.030
ISO 9328-7:2004 Grade X2CrNi12 0.030 1.50 1.00 0.040 0.015 10.5-12.5 0.30-1.10 N 0.030
JIS G 4312:2011 Symbol SUH409L 0.030 1.00 1.00 0.040 0.030 = 10.50-11.75 0.60 Ti 6xC t0 0.75
ASME SA-240/SA-240M  --- S42035 0.08 1.00 1.00 0.045 0.030 13.5-15.5 1.0-2.5 0.2-1.2 Ti 0.30-0.50
ASTM A240/A240M-15a  --- S42035 0.08 1.00 1.00 0.045 0.030 13.5-15.5 1.0-2.5 0.2-1.2 Ti 0.30-0.50
EN 10028-7:2007 XB6CrNiTi12 1.4516 0.08 1.50 0.70 0.040 0.015 10.5-12.5 0.50-1.50 Ti 0.05-0.35
EN 10088-2:2014 XB6CrNiTi12 1.4516 0.08 1.50 0.70 0.040 0.015 10.5-12.5 0.50-1.50 Ti 0.05-0.35
X5CrNiMoTi15-2 1.4589 0.08 1.00 1.00 0.040 0.015 13.5-15.5 1.00-2.50 0.20-1.20 Ti 0.30-0.50
SO 9328-7:2004 Grade X6CrNiTi12 0.08 1.00 1.00 0.040 0.015 10.5-12.5 0.50-1.50 Ti 0.05-0.35
ASME SA-240/SA-240M  --- S41500 0.05 0.50-1.00  0.60 0.030 0.030 11.5-14.0 3.5-5.5 0.50-1.00
ASTM A240/A240M-15a  --- S41500 0.05 0.50-1.00  0.60 0.030 0.030 11.5-14.0 3.5-5.5 0.50-1.00
EN 10028-7:2007 X3CrNiMo13-4 1.4313 0.05 1.50 0.70 0.040 0.015 12.0-14.0 3.5-4.5 0.30-0.70 N 0.020 min.
ISO 9328-7:2004 Grade X3CrNiMo13-4 0.05 0.50-1.00  0.70 0.040 0.015 12.0-14.0 3.5-4.5 0.30-1.00
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UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No No C Mn | Si | P | S | Cr | Ni Mo Others
ASME SA-240/SA-240M  Type 439 S43035 0.030 1.00 1.00 0.040 0.030 17.0-19.0 0.50 Al 0.15; N 0.030;
Ti [0.20+4(C+N)] to 1.10
S43932 0.030 1.00 1.00 0.040 0.030 17.0-19.0 0.50 Al 0.15; N 0.030;
Ti+Cb [0.20+4(C+N)] to
0.75
S43940 0.030 1.00 1.00 0.040 0.015 17.5-18.5 Ti 0.10-0.60;
Cb [0.30+(3xC)] min.
ASTM A240/A240M-15a  Type 439 S43035 0.030 1.00 1.00 0.040 0.030 17.0-19.0 0.50 Al 0.15; N 0.030;
Ti[0.20+4(C+N)] to 1.10
S43932 0.030 1.00 1.00 0.040 0.030 17.0-19.0 0.50 Al 0.15; N 0.030;
Ti+Cb [0.20+4(C+N)] to
0.75
S43940 0.030 1.00 1.00 0.040 0.015 17.5-18.5 Ti 0.10-0.60;
Cb [0.30+(3xC)] min.
EN 10028-7:2007 X2CrTiNb18 1.4509 0.030 1.00 1.00 0.040 0.015 17.5-18.5 Ti 0.10-0.60;
Nb [3xC+0.30] to 1.00
EN 10088-2:2014 X2CrTiNb18 1.4509 0.030 1.00 1.00 0.040 0.015 17.5-18.5 Ti 0.10-0.60;
Nb [3xC+0.30] to 1.00
ISO 9328-7:2004 Grade X2CrTiNb18 0.030 1.00 1.00 0.040 0.015 17.5-18.5 Ti 0.10-0.60;
Nb [(3xC)+0.30] to 1.00
EN 10028-7:2007 X3CrTi17 1.4510 0.05 1.00 1.00 0.040 0.015 16.0-18.0 - Ti [4x(C+N)+0.15] to 0.80
X2CrTi17 1.4520 0.025 0.50 0.50 0.040 0.015 16.0-18.0 Ti 0.30-0.60; N 0.015
EN 10088-2:2014 X3CrTi17 1.4510 0.05 1.00 1.00 0.040 0.015 16.0-18.0 Ti [4x(C+N)+0.15] to 0.80
X3CrNb17 1.4511 0.05 1.00 1.00 0.040 0.015 16.0-18.0 Nb 12xC to 1.00
X2CrTil7 1.4520 0.025 0.50 0.50 0.040 0.015 16.0-18.0 N 0.015;
Ti [4x(C+N)+0.15] to 0.80
GB 3280-92 Grade 00Cr17 0.030 1.00 0.75 0.035 0.030 = 16.00-19.00 0.60 Ti 0.10-1.00; Nb 0.10-1.00
ISO 9328-7:2004 Grade X2CrTil17 0.025 0.50 0.50 0.040 0.015 16.0-18.0 Ti 0.30-0.60; N 0.015
Grade X3CrTil17 0.05 1.00 1.00 0.040 0.015 16.0-19.0 Ti [4x(C+N)+0.15] to 0.75
UIS G 4304:2012 Symbol SUS430LX 0.030 1.00 0.75 0.040 0.030 | 16.00-19.00 0.60 Ti 0.10-1.00; Nb 0.10-1.00
UIS G 4305:2012 Symbol SUS430LX 0.030 1.00 0.75 0.040 0.030 = 16.00-19.00 0.60 Ti 0.10-1.00; Nb 0.10-1.00
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Specification

Designation

UNS
No

Steel
No

Weight, %, max, Unless Otherwise Specified

Mn

Si

P

S

Cr

Ni

Mo

Others

ASME SA-240/SA-240M

ASTM A240/A240M-15a

EN 10028-7:2007

EN 10088-2:2014

GB 3280-92

GB 4237-92

ISO 9328-7:2004

JIS G 4304:2012

JIS G 4305:2012

Type 444

Type 444

X2CrMoTi18-2
X2CrMoTi18-2

Grade 00Cr18Mo2

Grade 00Cr18Mo2

Grade X2CrMoTi18-2

Symbol SUS444

Symbol SUS444

S44400

S44400

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.040

0.040

0.040

0.040

0.035

0.035

0.040

0.040

0.040

0.030

0.030

0.015

0.015

0.030

0.030

0.015

0.030

0.030

17.5-19.5

17.5-19.5

17.0-20.0

17.0-20.0

17.00-20.00

17.00-20.00

17.0-20.0

17.00-20.00

17.00-20.00

1.00

1.00

0.60

0.60

0.60

1.75-2.50

1.75-2.50

1.80-2.50

1.80-2.50

1.75-2.50

1.75-2.50

1.80-2.50

1.75-2.50

1.75-2.50

N 0.035;
(Ti+Cb) [0.20+4(C+N)] to
0.80
N 0.035;
Ti+Cb [0.20+4(C+N)] to
0.80
N 0.030;
Ti [4x(C+N)+0.15] to 0.80
N 0.030;

Ti [4x(C+N)+0.15] to 0.80
Ti 8x(C+N) to 0.80;
Nb 8x(C+N) to 0.80;
Zr 8x(C+N) to 0.80;

(Ti+Nb+Zr) 8x(C+N) to 0.80;
N 0.025
Ti 8x(C+N) to 0.80;
Nb 8x(C+N) to 0.80;

Zr 8x(C+N) to 0.80;
(Ti+Nb+Zr) 8x(C+N) to 0.80;
N 0.025
N 0.030;

Ti [4x(C+N)+0.15] to 0.80
Ti, Nb, Zr or their
combination 8x(C + N) to
0.80; N 0.025
Ti, Nb, Zr or their
combination 8x(C + N) to
0.80; N 0.025
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4.7 Ferritic and Martensitic Stainless Steels for Pressure Vessel Plates
4.7B Mechanical Properties of Ferritic and Martensitic Stainless Steels for Pressure Vessel Plates
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 405 S40500 --- --- 170 25 415 60 20 see standard 179 max. HB;
88 max. HRB
ASTM A240/A240M-15a Type 405 S40500 170 25 415 60 20 see standard 179 max. HB;
88 max. HRBW
EN 10088-2:2014 X6CrAl13 1.4002 t<8 230 400-600 17L, 17T A
t<13.5 210 400-600 17L, 17T A
t<25 210 400-600 17 L,17T A
GB 3280-92 Grade 0Cr13Al 175 410 20 A 183 max. HB;
88 max. HRB
GB 4237-92 Grade 0Cr13Al 177 410 20 A 183 max. HB;
88 max. HRB
GB 4238-92 Grade 0Cr13Al --- --- 175 410 --- 20 A 183 max. HB;
88 max. HRB
JIS G 4304:2012 Symbol SUS405 175 410 20 A 183 max. HBW;
88 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS405 175 410 20 A 183 max. HBW;
88 max. HRBW;
200 max. HV
IASME SA-240/SA-240M S40977 280 41 450 65 18 see standard 180 max. HB;
88 max. HRB
S41050 205 30 415 60 22 see standard 183 max. HB;
89 max. HRB
ASTM A240/A240M-15a S40977 280 41 450 65 18 see standard 180 max. HB;
88 max. HRBW
S41050 205 30 415 60 22 see standard 183 max. HB;
89 max. HRBW
EN 10028-7:2007 X2CrNi12 1.4003 t<8 280 450-650 20L,20T A T:50J @ RT
t<13.5 280 450-650 20L,20T A T:50J @ RT
t<25 250 450-650 18L,18T A T:50J @ RT
EN 10088-2:2014 X2CrNi12 - 1.4003 t<8 280 450-650 --= 20L,20T A ==
t<13.5 280 450-650 20L,20T A
t<25 250 450-650 18L,18T A
ISO 9328-7:2004 Grade X2CrNi12 t<6 280 450-650 20L,20T A T:50J @ 20°C
t<12 280 450-650 20L,20T A T:50J @ 20°C
t<25 250 450-650 18L,18T A T:50J @ 20°C
JIS G 4312:2011 Symbol SUH409L 175 360 25 A 162 max. HBW;
80 max. HRBW;
175 max. HV
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4.7 Ferritic and Martensitic Stainless Steels for Pressure Vessel Plates

4.7B Mechanical Properties of Ferritic and Martensitic Stainless Steels for Pressure Vessel Plates (Continued)

UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M S42035 380 55 550 80 16 see standard 180 max. HB;
88 max. HRB
ASTM A240/A240M-15a S42035 380 55 550 80 16 see standard 180 max. HB;
88 max. HRBW
EN 10028-7:2007 X6CrNiTi12 1.4516 t<8 280 450-650 23L,23T A T:50J @ RT
t<13.5 280 450-650 23L,23T A T:50J @ RT
t<25 250 450-650 20L,20T A T:50J @ RT
EN 10088-2:2014 X6CrNiTi12 1.4516 t<8 280 450-650 23L,23T A
t<13.5 280 450-650 23L,23T A
t<25 250 450-650 20L,20T A
X5CrNiMoTi15-2 1.4589 t<8 400 550-750 16L,16 T A
t<13.5 360 500-750 14L,14T A
1ISO 9328-7:2004 Grade X6CrNiTi12 t<6 280 450-650 23L,23T A T:50J @ 20°C
t<12 280 450-650 23L,23T A T:50J @ 20°C
t<25 250 450-650 20L,20T A T:50J @ 20°C
ASME SA-240/SA-240M S41500 620 920 795 115 15 see standard 302 max. HB;
32 max, HRC
ASTM A240/A240M-15a S41500 620 90 795 115 15 see standard 302 max. HB;
32 max, HRC
EN 10028-7:2007 X3CrNiMo13-4 1.4313 t<75 650 780-980 14L,14T Q+T see standard for
impact data
ISO 9328-7:2004 Grade X3CrNiMo13-4 t<75 650 780-980 14L,14T Q+T see standard for
impact data
IASME SA-240/SA-240M Type 439 S43035 205 30 415 60 22 see standard 183 max. HB;
89 max. HRB
S43932 --- 205 30 415 60 22 see standard 183 max. HB;
89 max. HRB
S43940 250 36 430 62 18 see standard 180 max. HB;
88 max. HRB
ASTM A240/A240M-15a Type 439 S43035 205 30 415 60 22 see standard 183 max. HB;
89 max. HRBW
S43932 - 205 30 415 60 22 see standard 183 max. HB;
89 max. HRBW
S43940 250 36 430 62 18 see standard 180 max. HB;
88 max. HRBW
EN 10028-7:2007 X2CrTiNb18 1.4509 t<4 230 430-630 18L,18T A
EN 10088-2:2014 X2CrTiNb18 1.4509 t<8 230 430-630 18L,18T A
1ISO 9328-7:2004 Grade X2CrTiNb18 t<25 230 430-630 18L,18T A
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4.7 Ferritic and Martensitic Stainless Steels for Pressure Vessel Plates
4.7B Mechanical Properties of Ferritic and Martensitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |[Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
EN 10028-7:2007 X3CrTi17 1.4510 t<4 230 420-600 23L,23T A
X2CrTi17 1.4520 t<4 180 380-530 241,247 A
EN 10088-2:2014 X3CrTi17 1.4510 t<8 230 420-600 23L,23T A
t<13.5 230 420-600 23L,23T A
X3CrNb17 1.4511 t<8 230 420-600 23L,23T A
X2CrTi17 1.4520 t<8 180 380-530 241,24 T A
GB 3280-92 Grade 00Cr17 175 365 22 A 183 max. HB;
88 max. HRB
1ISO 9328-7:2004 Grade X2CrTi17 t<25 180 380-530 241,24 T A
Grade X3CrTi17 t<3 230 420-600 23L,23T A
JIS G 4304:2012 Symbol SUS430LX 175 360 22 A 183 max. HBW;
88 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS430LX 175 360 22 A 183 max. HBW;
88 max. HRBW;
200 max. HV
ASME SA-240/SA-240M Type 444 S44400 -—- -—- 275 40 415 60 20 see standard 217 max. HB;
96 max. HRB
ASTM A240/A240M-15a Type 444 S44400 275 40 415 60 20 217 max. HB;
96 max. HRBW
EN 10028-7:2007 X2CrMoTi18-2 1.4521 t<4 300 420-640 20L,20T A
EN 10088-2:2014 X2CrMoTi18-2 1.4521 t<8 300 420-640 20L,20T A
t<12 280 420-620 20L,20T A
t<13.5 280 400-600 20L,20T A
GB 3280-92 Grade 00Cr18Mo2 245 410 20 A 217 max. HB;
96 max. HRB
GB 4237-92 Grade 00Cr18Mo2 245 410 20 A 217 max. HB;
96 max. HRB
1ISO 9328-7:2004 Grade X2CrMoTi18-2 t<25 300 420-640 20L,20T A
JIS G 4304:2012 Symbol SUS444 245 410 20 A 217 max. HBW;
96 max. HRBW;
230 max. HV
JIS G 4305:2012 Symbol SUS444 245 410 20 A 217 max. HBW;
96 max. HRBW;
230 max. HV
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UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No No C Mn Si | P S Cr Ni Mo Others
ASME SA-240/SA-240M Type 301LN S30153 0.03 2.00 1.00 0.045 0.030 16.0-18.0 6.0-8.0 N 0.07-0.20
ASME SA-666 Type 301LN S30153 0.03 2.00 1.00 0.045 0.030 16.0-18.0 6.0-8.0 N 0.07-0.20
ASTM A240/A240M-15a Type 301LN S30153 0.03 2.00 1.00 0.045 0.030 16.0-18.0 6.0-8.0 N 0.07-0.20
ASTM A666-15 Type 301LN S30153 0.03 2.00 1.00 0.045 0.030 16.0-18.0 6.0-8.0 N 0.07-0.20
EN 10028-7:2007 X2CrNiN18-7 1.4318 0.030 2.00 1.00 0.045 0.015 16.5-18.5 6.0-8.0 N 0.10-0.20
EN 10088-2:2014 X2CrNiN18-7 1.4318 0.030 2.00 1.00 0.045 0.015 16.5-18.5 6.0-8.0 N 0.10-0.20
SO 9328-7:2004 Grade X2CrNiN18-7 0.030 2.00 1.00 0.045 0.015 16.5-18.5 6.0-8.0 N 0.10-0.20
ASME SA-240/SA-240M Type 304 S30400 0.07 2.00 0.75 0.045 0.030 17.5-19.5 8.0-10.5 N 0.10
ASME SA-666 Type 304 S30400 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5 N 0.10
ASTM A240/A240M-15a Type 304 S30400 0.07 2.00 0.75 0.045 0.030 17.5-19.5 8.0-10.5 N 0.10
ASTM A666-15 Type 304 S30400 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5 N 0.10
EN 10028-7:2007 X5CrNi18-10 1.4301 0.07 2.00 1.00 0.045 0.015 17.5-19.5 8.0-10.5 N 0.10
EN 10088-2:2014 X5CrNi18-10 1.4301 0.07 2.00 1.00 0.045 0.015 17.5-19.5 8.0-10.5 N 0.10
GB 3280-92 Grade 0Cr18Ni9 0.07 2.00 1.00 0.035 0.030 @ 17.00-19.00 @ 8.00-11.00
GB 4237-92 Grade 0Cr18Ni9 0.07 2.00 1.00 0.035 0.030 @ 17.00-19.00 @ 8.00-11.00
GB 4238-92 Grade 0Cr18Ni9 0.07 2.00 1.00 0.035 0.030 @ 17.00-19.00 & 8.00-11.00
SO 9328-7:2004 Grade X5CrNi18-9 0.07 2.00 1.00 0.045 0.015 17.5-19.5 8.0-10.5 N 0.11
JIS G 4304:2012 Symbol SUS304 0.08 2.00 1.00 0.045 0.030 | 18.00-20.00 @ 8.00-10.50
JIS G 4305:2012 Symbol SUS304 0.08 2.00 1.00 0.045 0.030 = 18.00-20.00  8.00-10.50
ASME SA-240/SA-240M Type 304H S30409 0.04-0.10 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5
ASTM A240/A240M-15a Type 304H S30409 0.04-0.10 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5
EN 10028-7:2007 X6CrNi18-10 1.4948 | 0.04-0.08 2.00 1.00 0.035 0.015 17.0-19.0 8.0-11.0 N 0.10
ISO 9328-7:2004 Grade X6CrNi18-10 0.04-0.08 2.00 1.00 0.035 0.015 17.0-19.0 8.0-11.0 N 0.11
ASME SA-240/SA-240M Type 304L S30403 0.030 2.00 0.75 0.045 0.030 17.5-19.5 8.0-12.0 N 0.10
ASME SA-666 Type 304L S30403 0.030 2.00 0.75 0.045 0.030 18.0-20.0 8.0-12.0 N 0.10
ASTM A240/A240M-15a Type 304L S30403 0.030 2.00 0.75 0.045 0.030 17.5-19.5 8.0-12.0 N 0.10
ASTM A666-15 Type 304L S30403 0.030 2.00 0.75 0.045 0.030 18.0-20.0 8.0-12.0 N 0.10
EN 10028-7:2007 X2CrNi19-11 1.4306 0.030 2.00 1.00 0.045 0.015 18.0-20.0 10.0-12.0 N 0.10
X2CrNi18-9 1.4307 0.030 2.00 1.00 0.045 0.015 17.5-19.5 8.0-10.5 N 0.10
EN 10088-2:2014 X2CrNi19-11 1.4306 0.030 2.00 1.00 0.045 0.015 18.0-20.0 10.0-12.0 N 0.10
X2CrNi18-9 1.4307 0.030 2.00 1.00 0.045 0.015 17.5-19.5 8.0-10.5 N 0.10
GB 3280-92 Grade 00Cr19Ni10 0.030 2.00 1.00 0.035 0.030 = 18.00-20.00 & 8.00-12.00
Grade 00Cr19Ni13Mo3 0.030 2.50 1.00 0.035 0.030 @ 18.00-20.00 @ 11.00-15.00
GB 4237-92 Grade 00Cr19Ni10 0.030 2.00 1.00 0.035 0.030 @ 18.00-20.00 @ 8.00-12.00
1ISO 9328-7:2004 Grade X2CrNi18-9 === 0.030 2.00 1.00 0.045 0.015 17.5-19.5 8.0-10.0 N 0.11
Grade X2CrNi19-11 0.030 2.00 1.00 0.045 0.015 18.0-20.0 10.0-12.0 N 0.11
JIS G 4304:2012 Symbol SUS304L 0.030 2.00 1.00 0.045 0.030 | 18.00-20.00 @ 9.00-13.00
JIS G 4305:2012 Symbol SUS304L 0.030 2.00 1.00 0.045 0.030 = 18.00-20.00 = 9.00-13.00
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Chapter 4

Pressure Vessel Steel Plates

UNS Steel Weight, %, max, Unless Otherwise Specified

Specification Designation No No C Mn Si | P | S | Cr | Ni Mo Others
ASME SA-240/SA-240M  Type 304N S30451 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5 N 0.10-0.16
IASME SA-666 Type 304N S30451 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5 N 0.10-0.16
ASTM A240/A240M-15a  Type 304N S30451 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5 N 0.10-0.16
ASTM A666-15 Type 304N S30451 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.0-10.5 N 0.10-0.16
EN 10028-7:2007 X5CrNiN19-9 1.4315 0.06 2.00 1.00 0.045 0.015 18.0-20.0 8.0-11.0 N 0.12-0.22
EN 10088-2:2014 X5CrNiN19-9 1.4315 0.06 2.00 1.00 0.045 0.015 18.0-20.0 8.0-11.0 N 0.12-0.22
GB 3280-92 Grade 0Cr19Ni9N 0.08 2.50 1.00 0.035 0.030 | 18.00-20.00 @ 7.00-10.50 N 0.10-0.25
GB 4237-92 Grade 0Cr19Ni9N 0.08 2.50 1.00 0.035 0.030 | 18.00-20.00 @ 7.00-10.50 N 0.10-0.25
ISO 9328-7:2004 Grade X5CrNiN18-8 0.07 2.50 1.00 0.045 0.015 18.0-20.0 8.0-11.0 N 0.10-0.16
JIS G 4304:2012 Symbol SUS304N1 0.08 2.50 1.00 0.045 0.030 = 18.00-20.00 | 7.00-10.50 N 0.10-0.25
UIS G 4305:2012 Symbol SUS304N1 0.08 2.50 1.00 0.045 0.030 | 18.00-20.00 = 7.00-10.50 N 0.10-0.25
ASME SA-240/SA-240M  Type 304LN S30453 0.030 2.00 0.75 0.045 0.030 18.0-20.0 8.0-12.0 N 0.10-0.16
IASME SA-666 Type 304LN S30453 0.030 2.00 0.75 0.045 0.030 18.0-20.0 8.0-12.0 N 0.10-0.16
ASTM A240/A240M-15a  Type 304LN S30453 0.030 2.00 0.75 0.045 0.030 18.0-20.0 8.0-12.0 N 0.10-0.16
ASTM A666-15 Type 304LN S30453 0.030 2.00 0.75 0.045 0.030 18.0-20.0 8.0-12.0 N 0.10-0.16
EN 10028-7:2007 X2CrNiN18-10 1.4311 0.030 2.00 1.00 0.045 0.015 17.5-19.5 8.5-11.5 N 0.12-0.22
EN 10088-2:2014 X2CrNiN18-10 1.4311 0.030 2.00 1.00 0.045 0.015 17.5-19.5 8.5-11.5 N 0.12-0.22
GB 3280-92 Grade 00Cr18Ni10N 0.030 2.00 1.00 0.035 0.030 | 17.00-19.00 @ 8.50-11.50 N 0.12-0.22
GB 4237-92 Grade 00Cr18Ni10N 0.030 2.00 1.00 0.035 0.030 @ 17.00-19.00 & 8.50-11.50 N 0.12-0.22
ISO 9328-7:2004 Grade X2CrNiN18-10 - - 0.030 2.00 1.00 0.045 0.015 17.5-19.5 8.0-11.5 N 0.12-0.22
UIS G 4304:2012 Symbol SUS304LN 0.030 2.00 1.00 0.045 0.030 = 17.00-19.00 & 8.50-11.50 N 0.12-0.22
UIS G 4305:2012 Symbol SUS304LN 0.030 2.00 1.00 0.045 0.030 = 17.00-19.00 = 8.50-11.50 N 0.12-0.22
ASME SA-240/SA-240M  Type 309H S30909 0.04-0.10 2.00 0.75 0.045 0.030 22.0-24.0 12.0-15.0
ASTM A240/A240M-15a  Type 309H S30909 0.04-0.10 2.00 0.75 0.045 0.030 22.0-24.0 12.0-15.0
EN 10028-7:2007 X6CrNi23-13 1.4950 | 0.04-0.08 2.00 0.70 0.035 0.015 22.0-24.0 12.0-15.0 N 0.10
ISO 9328-7:2004 Grade X6CrNi23-13 0.04-0.08 2.00 0.70 0.035 0.015 22.0-24.0 12.0-15.0 N O0.11
ASME SA-240/SA-240M  Type 310H S31009 0.04-0.10 2.00 0.75 0.045 0.030 24.0-26.0 19.0-22.0
ASTM A240/A240M-15a  Type 310H S31009 0.04-0.10 2.00 0.75 0.045 0.030 24.0-26.0 19.0-22.0
EN 10028-7:2007 X6CrNi25-20 1.4951 | 0.04-0.08 2.00 0.70 0.035 0.015 24.0-26.0 19.0-22.0 N 0.10
SO 9328-7:2004 Grade X6CrNi25-20 0.04-0.08 2.00 0.70 0.035 0.015 24.0-26.0 19.0-22.0 N 0.11
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4.8A Chemical Composition of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)

Chapter 4

Pressure Vessel Steel Plates

UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No No C Mn Si | P | S | Cr | Ni Mo Others
ASME SA-240/SA-240M  Type 316 S31600 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10
IASME SA-666 Type 316 S31600 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00
ASTM A240/A240M-15a  Type 316 S31600 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10
ASTM A666-15 Type 316 S31600 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00
EN 10028-7:2007 X5CrNiMo17-12-2 1.4401 0.07 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 2.00-2.50 N 0.10
X3CrNiMo17-13-3 1.4436 0.05 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 2.50-3.00 N 0.10
EN 10088-2:2014 X5CrNiMo17-12-2 1.4401 0.07 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 2.00-2.50 N 0.10
X3CrNiMo17-13-3 1.4436 0.05 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 2.50-3.00 N 0.10
GB 3280-92 Grade 0Cr17Ni12Mo2 0.08 2.00 1.00 0.035 0.030 = 16.00-18.00 & 10.00-14.00 @ 2.00-3.00
GB 4237-92 Grade 0Cr17Ni12Mo2 0.08 2.00 1.00 0.035 0.030 = 16.00-18.00 & 10.00-14.00 @ 2.00-3.00
GB 4238-92 Grade 0Cr17Ni12Mo2 0.08 2.00 1.00 0.035 0.030 | 16.00-18.00 10.00-14.00 = 2.00-3.00
ISO 9328-7:2004 Grade X3CrNiMo17-12-3 0.05 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 2.50-3.00 NO.11
Grade X5CrNiMo17-12-2 0.07 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 2.00-3.00 NO.11
JIS G 4304:2012 Symbol SUS316 0.08 2.00 1.00 0.045 0.030 = 16.00-18.00 & 10.00-14.00 @ 2.00-3.00
JIS G 4305:2012 Symbol SUS316 0.08 2.00 1.00 0.045 0.030 = 16.00-18.00 = 10.00-14.00 = 2.00-3.00
ASME SA-240/SA-240M  Type 316L S31603 0.030 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10
IASME SA-666 Type 316L S31603 0.030 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00
ASTM A240/A240M-15a  Type 316L S31603 0.030 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10
ASTM A666-15 Type 316L S31603 0.030 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00
EN 10028-7:2007 X2CrNiMo17-12-2 1.4404 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 2.00-2.50 N 0.10
X2CrNiMo17-12-3 1.4432 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 2.50-3.00 N 0.10
X2CrNiMo18-14-3 1.4435 0.030 2.00 1.00 0.045 0.015 17.0-19.0 12.5-15.0 2.50-3.00 N 0.10
EN 10088-2:2014 X2CrNiMo17-12-2 1.4404 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 2.00-2.50 N 0.10
X2CrNiMo17-12-3 1.4432 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 2.50-3.00 N 0.10
X2CrNiMo18-14-3 1.4435 0.030 2.00 1.00 0.045 0.015 17.0-19.0 12.5-15.0 2.50-3.00 N 0.10
GB 3280-92 Grade 00Cr17Ni14Mo2 0.030 2.00 1.00 0.035 0.030 | 16.00-18.00 12.00-15.00 = 2.00-3.00
GB 4237-92 Grade 00Cr17Ni14Mo2 0.030 2.00 1.00 0.035 0.030 | 16.00-18.00 12.00-15.00 = 2.00-3.00
ISO 9328-7:2004 Grade X2CrNiMo17-12-2 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 2.00-3.00 N 0.11
Grade X2CrNiMo17-12-3 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 2.50-3.00 N 0.11
Grade X2CrNiMo18-14-3 0.030 2.00 1.00 0.045 0.015 17.0-19.0 12.5-15.0 2.50-3.00 NO.11
UIS G 4304:2012 Symbol SUS316L 0.030 2.00 1.00 0.045 0.030 = 16.00-18.00 = 12.00-15.00 = 2.00-3.00
UIS G 4305:2012 Symbol SUS316L 0.030 2.00 1.00 0.045 0.030 = 16.00-18.00 = 12.00-15.00 = 2.00-3.00
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4.8A Chemical Composition of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)

UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No No C Mn Si | P S Cr Ni Mo Others

ASME SA-240/SA-240M Type 316Ti S31635 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10; Ti 5x(C+N) to 0.70

ASTM A240/A240M-15a Type 316Ti S31635 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10; Ti 5x(C+N) to 0.70

EN 10028-7:2007 X6CrNiMoTi17-12-2 1.4571 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.5 2.00-2.50 Ti 5xC to 0.70

EN 10088-2:2014 X6CrNiMoTi17-12-2 1.4571 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.5 2.00-2.50 Ti 5xC to 0.70

GB 3280-92 Grade 0Cr18Ni12Mo2Ti 0.08 2.00 1.00 0.035 0.030 @ 16.00-19.00 11.00-14.00  1.80-2.50 Ti 5xC to 0.70

GB 4237-92 Grade 0Cr18Ni12Mo2Ti 0.08 2.00 1.00 0.035 0.030 @ 16.00-19.00 11.00-14.00  1.80-2.50 Ti 5xC to 0.07

SO 9328-7:2004 Grade X6CrNiMoTi17-12-2 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.5 2.00-2.50 Ti 5xC t0 0.70

IS G 4304:2012 Symbol SUS316Ti 0.08 2.00 1.00 0.045 0.030 | 16.00-18.00 @ 10.00-14.00  2.00-3.00 Ti 5xC min

JIS G 4305:2012 Symbol SUS316Ti 0.08 2.00 1.00 0.045 0.030 @ 16.00-18.00 @ 10.00-14.00 @ 2.00-3.00 Ti 5xC min

ASME SA-240/SA-240M Type 316Cb S31640 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10; Cb 10xC to 1.10

ASTM A240/A240M-15a Type 316Cb S31640 0.08 2.00 0.75 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10; Cb 10xC to 1.10

EN 10028-7:2007 X6CrNiMoNb17-12-2 1.4580 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.5 2.00-2.50 Nb 10xC to 1.00

EN 10088-2:2014 X6CrNiMoNb17-12-2 1.4580 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.5 2.00-2.50 Nb 10xC to 1.00

ISO 9328-7:2004 Grade X6CrNiMoNb17-12-2 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.5 2.00-2.50 Nb 10xC to 1.00

ASME SA-479/SA-479M Type 316LN S31653 0.030 2.00 1.00 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10-0.16

ASTM A479/A479M-14 Type 316LN S31653 0.030 2.00 1.00 0.045 0.030 16.0-18.0 10.0-14.0 2.00-3.00 N 0.10-0.16

EN 10028-7:2007 X2CrNiMoN17-11-2 1.4406 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.0-12.5 2.00-2.50 N 0.12-0.22
X2CrNiMoN17-13-3 1.4429 0.030 2.00 1.00 0.045 0.015 16.5-18.5 11.0-14.0 2.50-3.00 N 0.12-0.22

EN 10088-3:2014 X2CrNiMoN17-11-2 --- 1.4406 0.030 2.00 1.00 0.045 0.030 16.5-18.5 10.0-12.5 2.00-2.50 N 0.12-0.22
X2CrNiMoN17-13-3 -—- 1.4429 0.030 2.00 1.00 0.045 0.015 16.5-18.5 11.0-14.0 2.50-3.00 N 0.12-0.22

GB 3280-92 Grade 00Cr17Ni13Mo2N 0.030 2.00 1.00 0.035 0.030 @ 16.50-18.50 & 10.50-14.50 @ 2.00-3.00 N 0.12-0.22

GB 4237-92 Grade 00Cr17Ni13Mo2N 0.030 2.00 1.00 0.035 0.030 @ 16.50-18.50 & 10.50-14.50 @ 2.00-3.00 N 0.12-0.22

1ISO 9328-7:2004 Grade X2CrNiMoN17-11-2 --- --- 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.0-12.5 2.00-3.00 N 0.12-0.22
Grade X2CrNiMoN17-13-3 0.030 2.00 1.00 0.045 0.015 16.5-18.5 11.0-13.0 2.50-3.00 N 0.12-0.22

JIS G 4304:2012 Symbol SUS316LN 0.030 2.00 1.00 0.045 0.030 @ 16.50-18.50 @ 10.50-14.50 @ 2.00-3.00 N 0.12-0.22

JIS G 4305:2012 Symbol SUS316LN 0.030 2.00 1.00 0.045 0.030 = 16.50-18.50 = 10.50-14.50 = 2.00-3.00 N 0.12-0.22

ASME SA-240/SA-240M Type 317L S31703 0.030 2.00 0.75 0.045 0.030 18.0-20.0 11.0-15.0 3.0-4.0 N 0.10

ASTM A240/A240M-15a Type 317L S31703 0.030 2.00 0.75 0.045 0.030 18.0-20.0 11.0-15.0 3.0-4.0 N 0.10

EN 10028-7:2007 X2CrNiMo18-15-4 1.4438 0.030 2.00 1.00 0.045 0.015 17.5-19.5 13.0-16.0 3.0-4.0 N 0.10

EN 10088-2:2014 X2CrNiMo18-15-4 1.4438 0.030 2.00 1.00 0.045 0.015 17.5-19.5 13.0-16.0 3.0-4.0 N 0.10

GB 4237-92 Grade 00Cr19Ni13Mo3 0.030 2.00 1.00 0.035 0.030 = 18.00-20.00 & 11.00-15.00 @ 3.00-4.00

SO 9328-7:2004 Grade X2CrNiMo18-15-4 0.030 2.00 1.00 0.045 0.015 17.5-19.5 13.0-16.0 3.00-4.0 N 0.11

JIS G 4304:2012 Symbol SUS317L 0.030 2.00 1.00 0.045 0.030 @ 18.00-20.00 11.00-15.00 @ 3.00-4.00

JIS G 4305:2012 Symbol SUS317L 0.030 2.00 1.00 0.045 0.030 = 18.00-20.00 = 11.00-15.00 = 3.00-4.00
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UNS Steel Weight, %, max, Unless Otherwise Specified

Specification Designation No No C Mn Si | P S Cr Ni Mo Others
ASME SA-240/SA-240M Type 317LN S31753 0.030 2.00 0.75 0.045 0.030 18.0-20.0 11.0-15.0 3.0-4.0 N 0.10-0.22
ASTM A240/A240M-15a Type 317LN S31753 0.030 2.00 0.75 0.045 0.030 18.0-20.0 11.0-15.0 3.0-4.0 N 0.10-0.22
EN 10028-7:2007 X2CrNiMoN18-12-4 1.4434 0.030 2.00 1.00 0.045 0.015 16.5-19.5 10.5-14.0 3.0-4.0 N 0.10-0.20
EN 10088-2:2014 X2CrNiMoN18-12-4 - 1.4434 0.030 2.00 1.00 0.045 0.015 16.5-19.5 10.5-14.0 3.0-4.0 N 0.10-0.20
ISO 9328-7:2004 Grade X2CrNiMoN18-12-4 0.030 2.00 1.00 0.045 0.015 16.5-19.5 10.5-14.0 3.00-4.0 N 0.10-0.20
JIS G 4304:2012 Symbol SUS317LN 0.030 2.00 1.00 0.045 0.030 @ 18.00-20.00 @ 11.00-15.00 = 3.00-4.00 N 0.10-0.22
JIS G 4305:2012 Symbol SUS317LN 0.030 2.00 1.00 0.045 0.030 = 18.00-20.00 = 11.00-15.00 = 3.00-4.00 N 0.10-0.22
ASME SA-240/SA-240M Type 317LMN S31726 0.030 2.00 0.75 0.045 0.030 17.0-20.0 13.5-17.5 4.0-5.0 N 0.10-0.20
ASTM A240/A240M-15a Type 317LMN S31726 0.030 2.00 0.75 0.045 0.030 17.0-20.0 13.5-17.5 4.0-5.0 N 0.10-0.20
EN 10028-7:2007 X2CrNiMoN17-13-5 --- 1.4439 0.030 2.00 1.00 0.045 0.015 16.5-18.5 12.5-14.5 4.0-5.0 N 0.12-0.22
EN 10088-2:2014 X2CrNiMoN17-13-5 -—- 1.4439 0.030 2.00 1.00 0.045 0.015 16.5-18.5 12.5-14.5 4.0-5.0 N 0.12-0.22
SO 9328-7:2004 Grade X2CrNiMoN17-13-5 0.030 2.00 1.00 0.045 0.015 16.5-18.5 12.5-14.5 4.0-5.0 N 0.12-0.22
ASME SA-240/SA-240M Type 321 S32100 0.08 2.00 0.75 0.045 0.030 17.0-19.0 9.0-12.0 N 0.10; Ti 5x(C+N) to 0.70
ASTM A240/A240M-15a Type 321 S32100 0.08 2.00 0.75 0.045 0.030 17.0-19.0 9.0-12.0 N 0.10; Ti 5x(C+N) to 0.70
EN 10028-7:2007 X6CrNiTi18-10 1.4541 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Ti 5xC to 0.70
EN 10088-2:2014 X6CrNiTi18-10 1.4541 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Ti 5xC to 0.70
GB 3280-92 Grade 0Cr18Ni10Ti 0.08 2.00 1.00 0.035 0.030 @ 17.00-19.00 | 9.00-12.00 Ti 5xC min.
GB 4237-92 Grade 0Cr18Ni10Ti 0.08 2.00 1.00 0.035 0.030 = 17.00-19.00 | 9.00-12.00 Ti 5xC min.
GB 4238-92 Grade 0Cr18Ni10Ti 0.08 2.00 1.00 0.035 0.030 @ 17.00-19.00 = 9.00-12.00 Ti 5xC min.
ISO 9328-7:2004 Grade X6CrNiTi18-10 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Ti 5xC to 0.70
JIS G 4304:2012 Symbol SUS321 0.08 2.00 1.00 0.045 0.030 @ 17.00-19.00 @ 9.00-13.00 Ti 5xC min.
JIS G 4305:2012 Symbol SUS321 0.08 2.00 1.00 0.045 0.030 | 17.00-19.00 = 9.00-13.00 Ti 5xC min.
ASME SA-240/SA-240M Type 347 S34700 0.08 2.00 0.75 0.045 0.030 17.0-19.0 9.0-13.0 Cb 10xC to 1.00
ASTM A240/A240M-15a Type 347 S34700 0.08 2.00 0.75 0.045 0.030 17.0-19.0 9.0-13.0 Cb 10xC to 1.00
EN 10028-7:2007 X6CrNiNb18-10 1.4550 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Nb 10xC to 1.00
EN 10088-2:2014 X6CrNiNb18-10 1.4550 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Nb 10xC to 1.00
GB 3280-92 Grade 0Cr18Ni11Nb 0.08 2.00 1.00 0.035 0.030 = 17.00-19.00 & 9.00-13.00 Nb 10xC min.
GB 4237-92 Grade 0Cr18Ni11Nb 0.08 2.00 1.00 0.035 0.030 = 17.00-19.00 | 9.00-13.00 Nb 10xC min.
GB 4238-92 Grade 0Cr18Ni11Nb 0.08 2.00 1.00 0.035 0.030 @ 17.00-19.00 = 9.00-13.00 Nb 10xC min.
1ISO 9328-7:2004 Grade X6CrNiNb18-10 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Nb 10xC to 1.00
JIS G 4304:2012 Symbol SUS347 0.08 2.00 1.00 0.045 0.030 = 17.00-19.00 | 9.00-13.00 Nb 10xC min.
JIS G 4305:2012 Symbol SUS347 0.08 2.00 1.00 0.045 0.030 = 17.00-19.00 = 9.00-13.00 Nb 10xC min.
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4.8A Chemical Composition of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)

UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No No C | Mn | Si | P | S | Cr | Ni | Mo | Others
ASME SA-240/SA-240M Type 904L N08904 0.020 2.00 1.00 0.045 0.035 19.0-23.0 23.0-28.0 4.00-5.00 Cu 1.00-2.00; N 0.10
IASTM A240/A240M-15a Type 904L N08904 0.020 2.00 1.00 0.045 0.035 19.0-23.0 23.0-28.0 4.00-5.00 Cu 1.00-2.00; N 0.10
EN 10028-7:2007 X1NiCrMoCu25-20-5 1.4539 0.020 2.00 0.70 0.030 0.010 19.0-21.0 24.0-26.0 4.0-5.0 Cu 1.20-2.00; N 0.15
EN 10088-2:2014 X1NiCrMoCu25-20-5 1.4539 0.020 2.00 0.70 0.030 0.010 19.0-21.0 24.0-26.0 4.0-5.0 Cu 1.20-2.00; N 0.15
1ISO 9328-7:2004 Grade X1NiCrMoCu25-20-5 0.020 2.00 0.70 0.030 0.010 19.0-21.0 24.0-26.0 4.0-5.0 Cu 1.20-2.00; N 0.15
JIS G 4304:2012 Symbol SUS890L 0.020 2.00 1.00 0.045 0.030 @ 19.00-23.00 @ 23.00-28.00 @ 4.00-5.00 Cu 1.00-2.00
JIS G 4305:2012 Symbol SUS890L 0.020 2.00 1.00 0.045 0.030 @ 19.00-23.00 = 23.00-28.00 @ 4.00-5.00 Cu 1.00-2.00
IASME SA-240/SA-240M N08367 0.030 2.00 1.00 0.040 0.030 20.0-22.0 23.5-25.5 6.0-7.0 Cu 0.75; N 0.18-0.25
N08926 0.020 2.00 0.50 0.030 0.010 19.0-21.0 24.0-26.0 6.00-7.00 = Cu 0.50-1.50; N 0.15-0.25
S31277 0.020 3.00 0.50 0.030 0.010 20.5-23.0 26.0-28.0 6.5-8.0 Cu 0.50-1.50; N 0.30-0.40
IASTM A240/A240M-15a N08367 0.030 2.00 1.00 0.040 0.030 20.0-22.0 23.5-25.5 6.0-7.0 Cu 0.75; N 0.18-0.25
N08926 0.020 2.00 0.50 0.030 0.010 19.0-21.0 24.0-26.0 6.00-7.00 = Cu 0.50-1.50; N 0.15-0.25
S31277 0.020 3.00 0.50 0.030 0.010 20.5-23.0 26.0-28.0 6.5-8.0 Cu 0.50-1.50; N 0.30-0.40
EN 10028-7:2007 X1NiCrMoCuN25-20-7 1.4529 0.020 1.00 0.50 0.030 0.010 19.0-21.0 24.0-26.0 6.0-7.0 Cu 0.50-1.50; N 0.15-0.25
EN 10088-2:2014 X1NiCrMoCuN25-20-7 1.4529 0.020 1.00 0.50 0.030 0.010 19.0-21.0 24.0-26.0 6.0-7.0 Cu 0.50-1.50; N 0.15-0.25
1ISO 9328-7:2004 Grade X1NiCrMoCuN25-20-7 0.020 2.00 0.75 0.030 0.010 19.0-21.0 24.0-26.0 6.0-7.0 Cu 0.50-1.50; N 0.15-0.25
JIS G 4304:2012 Symbol SUS836L 0.030 2.00 1.00 0.045 0.030 = 19.00-24.00 24.00-26.00 @ 5.00-7.00 N 0.25
JIS G 4305:2012 Symbol SUS836L 0.030 2.00 1.00 0.045 0.030 = 19.00-24.00 @ 24.00-26.00 = 5.00-7.00 N 0.25
ASME SA-240/SA-240M Type 800H N08810 0.05-0.10 1.50 1.00 0.045 0.015 19.0-23.0 30.0-35.0 Al 0.15-0.60; Cu 0.75;
Ti 0.15-0.60; Fe 39.5 min.
ASTM A240/A240M-15a Type 800H N08810 0.05-0.10 1.50 1.00 0.045 0.015 19.0-23.0 30.0-35.0 Al 0.15-0.60; Cu 0.75;
Ti 0.15-0.60; Fe 39.5 min.
EN 10028-7:2007 X8NICrAITi32-21 1.4959 @ 0.05-0.10 1.50 0.70 0.015 0.010 19.0-22.0 30.0-34.0 Al 0.25-0.65; Cu 0.50;
Ti 0.25-0.65; Co 0.50;
N 0.030;
(Ni+Co) 30.0 to 34.0
ISO 9328-7:2004 Grade X8NiCrAITi32-21 0.05-0.10 1.50 0.70 0.015 0.010 19.0-22.0 30.0-34.0 Al 0.25-0.65; Cu 0.50;
Ti 0.25-0.65; Co 1.00;
N 0.11; (Ni+Co) 30.0 to 34.0
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 301LN S30153 240 35 550 80 45 Q+SA 241 max. HB;
100 max. HRB
ASME SA-666 Type 301LN S30153 240 35 550 L 80 L 45 L A 241 max. HB;
100 max. HRB
ASTM A240/A240M-15a Type 301LN S30153 240 35 550 80 45 SA 241 max. HBW;
100 max. HRBW
ASTM A666-15 Type 301LN S30153 240 35 550 L 80L 45 L A 241 max. HB;
100 max. HRB
EN 10028-7:2007 X2CrNiN18-7 1.4318 t<3 350 650-850 35T SA see standard for
t<8 - 350 - 650-850 40T SA impact data
t<13.5 330 650-850 40T SA
t<75 330 650-850 40T SA
EN 10088-2:2014 X2CrNiN18-7 --- 1.4318 t<8 350 650-850 40T SA see standard for
t<13.5 - 330 - 650-850 40T SA impact data
t<75 330 630-830 45T SA
1ISO 9328-7:2004 Grade X2CrNiN18-7 t<6 350 650-850 40T SA
t<12 330 650-850 40T SA see standard for
t<75 330 650-850 40 T SA impact data
ASME SA-240/SA-240M Type 304 S30400 205 30 515 75 40 Q+SA 201 max. HB;
92 max. HRB
ASME SA-666 Type 304 S30400 205 30 515L 75L 40 L A 201 max. HB;
92 max. HRB
ASTM A240/A240M-15a Type 304 S30400 205 30 515 75 40 SA 201 max. HBW;
92 max. HRBW
ASTM A666-15 Type 304 S30400 205 30 515L 75L 40L A 201 max. HB;
92 max. HRB
EN 10028-7:2007 X5CrNi18-10 1.4301 t<8 230 540-750 45T SA see standard for
t<13.5 — 210 === 520-720 45T SA impact data
t<75 210 520-720 45T SA
EN 10088-2:2014 X5CrNi18-10 1.4301 t<8 230 540-750 45T SA see standard for
t<13.5 210 520-720 45T SA impact data
t<75 210 520-720 45T SA
GB 3280-92 Grade 0Cr18Ni9 205 520 40 ST 187 max. HB;
90 max. HRB
GB 4237-92 Grade 0Cr18Ni9 205 520 40 ST 187 max. HB;
90 max. HRB

Note: This section continued on next page.
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
GB 4238-92 Grade 0Cr18Ni9 205 520 40 ST 187 max. HB;
90 max. HRB
1ISO 9328-7:2004 Grade X5CrNi18-9 t<6 230 540-750 45T SA
<12 - 210 520-720 45T SA see standard for
t<75 - 210 520-720 - 45T SA impact data
JIS G 4304:2012 Symbol SUS304 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS304 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
ASME SA-240/SA-240M Type 304H S30409 205 30 515 75 40 Q+SA 201 max. HB;
92 max. HRB
ASTM A240/A240M-15a Type 304H S30409 205 30 515 75 40 SA 201 max. HBW;
92 max. HRBW
EN 10028-7:2007 X6CrNi18-10 1.4948 t<8 230 530-740 45T SA see standard for
t<13.5 - 210 510-710 - 45T SA impact data
t<75 190 510-710 45T SA
1ISO 9328-7:2004 Grade X6CrNi18-10 t<6 230 530-740 45T SA
t<12 - 210 510-710 45T SA see standard for
t<75 - 190 510-710 - 45T SA impact data
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 304L S30403 170 25 485 70 40 Q+SA 201 max. HB;
92 max. HRB
ASME SA-666 Type 304L S30403 170 25 485 L 70L 40L A 201 max. HB;
92 max. HRB
ASTM A240/A240M-15a Type 304L S30403 170 25 485 70 40 SA 201 max. HBW;
92 max. HRBW
ASTM A666-15 Type 304L S30403 170 25 485 L 70L 40L A 201 max. HB;
92 max. HRB
EN 10028-7:2007 X2CrNi19-11 1.4306 t<8 220 520-700 45T SA see standard for
t<13.5 - 200 - 520-700 45T SA impact data
t<75 200 500-700 45T SA
X2CrNi18-9 1.4307 t<8 220 520-700 45T SA see standard for
t<13.5 200 520-700 45T SA impact data
t<75 200 500-700 45T SA
EN 10088-2:2014 X2CrNi19-11 1.4306 t<8 220 520-700 45T SA see standard for
t<13.5 - 200 - 520-700 45T SA impact data
t<75 200 500-700 45T SA
X2CrNi18-9 1.4307 t<8 220 520-700 45T SA see standard for
t<13.5 - 200 - 520-700 45T SA impact data
t<75 200 500-700 45T SA
GB 3280-92 Grade 00Cr19Ni10 177 480 40 ST 187 max. HB;
90 max. HRB
Grade 00Cr19Ni13Mo3 177 480 40 ST 187 max. HB;
90 max. HRB
GB 4237-92 Grade 00Cr19Ni10 177 480 40 ST 187 min. HB;
90 max. HRB
1ISO 9328-7:2004 Grade X2CrNi18-9 t<6 220 520-670 45T SA
t<12 200 520-670 45T SA see standard for
t<75 --- 200 --- 500-650 45T SA impact data
Grade X2CrNi19-11 t<6 220 520-670 45T SA
t<12 200 520-670 45T SA see standard for
75 200 500-650 45T SA impact data
JIS G 4304:2012 Symbol SUS304L - 175 480 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS304L 175 480 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 304N S30451 240 35 550 80 30 Q+SA 217 max. HB;
95 max. HRB
ASME SA-666 Type 304N S30451 240 35 550 L 80L 30L A 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 304N S30451 240 35 550 80 30 SA 217 max. HBW;
95 max. HRBW
ASTM A666-15 Type 304N S30451 240 35 550 L 80L 30L A 217 max. HB;
95 max. HRB
EN 10028-7:2007 X5CrNiN19-9 1.4315 t<8 290 550-750 40T SA see standard for
t<13.5 270 550-750 --- 40T SA impact data
t<75 270 550-750 40T SA
EN 10088-2:2014 X5CrNiN19-9 1.4315 t<8 290 500-750 40T SA see standard for
t<13.5 270 500-750 40T SA impact data
t<75 270 500-750 40T SA
GB 3280-92 Grade 0Cr19Ni9N 275 550 35 ST 217 max. HB;
95 max. HRB
GB 4237-92 Grade 0Cr19Ni9N 275 550 35 ST 217 max. HB;
95 max. HRB
1ISO 9328-7:2004 Grade X5CrNiN18-8 t<6 290 550-750 40T SA
<12 270 550-750 40T SA see standard for
75 270 550-750 --- 40T SA impact data
JIS G 4304:2012 Symbol SUS304N1 - 275 550 35 ST 217 max. HBW;
95 max. HRBW,;
220 max. HV
JIS G 4305:2012 Symbol SUS304N1 275 550 35 ST 217 max. HBW;
95 max. HRBW,;
220 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 304LN S30453 205 30 515 75 40 Q+SA 217 max. HB;
95 max. HRB
ASME SA-666 Type 304LN S30453 205 30 515 L 75L 40 L A 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 304LN S30453 205 30 515 75 40 SA 217 max. HBW;
95 max. HRBW
ASTM A666-15 Type 304LN S30453 205 30 515L 75L 40 L A 217 max. HB;
95 max. HRB
EN 10028-7:2007 X2CrNiN18-10 - 1.4311 t<8 — 290 - 550-750 40T SA see standard for
t<13.5 270 550-750 --- 40T SA impact data
t<75 270 550-750 40T SA
EN 10088-2:2014 X2CrNiN18-10 1.4311 t<8 290 550-750 40T SA see standard for
t<13.5 270 550-750 40T SA impact data
t<75 270 550-750 40T SA
GB 3280-92 Grade 00Cr18Ni10N 245 550 40 ST 217 max. HB;
95 max. HRB
GB 4237-92 Grade 00Cr18Ni10N 245 550 40 ST 217 max. HB;
95 max. HRB
1ISO 9328-7:2004 Grade X2CrNiN18-10 t<6 290 550-750 40T SA
<12 270 550-750 40T SA see standard for
75 270 550-750 --- 40T SA impact data
JIS G 4304:2012 Symbol SUS304LN - 245 550 40 ST 217 max. HBW;
95 max. HRBW,;
220 max. HV
JIS G 4305:2012 Symbol SUS304LN 245 550 40 ST 217 max. HBW;
95 max. HRBW;
220 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates

4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)

UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 309H S30909 205 30 515 75 40 Q+SA 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 309H S30909 205 30 515 75 40 SA 217 max. HBW;
95 max. HRBW
EN 10028-7:2007 X6CrNi23-13 1.4950 t<8 220 530-730 35T SA see standard for
t<13.5 200 510-710 35T SA impact data
t<75 200 510-710 35T SA
1ISO 9328-7:2004 Grade X6CrNi23-13 t<6 220 530-730 35T SA
t<12 200 510-710 35T SA see standard for
t<75 200 510-710 35T SA impact data
ASME SA-240/SA-240M Type 310H S31009 205 30 515 75 40 Q+SA 217 max. HB;
95 max. HRB
IASTM A240/A240M-15a Type 310H S31009 205 30 515 75 40 SA 217 max. HBW;
95 max. HRBW
EN 10028-7:2007 X6CrNi25-20 1.4951 t<8 220 530-730 35T SA see standard for
t<13.5 200 510-710 - 35T SA impact data
t<75 200 510-710 35T SA
1ISO 9328-7:2004 Grade X6CrNi25-20 t<6 220 530-730 35T SA
t<12 200 510-710 35T SA see standard for
t<75 200 510-710 - 35T SA impact data
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 316 S31600 205 30 515 75 40 Q+SA 217 max. HB;
95 max. HRB
ASME SA-666 Type 316 S31600 205 30 515L 75L 40 L A 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 316 S31600 205 30 515 75 40 SA 217 max. HBW;
95 max. HRBW
ASTM A666-15 Type 316 S31600 205 30 515L 75L 40 L A 217 max. HB;
95 max. HRB
EN 10028-7:2007 X5CrNiMo17-12-2 1.4401 t<8 -—- 240 --= 530-680 40T SA see standard for
t<13.5 220 530-680 - 40T SA impact data
t<75 220 520-670 45T SA
X3CrNiMo17-13-3 1.4436 t<8 240 550-700 40T SA see standard for
t<13.5 220 550-700 40T SA impact data
t<75 220 530-730 40T SA
EN 10088-2:2014 X5CrNiMo17-12-2 1.4401 t<8 240 530-680 40T SA see standard for
t<13.5 220 530-680 - 40T SA impact data
t<75 220 520-670 45T SA
X3CrNiMo17-13-3 1.4436 t<8 -—- 240 - 550-700 40T SA see standard for
t<13.5 220 550-700 - 40T SA impact data
t<75 220 530-730 40T SA
GB 3280-92 Grade 0Cr17Ni12Mo2 205 520 40 ST 187 max. HB;
90 max. HRB
GB 4237-92 Grade 0Cr17Ni12Mo2 205 520 40 ST 187 max. HB;
90 max. HRB
GB 4238-92 Grade 0Cr17Ni12Mo2 205 520 40 ST 187 max. HB;
90 max. HRB
1ISO 9328-7:2004 Grade X3CrNiMo17-12-3 t<6 240 550-700 40T SA
t<12 220 550-700 40T SA see standard for
t<75 220 530-730 - 40T SA impact data
Grade X5CrNiMo17-12-2 t<6 240 530-680 40T SA
t<12 220 530-680 40T SA see standard for
75 220 520-670 45T SA impact data
JIS G 4304:2012 Symbol SUS316 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS316 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 316L S31603 170 25 485 70 40 Q+SA 217 max. HB;
95 max. HRB
ASME SA-666 Type 316L S31603 170 25 485 L 70L 40 L A 217 max. HB;
95 max. HRB
IASTM A240/A240M-15a Type 316L S31603 170 25 485 70 40 SA 217 max. HBW;
95 max. HRBW
ASTM A666-15 Type 316L S31603 170 25 485 L 70L 40 L A 217 max. HB;
95 max. HRB
EN 10028-7:2007 X2CrNiMo17-12-2 1.4404 t<8 -—- 240 --= 530-680 40T SA see standard for
t<13.5 220 530-680 - 40T SA impact data
t<75 220 520-670 45T SA
X2CrNiMo17-12-3 1.4432 t<8 240 550-700 40T SA see standard for
t<13.5 220 550-700 40T SA impact data
t<75 220 520-670 45T SA
X2CrNiMo18-14-3 1.4435 t<8 - 240 - 550-700 40T SA see standard for
t<13.5 220 550-700 - 40T SA impact data
t<75 220 520-670 45T SA
EN 10088-2:2014 X2CrNiMo17-12-2 1.4404 t<8 -—- 240 --= 530-680 40T SA see standard for
t<13.5 220 530-680 - 40T SA impact data
t<75 220 520-670 45T SA
X2CrNiMo17-12-3 1.4432 t<8 240 550-700 40T SA see standard for
t<13.5 220 550-700 40T SA impact data
t<75 220 520-670 45T SA
X2CrNiMo18-14-3 1.4435 t<8 - 240 - 550-700 40T SA see standard for
t<13.5 220 550-700 - 40T SA impact data
t<75 220 520-670 45T SA
GB 3280-92 Grade 00Cr17Ni14Mo2 177 480 40 ST 187 max. HB;
90 max. HRB
GB 4237-92 Grade 00Cr17Ni14Mo2 177 480 40 ST 187 max. HB;
90 max. HRB

Note: This section continued on next page.
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
1ISO 9328-7:2004 Grade X2CrNiMo17-12-2 t<6 240 530-680 40T SA
t<12 220 530-680 40T SA see standard for
t<75 220 520-670 45T SA impact data
Grade X2CrNiMo17-12-3 t<6 240 550-700 40T SA
t<12 220 550-700 40T SA see standard for
t<75 220 520-670 - 45T SA impact data
Grade X2CrNiMo18-14-3 t<6 240 550-700 40T SA
t<12 220 550-700 40T SA see standard for
t<75 220 520-670 - 45T SA impact data
JIS G 4304:2012 Symbol SUS316L 175 480 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS316L 175 480 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
ASME SA-240/SA-240M Type 316Ti S31635 205 30 515 75 40 Q+SA 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 316Ti S31635 205 30 515 75 40 SA 217 max. HBW;
95 max. HRBW
EN 10028-7:2007 X6CrNiMoTi17-12-2 -—- 1.4571 t<8 --- 240 - 540-690 40T SA see standard for
t<13.5 220 540-690 - 40T SA impact data
t<75 220 520-670 40T SA
EN 10088-2:2014 X6CrNiMoTi17-12-2 1.4571 t<8 240 540-690 40T SA see standard for
t<13.5 220 540-690 40T SA impact data
t<75 220 520-670 40T SA
GB 3280-92 Grade 0Cr18Ni12Mo2Ti 205 530 35 ST 187 max. HB;
90 max. HRB
GB 4237-92 Grade 0Cr18Ni12Mo2Ti 205 530 37 ST 187 max. HB;
90 max. HRB
1ISO 9328-7:2004 Grade X6CrNiMoTi17-12- t<6 240 540-690 40T SA
2 <12 220 540-690 40T SA see standard for
75 220 520-670 - 40T SA impact data
JIS G 4304:2012 Symbol SUS316Ti - 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS316Ti 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 316Cb S31640 205 30 515 75 30 Q+SA 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 316Cb S31640 205 30 515 75 30 SA 217 max. HBW;
95 max. HRBW
EN 10028-7:2007 X6CrNiMoNb17-12-2 1.4580 t<75 220 520-720 40T SA see standard for
impact data
EN 10088-2:2014 X6CrNiMoNb17-12-2 1.4580 t<75 220 520-720 40T SA see standard for
impact data
1ISO 9328-7:2004 Grade X6CrNiMoNb17- --- t<75 220 - 520-720 40T SA see standard for
12-2 impact data
ASME SA-479/SA-479M Type 316LN S31653 205 30 515 75 30 A
ASTM A479/A479M-14 Type 316LN S31653 205 30 515 75 30 SA
EN 10028-7:2007 X2CrNiMoN17-11-2 1.4406 t<8 300 580-780 40T SA see standard for
t<13.5 280 580-780 - 40T SA impact data
t<75 280 580-780 40T SA
X2CrNiMoN17-13-3 1.4429 t<8 300 580-780 35T SA see standard for
t<13.5 280 580-780 35T SA impact data
t<75 280 580-780 40T SA
EN 10088-3:2014 X2CrNiMoN17-11-2 1.4406 t< 160 280 580-800 40 L SA 250 max. HBW
160 <t < 250 280 580-800 30T SA 250 max. HBW
GB 3280-92 Grade 00Cr17Ni13Mo2N 245 550 40 ST 217 max. HB;
95 max. HRB
GB 4237-92 Grade 00Cr17Ni13Mo2N 245 550 40 ST 217 max. HB;
95 max. HRB
1ISO 9328-7:2004 Grade X2CrNiMoN17-11- t<6 300 580-780 40T SA
2 <12 280 580-780 40T SA see standard for
t<75 280 580-780 40T SA impact data
Grade X2CrNiMoN17-13- t<6 300 580-780 35T SA
3 t<12 280 580-780 35T SA see standard for
75 280 580-780 - 40T SA impact data
JIS G 4304:2012 Symbol SUS316LN 245 550 40 ST 217 max. HBW;
95 max. HRBW;
220 max. HV
JIS G 4305:2012 Symbol SUS316LN 245 550 40 ST 217 max. HBW;
95 max. HRBW;
220 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 317L S31703 205 30 515 75 40 Q+SA 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 317L S31703 205 30 515 75 40 SA 217 max. HBW;
95 max. HRBW
EN 10028-7:2007 X2CrNiMo18-15-4 1.4438 t<8 240 550-700 35T SA see standard for
t<13.5 220 550-700 35T SA impact data
t<75 220 520-720 40T SA
EN 10088-2:2014 X2CrNiMo18-15-4 1.4438 t<8 240 550-700 35T SA see standard for
t<13.5 220 550-700 --- 35T SA impact data
t<75 220 520-720 40T SA
GB 4237-92 Grade 00Cr19Ni13Mo3 177 480 35 ST 187 max. HB;
90 max. HRB
1ISO 9328-7:2004 Grade X2CrNiMo18-15-4 t<6 240 550-700 35T SA
t<12 220 550-700 3BT SA see standard for
t<75 220 520-720 == 40T SA impact data
JIS G 4304:2012 Symbol SUS317L 175 480 40 ST 187 max. HBW;
90 max. HRBW,;
200 max. HV
JIS G 4305:2012 Symbol SUS317L 175 480 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
ASME SA-240/SA-240M Type 317LN S31753 240 35 550 80 40 Q+SA 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 317LN S31753 240 35 550 80 40 SA 217 max. HBW;
95 max. HRBW
EN 10028-7:2007 X2CrNiMoN18-12-4 -—- 1.4434 t<8 290 — 570-770 35T SA see standard for
t<13.5 270 570-770 --- 35T SA impact data
t<75 270 540-740 40T SA
EN 10088-2:2014 X2CrNiMoN18-12-4 1.4434 t<8 290 570-770 35T SA see standard for
t<13.5 270 570-770 35T SA impact data
t<75 270 540-740 40T SA
1ISO 9328-7:2004 Grade X2CrNiMoN18-12- t<6 290 570-770 35T SA
4 t<12 270 570-770 35T SA see standard for
t<75 270 540-740 40T SA impact data
JIS G 4304:2012 Symbol SUS317LN 245 550 40 ST 217 max. HBW;
95 max. HRBW;
220 max. HV
JIS G 4305:2012 Symbol SUS317LN 245 550 40 ST 217 max. HBW;
95 max. HRBW;
220 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 317LMN S31726 240 35 550 80 40 Q+SA 223 max. HB;
96 max. HRB
ASTM A240/A240M-15a Type 317LMN S31726 240 35 550 80 40 SA 223 max. HBW;
96 max. HRBW
EN 10028-7:2007 X2CrNiMoN17-13-5 1.4439 t<8 290 580-780 35T SA see standard for
t<13.5 270 580-780 35T SA impact data
t<75 270 580-780 40T SA
EN 10088-2:2014 X2CrNiMoN17-13-5 1.4439 t<8 290 580-780 35T SA see standard for
t<13.5 270 580-780 - 35T SA impact data
t<75 270 580-780 40T SA
1ISO 9328-7:2004 Grade X2CrNiMoN17-13- t<6 290 580-780 35T SA
5 t<12 270 580-780 35T SA see standard for
t<75 270 580-780 - 40 T SA impact data
ASME SA-240/SA-240M Type 321 S$32100 205 30 515 75 40 Q+SA 217 max. HB;
95 max. HRB
ASTM A240/A240M-15a Type 321 S$32100 205 30 515 75 40 SA 217 max. HBW;
95 max. HRBW
EN 10028-7:2007 XB6CrNiTi18-10 1.4541 t<8 220 520-720 40T SA see standard for
t<13.5 200 520-720 - 40T SA impact data
t<75 200 500-700 40T SA
EN 10088-2:2014 X6CrNiTi18-10 1.4541 t<8 220 520-720 40T SA
t<13.5 200 520-720 40T SA see standard for
t<75 200 500-700 40T SA impact data
GB 3280-92 Grade OCr18Ni10Ti 205 520 40 ST 187 max. HB;
90 max. HRB
GB 4237-92 Grade 0Cr18Ni10Ti 205 520 40 ST 187 max. HB;
90 max. HRB
GB 4238-92 Grade 0Cr18Ni10Ti 205 max. 520 40 ST 187 max. HB;
90 max. HRB
1ISO 9328-7:2004 Grade X6CrNiTi18-10 t<6 220 520-720 40T SA
<12 200 520-720 40T SA see standard for
75 200 500-700 40T SA impact data
JIS G 4304:2012 Symbol SUS321 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS321 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 347 S34700 205 30 515 75 40 Q+SA 201 max. HB;
92 max. HRB
ASTM A240/A240M-15a Type 347 S34700 205 30 515 75 40 SA 201 max. HBW;
92 max. HRBW
EN 10028-7:2007 X6CrNiNb18-10 1.4550 t<13.5 200 520-720 40T SA see standard for
t<75 200 500-700 40T SA impact data
EN 10088-2:2014 X6CrNiNb18-10 1.4550 t<8 220 520-720 40T SA see standard for
t<13.5 200 520-720 --- 40T SA impact data
t<75 200 500-700 40T SA
GB 3280-92 Grade 0Cr18Ni11Nb 205 520 40 ST 187 max. HB;
90 max. HRB
GB 4237-92 Grade 0Cr18Ni11Nb 205 520 40 ST 187 max. HB;
90 max. HRB
GB 4238-92 Grade 0Cr18Ni11Nb 205 520 40 ST 187 max. HB;
90 max. HRB
1ISO 9328-7:2004 Grade X6CrNiNb18-10 t<75 200 500-700 40T SA see standard for
impact data
JIS G 4304:2012 Symbol SUS347 205 520 40 ST 187 max. HBW;
90 max. HRBW,;
200 max. HV
JIS G 4305:2012 Symbol SUS347 205 520 40 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
ASME SA-240/SA-240M Type 904L N08904 220 31 490 71 35 Q+SA 90 max. HRB
ASTM A240/A240M-15a Type 904L N08904 220 31 490 71 35 SA 90 max. HRBW
EN 10028-7:2007 X1NiCrMoCu25-20-5 1.4539 t<8 240 530-730 3BT SA see standard for
t<13.5 220 530-730 - 35T SA impact data
t<75 220 520-720 35T SA
EN 10088-2:2014 X1NiCrMoCu25-20-5 1.4539 t<8 240 530-730 35T SA see standard for
t<13.5 220 530-730 35T SA impact data
t<75 220 520-720 35T SA
1ISO 9328-7:2004 Grade X1NiCrMoCu25- t<6 240 530-730 35T SA
20-5 t<12 220 530-730 35T SA see standard for
t<75 220 520-720 35T SA impact data
JIS G 4304:2012 Symbol SUS890L 215 490 35 ST 187 max. HBW;
90 max. HRBW;
200 max. HV
JIS G 4305:2012 Symbol SUS890L 215 490 35 ST 187 max. HBW;
90 max. HRBW,;
200 max. HV
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4.8 Austenitic Stainless Steels for Pressure Vessel Plates
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates (Continued)
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-240/SA-240M N08367 310 45 655 95 30 Q+SA 241 max. HB
310 45 690 100 30 Q+SA 100 max. HRB
N08926 295 43 650 94 35 Q+SA
S31277 360 52 770 112 40 Q+SA
ASTM A240/A240M-15a N08367 310 45 655 95 30 SA 241 max. HBW
310 45 690 100 30 SA 100 max. HRBW
N08926 295 43 650 94 35 SA
S31277 360 52 770 112 40 SA
EN 10028-7:2007 X1NiCrMoCuN25-20-7 - 1.4529 t<75 300 650-850 40T SA see standard for
impact data
EN 10088-2:2014 X1NiCrMoCuN25-20-7 1.4529 t<75 300 650-850 40T SA see standard for
impact data
1ISO 9328-7:2004 Grade X1NiCrMoCuN25- - t<75 300 - 650-850 40T SA see standard for
20-7 impact data
JIS G 4304:2012 Symbol SUS836L 275 640 40 ST 217 max. HBW;
96 max. HRBW;
230 max. HV
JIS G 4305:2012 Symbol SUS836L 275 640 40 ST 217 max. HBW;
96 max. HRBW,;
230 max. HV
ASME SA-240/SA-240M Type 800H N08810 170 25 450 65 30 Q+SA
ASTM A240/A240M-15a Type 800H N08810 170 25 450 65 30 SA
EN 10028-7:2007 X8NiCrAITi32-21 1.4959 t<75 170 500-750 30T SA see standard for
impact data
1ISO 9328-7:2004 Grade X8NiCrAITi32-21 t<75 170 500-750 30T SA see standard for
impact data
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UNS Steel Weight, %, max, Unless Otherwise Specified
Specification Designation No No C Mn Si | P S Cr Ni Mo Others
ASME SA-240/SA-240M Type 2205 S$32205 0.030 2.00 1.00 0.030 0.020 22.0-23.0 4.5-6.5 3.0-3.5 N 0.14-0.20
IASTM A240/A240M-15a S31803 0.030 2.00 1.00 0.030 0.020 21.0-23.0 4.5-6.5 2.5-3.5 N 0.08-0.20
Type 2205 S32205 0.030 2.00 1.00 0.030 0.020 22.0-23.0 4.5-6.5 3.0-3.5 N 0.14-0.20
EN 10028-7:2007 X2CrNiMoN22-5-3 1.4462 0.030 2.00 1.00 0.035 0.015 21.0-23.0 4.5-6.5 2.50-3.5 N 0.10-0.22
EN 10088-2:2014 X2CrNiMoN22-5-3 1.4462 0.030 2.00 1.00 0.035 0.015 21.0-23.0 4.5-6.5 2.50-3.5 N 0.10-0.22
1ISO 9328-7:2004 Grade X2CrNiMoN22-5-3 0.030 2.00 1.00 0.035 0.015 21.0-23.0 4.5-6.5 2.5-3.5 N 0.10-0.22
JIS G 4304:2012 Symbol SUS329J3L 0.030 2.00 1.00 0.040 0.030 = 21.00-24.00 4.50-6.50 2.50-3.50 N 0.08-0.20
JIS G 4305:2012 Symbol SUS329J3L 0.030 2.00 1.00 0.040 0.030 = 21.00-24.00 4.50-6.50 2.50-3.50 N 0.08-0.20
IASME SA-240/SA-240M Type 2304 S32304 0.030 2.50 1.00 0.040 0.030 21.5-24.5 3.0-5.5 0.05-0.60 @ Cu 0.05-0.60; N 0.05-0.20
IASTM A240/A240M-15a Type 2304 S32304 0.030 2.50 1.00 0.040 0.030 21.5-24.5 3.0-5.5 0.05-0.60 @ Cu 0.05-0.60; N 0.05-0.20
EN 10028-7:2007 X2CrNiN23-4 1.4362 0.030 2.00 1.00 0.035 0.015 22.0-24.0 3.5-5.5 0.10-0.60 = Cu 0.10-0.60; N 0.05-0.20
EN 10088-2:2014 X2CrNiN23-4 1.4362 0.030 2.00 1.00 0.035 0.015 22.0-24.5 3.5-5.5 0.10-0.60 = Cu 0.10-0.60; N 0.05-0.20
1ISO 9328-7:2004 Grade X2CrNiN23-4 0.030 2.00 1.00 0.035 0.015 22.0-24.0 3.5-5.5 0.10-0.60 = Cu 0.10-0.60; N 0.05-0.20
IASME SA-240/SA-240M S$32520 0.030 1.50 0.80 0.035 0.020 24.0-26.0 5.5-8.0 3.0-4.0 Cu 0.50-2.00; N 0.20-0.35
ASTM A240/A240M-15a S32520 0.030 1.50 0.80 0.035 0.020 24.0-26.0 5.5-8.0 3.0-4.0 Cu 0.50-2.00; N 0.20-0.35
EN 10028-7:2007 X2CrNiMoCuN25-6-3 1.4507 0.030 2.00 0.70 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.0 Cu 1.00-2.50; N 0.20-0.30
EN 10088-2:2014 X2CrNiMoCuN25-6-3 1.4507 0.030 2.00 0.70 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.0 Cu 1.00-2.50; N 0.20-0.30
1ISO 9328-7:2004 Grade X2CrNiMoCuN25-6-3 0.030 2.00 0.70 0.035 0.015 24.0-26.0 5.0-7.5 2.5-4.0 Cu 1.00-2.50; N 0.15-0.30
IASME SA-240/SA-240M Type 2507 S32750 0.030 1.20 0.80 0.035 0.020 24.0-26.0 6.0-8.0 3.0-5.0 Cu 0.50; N 0.24-0.32
ASTM A240/A240M-15a Type 2507 S32750 0.030 1.20 0.80 0.035 0.020 24.0-26.0 6.0-8.0 3.0-5.0 Cu 0.50; N 0.24-0.32
EN 10028-7:2007 X2CrNiMoN25-7-4 1.4410 0.030 2.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.5 N 0.24-0.35
EN 10088-2:2014 X2CrNiMoN25-7-4 1.4410 0.030 2.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.5 N 0.24-0.35
1ISO 9328-7:2004 Grade X2CrNiMoN25-7-4 0.030 2.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.5 N 0.24-0.35
IASME SA-240/SA-240M S$32760 0.030 1.00 1.00 0.030 0.010 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
N 0.20-0.30;
[Cr+(3.3xMo)+(16xN)] =
40 min.
ASTM A240/A240M-15a S$32760 0.030 1.00 1.00 0.030 0.010 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
N 0.20-0.30;
[Cr+(3.3xMo)+(16xN)] =
40 min.
EN 10028-7:2007 X2CrNiMoCuWN25-7-4 1.4501 0.030 1.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
N 0.20-0.30
EN 10088-2:2014 X2CrNiMoCuWN25-7-4 1.4501 0.030 1.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
N 0.20-0.30
1ISO 9328-7:2004 Grade 0.030 1.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
X2CrNiMoCuWN25-7-4 N 0.20-0.30
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4.9 Duplex Stainless Steels for Pressure Vessel Plates
4.9B Mechanical Properties of Duplex (Ferritic-Austenitic) Stainless Steels for Pressure Vessel Plates
UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
ASME SA-240/SA-240M Type 2205 S32205 450 65 655 95 25 Q+SA 293 max. HB;
31 max. HRC
ASTM A240/A240M-15a S31803 450 65 620 90 25 SA 293 max. HBW;
31 max. HRC
Type 2205 S32205 450 65 655 95 25 SA 293 max. HBW;
31 max. HRC
EN 10028-7:2007 X2CrNiMoN22-5-3 1.4462 t<8 485 700-950 20L,20T SA see standard for
t<13.5 445 700-950 25L,25T SA impact data
t<75 445 640-480 25L,25T SA
EN 10088-2:2014 X2CrNiMoN22-5-3 1.4462 t<8 500 700-950 20L,20T SA see standard for
t<13.5 460 700-950 - 25L,25T SA impact data
t<75 460 640-840 25L,25T SA
ISO 9328-7:2004 Grade X2CrNiMoN22-5-3 t<6 465 660-950 20L,20T SA
t<12 445 660-950 25L,25T SA see standard for
t<75 445 640-840 - 25L,25T SA impact data
JIS G 4304:2012 Symbol SUS329J3L 450 620 18 ST 302 max. HBW;
32 max. HRC;
320 max. HV
JIS G 4305:2012 Symbol SUS329J3L 450 620 18 ST 302 max. HBW;
32 max. HRC;
320 max. HV
IASME SA-240/SA-240M Type 2304 S32304 400 58 600 87 25 Q+SA 290 max. HB;
32 max. HRC
ASTM A240/A240M-15a Type 2304 S$32304 400 58 600 87 25 SA 290 max. HBW;
32 max. HRC
EN 10028-7:2007 X2CrNiN23-4 1.4362 t<8 - 405 - 600-850 20L,20T SA see standard for
t<13.5 385 600-850 20L,20T SA impact data
t< 50 385 630-800 25L,25T SA
EN 10088-2:2014 X2CrNiN23-4 1.4362 t<8 450 650-850 20L,20T SA see standard for
t<13.5 400 650-850 20L,20T SA impact data
t<75 400 630-800 25L,25T SA
1ISO 9328-7:2004 Grade X2CrNiN23-4 t<6 405 600-850 20L,20T SA
t<12 385 600-850 20L,20T SA see standard for
t<75 385 630-800 25L,25T SA impact data
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4.9 Duplex Stainless Steels for Pressure Vessel Plates

4.9B Mechanical Properties of Duplex (Ferritic-Austenitic) Stainless Steels for Pressure Vessel Plates (Continued)

UNS Steel |Section Thickness / Diameter|Yield Strength, min.| Tensile Strength, min. | Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi % min. Heat Treatment Other
IASME SA-240/SA-240M S32520 550 80 770 112 25 Q+SA 310 max. HB
IASTM A240/A240M-15a --- S32520 - 550 80 770 112 25 SA 310 max. HBW;
32 max. HRC
EN 10028-7:2007 X2CrNiMoCuN25-6-3 1.4507 t<8 495 690-940 20L,20T SA see standard for
t<13.5 475 690-940 20L,20T SA impact data
t<50 475 690-890 25L,25T SA
EN 10088-2:2014 X2CrNiMoCuN25-6-3 1.4507 t<8 550 750-1000 20L,20T SA see standard for
t<13.5 530 750-1000 20L,20T SA impact data
t<75 530 730-930 25L,25T SA
ISO 9328-7:2004 Grade X2CrNiMoCuN25- t<6 495 690-940 20L,20T SA
6-3 t<12 475 690-940 20L,20T SA see standard for
t<75 475 690-890 25L,25T SA impact data
IASME SA-240/SA-240M Type 2507 S32750 550 80 795 116 15 Q+SA 310 max. HB;
32 max. HRC
IASTM A240/A240M-15a Type 2507 S$32750 - 550 80 795 116 15 SA 310 max. HBW;
32 max. HRC
EN 10028-7:2007 X2CrNiMoN25-7-4 1.4410 t<8 535 750-1000 20L,20T SA see standard for
t<13.5 515 750-1000 20L,20T SA impact data
t<50 515 730-930 20L,20T SA
EN 10088-2:2014 X2CrNiMoN25-7-4 1.4410 t<8 550 750-1000 20L,20T SA see standard for
t<13.5 530 750-1000 20L,20T SA impact data
t<75 530 730-930 20L,20T SA
1ISO 9328-7:2004 Grade X2CrNiMoN25-7-4 t<6 535 750-1000 20L,20T SA
t<12 515 750-1000 20L,20T SA see standard for
t<75 515 730-930 --- 20L,20 T SA impact data
IASME SA-240/SA-240M S32760 550 80 750 108 25 Q+SA 270 max. HB
IASTM A240/A240M-15a --- S32760 - 550 80 750 108 25 SA 270 max. HBW;
28 max. HRC
EN 10028-7:2007 X2CrNiMoCuWN25-7-4 1.4501 t<50 - 515 - 730-930 25L,25T SA see standard for
impact data
EN 10088-2:2014 X2CrNiMoCuWN25-7-4 1.4501 t<75 - 530 - 730-930 25L,25T SA see standard for
impact data
1ISO 9328-7:2004 Grade t<75 515 730-930 25L,25T SA see standard for
X2CrNiMoCuWN25-7-4 impact data
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190 Steel Tubes and Pipes - List of Standards  Chapter 5

AFNOR Standards

AFNOR NF A 49-220:1990
AFNOR NF A 49-647:1979

Grooved Seamless Steel Tubes for Use at High Temperature - Dimensions - Technical Delivery Conditions
Structural Welded Tubes, Circular, Square, Rectangular or Oval, in Ferritic or Austenitic Stainless Steels
Dimensions - Technical Delivery Conditions

API Standard

[APIBL - 2012

Specification for Line Pipe

ASME Standards

ASME SA-53/SA-53M
ASME SA-106/SA-106M
ASME SA-135

ASME SA-178/SA-178M
ASME SA-179/SA-179M

ASME SA-192/SA-192M

ASME SA-209/SA-209M
ASME SA-210/SA-210M
ASME SA-213/SA-213M
ASME SA-214/SA-214M
ASME SA-249/SA-249M
ASME SA-250/SA-250M
ASME SA-268/SA-268M
ASME SA-312/SA-312M
ASME SA-333/SA-333M
ASME SA-334/SA-334M
ASME SA-335/SA-335M

ASME SA-358/SA-358M

ASME SA-376/SA-376M
ASME SA-409/SA-409M

ASME SA-513

ASME SA-556/SA-556M
ASME SA-688/SA-688M
ASME SA-789/SA-789M
ASME SA-803/SA-803M

Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless

Seamless Carbon Steel Pipe for High-Temperature Service

Electric-Resistance-Welded Steel Pipe

Electric-Resistance-Welded Carbon Steel and Carbon-Manganese Steel Boiler and Superheater Tubes
Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Carbon Steel Boiler Tubes for High-Pressure Service

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Carbon-Molybdenum Alloy-Steel Boiler and Superheater Tubes

Seamless Medium-Carbon Steel Boiler and Superheater Tubes

Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes
Electric-Resistance-Welded Carbon Steel Heat-Exchanger and Condenser Tubes

Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes
Electric-Resistance-Welded Ferritic Alloy-Steel Boiler and Superheater Tubes

Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for General Service
Seamless and Welded Austenitic Stainless Steel Pipes

Seamless and Welded Steel Pipe for Low-Temperature Service

Seamless and Welded Carbon and Alloy-Steel Tubes for Low-Temperature Service

Seamless Ferritic Alloy-Steel Pipe for High-Temperature Service

Electric-Fusion—Welded Austenitic Chromium-Nickel Alloy Steel Pipe for High-Temperature Service
Note: The listed tensile requirements conform to ASTM A240/A240M plate material that is used to make the
pipe. See the applicable AWS filler metal specifications listed in ASTM A240/A240M for the weld tensile
property requirements.

Seamless Austenitic Steel Pipe for High-Temperature Central-Station Service

Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature Service
Electric-Resistance-Welded Carbon and Alloy Steel Mechanical Tubing

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Cold-Drawn Carbon Steel Feedwater Heater Tubes

Welded Austenitic Stainless Steel Feedwater Heater Tubes

Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for General Service

Welded Ferritic Stainless Steel Feedwater Heater Tubes
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ASTM A53/A53M-12

ASTM A106/A106M-14

ASTM A135/A135M-09 (2014)
ASTM A139/A139M-04 (2010)

ASTM A178/A178M-02 (2012)
ASTM A179/A179M-90a (2012)

ASTM A192/A192-02 (2012)

ASTM A209/A209-03 (2012)
ASTM A210/A210M-02 (2012)
ASTM A213/A213M-15a
ASTM A214/A214M-96 (2012)
ASTM A249/A249M-14a
ASTM A250/A250M-05 (2014)
ASTM A268/A268M-10

ASTM A269/A269M-14e1

ASTM A270/A270M-15
ASTM A312/A312M-15
ASTM A333/A333M-13

ASTM A334/A334M-04a (2010)
ASTM A335/A335M-15

ASTM A358/A358M-14a

ASTM A376/A376M-14
ASTM A409/A409M-15
ASTM A500/A500M-13
ASTM A501/A501M-14

ASTM A511/A511M-15a
ASTM A512-06 (2012)

ASTM A513/A513M-15

ASTM A519-06 (2012)

ASTM A554-15

ASTM A556/A556M-96 (2012)
ASTM A595/A595M-14

ASTM A632-04 (2014)

ASTM A688/A688M-15

ASTM A778-01 (2009)e1
ASTM A789/A789M-14

ASTM A803/A803M-12

ASTM A908-03 (2013)

Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless

Seamless Carbon Steel Pipe for High-Temperature Service

Electric-Resistance-Welded Steel Pipe

Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)

Electric-Resistance-Welded Carbon Steel and Carbon-Manganese Steel Boiler and Superheater Tubes
Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Carbon Steel Boiler Tubes for High-Pressure Service

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Carbon-Molybdenum Alloy-Steel Boiler and Superheater Tubes

Seamless Medium-Carbon Steel Boiler and Superheater Tubes

Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes
Electric-Resistance-Welded Carbon Steel Heat-Exchanger and Condenser Tubes

Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes
Electric-Resistance-Welded Ferritic Alloy-Steel Boiler and Superheater Tubes

Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for General Service

Seamless and Welded Austenitic Stainless Steel Tubing for General Service

Seamless and Welded Austenitic and Ferritic/Austenitic Stainless Steel Sanitary Tubing

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes

Seamless and Welded Steel Pipe for Low-Temperature Service and Other Applications with Required Notch
Toughness

Seamless and Welded Carbon and Alloy-Steel Tubes for Low-Temperature Service

Seamless Ferritic Alloy-Steel Pipe for High-Temperature Service

Electric-Fusion—Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature Service and
General Applications

Note: The listed tensile requirements conform to ASTM A240/A240M plate material that is used to make the
pipe. See the applicable AWS filler metal specifications listed in ASTM A240/A240M for the weld tensile
property requirements.

Seamless Austenitic Steel Pipe for High-Temperature Service

Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature Service

Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes
Hot-Formed Welded and Seamless Carbon Steel Structural Tubing

Seamless Stainless Steel Mechanical Tubing

Note: Mechanical properties data are supplementary requirements, provided for information only.
Cold-Drawn Buttweld Carbon Steel Mechanical Tubing

Note: Mechanical properties data are supplementary requirements, provided for information only.
Electric-Resistance-Welded Carbon and Alloy Steel Mechanical Tubing

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Carbon and Alloy Steel Mechanical Tubing

Note: Mechanical properties data are supplementary requirements, provided for information only. Data are
"typical" values.

Welded Stainless Steel Mechanical Tubing

Note: Mechanical properties data are supplementary requirements, provided for information only.
Seamless Cold-Drawn Carbon Steel Feedwater Heater Tubes

Steel Tubes, Low-Carbon or High-Strength Low-Alloy, Tapered for Structural Use

Seamless and Welded Austenitic Stainless Steel Tubing (Small-Diameter) for General Service
Seamless and Welded Austenitic Stainless Steel Feedwater Heater Tubes

Welded, Unannealed Austenitic Stainless Steel Tubular Products

Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for General Service

Seamless and Welded Ferritic Stainless Steel Feedwater Heater Tubes

Stainless Steel Needle Tubing

BSI Standards

BS 3604-2:1991

Steel Pipes and Tubes for Pressure Purposes: Ferritic Alloy Steel with Specified Elevated Temperature
Properties — Part 2: Specification for Longitudinally Arc Welded Tubes

CSA Standard

[csA z245.1-14

Steel Pipe
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EN Standards

EN 10216-1:2013

EN 10216-2:2013
EN 10216-3:2013
EN 10216-4:2013
EN 10216-5:2013
EN 10217-1:2002 A1:2005

EN 10217-2:2002 A1:2005

EN 10217-4:2002 A1:2005

EN 10217-5:2002 A1:2005

EN 10217-6:2002 A1:2005
EN 10217-7:2014
EN 10296-1:2003

EN 10296-2:2005 C2:2007

EN 10297-1:2003

EN 10297-2:2005 C1:2007

EN 10305-1:2010
EN 10305-2:2010
EN 10305-3:2010

Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 1: Non-alloy steel tubes with
specified room temperature properties

Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 2: Non-alloy and alloy steel
tubes with specified elevated temperature properties

Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 3: Alloy fine grain steel tubes
Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 4: Non-alloy and alloy steel
tubes with specified low temperature properties

Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 5: Stainless steel tubes
Welded steel tubes for pressure purposes — Technical delivery conditions — Part 1: Non-alloy steel tubes with
specified room temperature properties

Welded steel tubes for pressure purposes — Technical delivery conditions — Part 2: Electric welded non-alloy and
alloy steel tubes with specified elevated temperature properties

Welded steel tubes for pressure purposes — Technical delivery conditions — Part 4: Electric welded non-alloy steel
tubes with specified low temperature properties

Welded steel tubes for pressure purposes — Technical delivery conditions — Part 5: Submerged arc welded non-
alloy and alloy steel tubes with specified elevated temperature properties

Welded steel tubes for pressure purposes — Technical delivery conditions — Part 6: Submerged arc welded non-
alloy steel tubes with specified low temperature properties

Welded steel tubes for pressure purposes — Technical delivery conditions — Part 7: Stainless steel tubes

Welded circular steel tubes for mechanical and general engineering purposes — Technical delivery conditions —
Part 1: Non-alloy and alloy steel tubes

Welded circular steel tubes for mechanical and general engineering purposes — Technical delivery conditions —
Part 2: Stainless steel

Seamless circular steel tubes for mechanical and general engineering purposes — Technical delivery conditions —
Part 1: Non-alloy and alloy steel tubes

Seamless circular steel tubes for mechanical and general engineering purposes — Technical delivery conditions —
Part 2: Stainless steel

Steel tubes for precision applications — Technical delivery conditions — Part 1: Seamless cold drawn tubes

Steel tubes for precision applications — Technical delivery conditions — Part 2: Welded cold drawn tubes

Steel tubes for precision applications — Technical delivery conditions — Part 3: Welded cold sized tubes

ISO Standards

ISO 2937:1974
ISO 3304:1985
ISO 3305:1985
1ISO 3306:1985

1ISO 9329-2:1997
1ISO 9329-3:1997
1ISO 9330-3:1997

1SO 9330-5:2000

Plain End Seamless Steel Tubes for Mechanical Application

Plain End Seamless Precision Steel Tubes - Technical Conditions for Delivery

Plain End Welded Precision Steel Tubes - Technical Conditions for Delivery

Plain End As-Welded and Sized Precision Steel Tubes - Technical Conditions for Delivery

Seamless Steel Tubes for Pressure Purposes - Technical Delivery Conditions - Part 2: Unalloyed and Alloyed
Steels with Specified Elevated Temperature Properties

Seamless Steel Tubes for Pressure Purposes. Technical Delivery Conditions

Part 3: Unalloyed and Alloyed Steels with Specified Low Temperature Properties

Welded Steel Tubes for Pressure Purposes. Technical Delivery Conditions. Part 3: Electric Resistance and
Induction Welded Unalloyed and Alloyed Steel Tubes with Specified Low Temperature Properties

Welded Steel Tubes for Pressure Purposes - Technical Delivery Conditions

Part 5: Submerged Arc-Welded Unalloyed and Alloyed Steel Tubes with Specified Low Temperature Properties

EN ISO Standard

[EN1SO 3183:2013

Petroleum and natural gas industries — Steel pipe for pipeline transportation systems

GB Standards

GB 3087-1999
GB 5310-1995
GB 6479-2000
GB/T 12770-2002
GB/T 14164:2005
GB/T 14975-2002
GB/T 17396-1998
GB 18248-2000
GB/T 18984-2003

Seamless Steel Tubes for Low and Medium Pressure

Seamless Steel Tubes and Pipes for High Pressure Boiler

Seamless Steel Tubes for High-Pressure for Chemical Fertilizer Equipments
Welded Stainless Steel Tubes for Machine Structures

Hot-Rolled Wide Strips for Line Pipe of Petroleum and Natural Gas
Stainless Steel Seamless Tubes for Structures

Seamless Hot-Rolled Steel Tubes for Hydraulic Pillar Service

Seamless Steel Tubes for Gas Cylinder

Seamless Steel Tubes for Low-Temperature-Service Piping
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JIS G 3441:2012
JIS G 3444:2010
JIS G 3445:2010
JIS G 3446:2012
JIS G 3452:2014
JIS G 3454:2012
JIS G 3455:2012
JIS G 3456:2014
JIS G 3457:2012
JIS G 3458:2013
JIS G 3459:2012
JIS G 3460:2013
JIS G 3461:2012
JIS G 3462:2014
JIS G 3463:2012
JIS G 3464:2013
JIS G 3467:2013
JIS G 3468:2011
JIS G 3472:2013
JIS G 3473:2013
JIS G 3474:2014

Alloy steel tubes for machine purposes

Carbon steel tubes for general structure

Carbon steel tubes for machine structure

Stainless steel pipes for machine and structural purposes
Carbon steel pipes for ordinary piping

Carbon steel tubes for pressure service

Carbon steel pipes for high pressure service

Carbon steel pipes for high temperature service

Arc welded carbon steel pipes

Alloy steel pipes

Stainless steel pipes

Steel tubes for low temperature service

Carbon steel boiler and heat exchanger tubes

Alloy steel tubes for boiler and heat exchanger
Stainless steel boiler and heat exchanger tubes

Steel heat exchanger tubes for low temperature service
Steel tubes for fired heater

Large diameter welded stainless steel pipes

Electric resistance welded carbon steel tubes for automobile

Carbon steel tubes for cylinder barrels
High strength steel tubes for steel tower

SAE Standard

[SAE J526 NOV10

Welded Low-Carbon Steel Tubing Suitable for Bending, Flaring, Beading, Forming and Brazing
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Heat Treatment Terms Applicable to this Chapter

5.1 Tubes for General and Structural Applications

Standard

|Heat Treatment Terms

AFNOR NF A 49-647:1979
ASME SA-268/SA-268M
ASME SA-513

ASME SA-789/SA-789M
ASTM A268/A268M-10
ASTM A269/A269M-14e1
ASTM A270/A270M-15
ASTM A500/A500M-13
ASTM A501/A501M-14
ASTM A511/A511M-15a
ASTM A512-06 (2012)
ASTM A513/A513M-15
ASTM A519-06 (2012)
ASTM A554-15

ASTM A595/A595M-14
ASTM A632-04 (2014)
ASTM A778-01 (2009)e1
ASTM A789/A789M-14

EN 10296-1:2003

EN 10296-2:2005 C2:2007
EN 10297-1:2003

EN 10297-2:2005 C1:2007
EN 10305-1:2010

EN 10305-2:2010

EN 10305-3:2010

GB/T 12770-2002
GB/T 14975-2002
GB/T 17396-1998
GB 18248-2000
ISO 2937:1974

ISO 3304:1985

ISO 3305:1985

ISO 3306:1985
JIS G 3441:2012
JIS G 3444:2010
JIS G 3445:2010
JIS G 3446:2012
JIS G 3472:2013
JIS G 3473:2013
JIS G 3474:2014
SAE J526 NOV10

AM: as manufactured

HT: heat treated

N: normalized; AW: as-welded; SD: sink-drawn; MD: mandrel-drawn; MD SR: mandrel-drawn stress-relieved
ST+Q: solution treated and quenched

HT: heat treated

HT: heat treated

HT+Q: heat treated then quenched with water; RC: rapidly cooled

CF: cold formed; SR: stress relieved; A: annealed; HT: heat treated

HF: hot formed

A: annealed; A+Q: annealed then water quenched; RC: cooled rapidly

SA: soft-annealed; SR A: stress relief annealed

AW: as-welded; N: normalized; SD: sink-drawn; MD: mandrel-drawn; MD SR: mandrel-drawn stress-relieved
HR: hot rolled; CW: cold worked; SR: stress relieved; A: annealed; N: normalized; AM: as manufactured
A: annealed; none: not thermally treated

RCCM: roll compressed cold on a mandrel

HT: heat treated; HT+Q: heat treated then water quenched; RC: cooled rapidly

AM: as manufactured

ST+Q: solution treated and quenched

CR: cold rolled; A: annealed; N: full tube normalized; NW: normalized weld zone; U: see standard

AW: as welded; A: annealed; SA: solution annealed

AR: as rolled; N: normalized; QT: quenched and tempered; A: annealed

A: annealed; SA: solution annealed; Q+T: quenched and tempered; CF: cold finished; HF: hot finished
A: annealed; C: cold drawn, hard; LC: cold drawn, soft; N: normalized; SR: cold drawn and stress relieved
A: annealed; C: cold drawn, hard; LC: cold drawn, soft; N: normalized; SR: cold drawn and stress relieved
A: annealed; N: normalized; CR1: welded and cold sized, suitable for final annealing;

CR2: welded and cold sized, not intended for heat treatment after welding and resizing

A: annealed; W: as-welded; ST: solution treated

BA: by agreement

HR: hot-rolled; A: annealed; H+T: hardened and tempered

Q+T: quenched and tempered

HF: hot finished

BK: cold-finished, as drawn; BKW: lightly cold-worked condition; GBK and GZF (A): annealed;

NBK and NZF (N): normalized

BK: cold-finished, as drawn; BKW: lightly cold-worked condition; GBK and GZF (A): annealed;

NBK and NZF (N): normalized

KM: as-welded and sized; GKM and GZF (A): annealed; NKM and NZF (N): normalized

AM: as manufactured; CF: cold finished; A: annealed

AM: as manufactured

AM: as manufactured; CF: cold formed; AHT: appropriately heat treated

ST: solution treated; AM: as manufactured; A: annealed

See standard

AM: as manufactured; CF: cold finished; SR: stress relieved annealed

AM: as manufactured

See standard
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Heat Treatment Terms Applicable to this Chapter (Continued)

5.2 Tubes for Heat Transfer Applications

Standard

|Heat Treatment Terms

ASME SA-178/SA-178M
ASME SA-179/SA-179M
ASME SA-192/SA-192M

ASME SA-209/SA-209M

ASME SA-210/SA-210M

ASME SA-213/SA-213M

ASME SA-214/SA-214M
ASME SA-249/SA-249M
ASME SA-250/SA-250M
ASME SA-556/SA-556M
ASME SA-688/SA-688M
ASME SA-803/SA-803M
ASTM A178/A178M-02 (2012)
ASTM A179/A179M-90a (2012)
ASTM A192/A192M-02 (2012)
ASTM A209/A209M-03 (2012)
ASTM A210/A210M-02 (2012)

ASTM A213/A213M-15a

ASTM A214/A214M-96 (2012)
ASTM A249/A249M-14a
ASTM A250/A250M-05 (2014)
ASTM A556/A556M-96 (2012)
ASTM A688/A688M-15

ASTM A803/A803M-12

EN 10216-1:2013

EN 10216-2:2013

EN 10217-1:2002 A1:2005
EN 10217-2:2002 A1:2005
EN 10217-7:2014
JIS G 3461:2012

JIS G 3462:2014
JIS G 3463:2012

JIS G 3467:2013

See standard

HT: heat treated after final cold draw pass at 1200°F (650°C) or higher

CF: cold finished

HF: hot finished; CF+IA: cold finished and isothermally annealed; FA: fully annealed;

N+T: normalized and tempered

HF: hot finished; CF+A: cold finished and subcritically annealed;

CF+N: cold finished and normalized heat treatment

A+N+T+SCA: fully or isothermally annealed, normalized and tempered, and subcritically annealed,;
A+N+T: fully or isothermally annealed and normalized and tempered; N+T: normalized and tempered;
ST+Q: solution treated then water quenched; RC: cooled rapidly

See standard

ST+Q: solution treated then water quenched; RC: cooled rapidly

FA: fully annealed; IA: isothermally annealed; N: normalized; N+T: normalized and tempered

HT: heat treated

SA+RC: solution annealed then cooled rapidly; SA+Q: solution annealed then quenched rapidly
SA: solution-annealed

See standard

CD + 1200°F min: cold drawn + heat treated at 1200°F or higher

HF: hot finished; CF + 1200°F min: cold finished + heat treated at 1200°F or higher

See standard

HF: hot finished; CF+SA: cold finished and subcritically annealed; A: fully annealed; N: normalized
A: annealed; |A: isothermally annealed; NT: normalized and tempered; SA: subcritically annealed;
ST+Q: solution treated then water quenched; RC: cooled rapidly

See standard

ST+Q: solution treated then water quenched; RC: rapidly cooled; SA: solution annealed

A: fully annealed; 1A: isothermally annealed; N: normalized; NT: normalized and tempered

CD + 1200°F min: cold drawn + heat treated to 1200°F or higher

SA+RC: solution-annealed then rapidly cooled; SA+Q: solution-annealed then quenched in water
SA: solution-annealed

HF: hot formed; HFCF: hot formed cold finished; AF: as formed; N: normalized; NF: normalizing formed;
I: isothermally annealed; N: normalized; NT: normalized and tempered; QT: quenched and tempered;
NF: normalizing formed

See standard

See standard

SA: solution annealed

See standard; N: normalized

LTA: low temperature annealed; IA: isothermally annealed; A: fully annealed; N: normalized;

NT: normalized and tempered

A: annealed; ST: solution treated

HFS: hot finished seamless; CFS: cold finished seamless; AM: as manufactured;

LTA: low temperature annealed; IA: isothermally annealed; A: fully annealed; N: normalized;

NT: normalized and tempered; ST: solution treated

5.3 Tubes for Low Temperature Service

Standard

[Heat Treatment Terms

ASME SA-334/SA-334M

ASTM A334/A334M-04a (2010)

EN 10216-4:2013

EN 10217-4:2002 A1:2005
GB/T 18984-2003

1ISO 9329-3:1997

1ISO 9330-3:1997

1ISO 9330-5:2000

JIS G 3464:2013

N: normalized; N+T: normalized and tempered; Q+T: quenched and tempered;

NN+T: double normalized and tempered

N: normalized; NT: normalized and tempered; QT: quenched and tempered; NNT: double normalized and
tempered

N: normalized; NT: normalized and tempered; QT: quenched and tempered

See standard

N: normalized

N: normalized; QT: quenched and tempered

N: normalized; QT: quenched and tempered

N: normalized; QT: quenched and tempered

N: normalized; NT: normalized and tempered; NNT: double normalized and tempered;
QT: quenched and tempered
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Heat Treatment Terms Applicable to this Chapter (Continued)

5.4 Tubes and Pipes for Pressure Service

Standard |Heat Treatment Terms

AFNOR NF A 49-220:1990 See standard; N: normalized; T: tempered
ASME SA-53/SA-53M

ASME SA-106 CF+HT: cold finished and heat treated; HF: hot finished
ASME SA-135
ASME SA-312/SA-312M A+Q: annealed then water quenched; RC: cooled rapidly

N: normalized; N+T: normalized and tempered; Q+T: quenched and tempered;

NN+T: double normalized and tempered

A: fully or isothermally annealed; N+T: normalized and tempered; SA: subcritically annealed;

Q+T: quenched and tempered

H: heated at specified temperature and water quenched or rapidly cooled;

ASME SA-358/SA-358M HT: a final heat treatment temperature under 1900°F;

A+Q: annealed and quenched; ST: solution treated

HT+Q: heat treated then water quenched; RC: cooled rapidly; SA+Q: solution annealed then water quenched;
SA+RC: solution annealed then cooled rapidly

ASME SA-333/SA-333M

ASME SA-335/SA-335M

ASME SA-376/SA-376M

ASME SA-409/SA-409M HT+Q: heat treated then water quenched; RC: cooled rapidly
ASTM A53/A53M-12 AM: as manufactured; T: tempered
ASTM A106/A106M-14 HF: hot finished; CD + 1200°F min: cold drawn + heat treated at 1200°F or higher

ASTM A135/A135M-09 (2012) 'AM: as manufactured; T: tempered
ASTM A139/A139M-04 (2010) | See standard
ASTM A312/A312M-15 A+Q: annealed then water quenched; RC: cooled rapidly
QT: quenched and tempered; NNT: double normalized and tempered; N: normalized;
ASTM A333/A333M-13 NT: normalized and tempered
FA: fully annealed; IA: isothermally annealed; NT: normalized and tempered;
ASTM A335/A335M-15 QT: liquid quenched and tempered; SA: subcritically annealed
H: heated at specified temperature and water quenched or rapidly cooled;
HT: a final heat treatment temperature under 1900°F;
ASTM A358/A358M-14a HT-O: no final heat treatment of pipe fabricated of plate that has been solution treated at temperatures
required by this specification;
HT-SO: No final heat treatment of pipe fabricated of plate that has not been heat treated
ASTM A376/A376M-14 See standard; HT: heat treated
H: heated at specified temperature and water quenched or rapidly cooled;
HT: a final heat treatment temperature under 1900°F;
ASTM A409/A409M-15 HT-O: no final heat treatment of pipe fabricated of plate that has been solution treated at temperatures
required by this specification;
HT-SO: No final heat treatment of pipe fabricated of plate that has not been heat treated
ASTM A908-03 (2013)
BS 3604-2:1991 See standard
EN 10216-1:2013 HF: hot formed; HFCF: hot formed cold finished; AF: as formed; N: normalized; NF: normalizing formed;
EN 10216-2:2013 I: is_otherma}lly annealed; N: normalized; NT: normalized and tempered; QT: quenched and tempered;
NF: normalizing formed

EN 10216-3:2013 N: normalized
EN 10216-4:2013 N: normalized; NT: normalized and tempered; QT: quenched and tempered
SA: solution annealed; SA+CF: solution annealed and cold finished; SA+HF: solution annealed and hot

EN 10216-5:2013 finished

EN 10217-1:2002 A1:2005 See standard
EN 10217-2:2002 A1:2005 See standard
EN 10217-4:2002 A1:2005 See standard

EN 10217-7:2014 SA: solution annealed

GB 3087-1999 HF: hot finished; CF: cold finished; HT: heat treated

GB 5310-1995 N+T: normalized and tempered; N: normalized; ST: solution treated
GB 6479-2000 N: normalized; N+T: normalized and tempered; A: annealed
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Heat Treatment Terms Applicable to this Chapter (Continued)

5.4 Tubes and Pipes for Pressure Service (Continued)

197

Standard |Heat Treatment Terms

JIS G 3452:2014 See Standard

JIS G 3454:2012 AM: as manufactured; CF + A: cold finished and annealed

JIS G 3455:2012 See standard

JIS G 3456:2014 See standard

JIS G 3457:2012 AW: as welded; ACE: as cold expanded
LTA: low temperature annealed; IA: isothermally annealed; FA: fully annealed; N: normalized;

JIS G 3458:2013 NT: normalizeF:d and tempered y Y

JIS G 3459:2012 ST: solution treated

JIS G 3460:2013 N: nc_)rmalized; NT: nprmalized and tempered; QT: quenched and tempered;
NNT: double normalized and tempered

JIS G 3468:2011 ST: solution treated

5.5 Line Pipe Steels

Standard [Heat Treatment Terms

API 5L - 2012 See standard

CSA Z245.1-14 See standard

EN ISO 3183:2013 See standard

GB/T 14164-2005 HR: hot-rolled; CtR: control-rolled

Impact Testing Notes Applicable to this Chapter

see standard for impact data: impact testing requirements are listed in the standard for multiple test temperatures.
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5.1 Carbon Steel Tubes for General and Structural Applications
5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications
UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10296-1:2003 E155 1.0033 260 28 A
EN 10305-3:2010 E155 1.0033 260 28 A see standard
EN 10305-2:2010 E155 1.0033 260 28 A see standard
ASTM A513-15* Grade 1008 G10080  --- 160 23 260 38 30 N 65 max HRB
ASME SA-513* Grade 1008 G10080  --- 159 23 262 38 30 N 65 max HRB
1ISO 3304:1985 R28 270 30 GBK & GZF
1ISO 3305:1985 R28 270 30 GBK & GZF
ISO 3306:1985 R28 270 30 GKM & GZF
EN 10305-2:2010 E155 1.0033 155 270-410 28 N see standard
EN 10305-3:2010 E155 1.0033 155 270-410 28 N see standard
EN 10296-1:2003 E155 1.0033 155 270 28 N
E190 1.0031 190 270 26L;24T CR
EN 10305-3:2010 E190 1.0031 190 270 26 CR2 see standard
ASTM A513-15* Grade 1010 G10100 --- == 170 25 275 40 30 N 65 max HRB
ASTM A512-06 (2012)* Grade MT 1010 G10100  --- 138 20 276 40 35 SA 40-65 HRB
ASME SA-513* Grade 1010 G10100  --- 172 25 276 40 30 N 65 max HRB
EN 10305-1:2010 E215 1.0212 140 280 30 A see standard
1ISO 3304:1985 R28 155 280 28 NBK & NZF
1ISO 3305:1985 R28 155 280 28 NBK & NZF
1ISO 3306:1985 R28 155 280 28 NKM & NZF
JIS G 3444:2010 Symbol STK290 d<40 290 30L AM
40 < d <350 290 30L AM
d > 350 290 25T AM
JIS G 3445:2010 Symbol STKM11A d>40 290 35L;30T AM, CF, or AHT
JIS G 3452:2014 Symbol SGP 3<t<4 290 24L;19T see standard
4<t<5b 290 26L;20T see standard
5<t<6 290 - 27L;22T see standard -—-
6<t<7 290 - 28L;24T see standard -—-
7<t<8 290 - 30L;25T see standard -
t=8 290 - 30L;25T see standard -
EN 10305-3:2010 E155 1.0033 203 290 15 CR1 see standard
E195 1.0034 - - 290 - 28 A see standard
EN 10305-2:2010 E195 1.0034 145 290 28 A see standard

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications
5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.|Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
SAE J526 NOV10 --- --- 170 --- 290 14 see standard 65 max HR30T
EN 10296-1:2003 E155 1.0033 175 290 15 U, N\W
JIS G 3472:2013 Symbol STAM290GA - - 175 -—- 290 40 see standard
Symbol STAM290GB --- --- 175 --- 290 35 see standard
ASTM A513-15* Grade 1008 G10080  --- 205 30 290 42 15 AW 50 min HRB
ASME SA-513* Grade 1008 G10080  --- 207 30 290 42 15 AW 50 min HRB
EN 10305-1:2010 E215 1.0212 215 290-430 30 N see standard
ASTM A512-06 (2012)* Grade MT 1015 G10150  --- 172 25 296 43 34 SA 40 min HRB
EN 10305-2:2010 E195 1.0034 195 300-440 28 N see standard
EN 10305-3:2010 E195 1.0034 195 300-440 28 N see standard
EN 10296-1:2003 E195 1.0034 300 28 A
195 300 28 N
1ISO 3306:1985 R28 300 10 KM
ASTM A513-15* Grade 1015 G10150  --- 205 30 310 45 30 N 70 max HRB
ASME SA-513* Grade 1015 G10150  --- 207 30 310 45 30 N 70 max HRB
EN 10305-3:2010 E220 1.0215 220 310 23 CR2 see standard
ASTM A513-15* Grade 1010 G10100  --- 220 32 310 45 15 AW 55 min HRB
ASME SA-513* Grade 1010 G10100  --- 221 32 310 45 15 AW 55 min HRB
ASTM A500-13 Grade A K03000  --- d<22 d<0.875 230 33 310L 45 L 25L CF, SR, A
d<22 d<0.875 270 39 310L 45 L 25L CF, SR, A
EN 10296-1:2003 E220 1.0215 220 310 23L;21T CR
E235 1.0308 315 25 A
EN 10305-3:2010 E235 1.0308 315 25 A see standard
EN 10305-1:2010 E235 1.0308 158 315 25 A see standard
EN 10305-2:2010 E235 1.0308 158 315 25 A see standard
1ISO 3304:1985 R33 320 27 GBK & GZF
1ISO 3305:1985 R33 320 27 GBK & GZF
1ISO 3306:1985 R33 320 27 GKM & GZF
1ISO 3304:1985 R33 195 320 25 NBK & NZF
1ISO 3305:1985 R33 195 320 25 NBK & NZF
ISO 3306:1985 R33 195 320 25 NKM & NZF
1ISO 2937:1974 TS 1 195 320-440 25 HF

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications
5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.|Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
1ISO 3306:1985 R33 330 8 KM
EN 10305-3:2010 E195 1.0034 231 330 8 CR1 see standard
EN 10296-1:2003 E195 1.0034 250 330 8 U, NW
ASTM A513-15* Grade 1015 G10150  --- 240 35 330 48 15 AW 58 min HRB
Grade 1008 G10080  --- 260 38 330 48 8 SD 65 min HRB
ASTM A519-06 (2012)* Grade 1020 G10200  --- 0.D.<323.8 0.D.<12.75 193 28 331 48 30 A 50 HRB
ASME SA-513* Grade 1015 G10150  --- 241 35 331 48 15 AW 58 min HRB
Grade 1008 G10080  --- 262 38 331 48 8 SD 65 min HRB
1ISO 3304:1985 R37 340 26 GBK & GZF
1ISO 3305:1985 R37 340 26 GBK & GZF
1ISO 3306:1985 R37 340 26 GKM & GZF
JIS G 3445:2010 Symbol STKM12A d>40 175 340 35L;30T AM, CF, or AHT
JIS G 3472:2013 Symbol STAM340G 195 340 35 see standard
EN 10305-1:2010 E235 1.0308 235 340-480 25 N see standard
EN 10305-2:2010 E235 1.0308 235 340-480 25 N see standard
EN 10305-3:2010 E235 1.0308 235 340-480 25 N see standard
EN 10296-1:2003 E235 1.0308 235 340 25 N
E260 1.0220 260 340 21L;19T CR
EN 10305-3:2010 E260 1.0220 260 340 21 CR2 see standard
ASTM A512-06 (2012)* Grade MT 1020 G10200  --- 207 30 345 50 32 SA 50 min HRB
ASTM A519-06 (2012)* Grade 1020 G10200  --- 221 32 345 50 25 HR 55 HRB
ASTM A513-15* Grade 1020 G10200  --- 240 35 345 50 25 N 75 max HRB
Grade 1021 G10210 - 240 35 345 50 25 N 78 max HRB
Grade 1010 G10100  --- 275 40 345 50 8 SD 65 min HRB
ASME SA-513* Grade 1020 G10200  --- 241 35 345 50 25 N 75 max HRB
Grade 1021 G10210 - 241 35 345 50 25 N 78 max HRB
Grade 1010 G10100  --- 276 40 345 50 8 SD 65 min HRB

*: See "List of Standards" at the beginning of the chapter.
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5.1 Carbon Steel Tubes for General and Structural Applications
5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
1ISO 3304:1985 R28 350 10 BKW
1ISO 3305:1985 R28 350 10 BKW
EN 10305-2:2010 E155 1.0033 245 350 10 LC see standard
245 350 18 SR
ASME SA-513* Grade 1020 G10200  --- 262 38 359 52 12 AW 62 min HRB
1ISO 2937:1974 TS 4 - - 215 360-480 - 24 HF
1ISO 3304:1985 R37 215 360 24 NBK & NZF
ISO 3305:1985 R37 215 360 24 NBK & NZF
1ISO 3306:1985 R37 215 360 24 NKM & NZF
EN 10297-1:2003 E235 1.0308 t<16 235 360 25L;23T AR, N
16 <t<40 225 360 25L;23T AR, N
40<t<65 215 360 25L;23T AR, N
65 <t<80 205 340 25L;23T AR, N
80<t<100 195 340 25L;23T AR, N
ASTM A513-15* Grade 1020 G10200  --- 260 38 360 52 12 AW 62 min HRB
ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.D.<323.8 0.D.<12.75 207 30 365 53 25 A 57 HRB
1ISO 3304:1985 R33 370 10 BKW
1ISO 3305:1985 R33 370 10 BKW
JIS G 3473:2013 Symbol STC370 215 370 30 AM
JIS G 3445:2010 Symbol STKM13A d> 40 215 370 30L;25T AM, CF, or AHT
EN 10305-2:2010 E195 1.0034 259 370 10 LC see standard
--- 260 370 --- 18 SR see standard
EN 10296-1:2003 E275K2 1.0456 t<16 275 370 --- 24 L;22T --- 40 J at -20°C
t>16 265 370 24 1;22T 40 J at -20°C
ASTM A513-15* Grade 1021 G10210  --- 275 40 370 54 12 AW 62 min HRB
ASME SA-513* Grade 1021 G10210  --- --= 276 40 372 54 12 AW 62 min HRB
ASTM A519-06 (2012)* Grade 1020 G10200  --- 0.D.<323.8 0.D.<12.75 234 34 379 55 22 N 60 HRB
ASTM A512-06 (2012)* Grade MT 1025 G10250  --- 241 35 379 55 32 SA 55 min HRB
ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.D.<3238 0.D.<12.75 241 35 379 55 25 HR 60 HRB
0.D.<323.8 0.D.<12.75 248 36 379 55 22 N 60 HRB

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-513* Grade 1025 G10250  --- 255 37 379 55 25 N 80 max HRB
Grade 1008 G10080  --- 310 45 379 55 12 MD SR 68 min HRB
Grade 1010 G10100  --- 310 45 379 55 12 MD SR 68 min HRB
Grade 1015 G10150  --- 310 45 379 55 8 SD 67 min HRB
ASTM A513-15* Grade 1025 G10250  --- 255 37 379 55 25 N 80 max HRB
Grade 1008 G10080  --- 310 45 380 55 12 MD SR 68 min HRB
Grade 1010 G10100  --- 310 45 380 55 12 MD SR 68 min HRB
Grade 1015 G10150  --- 310 45 380 55 8 SD 67 min HRB
EN 10305-1:2010 E215 1.0212 266 380 12 LC see standard
280 380 16 SR see standard
ASTM A513-15* Grade 1025 G10250  --- 275 40 385 56 12 AW 65 min HRB
ASME SA-513* Grade 1025 G10250  --- 276 40 386 56 12 AW 65 min HRB
EN 10296-1:2003 E275 1.0225 390 21 A
EN 10305-1:2010 E255 1.0408 390 21 A see standard
EN 10305-3:2010 E275 1.0225 390 22 A see standard
E235 1.0308 273 390 7 CR1 see standard
EN 10305-2:2010 E275 1.0225 195 390 22 A see standard
EN 10296-1:2003 E235 1.0308 300 390 7 U, NW
JIS G 3472:2013 Symbol STAM390G --- 235 390 --- 30 see standard
JIS G 3445:2010 Symbol STKM12B 275 390 25L;20T AM, CF, or AHT
1ISO 3304:1985 R28 400 8 BK
R37 400 9 BKW
R44 400 24 GBK & GZF
1ISO 3305:1985 R28 400 8 BK
R37 400 9 BKW
R44 400 24 GBK & GZF
1ISO 3306:1985 R37 400 7 KM
R44 400 24 GKM & GZF
EN 10305-2:2010 E155 1.0033 320 400 6 C see standard
JIS G 3444:2010 Symbol STK400 d<40 235 400 23 L AM
40 < d <350 235 400 23 L AM
d > 350 235 400 18T AM

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page
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5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

Chapter5 Steel Tubes and Pipes 203

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation
Specification Designation No. No. mm in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASTM A500-13 Grade D --- d<22 d<0.875 250 36 400 L 58 L 23L HT
GB/T 17396-1998 Grade 20 - - - - 245 - 400 20 HR, A or H+T
ASTM A501-14 Grade A K03000  --- - 250 36 400 L 58 L 23 L HF
ASTM A500-13 Grade B K03000  --- d<22 d<0.875 290 42 400 L 58 L 23L CF, SR, A
d<22 d<0.875 315 46 400 L 58 L 23L CF, SR, A
EN 10296-1:2003 E275 1.0225 275 410 - 21 N
EN 10297-1:2003 E275 1.0225 t<16 275 410 - 22L;20T AR, N
16 <t<40 265 410 - 22L;20T AR, N
40<t<65 255 410 --- 22L;20T AR, N
65 <t<80 245 380 - 22L;20T AR, N
80<t<100 235 380 - 22L;20T AR, N
EN 10305-2:2010 E275 1.0225 --- 275 410-550 --- 22 N see standard
EN 10305-3:2010 E275 1.0225 275 410-550 22 N see standard
EN 10296-1:2003 E320 1.0237 --- 320 410 --- 19L17T CR
EN 10305-3:2010 E320 1.0237 320 410 19 CR2 see standard
L: 40 J at -20°C
EN 10297-1:2003 E275K2 1.0456 <16 275 410 - 22L;20T N T: 97 J at -20°C
16 <t<40 265 = - 410 —  221;207 N s a0 a2t
40 <t<65 255 | 410 — 221;207 N s a0 a20e
65 <t <80 245 | 380 —  221;207T N Cao a2t
80 <t< 100 235 | - 380 —  221;207T N a0 at-e0e

Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 2937:1974 TS 9 235 410-530 22 HF
JIS G 3445:2010 Symbol STKM14A 245 410 25L;20T AM, CF, or AHT
ASTM A519-06 (2012)* Grade 1035 G10350  --- 0.D. <3238 0O.D.<12.75 228 33 414 60 25 A 67 HRB
ASME SA-513* Grade 1026 G10260  --- 276 40 414 60 25 N 85 max HRB
Grade 1030 G10300  --- 276 40 414 60 25 N 85 max HRB
Grade 1008 G10080  --- 345 50 414 60 5 MD 73 min HRB
Grade 1010 G10100  --- 345 50 414 60 5 MD 73 min HRB
Grade 1015 G10150 - 345 50 414 60 12 MD SR 72 min HRB
Grade 1020 G10200 - 345 50 414 60 8 SD 70 min HRB
ASTM A513-15* Grade 1026 G10260  --- 275 40 414 60 25 N 85 max HRB
Grade 1030 G10300  --- 275 40 415 60 25 N 85 max HRB
Grade 1008 G10080  --- 345 50 415 60 5 MD 73 min HRB
Grade 1010 G10100  --- 345 50 415 60 5 MD 73 min HRB
Grade 1015 G10150 - 345 50 415 60 12 MD SR 72 min HRB
Grade 1020 G10200  --- 345 50 415 60 8 SD 70 min HRB
ISO 3304:1985 R33 420 6 BK
ISO 3305:1985 R33 420 6 BK
EN 10305-1:2010 E235 1.0308 294 420 10 LC see standard
EN 10305-2:2010 E195 1.0034 336 420 6 C see standard
EN 10305-1:2010 E235 1.0308 350 420 16 SR
ASTM A513-15* Grade 1026 G10260  --- 310 45 425 62 12 AW 68 min HRB
Grade 1030 G10300  --- 310 45 425 62 10 AW 70 min HRB
ASTM A500-13 Grade C K02705  --- d<22 d<0.875 315 46 425 L 62 L 21L CF, SR, A
d<22 d<0.875 345 50 425 L 62 L 21L CF, SR, A
ASTM A513-15* Grade 1021 G10210 - 360 52 425 62 7 SD 70 min HRB
ASME SA-513* Grade 1026 G10260  --- 310 45 427 62 12 AW 68 min HRB
Grade 1030 G10300  --- 310 45 427 62 10 AW 70 min HRB
Grade 1021 G10210 - 359 52 428 62 7 SD 70 min HRB
EN 10297-1:2003 C22E 1.1151 t<16 240 430 241,227 N see standard
16 <t<40 210 410 --- 25L;23T N see standard
40<t<80 210 410 --- 251,237 N see standard
ISO 3306:1985 R44 430 6 KM
ISO 3304:1985 R44 255 430 22 NBK & NZF
ISO 3305:1985 R44 255 430 22 NBK & NZF

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 3306:1985 R44 255 430 22 NKM & NZF
EN 10305-1:2010 E215 1.0212 344 430 8 C see standard
ASTM A512-06 (2012)* Grade MT 1010 G10100  --- 400 58 434-689 = 63-100 15 SR A 70-90 HRB
EN 10305-1:2010 C35E 1.1181 440 22 A see standard
E255 1.0408 - 255 440-570 - 21 N see standard
EN 10305-3:2010 E275 1.0225 308 440 6 CR1 see standard
EN 10305-2:2010 E235 1.0308 308 440 10 LC see standard
325 440 14 SR see standard
EN 10296-1:2003 E275 1.0225 340 440 6 U, NW
JIS G 3445:2010 Symbol STKM18A d> 40 275 440 25L;20T AM, CF, or AHT
Symbol STKM13B d> 40 305 440 20L;15T AM, CF, or AHT
JIS G 3472:2013 Symbol STAM440G 305 440 25 see standard
JIS G 3473:2013 Symbol STC440 305 440 10 CF and SR
JIS G 3472:2013 Symbol STAM440H 355 440 20 see standard
ASTM A519-06 (2012)* Grade 1045 G10450  --- 0.D.<323.8 0.D.<12.75 241 35 448 65 20 A 72 HRB
Grade 1035 G10350  --- 0.D.<323.8 0.D.<12.75 276 40 448 65 20 HR 72 HRB
Grade 1035 G10350  --- 0.D.<323.8 0.D.<12.75 276 40 448 65 20 N 72 HRB
ASME SA-513* Grade 1035 G10350  --- 310 45 448 65 20 N 88 max HRB
Grade 1040 G10400  --- 310 45 448 65 20 N 90 max HRB
ASTM A519-06 (2012)* Grade 1020 G10200  --- 0.D.<323.8 0.D.<12.75 345 50 448 65 10 SR 72 HRB
ASME SA-513* Grade 1015 G10150  --- 379 55 448 65 5 MD 77 min HRB
Grade 1020 G10200  --- 379 55 448 65 10 MD SR 75 min HRB
Grade 1025 G10250  --- 379 55 448 65 7 SD 72 min HRB
ASTM A512-06 (2012)* Grade MT 1030 G10300  --- 276 40 448 65 30 SA 60 min HRB
Grade 1110 G11100  --- 400 58 434-689 = 63-100 15 SR A 70-100 HRB
Grade 1011 G10110 - 407 59 448-689 = 65-100 13 SR A 70-100 HRB
ASTM A513-15* Grade 1035 G10350  --- 310 45 450 65 20 N 88 max HRB
Grade 1040 G10400  --- 310 45 450 65 20 N 90 max HRB
ASTM A513-15* Grade 1015 G10150  --- 380 55 450 65 5 MD 77 min HRB
Grade 1020 G10200  --- 380 55 450 65 10 MD SR 75 min HRB
Grade 1025 G10250  --- 380 55 450 65 7 SD 72 min HRB
1ISO 3304:1985 R37 450 6 BK
R44 450 8 BKW
1ISO 3305:1985 R37 450 6 BK
R44 450 8 BKW

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10305-3:2010 E355 1.0580 450 22 A see standard
EN 10305-1:2010 E355 1.0580 225 450 22 A see standard
EN 10305-2:2010 E355 1.0580 225 450 22 A see standard
EN 10297-1:2003 E315 1.0236 t<16 315 450 21L;19T AR, N
16 <t<40 305 450 21,197 AR, N
40<t<65 295 450 21,197 AR, N
65 <t<80 280 420 21L;19T AR, N
80<t<100 270 420 21L;19T AR, N
EN 10305-3:2010 E370 1.0261 370 450 15 CR2 see standard
EN 10296-1:2003 E370 1.0261 370 450 15L;13T CR
ASTM A595/A595M-14 Grade A K02004  --- 380 55 450 65 23 RCCM
ASTM A513-15* Grade 1035 G10350  --- 345 50 455 66 10 AW 75 min HRB
Grade 1524 G15240  --- 345 50 455 66 10 AW 75 min HRB
Grade 1040 G10400  --- 345 50 455 66 10 AW 75 min HRB
ASME SA-513* Grade 1035 G10350  --- 345 50 455 66 10 AW 75 min HRB
Grade 1524 G15240 - 345 50 455 66 10 AW 75 min HRB
Grade 1040 G10400 - 345 50 455 66 10 AW 75 min HRB
ASTM A512-06 (2012)* Grade MT 1015 G10150  --- 414 60 455-689 | 66-100 14 SR A 70-100 HRB
EN 10305-1:2010 C35E 1.1181 280 460 21 N see standard
ASTM A512-06 (2012)* Grade 1016 G10160 - 421 61 462-689 | 67-100 13 SRA 70-100 HRB
Grade MT 1017 G10170  --- 427 62 462-689 = 67-100 13 SR A 72-100 HRB
ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.D.<3238 0O.D.<12.75 262 38 469 68 18 A 74 HRB
ASME SA-513* Grade 1021 G10210 - 400 58 469 68 10 MD SR 75 min HRB
ASTM A512-06 (2012)* Grade 1018 G10180  --- 427 62 469-689 | 68-100 13 SRA 73-100 HRB
JIS G 3445:2010 Symbol STKM15A d>40 275 470 22,17 T AM, CF, or AHT
JIS G 3472:2013 Symbol STAM470G --- 325 470 --- 22 see standard
JIS G 3445:2010 Symbol STKM12C d>40 355 470 20L;15T AM, CF, or AHT
ASTM A513-15* Grade 1021 G10210 - 400 58 470 68 10 MD SR 75 min HRB
JIS G 3472:2013 Symbol STAM470H 410 470 18 see standard
ISO 3304:1985 R50 480 23 GBK & GZF
ISO 3305:1985 R50 480 23 GBK & GZF
ISO 3306:1985 R50 480 23 GKM & GZF
EN 10305-1:2010 E235 1.0308 384 480 6 C see standard
ASTM A595/A595M-14 Grade B K02005  --- 410 60 480 70 21 RCCM

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASTM A513-15* Grade 1026 G10260  --- 380 55 480 70 7 SD 77 min HRB
Grade 1020 G10200 - 415 60 480 70 5 MD 80 min HRB
Grade 1025 G10250  --- 415 60 480 70 10 MD SR 77 min HRB
Grade 1030 G10300 - 425 62 480 70 7 SD 78 min HRB
ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.D.<3238 0.D.<12.75 379 55 483 70 8 SR 75 HRB
ASTM A519-06 (2012)* Grade 1020 G10200  --- 0.D.<3238 0.D.<12.75 414 60 483 70 5 Ccw 75 HRB
ASME SA-513* Grade 1026 G10260  --- 379 55 483 70 7 SD 77 min HRB
Grade 1020 G10200 - 414 60 483 70 5 MD 80 min HRB
Grade 1025 G10250  --- 414 60 483 70 10 MD SR 77 min HRB
Grade 1030 G10300 - 427 62 483 70 7 SD 78 min HRB
EN 10297-1:2003 E355 1.0580 t<16 355 490 20L;18T AR, N
16<t<40 345 490 20L;18T AR, N
40<t<65 335 490 20L;18T AR, N
65 <t<80 315 470 20L;18T AR, N
80 <t<100 295 470 20L;18T AR, N
EN 10296-1:2003 E355 1.0580 490 22 A
ISO 3304:1985 R50 285 490 21 NBK & NZF
ISO 3305:1985 R50 285 490 21 NBK & NZF
ISO 3306:1985 R50 285 490 21 NKM & NZF
JIS G 3444:2010 Symbol STK490 d <40 315 490 23 L AM
40 <d <350 315 490 23 L AM
d > 350 315 490 18T AM
JIS G 3445:2010 Symbol STKM18B 315 490 23L;18T AM, CF, or AHT
Symbol STKM19A 315 490 23L;18T AM, CF, or AHT
ISO 2937:1974 TS 18 285 490-610 21 HF
EN 10296-1:2003 E355 1.0580 355 490 22 N
EN 10305-1:2010 E355 1.0580 355 490-630 22 N see standard
EN 10305-2:2010 E355 1.0580 355 490-630 22 N see standard
EN 10305-3:2010 E355 1.0580 355 490-630 22 N see standard
EN 10305-2:2010 E235 1.0308 392 490 6 C see standard
EN 10305-3:2010 E420 1.0575 420 490 12 CR2 see standard
ASTM A512-06 (2012)* Grade MT 1020 G10200  --- 448 65 490-896 | 71-130 11 SRA 75 HRB-20 HRC
ASTM A513-15* Grade 1021 G10210 - 425 62 495 72 5 MD 80 min HRB
ASME SA-513* Grade 1021 G10210 - 427 62 496 72 5 MD 80 min HRB
ASTM A512-06 (2012)* Grade 1025 G10250  --- 462 67 496-896 = 72-130 11 SR A 78 HRB-20 HRC

*: See "List of Standards" at the beginning of the chapter.
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
EN 10297-1:2003 C22E 1.1151 t<8 340 500 --- 20L;18T QT
8<t=<20 290 470 22L;20T QT
20<t<50 270 440 22L;20T QT
50<t=<80 260 420 --- 22L;20 QT
JIS G 3444:2010 Symbol STK500 d <40 355 500 15L AM
40 < d <350 355 500 15L AM
d > 350 355 500 10T AM
JIS G 3472:2013 Symbol STAM500G 355 500 --- 18 see standard
JIS G 3445:2010 Symbol STKM14B 355 500 15L;10T AM, CF, or AHT
JIS G 3472:2013 Symbol STAM500H --- --- 430 500 --- 16 see standard
EN 10305-1:2010 C45E 1.1191 - 510 - 20 A see standard
GB/T 17396-1998 Grade 35 305 510 17 HR, A or H+T
JIS G 3445:2010 Symbol STKM16A d> 40 325 510 20L;15T AM, CF, or AHT
EN 10305-2:2010 E275 1.0225 357 510 8 LC see standard
375 510 12 SR see standard
JIS G 3445:2010 Symbol STKM13C d>40 380 510 15L;10T AM, CF, or AHT
Symbol STKM18C d> 40 380 510 15L;10T AM, CF, or AHT
JIS G 3473:2013 Symbol STC510A 380 510 10 CF or SR
Symbol STC510B 380 510 15 SR
ASTM A513-15* Grade 1025 G10250  --- 450 65 515 75 5 MD 82 min HRB
Grade 1026 G10260  --- 450 65 515 75 10 MD SR 80 min HRB
ASTM A519-06 (2012)* Grade 1045 G10450  --- 0.D.<323.8 0.D.<12.75 310 45 517 75 15 HR 80 HRB
0.D.<3238 0.D.<12.75 331 48 517 75 15 N 80 HRB
ASME SA-513* Grade 1025 G10250  --- 448 65 517 75 5 MD 82 min HRB
Grade 1026 G10260  --- 448 65 517 75 10 MD SR 80 min HRB
ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.D.<323.8 0.D.<12.75 448 65 517 75 5 CW 80 HRB
Grade 1035 G10350  --- 0.D.<323.8 0.D.<12.75 448 65 517 75 8 SR 80 HRB
EN 10305-1:2010 E255 1.0408 520 8 LC see standard
E410 1.0509 - 520 - 22 A see standard
1ISO 3304:1985 R44 - - - - - 520 5 BK
ISO 3305:1985 R44 520 5 BK
ISO 3306:1985 R50 520 5 KM
EN 10305-1:2010 E255 1.0408 375 520 12 SR see standard
ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.D.<3238 0.D.=<12.75 345 50 538 78 12 N 82 HRB
EN 10305-1:2010 C35E 1.1181 540 7 LC see standard

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ISO 2937:1974 C 35 275 540-660 20 HF
EN 10305-1:2010 C45E 1.1191 340 540 18 N see standard
EN 10305-3:2010 E355 1.0580 378 540 5 CR1 see standard
JIS G 3444:2010 Symbol STK540 d <40 390 540 20L AM
40 < d <350 390 540 20L AM
d > 350 390 540 16T AM
JIS G 3445:2010 Symbol STKM20A d>40 390 540 23L;18T AM, CF, or AHT
JIS G 3473:2013 Symbol STC540 390 540 20 AM
EN 10296-1:2003 E355 1.0580 400 540 5 U, NW
JIS G 3472:2013 Symbol STAM540H 480 540 13 see standard
ISO 3304:1985 R50 550 7 BKW
ISO 3305:1985 R50 550 7 BKW
EN 10297-1:2003 C35E 1.1181 t<16 300 550 18L;16 T N see standard
16 <t<40 270 520 19L17T N see standard
40<t<80 270 520 19L17T N see standard
JIS G 3445:2010 Symbol STKM17A d> 40 345 550 20L;15T AM, CF, or AHT
EN 10305-1:2010 E410 1.0509 410 550-700 22 N see standard
JIS G 3445:2010 Symbol STKM14C d>40 410 550 15L;10T AM, CF, or AHT
Symbol STKM19C d>40 410 550 15L;10T AM, CF, or AHT
ASTM A513-15* Grade 1026 G10260  --- 480 70 550 80 5 MD 85 min HRB
Grade 1030 G10300  --- 480 70 550 80 10 MD SR 81 min HRB
Grade 1035 G10350  --- 480 70 550 80 7 SD 82 min HRB
ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.D.<323.8 0.D.<12.75 345 50 552 80 10 HR 85 HRB
ASTM A512-06 (2012)* Grade 1030 G10300  --- 483 70 552-896 & 80-130 10 SR A 80 HRB-20 HRC
ASTM A519-06 (2012)* Grade 1045 G10450  --- 0.D.<323.8 0O.D.<12.75 483 70 552 80 8 SR 85 HRB
ASME SA-513* Grade 1026 G10260  --- 483 70 552 80 5 MD 85 min HRB
Grade 1030 G10300  --- 483 70 552 80 10 MD SR 81 min HRB
Grade 1035 G10350  --- 483 70 552 80 7 SD 82 min HRB
EN 10305-2:2010 E275 1.0225 448 560 5 C see standard
ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.D.<3238 0O.D.<12.75 483 70 565 82 6 SR 86 HRB
EN 10305-1:2010 E255 1.0408 --- --- 580 --- 5 C see standard
E355 1.0580 406 580 7 LC see standard
--- 450 580 - 10 SR see standard
JIS G 3445:2010 Symbol STKM15C d > 40 430 580 12L;,7T AM, CF, or AHT

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASTM A513-15* Grade 1030 G10300  --- 515 75 585 85 5 MD 87 min HRB
Grade 1035 G10350  --- 515 75 585 85 10 MD SR 85 min HRB
Grade 1040 G10400  --- 515 75 585 85 10 MD SR 85 min HRB
Grade 1524 G15240 - 515 75 585 85 10 MD SR 85 min HRB
ASME SA-513* Grade 1030 G10300  --- 517 75 586 85 5 MD 87 min HRB
Grade 1035 G10350  --- 517 75 586 85 10 MD SR 85 min HRB
Grade 1040 G10400  --- 517 75 586 85 10 MD SR 85 min HRB
Grade 1524 G15240  --- 517 75 586 85 10 MD SR 85 min HRB
ASTM A519-06 (2012)* Grade 1035 G10350  --- 0.D.<3238 0.D.<12.75 517 75 586 85 5 Ccw 88 HRB
EN 10305-1:2010 C35E 1.1181 590 5 C see standard
GB/T 17396-1998 Grade 45 335 590 14 HR, A or H+T
EN 10305-2:2010 E355 1.0580 413 590 6 LC see standard
- 435 590 - 10 SR see standard
JIS G 3474:2014 Symbol STKT590 440 590-740 20L;16T AM
JIS G 3473:2013 Symbol STC590A 490 590 10 CF or SR
Symbol STC590B 490 590 15 SR

L: 27J at -20°C

EN 10297-1:2003 E420J2 1.0599 t<16 420 600 --- 19L17T N T: 20 J at -20°C
. L: 27J at -20°C
16<t<40 400 560 19L;,17T N T. 20 J at -20°C
. L: 27J at -20°C
40<t<65 390 530 19L;,17T N T. 20 J at -20°C
. L: 27J at -20°C
65 <t<80 370 500 19L;,17T N T. 20 J at -20°C
. L: 27J at -20°C
80 <t<100 360 500 -~ 1eL7T N T: 20 J at -20°C
ISO 3304:1985 R50 600 4 BK
ISO 3305:1985 R50 600 4 BK
EN 10305-1:2010 E410 1.0509 620 8 LC see standard
EN 10297-1:2003 C45E 1.1181 t<16 340 620 14L;12T N see standard
16 <t <40 305 580 - 16L;14T N see standard
40<t<80 305 580 16L;14T N see standard
JIS G 3445:2010 Symbol STKM16C d> 40 460 620 12L,7T AM, CF, or AHT
ASTM A513-15* Grade 1035 G10350  --- 550 80 620 90 5 MD 90 min HRB
Grade 1040 G10400 - 550 80 620 90 5 MD 90 min HRB
Grade 1524 G15240  --- 550 80 620 90 5 MD 90 min HRB
ASTM A519-06 (2012)* Grade 1045 G10450  --- 0.D.<323.8 0.D.<12.75 552 80 621 90 5 CW 90 HRB

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter |Yield Strength, min.|Tensile Strength, min.| Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi % min. Heat Treatment Other
ASME SA-513* Grade 1035 G10350  --- 552 80 621 90 5 MD 90 min HRB
Grade 1040 G10400 - 5562 80 621 90 5 MD 90 min HRB
Grade 1524 G15240  --- 552 80 621 90 5 MD 90 min HRB
EN 10297-1:2003 C35E 1.1181 t<8 430 630 17L;15T QT
8<t<20 380 600 19L;,17T QT
20 <t<50 320 550 20L;18T QT
50 <t<80 290 500 20L;18T QT
EN 10305-1:2010 E355 1.0580 512 640 4 C see standard
EN 10305-2:2010 E355 1.0580 512 640 4 C see standard
EN 10305-1:2010 26Mn5 1.1161 650 7 LC see standard
EN 10297-1:2003 E470 1.0536 t<16 470 650 17L;156T AR
16<t<40 430 600 17L;156T AR
40<t<65 17L,15T AR
65 <t=<80 17L,15T AR
80 <t< 100 17L,15T AR
JIS G 3445:2010 Symbol STKM17C d>40 480 650 10L;5T AM, CF, or AHT
EN 10305-1:2010 C45E 1.1191 670 6 LC see standard
EN 10297-1:2003 38Mn6 1.1127 t<16 400 670 14L;12T N
16<t<40 380 620 15L;13T N
40<t<80 360 570 16L;14T N
EN 10305-1:2010 E410 1.0509 590 690 12 SR see standard

*: See "List of Standards" at the beginning of the chapter.
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5.1 Carbon Steel Tubes for General and Structural Applications
5.1A Mechanical Properties of Carbon Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter |Yield Stren Tensile Strength, min.|Elongation
Specification Designation No. No. mm | in. MPa | MPa | ksi % min. Heat Treatment Other
EN 10305-1:2010 26Mn5 1.1161 700 4 C see standard
EN 10297-1:2003 C45E 1.1181 t<8 490 700 14L;12T QT
8<t=<20 430 650 16L;14T QT
20<t<50 370 630 17L;15T QT
50 <t <80 340 600 17L;15T QT
. L: 40 J at-20°C
E590K2 1.0644 t<16 590 700 16L; 14T QT T 27 J at -20°C
. L: 40 J at -20°C
16 <t<40 540 650 16L;14 T Qr T: 27 J at -20°C
. L: 40 J at -20°C
40<t<65 480 570 16L; 14T QT T 27 J at -20°C
. L: 40 J at -20°C
65<t<80 455 520 - 16L14T Qr T: 27 J at -20°C
. L: 40 J at -20°C
80<t< 100 420 520 16L;14T QT T 27 J at -20°C
EN 10305-1:2010 C45E 1.1191 720 4 C see standard
E410 1.0509 --- --- 750 --- 4 C see standard
GB 18248-2000 Grade 37Mn 630 750 L 16 L Q+T L:55J @ RT
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others

EN 10296-1:2003 E155 1.0033 0.11 0.70 0.35 0.045 0.045
EN 10305-3:2010 E155 1.0033 0.11 0.70 0.35 0.025 0.025 Al 0.015 min.
EN 10305-2:2010 E155 1.0033 0.11 0.70 0.35 0.025 0.025 Al 0.015 min.
ASTM A513-15* Grade 1008 G10080  --- 0.10 0.50 0.035 0.035
ASME SA-513* Grade 1008 G10080 - 0.10 0.50 0.035 0.035
1ISO 3304:1985 R28 0.10 0.30 0.040 0.040
1ISO 3305:1985 R28 0.13 0.60 0.050 0.050
1ISO 3306:1985 R28 0.13 0.60 0.050 0.050
EN 10296-1:2003 E190 1.0031 0.10 0.70 0.35 0.045 0.045
EN 10305-3:2010 E190 1.0031 0.10 0.70 0.35 0.025 0.025 Al 0.015 min
ASTM A513-15* Grade 1010 G10100 - 0.08-0.13 = 0.30-0.60 0.035 0.035
ASTM A512-06 (2012)* Grade MT 1010 G10100 - 0.05-0.15 = 0.30-0.60 0.04 0.045
ASME SA-513* Grade 1010 G10100 - 0.08-0.13 ' 0.30-0.60 0.035 0.035
EN 10305-1:2010 E215 1.0212 0.10 0.70 0.05 0.025 0.025 - - Al 0.025 min
JIS G 3444:2010 Symbol STK290 0.050 0.050
JIS G 3445:2010 Symbol STKM11A 0.12 0.60 0.35 0.040 0.040 - -
JIS G 3452:2014 Symbol SGP 0.040 0.040
EN 10305-3:2010 E195 1.0034 0.15 0.70 0.35 0.025 0.025 Al 0.015 min.
EN 10305-2:2010 E195 1.0034 0.15 0.70 0.35 0.025 0.025 Al 0.015 min.
SAE J526 NOV10 0.18 0.60 0.035 0.035
EN 10296-1:2003 E155 1.0033 0.11 0.70 0.35 0.045 0.045
JIS G 3472:2013 Symbol STAM290GA 0.12 0.60 0.35 0.035 0.035

Symbol STAM290GB 0.12 0.60 0.35 0.035 0.035
ASTM A513-15* Grade 1008 G10080 - 0.10 0.50 0.035 0.035
ASME SA-513* Grade 1008 G10080 - 0.10 0.50 0.035 0.035
ASTM A512-06 (2012)* Grade MT 1015 G10150 - 0.10-0.20 = 0.30-0.60 0.04 0.045

*: See "List of Standards" at the beginning of the chapter.
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn Si P S | Cr | Ni | Mo Others
EN 10305-3:2010 E195 - 1.0034 0.15 0.70 0.35 0.025 | 0.025 Al 0.015 min.
ISO 3306:1985 R28 0.13 0.60 0.050 0.050
ASTM A513-15* Grade 1015 G10150  --- 0.13-0.18 | 0.30-0.60 0.035 0.035
ASME SA-513* Grade 1015 G10150 - 0.12-0.18 = 0.30-0.60 0.035 = 0.035
EN 10305-3:2010 E220 - 1.0215 0.14 0.70 0.35 0.025 | 0.025 Al 0.015 min.
ASTM A513-15* Grade 1010 G10100 - 0.08-0.13 | 0.30-0.60 0.035 = 0.035
ASME SA-513~ Grade 1010 G10100  --- 0.08-0.13 | 0.30-0.60 0.035 0.035
ASTM A500-13 Grade A K03000  --- 0.26 1.35 0.035 | 0.035 Cu 0.20 min
EN 10296-1:2003 E220 1.0215 0.14 0.70 0.35 0.045 0.045
EN 10305-3:2010 E235 - 1.0308 0.17 1.20 0.35 0.025 | 0.025 Al 0.015 min.
EN 10305-1:2010 E235 - 1.0308 0.17 1.20 0.35 0.025 | 0.025 Al 0.015 min.
EN 10305-2:2010 E235 -~ 1.0308 0.17 1.20 0.35 0.025 | 0.025 Al 0.015 min.
ISO 3304:1985 R33 0.16 0.70 0.050 | 0.050
ISO 3305:1985 R33 0.16 0.70 0.050 0.050
ISO 3306:1985 R33 0.16 0.70 0.050 | 0.050
ISO 2937:1974 TS 1 0.16 0.30-0.70 0.050 = 0.050
ASTM A513-15¢ Grade 1015 G10150 - 0.13-0.18 = 0.30-0.60 0.035 0.035
Grade 1008 G10080  --- 0.10 0.50 0.035 0.035
ASTM A519-06 (2012)* Grade 1020 G10200  --- 0.18-0.23 = 0.30-0.60 0.040 0.050
ASME SA-513~ Grade 1015 G10150  --- 0.12-0.18 | 0.30-0.60 0.035 0.035
Grade 1008 G10080  --- 0.10 0.50 0.035 0.035
ISO 3304:1985 R37 0.17 0.8 0.35 0.050 | 0.050
ISO 3305:1985 R37 0.17 0.8 0.35 0.050 = 0.050
ISO 3306:1985 R37 0.17 0.8 0.35 0.050 | 0.050
JIS G 3445:2010 Symbol STKM12A 0.20 0.60 0.35 0.040 0.040
JIS G 3472:2013 Symbol STAM340G 0.20 0.60 0.35 0.035 0.035
EN 10296-1:2003 E235 1.0308 0.17 1.20 0.35 0.045 0.045
E260 - 1.0220 0.16 1.20 0.35 0.045 | 0.045
EN 10305-3:2010 E260 - 1.0220 0.16 1.20 0.35 0.025 | 0.025 Al 0.015 min.
ASTM A512-06 (2012)* Grade MT 1020 G10200  --- 0.15-0.25 | 0.30-0.60 0.04 0.045 --
ASTM A513-15* Grade 1020 G10200  --- 0.18-0.23 | 0.30-0.60 0.035 0.035
Grade 1021 G10210 - 0.18-0.23 | 0.60-0.90 0.035 0.035
ASME SA-513* Grade 1020 G10200 - 0.17-0.23 = 0.30-0.60 0.035 = 0.035
Grade 1021 G10210 - 0.17-0.23 | 0.60-0.90 0.035 0.035

*: See "List of Standards" at the beginning of the chapter.
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others

ISO 3304:1985 R28 0.10 0.30 0.040 | 0.040

1ISO 3305:1985 R28 0.13 0.60 0.050 0.050

EN 10305-2:2010 E155 1.0033 0.11 0.70 0.35 0.025 0.025 Al 0.015 min.

ASME SA-513* Grade 1020 G10200 - 0.17-0.23 = 0.30-0.60 0.035 = 0.035

ISO 2937:1974 TS 4 0.17 0.40-0.80 0.35 0.045 | 0.045

ISO 3304:1985 R37 0.17 0.8 0.35 0.050 = 0.050

ISO 3305:1985 R37 0.17 0.8 0.35 0.050 0.050

ISO 3306:1985 R37 0.17 0.8 0.35 0.050 | 0.050

EN 10297-1:2003 E235 1.0308 0.17 1.20 0.35 0.030 0.035

ASTM A513-15* Grade 1020 G10200  --- 0.18-0.23 | 0.30-0.60 0.035 0.035

ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.040 | 0.050

ISO 3304:1985 R33 0.16 0.70 0.050 0.050

ISO 3305:1985 R33 0.16 0.70 0.050 | 0.050

JIS G 3473:2013 Symbol STC370 0.25 0.30-0.90 0.35 0.040 0.040

JIS G 3445:2010 Symbol STKM13A 0.25 0.30-0.90 0.35 0.040 0.040

EN 10305-2:2010 E195 - 1.0034  0.15 0.70 0.35 0.025 | 0.025 A10.015 min.

Al 0.020 min; Cu 0.35; N 0.015;

EN 10296-1:2003 E275K2 1.0456 0.20 0.50-1.40 0.40 0.035 0.030 0.30 0.30 0.10 Nb 0.050; Ti 0.03: VV 0.05

ASTM A513-15* Grade 1021 G10210  --- 0.18-0.23 ' 0.60-0.90 0.035 0.035

ASME SA-513* Grade 1021 G10210  --- 0.17-0.23 | 0.60-0.90 0.035 0.035

ASTM A519-06 (2012)* Grade 1020 G10200  --- 0.18-0.23 = 0.30-0.60 0.040 0.050

ASTM A512-06 (2012)* Grade MT 1025 G10250  ---

ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.040 | 0.050

ASME SA-513* Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.035 0.035
Grade 1008 G10080  --- 0.10 0.50 0.035 | 0.035
Grade 1010 G10100  --- 0.08-0.13 | 0.30-0.60 0.035 0.035
Grade 1015 G10150  --- 0.12-0.18 | 0.30-0.60 0.035 0.035

ASTM A513-15* Grade 1025 G10250  --- 0.22-0.28 | 0.30-0.60 0.035 0.035
Grade 1008 G10080  --- 0.10 0.50 0.035 0.035
Grade 1010 G10100  --- 0.08-0.13 ' 0.30-0.60 0.035 0.035
Grade 1015 G10150  --- 0.13-0.18 | 0.30-0.60 0.035 0.035

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page
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5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications (Continued)

Chapter5 Steel Tubes and Pipes 216

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others

EN 10305-1:2010 E215 1.0212 0.10 0.70 0.05 0.025 0.025 Al 0.025 min
EN 10296-1:2003 E275 1.0225 0.21 1.40 0.35 0.045 0.045 --- ---
EN 10305-1:2010 E255 1.0408 0.21 0.40-1.10 0.35 0.025 0.025 -
EN 10305-3:2010 E275 1.0225 0.21 1.40 0.35 0.025 0.025 Al 0.015 min.

E235 1.0308 0.17 1.20 0.35 0.025 0.025 Al 0.015 min.
EN 10305-2:2010 E275 1.0225 0.21 1.40 0.35 0.025 0.025 Al 0.015 min.
EN 10296-1:2003 E235 1.0308 0.17 1.20 0.35 0.045 0.045
JIS G 3472:2013 Symbol STAM390G 0.25 0.30-0.90 0.35 0.035 0.035
JIS G 3445:2010 Symbol STKM12B 0.20 0.60 0.35 0.040 0.040
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5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications (Continued)

Chapter5 Steel Tubes and Pipes 217

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
1ISO 3304:1985 R28 0.10 0.30 0.040 0.040
R37 0.17 0.8 0.35 0.050 0.050
R44 0.21 1.2 0.35 0.050 0.050
ISO 3305:1985 R28 0.13 0.60 0.050 0.050
R37 0.17 0.8 0.35 0.050 0.050
R44 0.21 1.2 0.35 0.050 0.050
ISO 3306:1985 R37 0.17 0.8 0.35 0.050 0.050
R44 0.21 1.2 0.35 0.050 0.050
EN 10305-2:2010 E155 1.0033 0.11 0.70 0.35 0.025 0.025 Al 0.015 min.
JIS G 3444:2010 Symbol STK400 0.25 0.040 0.040
ASTM A500-13 Grade D 0.26 1.35 0.035 0.035 Cu 0.20 min
GB/T 17396-1998 Grade 20 0.17-0.24 = 0.35-0.65 0.17-0.37 | 0.035 0.035 0.25 0.25 Cu 0.20
ASTM A501-14 Grade A K03000  --- 0.26 0.035 0.035 Cu 0.20 min
ASTM A500-13 Grade B K03000  --- 0.26 1.35 0.035 0.035 Cu 0.20 min
EN 10296-1:2003 E275 1.0225 0.21 1.40 0.35 0.045 0.045
EN 10297-1:2003 E275 1.0225 0.21 1.40 0.35 0.030 0.035 --- --- ---
EN 10305-2:2010 E275 1.0225 0.21 1.40 0.35 0.025 0.025 Al 0.015 min.
EN 10305-3:2010 E275 1.0225 0.21 1.40 0.35 0.025 0.025 Al 0.015 min.
EN 10296-1:2003 E320 1.0237 0.20 1.40 0.35 0.045 0.045
EN 10305-3:2010 E320 1.0237 0.20 1.40 0.35 0.025 0.025 Al 0.015 min.
Al 0.020 min; Cu 0.35; N 0.015;
EN 10297-1:2003 E275K2 1.0456 0.20 0.50-1.40 0.40 0.030 0.030 0.30 0.30 0.10 Nb 0.05: Ti 0.03: V 0.05
1ISO 2937:1974 TS 9 0.21 0.40-1.20 0.35 0.045 0.045
JIS G 3445:2010 Symbol STKM14A 0.30 0.30-1.00 0.35 0.040 0.040
ASTM A519-06 (2012)* Grade 1035 G10350  --- 0.32-0.38 = 0.60-0.90 0.040 0.050
ASME SA-513* Grade 1026 G10260  --- 0.22-0.28 = 0.60-0.90 0.035 0.035
Grade 1030 G10300  --- 0.27-0.34 = 0.60-0.90 0.035 0.035
Grade 1008 G10080  --- 0.10 0.50 0.035 0.035
Grade 1010 G10100  --- 0.08-0.13 = 0.30-0.60 0.035 0.035
Grade 1015 G10150  --- 0.12-0.18 = 0.30-0.60 0.035 0.035
Grade 1020 G10200  --- 0.17-0.23 = 0.30-0.60 0.035 0.035

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page.
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5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications (Continued)
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
ASTM A513-15* Grade 1026 G10260 - 0.22-0.28 = 0.60-0.90 0.035 0.035
Grade 1030 G10300  --- 0.28-0.34  0.60-0.90 0.035 0.035
Grade 1008 G10080  --- 0.10 0.50 0.035 0.035
Grade 1010 G10100  --- 0.08-0.13 ' 0.30-0.60 0.035 0.035
Grade 1015 G10150  --- 0.13-0.18 = 0.30-0.60 0.035 0.035
Grade 1020 G10200  --- 0.18-0.23 = 0.30-0.60 0.035 0.035
1ISO 3304:1985 R33 0.16 0.70 0.050 0.050
1ISO 3305:1985 R33 0.16 0.70 0.050 0.050
EN 10305-1:2010 E235 1.0308 0.17 1.20 0.35 0.025 0.025 Al 0.015 min.

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page.
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
EN 10305-2:2010 E195 1.0034 0.15 0.70 0.35 0.025 0.025 Al 0.015 min.
ASTM A500-13 Grade C K02705  --- 0.23 1.35 0.035 0.035 Cu 0.20 min
ASTM A513-15* Grade 1021 G10210 - 0.18-0.23 = 0.60-0.90 0.035 0.035
ASME SA-513* Grade 1021 G10210 - 0.17-0.23 = 0.60-0.90 0.035 0.035
EN 10297-1:2003 C22E 1.1151 0.17-0.24  0.40-0.70 0.40 0.035 0.035 0.40 0.40 0.10 Cr+Mo+Ni 0.63
EN 10305-1:2010 E215 1.0212 0.10 0.70 0.05 0.025 0.025 === Al 0.025 min
ASTM A512-06 (2012)* Grade MT 1010 G10100  --- 0.05-0.15 = 0.30-0.60 0.04 0.045
EN 10305-1:2010 C35E 1.1181 0.32-0.39 0.50-0.80 0.40 0.030 0.035 0.40 0.10 Cr+Mo+Ni 0.63
E255 1.0408 0.21 0.40-1.10 0.35 0.025 0.025
EN 10305-2:2010 E235 1.0308 0.17 1.20 0.35 0.025 0.025 Al 0.015 min.
JIS G 3445:2010 Symbol STKM18A 0.18 1.50 0.55 0.040 0.040
Symbol STKM13B 0.25 0.30-0.90 0.35 0.040 0.040
JIS G 3472:2013 Symbol STAM440G 0.25 0.30-0.90 0.35 0.035 0.035
JIS G 3473:2013 Symbol STC440 0.25 0.30-0.90 0.35 0.040 0.040
JIS G 3472:2013 Symbol STAM440H 0.25 0.30-0.90 0.35 0.035 0.035
ASTM A519-06 (2012)* Grade 1045 G10450  --- 0.43-0.50 = 0.60-0.90 0.040 0.050
Grade 1035 G10350  --- 0.32-0.38 = 0.60-0.90 0.040 0.050
ASME SA-513* Grade 1035 G10350  --- 0.31-0.38 ' 0.60-0.90 0.035 0.035
Grade 1040 G10400  --- 0.36-0.44  0.60-0.90 0.040 0.050
ASTM A519-06 (2012)* Grade 1020 G10200 - 0.18-0.23 = 0.30-0.60 0.040 0.050
ASME SA-513* Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.035 0.035
ASTM A512-06 (2012)* Grade MT 1030 G10300 -
Grade 1011 G10110 --- --- --- ---
Grade 1110 G11100  --- 0.08-0.13 = 0.30-0.60 0.040  0.08-0.130
ASTM A513-15* Grade 1035 G10350  --- 0.32-0.38 = 0.60-0.90 0.035 0.035
Grade 1040 G10400  --- 0.37-0.44  0.60-0.90 0.040 0.050
ASTM A513-15* Grade 1025 G10250 - 0.22-0.28 = 0.30-0.60 0.035 0.035
ISO 3304:1985 R37 0.17 0.8 0.35 0.050 0.050
R44 0.21 1.2 0.35 0.050 0.050
ISO 3305:1985 R37 0.17 0.8 0.35 0.050 0.050
R44 0.21 1.2 0.35 0.050 0.050
EN 10305-3:2010 E355 1.0580 0.22 1.60 0.55 0.025 0.025 Al 0.020 min.
EN 10305-1:2010 E355 1.0580 0.22 1.60 0.55 0.025 0.025 Al 0.020 min.
EN 10305-2:2010 E355 1.0580 0.22 1.60 0.55 0.025 0.025 Al 0.020 min.
EN 10297-1:2003 E315 1.0236 0.21 1.50 0.30 0.030 0.035
EN 10305-3:2010 E370 1.0261 0.21 1.60 0.55 0.025 0.025 Al 0.020 min.

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page.
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5.1 Carbon Steel Tubes for General and Structural Applications

5.1B Chemical Composition of Carbon Steel Tubes for General and Structural Applications (Continued)

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P S | Cr | Ni | Mo Others

EN 10296-1:2003 E370 1.0261 0.21 1.60 0.55 0.045 0.045

ASTM A595/A595M-14 Grade A K02004  --- 0.15-0.25 | 0.30-0.90 0.060 0.035 | 0.035 (Si+Al) 0.020 min

ASTM A513-15* Grade 1035 G10350 - 0.32-0.38 = 0.60-0.90 0.035 0.035
Grade 1524 G15240 - 0.19-0.25 | 1.35-1.65 0.040 | 0.050
Grade 1040 G10400 - 0.37-0.44 | 0.60-0.90 0.040 0.050

ASME SA-513* Grade 1035 G10350  --- 0.31-0.38 = 0.60-0.90 0.035 | 0.035
Grade 1524 G15240 - 0.18-0.25 | 1.35-1.65 0.040 0.050
Grade 1040 G10400  --- 0.36-0.44 | 0.60-0.90 0.040 0.050

ASTM A512-06 (2012)* Grade MT 1015 G10150  --- 0.10-0.20 | 0.30-0.60 0.04 0.045

EN 10305-1:2010 C35E - 1.1181 0.32-0.39 @ 0.50-0.80 0.40 0.030 | 0.035 0.40 0.10 Cr+Mo+Ni 0.63

ASTM A512-06 (2012)* Grade 1016 G10160  --- 0.13-0.18 | 0.60-0.90 0.040 0.045
Grade MT 1017 G10170  ---

ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.48-0.55 = 0.60-0.90 0.040 0.050

ASME SA-513~ Grade 1021 G10210  --- 0.17-0.23 = 0.60-0.90 0.035 0.035

ASTM A512-06 (2012)* Grade 1018 G10180  --- 0.15-0.20 = 0.60-0.90 0.040 | 0.045

JIS G 3445:2010 Symbol STKM15A 0.25-0.35 = 0.30-1.00 0.35 0.040 | 0.040

JIS G 3472:2013 Symbol STAM470G 0.25 0.30-0.90 0.35 0.035 0.035

JIS G 3445:2010 Symbol STKM12C 0.20 0.60 0.35 0.040 0.040

ASTM A513-15* Grade 1021 G10210 - 0.18-0.23 | 0.60-0.90 0.035 0.035

JIS G 3472:2013 Symbol STAM470H 0.25 0.30-0.90 0.35 0.035 0.035

ISO 3304:1985 R50 0.23 1.6 0.55 0.050 | 0.050

ISO 3305:1985 R50 0.23 1.6 0.55 0.050 | 0.050

ISO 3306:1985 R50 0.23 1.6 0.55 0.050 0.050

EN 10305-1:2010 E235 - 1.0308 0.17 1.20 0.35 0.025 | 0.025 Al 0.015 min.

ASTM A595/A595M-14 Grade B K02005  --- 0.15-0.25 = 0.40-1.35 0.060 0.035 | 0.035 (Si+Al) 0.020 min

ASTM A513-15* Grade 1026 G10260  --- 0.22-0.28 | 0.60-0.90 0.035 0.035
Grade 1020 G10200 - 0.18-0.23 | 0.30-0.60 0.035 0.035
Grade 1025 G10250  --- 0.22-0.28 | 0.30-0.60 0.035 0.035
Grade 1030 G10300  --- 0.28-0.34 | 0.60-0.90 0.035 0.035

ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.040 0.050

ASTM A519-06 (2012)* Grade 1020 G10200 - 0.18-0.23 = 0.30-0.60 0.040 0.050

ASME SA-513* Grade 1026 G10260  --- 0.22-0.28 = 0.60-0.90 0.035 | 0.035
Grade 1020 G10200  --- 0.17-0.23 | 0.30-0.60 0.035 0.035
Grade 1025 G10250 - 0.22-0.28 | 0.30-0.60 0.035 | 0.035
Grade 1030 G10300  --- 0.27-0.34 | 0.60-0.90 0.035 0.035

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page.
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
EN 10297-1:2003 E355 1.0580 0.22 1.60 0.55 0.030 0.035
EN 10296-1:2003 E355 1.0580 0.22 1.60 0.55 0.045 0.045
JIS G 3444:2010 Symbol STK490 0.18 1.65 0.55 0.035 0.035
JIS G 3445:2010 Symbol STKM18B 0.18 1.50 0.55 0.040 0.040
Symbol STKM19A 0.25 1.50 0.55 0.040 = 0.040
ISO 2937:1974 TS 18 0.23 0.80-1.50 0.35 0.045 = 0.045
EN 10305-2:2010 E235 - 1.0308 0.17 1.20 0.35 0.025 | 0.025 Al 0.015 min.
EN 10305-3:2010 E420 - 1.0575 0.16 1.70 0.50 0.025 = 0.025 Al 0.020 min.
ASTM A512-06 (2012)* Grade MT 1020 G10200  --- 0.15-0.25 = 0.30-0.60 0.04 0.045
ASTM A513-15* Grade 1021 G10210 - 0.18-0.23 | 0.60-0.90 0.035 0.035
ASME SA-513* Grade 1021 G10210 - 0.17-0.23 = 0.60-0.90 0.035 = 0.035
ASTM A512-06 (2012)* Grade 1025 G10250  --- 0.22-0.28 | 0.30-0.60 0.040 0.045
EN 10297-1:2003 C22E -~ 1.1151 0.17-0.24 @ 0.40-0.70 0.40 0.035 | 0.035 0.40 0.40 0.10 Cr+Mo+Ni 0.63
JIS G 3444:2010 Symbol STK500 0.24 0.30-1.30 0.35 0.040 0.040
JIS G 3472:2013 Symbol STAM500G 0.30 0.30-1.00 0.35 0.035 0.035
JIS G 3445:2010 Symbol STKM14B 0.30 0.30-1.00 0.35 0.040 0.040
JIS G 3472:2013 Symbol STAM500H 0.30 0.30-1.00 0.35 0.035 0.035
EN 10305-1:2010 C45E -~ 1.1191 0.42-0.55 @ 0.50-0.80 0.40 0.030 | 0.035 0.40 0.10 Cr+Mo+Ni 0.63
GB/T 17396-1998 Grade 35 0.32-0.40 | 0.50-0.80 0.17-0.37 @ 0.035 = 0.035 0.25 0.25 Cu 0.20
JIS G 3445:2010 Symbol STKM16A 0.35-0.45 = 0.40-1.00 0.40 0.040 = 0.040
EN 10305-2:2010 E275 - 1.0225 0.21 1.40 0.35 0.025 | 0.025 Al 0.015 min.
JIS G 3445:2010 Symbol STKM13C 0.25 0.30-0.90 0.35 0.040 0.040
Symbol STKM18C 0.18 1.50 0.55 0.040 = 0.040
JIS G 3473:2013 Symbol STC510A 0.25 0.30-0.90 0.35 0.040 0.040
Symbol STC510B 0.18 1.50 0.55 0.040 = 0.040
ASTM A513-15* Grade 1025 G10250  --- 0.22-0.28 | 0.30-0.60 0.035 0.035
Grade 1026 G10260  --- 0.22-0.28 | 0.60-0.90 0.035 0.035
ASTM A519-06 (2012)* Grade 1045 G10450  --- 0.43-0.50 | 0.60-0.90 0.040 0.050
ASME SA-513~ Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.035 0.035
Grade 1026 G10260 - 0.22-0.28 | 0.60-0.90 0.035 | 0.035
ASTM A519-06 (2012)* Grade 1025 G10250  --- 0.22-0.28 = 0.30-0.60 0.040 0.050
Grade 1035 G10350  --- 0.32-0.38 | 0.60-0.90 0.040 0.050
EN 10305-1:2010 E255 1.0408 0.21 0.40-1.10 0.35 0.025 0.025
V 0.08-0.15; Al 0.010-0.060;
E410 -~ 1.0509 0.16-0.22 @ 1.30-1.70 0.10-0.50 @ 0.030 & 0.035 Nb 0.07: Ti 0.05; (Nb+V) 0.20
ISO 3304:1985 R44 0.21 1.2 0.35 0.050 | 0.050
ISO 3305:1985 R44 0.21 1.2 0.35 0.050 0.050

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page.
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr Ni Mo Others
1ISO 3306:1985 R50 0.23 1.6 0.55 0.050 0.050
ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.48-0.55 @ 0.60-0.90 0.040 0.050
EN 10305-1:2010 C35E 1.1181 0.32-0.39 | 0.50-0.80 0.40 0.030 0.035 0.40 0.10 Cr+Mo+Ni 0.63
EN 10305-3:2010 E355 1.0580 0.22 1.60 0.55 0.025 0.025 Al 0.020 min.
1ISO 2937:1974 C35 0.32-0.39 0.50-0.80 @ 0.15-0.40 @ 0.035 0.035
JIS G 3444:2010 Symbol STK540 0.23 1.50 0.55 0.040 0.040
JIS G 3445:2010 Symbol STKM20A 0.25 1.60 0.55 0.040 0.040 Nb or V 0.15
JIS G 3473:2013 Symbol STC540 0.25 1.60 0.55 0.040 0.040 Nb or V 0.15
EN 10296-1:2003 E355 1.0580 0.22 1.60 0.55 0.045 0.045
JIS G 3472:2013 Symbol STAM540H 0.30 0.30-1.00 0.35 0.035 0.035
1ISO 3304:1985 R50 0.23 1.6 0.55 0.050 0.050
1ISO 3305:1985 R50 0.23 1.6 0.55 0.050 0.050
EN 10297-1:2003 C35E 1.1181 0.32-0.39 | 0.50-0.80 0.40 0.035 0.035 0.40 0.40 0.10 Cr+Mo+Ni 0.63
JIS G 3445:2010 Symbol STKM17A 0.45-0.55 @ 0.40-1.00 0.40 0.040 0.040
V 0.08-0.15; Al 0.010-0.060;
EN 10305-1:2010 E410 1.0509 0.16-0.22 @ 1.30-1.70 0.10-0.50 @ 0.030 0.035 Nb 0.07: Ti 0.05; (Nb+V) 0.20
JIS G 3445:2010 Symbol STKM14C 0.30 0.30-1.00 0.35 0.040 0.040
Symbol STKM19C 0.25 1.50 0.55 0.040 0.040
ASTM A513-15* Grade 1026 G10260  --- 0.22-0.28 = 0.60-0.90 0.035 0.035
Grade 1030 G10300 - 0.28-0.34 = 0.60-0.90 0.035 0.035
Grade 1035 G10350  --- 0.32-0.38 = 0.60-0.90 0.035 0.035
ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.48-0.55 @ 0.60-0.90 0.040 0.050
ASTM A512-06 (2012)* Grade 1030 G10300  --- 0.28-0.34 = 0.60-0.90 0.040 0.045
ASTM A519-06 (2012)* Grade 1045 G10450  --- 0.43-0.50 = 0.60-0.90 0.040 0.050
ASME SA-513* Grade 1026 G10260  --- 0.22-0.28 = 0.60-0.90 0.035 0.035
Grade 1030 G10300  --- 0.27-0.34 = 0.60-0.90 0.035 0.035
Grade 1035 G10350  --- 0.31-0.38 = 0.60-0.90 0.035 0.035
EN 10305-2:2010 E275 1.0225 0.21 1.40 0.35 0.025 0.025 Al 0.015 min.
ASTM A519-06 (2012)* Grade 1050 G10500  --- 0.48-0.55 @ 0.60-0.90 0.040 0.050
EN 10305-1:2010 E255 1.0408 0.21 0.40-1.10 0.35 0.025 0.025
E355 1.0580 0.22 1.60 0.55 0.025 0.025 Al 0.020 min.
ASTM A513-15* Grade 1030 G10300  --- 0.28-0.34 = 0.60-0.90 0.035 0.035
Grade 1035 G10350  --- 0.32-0.38 = 0.60-0.90 0.035 0.035
Grade 1040 G10400  --- 0.37-0.44 = 0.60-0.90 0.040 0.050
Grade 1524 G15240  --- 0.19-0.25 1.35-1.65 0.040 0.050
JIS G 3445:2010 Symbol STKM15C 0.25-0.35 = 0.30-1.00 0.35 0.040 0.040

*: See "List of Standards" at the beginning of the chapter.

Note: This section continued on next page.
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others

ASME SA-513" Grade 1030 G10300 -  027-0.34  060-090 - 0.035 0035

Grade 1035 G10350 --  031-0.38  0.60-090 -~ 0035  0.035

Grade 1040 G10400 -~  0.36-044 060-0.90 - 0.040  0.050

Grade 1524 G15240 - 018025 135165 - 0.040 = 0.050
ASTM A519-06 (2012)* Grade 1035 G10350 -- 032038  0.60-090 - 0.040  0.050
EN 10305-1:2010 C35E 11181 032-039 050080 040 | 0030 0035  0.40 0.10 Cr+Mo+Ni 0.63
GB/T 17396-1998 Grade 45 ~ | - 042-050 050-0.80 0.17-0.37 0035 0035 025 0.25 Cu0.20
EN 10305-2:2010 E355 10580 022 1.60 055 | 0025 0.025 Al 0.020 min.
JIS G 3474:2014 Symbol STKT590 0.12 2.00 040 | 0030  0.030 (Nb+V) 0.15; B 0.0002
JIS G 3473:2013 Symbol STC590A 025 | 030090 035 | 0040 0.040

Symbol STC5908 0.25 150 0.55 0040 _ 0.040

A10.010 min; Cu 0.30; N 0.020;
EN 10297-1:2003 E420J2 - 10599 016-022 1.30-1.70 0.10-0.50 0030 0035  0.30 0.40 0.08 Nb 0.07; Ti 0.05; V 0.08-0.15;
(Nb+V) 0.20
ISO 3304:1985 R50 0.23 16 055 | 0050 0.050
ISO 3305:1985 R50 0.23 16 055 | 0050 0.050
V 0.08-0.15; Al 0.010-0.060;

EN 10305-1:2010 E410 - 10509 0.16-022 1.30-1.70 0.10-050 0030 = 0.035 N 0.07: 11 6,081 (NbLV) 690
EN 10297-1:2003 C45E 11191 042-050 050-0.80 040 | 0035 0035  0.40 0.40 0.10 Cr+Mo+Ni 0.63
JIS G 3445:2010 Symbol STKM16C ~ | - 035045 040-1.00 040  0.040  0.040
ASTM A513-15° Grade 1035 G10350 - 032038  0.60-090 - 0035  0.035

Grade 1040 G10400 -~  0.37-044 060-0.90 - 0.040 = 0.050

Grade 1524 G15240 - 019025 135165 - 0.040  0.050
ASTM A519-06 (2012)* Grade 1045 G10450 - 043050 0.60-090 - 0.040  0.050
ASME SA-513* Grade 1035 G10350 --  0.31-0.38  0.60-090 - 0.035  0.035

Grade 1040 G10400 -  0.36-044 060-0.90 - 0.040  0.050

Grade 1524 G15240 - 018025 135165 - 0.040 = 0.050
EN 10297-1:2003 C35E ~ 11181 032-039 050-0.80 040 | 0035 0035  0.40 0.40 0.10 Cr+Mo+Ni 0.63
EN 10305-1:2010 E355 10580 022 1.60 055 | 0025 0025 Al 0.020 min.
EN 10305-2:2010 E355 ~ 10580 022 1.60 055 | 0025  0.025 A1 0.020 min.
EN 10305-1:2010 26Mn5 ~ 11161 0.20-030 1.20-150 040 | 0.030  0.035
EN 10297-1:2003 E470 10536 0.16-022 1.30-1.70 0.10-050 0.030 = 0.035 ALO.0TO I T 0-020; b 0.07;
JIS G 3445:2010 Symbol STKM17C ~- | - 045-055 040-1.00 040 0040  0.040
EN 10305-1:2010 C45E ~- 11191 042-055 050-0.80 040 0030 0035 040 0.10 Cr+Mo+Ni 0.63
EN 10297-1:2003 38Mn6 11127 034-042 140-165 0.15-0.35 0035 0035  0.40 0.40 0.10 Cr+Mo+Ni 0.63
EN 10305-1:2010 E410 10509 0.16-022 1.30-1.70 0.10-050 0030 = 0.035 v 0.08-0.15; Al 0.010-0.060;

Nb 0.07; Ti 0.05; (Nb+V) 0.20

*: See "List of Standards" at the beginning of the chapter.
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn Si | P S | Cr | Ni | Mo Others
EN 10305-1:2010 26Mn5 1.1161 0.20-0.30 1.20-1.50 0.40 0.030 0.035
EN 10297-1:2003 C45E 1.1181 0.42-0.50 0.50-0.80 0.40 0.035 0.035 0.40 0.40 0.10 Cr+Mo+Ni 0.63
Al 0.010 min; Cu 0.30; N 0.020;
E590K2 1.0644 0.16-0.22 | 1.30-1.70 0.10-0.50 @ 0.030 0.035 0.30 0.40 0.08 Nb 0.07; Ti 0.05; V 0.08-0.15;
(Nb+V) 0.20
GB 18248-2000 Grade 37Mn 0.34-0.40 = 1.35-1.65 @ 0.10-0.30 0.03 0.03 0.3 0.3 Cu 0.20; (P+S) 0.055
5.2 Alloy Steel Tubes for General and Structural Applications
5.2A Chemical Composition of Alloy Steel Tubes for General and Structural Applications
UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn Si | P S | Cr | Ni | Mo Others
ASTM A519-06 (2012)* Grade 4028 G40280  --- 0.25-0.30 = 0.70-0.90 0.15-0.35 = 0.040 0.035-0.050 0.20 0.25 0.20-0.30 Cu0.35
EN 10305-1:2010 26Mo2 1.5417 0.22-0.29 1.50 0.40 0.025 0.035 0.40 0.15-0.25
ASME SA-513* Grade 4130 G41300  --- 0.28-0.33 ' 0.40-0.60 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A513-15* Grade 4130 G41300  --- 0.28-0.33 = 0.40-0.60 @ 0.15-0.35 | 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A519-06 (2012)* Grade 4130 G41300 - 0.28-0.33 = 0.40-0.60 @ 0.15-0.35 | 0.040 0.040 0.80-1.10 0.15-0.25
EN 10297-1:2003 25CrMo4 1.7218 0.22-0.29  0.60-0.90 0.40 0.035 0.035 0.90-1.20 0.15-0.30
30CrMo4 1.7216 0.27-0.34 0.35-0.60 0.35 0.035 0.035 0.80-1.15 0.15-0.30
EN 10305-1:2010 25CrMo4 1.7218 0.22-0.29 0.60-0.90 0.40 0.025 0.035 0.90-1.20 0.15-0.30
JIS G 3441:2012 Symbol SCM418TK 0.16-0.21 = 0.60-0.85 0.15-0.35 = 0.030 0.030 0.90-1.20 0.25 0.15-0.30 Cu 0.30
Symbol SCM420TK 0.18-0.23 = 0.60-0.85 0.15-0.35 = 0.030 0.030 0.90-1.20 0.25 0.15-0.30 Cu 0.30
Symbol SCM430TK 0.28-0.33 = 0.60-0.85 0.15-0.35 = 0.030 0.030 0.90-1.20 0.25 0.15-0.30 Cu 0.30
ASTM A519-06 (2012)* Grade 4135 G41350 - 0.32-0.39 = 0.65-0.95 0.15-0.35 | 0.040 0.040 0.80-1.10 0.15-0.25
Grade 4137 G41370  --- 0.35-0.40 = 0.70-0.90 @ 0.15-0.35 | 0.040 0.040 0.80-1.10 0.15-0.25
EN 10297-1:2003 34CrMo4 1.7220 0.30-0.37  0.60-0.90 0.40 0.035 0.035 0.90-1.20 0.15-0.30
JIS G 3441:2012 Symbol SCM435TK 0.33-0.38 = 0.60-0.85 0.15-0.35 = 0.030 0.030 0.90-1.20 0.25 0.15-0.30 Cu 0.30
ASME SA-513* Grade 4140 G41400  --- 0.38-0.43  0.75-1.00 0.15-0.35 @ 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A513-15* Grade 4140 G41400 - 0.38-0.43  0.75-1.00 0.15-0.35 | 0.035 0.040 0.80-1.10 0.15-0.25
ASTM A519-06 (2012)* Grade 4140 G41400  --- 0.38-0.43  0.75-1.00 = 0.15-0.35 | 0.040 0.040 0.80-1.10 0.15-0.25
Grade 4142 G41420 - 0.40-0.45 0.75-1.00 0.15-0.35 | 0.040 0.040 0.80-1.10 0.15-0.25
EN 10297-1:2003 42CrMo4 1.7225 0.38-0.45 0.60-0.90 0.40 0.035 0.035 0.90-1.20 0.15-0.30
EN 10305-1:2010 42CrMo4 1.7225 0.38-0.45 0.60-0.90 0.40 0.025 0.035 0.90-1.20 0.15-0.30
JIS G 3441:2012 Symbol SCM440TK 0.38-0.43 = 0.60-0.85 0.15-0.35 = 0.030 0.030 0.90-1.20 0.25 0.15-0.30 Cu 0.30

*: See "List of Standards" at the beginning of the chapter.
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5.2 Alloy Steel Tubes for General and Structural Applications
5.2B Mechanical Properties of Alloy Steel Tubes for General and Structural Applications
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASTM A519-06 (2012)* Grade 4028 G40280  --- - - - - - A, N, SR, QT, or none
EN 10305-1:2010 26Mo2 1.5417 720 4 C
670 6 LC
SR, or A, or N
ASME SA-513* Grade 4130 G41300 - 345 50 483 70 20 N 100 max HRB
379 55 496 72 10 AW 80 min HRB
552 80 621 90 10 MD SR 87 min HRB
586 85 655 95 5 MD 90 min HRB
ASTM A513-15* Grade 4130 G41300  --- 345 50 480 70 20 N 100 max HRB
380 55 495 72 10 AW 80 min HRB
550 80 620 90 10 MD SR 87 min HRB
585 85 655 95 5 MD 90 min HRB
ASTM A519-06 (2012)* Grade 4130 G41300  --- 379 55 517 75 30 A 81 HRB
- 414 60 621 90 20 N 89 HRB
483 70 621 90 20 HR 89 HRB
586 85 724 105 10 SR 95 HRB
EN 10297-1:2003 25CrMo4 1.7218 A 212 HB
t<8 700 900 12L;10T QT L:45J @ 20°C
. L:50J @ 20°C
8<t=<20 600 800 14L;12T T-32J @ 20°C
i see standard for
20<t<50 450 700 15L;13T impact data
i see standard for
50<t<80 400 650 16L;14T impact data
30CrMo4 1.7216 t<8 750 950 IL; 7T QT L:40J @ 20°C
. L:45J @ 20°C
8<t=<20 630 850 oL, 7T T 27 ) @ 20°C
. see standard for
20<t<50 520 750 10L;8T impact data
. see standard for
50<t<80 480 700 11L9T impact data
A 223 HB
EN 10305-1:2010 25CrMo4 - 17218 720 4 c
670 6 LC
- --- SR, or A, or N
JIS G 3441:2012 Symbol SCM418TK AM, CF or A
Symbol SCM420TK AM, CF or A
Symbol SCM430TK AM, CF or A

*: See "List of Standards" at the beginning of the chapter.
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5.2 Alloy Steel Tubes for General and Structural Applications

5.2B Mechanical Properties of Alloy Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASTM A519-06 (2012)* Grade 4135 G41350  --- AM
Grade 4137 G41370 - AM
EN 10297-1:2003 34CrMod 17220  t<8 800 1000 — LT aQr see standard for
impact data
8<t<20 650 900 12L;,10T
20<t<50 550 800 14L;,12T
50 <t<80 500 750 15L;,13T
A 223 HB
JIS G 3441:2012 Symbol SCM435TK AM, CF or A
ASME SA-513~ Grade 4140 G41400  --- 448 65 621 90 20 N 105 max HRB
485 70 621 90 10 AW 85 min HRB
655 95 724 105 10 MD SR 90 min HRB
690 100 758 110 5 MD 90 min HRB
ASTM A513-15* Grade 4140 G41400  --- 450 65 620 90 20 N 105 max HRB
485 70 620 90 10 AW 85 min HRB
655 95 725 105 10 MD SR 90 min HRB
690 100 760 110 5 MD 90 min HRB
ASTM A519-06 (2012)* Grade 4140 G41400  --- 414 60 552 80 25 A 85 HRB
621 90 855 120 15 HR 100 HRB
- 621 90 855 120 20 N 100 HRB
689 100 855 120 10 SR 100 HRB
Grade 4142 G41420  --- --- --- --- A, N, SR, QT, or none
EN 10297-1:2003 42CrMod4 17225 ts<8 900 = - 1100 —  10L8T ar Se&ﬂ:gfg:tjafor
8<t<20 750 1000 11L9T
20<t<50 650 900 12L;,10T
50 <t< 80 550 800 183L11T
A 241 HB
EN 10305-1:2010 42CrMo4 1.7225 720 4 C
670 --- 6 LC
SR, or A, or N
JIS G 3441:2012 Symbol SCM440TK AM, CF or A

*: See "List of Standards" at the beginning of the chapter.
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Chapter 5

5.3.1A Chemical Composition of Ferritic and Martensitic Stainless Steel Tubes for General and Structural Applications

Steel Tubes and Pipes

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni Mo Others

ASME SA-268/SA-268M _ Grade TP405 S40500 0.08 1.00 1.00 0040 0030 115145 0.50 Al 0.10-0.30
ASTM A268/A268M-10 Grade TP405 S40500 - 0.08 1.00 1.00 0040 0030 115-145 0.50 Al 0.10-0.30
ASTM A511/A511M-15a  Grade MT 405 S40500 - 0.08 1.00 1.00 0040 0030 115-145 0.50 Al 0.10-0.30
EN 10297-2:2005 C1:2007  Grade X6CrAlH3 — 14002 0.8 1.00 1.00 0040 0015  12.0-14.0 Al 0.10-0.30
ASME SA-268/SA268M ___ Grade TP409 S40900 — 0.08 1.00 1.00 0045 | 0030 105117 0.50 Ti 6xC 10 0.75
ASTM A268/A268M-10 Grade TP409 S40900 - 0.08 1.00 1.00 0045 0030 105-11.7 0.50 Ti 6xC t0 0.75
EN 10296-2:2005 C2:2007  Grade X2CrTi12 — 14512 0.030 1.00 1.00 0040 0015 105-12.5 Ti 6x(C+N) to 0.65: N 0.030
EN 10297-2:2005 C1:2007  Grade X2CrTi12 — 14512 0.030 1.00 1.00 0040 0015 105-12.5 Ti 6x(C+N) to 0.65
GB/T 12770-2002 Grade 00CH2Ti 0.025 0.80 0.80 0035 002  105-125 Ti 6xC 10 0.75
ASME SA-268/SA-268M ___ Grade TP410 S41000 015 1.00 1.00 0040 0030 115135
ASTM A268/A268M-10 Grade TP410 S41000 - 0.15 1.00 1.00 0040 0030 11.5-135
ASTM A511/A511M-15a  Grade MT 410 S41000 - 0.15 1.00 1.00 0040 0030 11.5-135 0.50
EN 10297-2:2005 C1:2007  Grade X12Cr13 — 1.4006 008015 150 1.00 0040 0015 11.5-135 075
GB/T 12770-2002 Grade 0Cr13 0.08 1.00 1.00 0035 003  11.50-13.50 06

Grade 1Cr13 0.15 1.00 1.00 0035 003  11.50-13.50 06
GB/T 14975-2002 Grade 0Cr13 0.08 1.00 1.00 0035 003  11.50-13.50 06

Grade 1Cr13 0.15 1.00 1.00 0035 003  11.50-13.50 06
UIS G 3446:2012 Symbol SUS410TKA 0.15 1.00 1.00 0040 0030 11.50-13.50  0.60

Symbol SUS410TKC 0.15 1.00 1.00 0040 0030 11.50-13.50  0.60
GB/T 14975-2002 Grade 2Cr13 016025 1.00 1.00 0035 003 | 12.00-14.00 06
JIS G 3446:2012 Symbol SUS420J1TKA —— 016025  1.00 1.00 0040 0030 12.00-14.00  0.60
AFNOR NF A 49-647-1979 TSZ8C 17 0.10 1.0 1.00 0040 | 0.030 16-18 0.50
ASME SA-268/SA-268M  Grade TP430 S43000 - 0.12 1.00 1.00 0040 0030  16.0-18.0
ASTM A268/A268M-10 Grade TP430 S43000 - 0.12 1.00 1.00 0040 0030 16.0-18.0
ASTM A554-15 Grade MT-430 0.12 1.00 1.00 0040 0030 16.0-18.0 0.50
ASTM A511/A511M-15a  Grade MT 430 0.12 1.00 1.00 0040 0030 16.0-18.0 0.50
EN 10296-2:2005 C2:2007  Grade X6Cr17 — 14016 008 1.00 1.00 0040 0015  16.0-18.0
EN 10297-2:2005 C1:2007  Grade X6Cr17 — 14016 008 1.00 1.00 0040 0015  16.0-18.0
GB/T 12770-2002 Grade 1Cr17 0.12 1.00 0.75 0035 003  16.00-18.00 06
GB/T 14975-2002 Grade 1Cr17 0.12 1.00 0.75 0035 003  16.00-18.00 06
UIS G 3446:2012 Symbol SUS430TKA 0.12 1.00 075 0040 0030 16.00-18.00  0.60

Symbol SUS430TKC 0.12 1.00 075 0040 0030 16.00-18.00  0.60
ASME SA-268/SA268M _ Grade TP439 S43035 0.07 1.00 1.00 0.040 0030 17.00-19.00 _ 050 Al0.15; N 0.04;

Ti 0.20+4x(C+N) to 1.10
ASTM A268/A268M-10 Grade TP439 S43035 - 0.07 1.00 1.00 0040 0030 17.00-19.00  0.50 _Al0.15; N 0.04;
Ti 0.20+4x(C+N) to 1.10

EN 10296-2:2005 C2:2007  Grade X3CrTi17 14510  0.05 1.00 1.00 0040 0015  16.0-18.0 Ti 4x(C+N)+0.15 t0 0.80
EN 10297-2:2005 C1:2007  Grade X3CrTi17 - 14510 0.05 1.00 1.00 0040 0015  16.0-18.0 Ti 4x(C+N)+0.15 10 0.80
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5.3 Stainless Steel Tubes for General and Structural Applications

5.3.1B Mechanical Properties of Ferritic and Martensitic Stainless Steel Tubes for General and Structural Applications

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-268/SA-268M Grade TP405 S40500  --- t>0.4 t>0.015 205 30 415 60 20 HT 207 max HB;
95 max HRB
ASTM A268/A268M-10 Grade TP405 S40500 - t>0.4 t>0.015 205 30 415 60 20 HT 207 HB;
95 max HRB
. 207 max HBW;
ASTM A511/A511M-15a Grade MT 405 S40500  --- 210 30 415 60 20 A 95 max HRB
EN 10297-2:2005 C1:2007  Grade X6CrAlI13 1.4002 210 400 17L,17T A
ASME SA-268/SA-268M Grade TP409 S40900  --- t=04 t>0.015 170 25 380 55 20 HT 207 max HB;
95 max HRB
ASTM A268/A268M-10 Grade TP409 S40900  --- t>0.4 t>0.015 170 25 380 55 20 HT 207 max HB;
95 max HRB
EN 10296-2:2005 C2:2007 Grade X2CrTi12 1.4512 t<30 --- 210 --- 380 25L,23T AW or A ---
EN 10297-2:2005 C1:2007  Grade X2CrTi12 1.4512 210 380 25L,25T A
GB/T 12770-2002 Grade 00Cr12Ti 365-460 A
365-460 35 W

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications
5.3.1B Mechanical Properties of Ferritic and Martensitic Stainless Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength _|Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-268/SA-268M Grade TP410 S41000  --- t=0.4 t>0.015 205 30 415 60 20 HT 207 max HB;
95 max HRB
ASTM A268/A268M-10 Grade TP410 $41000 - t204 t>0.015 205 30 415 60 20 HT 207 max HB;
95 max HRB
N 207 max HBW;
ASTM A511/A511M-15a Grade MT 410 S41000  --- 210 30 415 60 20 A 95 max HRB
EN 10297-2:2005 C1:2007  Grade X12Cr13 1.4006 400 550 15L,15T Q+T (QT 550)
450 650 12L,12T Q+T (QT 650)
GB/T 12770-2002 Grade 0Cr13 410 A
410 20 w
Grade 1Cr13 410 A
410 20 W
GB/T 14975-2002 Grade 0Cr13 180 370 T 22T BA
Grade 1Cr13 205 410T 20T BA
JIS G 3446:2012 Symbol SUS410TKA 1<t<2 205 410 11 A
2<t<3 205 410 --- 12 A
3<t<4 205 410 --- 14 A
4<t<5h 205 410 16 A
5<t<6 205 410 17 A
6<ts7 205 410 18 A
7<t<8 205 410 20 A
t=8 205 410 20 A
Symbol SUS410TKC 1<t<2 205 410 11 AM
2<t<3 205 410 12 AM
3<t=<4 205 410 14 AM
4<t<5h 205 410 16 AM
5<t<6 205 410 17 AM
6<ts7 205 410 18 AM
7<t<8 205 410 20 AM
t>8 205 410 20 AM

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications

5.3.1B Mechanical Properties of Ferritic and Martensitic Stainless Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength _|Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other

GB/T 14975-2002 Grade 2Cr13 215 470 T 19T BA

UIS G 3446:2012 Symbol SUS420J1TKA 1<t<2 215 470 10 A

2<t<3 215 470 12 A

3<t<4 215 470 13 A

4<t<b 215 470 14 A

5<t<6 215 470 16 A

6<t<7 215 470 18 A

7<t<8 215 470 19 A

t>8 215 470 19 A

AFNOR NF A 406471979 TS Z8C 17 300 450 16 AM
ASME SA-268/SA-268M  Grade TP430 S43000 - t>04 t>0.015 240 35 415 60 20 HT 190 max HB:
90 max HRB
ASTM A268/A268M-10 Grade TP430 S43000 - t>04 t>0.015 240 35 415 60 20 HT 190 max HB,
90 max HRB
ASTM A554-15* Grade MT 430 S43000 - 241 35 414 60 20 A 190 max HB,
90 max HRB

ASTM A511/A511M-15a*  Grade MT 430 S43000 - 240 35 415 60 20 A 190 max HBW;

90 max HRB

EN 10296-2:2005 C2:2007  Grade X6Cr17 — 14016 t<30 240 430 —  20L 18T AW or A

EN 10297-2:2005 C1:2007  Grade X6Cr17 — 14016 240 430 - 20L,20T A

GB/T 12770-2002 Grade 1Cr17 410 A

410 20 W

GB/T 14975-2002 Grade 1Cr17 245 40T 20T BA

*: See "List of Standards" at the beginning of the chapter.
Note: This section continued on next page.
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5.3 Stainless Steel Tubes for General and Structural Applications

5.3.1B Mechanical Properties of Ferritic and Martensitic Stainless Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength _|Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other

JIS G 3446:2012 Symbol SUS430TKA 1<t<2 245 410 11 A

2<t<3 245 410 12 A

3<t=<4 245 410 14 A

4<t<b 245 410 16 A

5<t<6 245 410 17 A

6<t<7 245 410 18 A

7<t<8 245 410 20 A

t=8 245 410 20 A

Symbol SUS430TKC 1<t<2 245 410 11 AM

2<t<3 245 410 12 AM

3<t<4 245 410 14 AM

4<t<5 245 410 16 AM

5<t<6 245 410 17 AM

6<t<s7 245 410 18 AM

7<t<8 245 410 20 AM

t>8 245 410 20 AM
ASME SA-268/SA-268M Grade TP439 543035 - t=04 t=0.015 205 30 415 60 20 HT 190 max HB;
90 max HRB
ASTM A268/A268M-10 Grade TP439 S43035 - t=0.4 t=0.015 205 30 415 60 20 HT 190 max HB;
90 max HRB

EN 10296-2:2005 C2:2007  Grade X3CrTi17 1.4510 t<30 230 420 23L,21T AW or A

EN 10297-2:2005 C1:2007  Grade X3CrTi17 1.4510 230 420 23L,23T A
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5.3.2A Chemical Composition of Austenitic Stainless Steel Tubes for General and Structural Applications
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
AFNOR NF A 49-647:1979 TS Z6 CN 18-09 0.07 2.0 1.0 0.040 0.030 18-20 8-12
ASME SA-249/SA-249M Grade TP304 S30400  --- 0.08 2.00 1.00 0.045 0.030 18.0-20.0 8.0-11.0
ASME SA-409/SA-409M Grade TP304 S30400 - 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.00-11.0
ASME SA-688/SA-688M Grade TP 304 S30400 - 0.08 2.00 0.75 0.040 0.030 | 18.00-20.00 = 8.00-11.00
ASTM A269/A269M-14e1 Grade TP304 S30400 - 0.08 2.00 1.00 0.045 0.030 18.0-20.0 8.0-11.0
ASTM A511/A511M-15a Grade MT 304 S30400 - 0.08 2.00 1.00 0.040 0.030 18.0-20.0 8.0-11.0
ASTM A554-15 Grade MT-304 S30400  --- 0.08 2.00 1.00 0.045 0.030 18.0-20.0 8.0-11.0
ASTM A632-04 (2014) Grade TP 304 S30400 - 0.08 2.00 0.75 0.045 0.030 18.0-20.0 8.0-11.0
ASTM A908-03 (2013) Type 304 S30400  --- 0.08 2.00 0.75 0.040 0.030 18.0-20.0 8.0-11.0
JIS G 3446:2012 Symbol SUS304TKA 0.08 2.00 1.00 0.045 0.030 | 18.00-20.00 8.00-10.50
Symbol SUS304TKC 0.08 2.00 1.00 0.045 0.030  18.00-20.00 = 8.00-10.50
AFNOR NF A 49-647:1979 TS Z2CN 18-10 0.030 2.0 1.0 0.040 0.030 18-20 8-12
ASTM A269/A269M-14e1 Grade TP304L S30403 - 0.035 2.00 1.00 0.045 0.030 18.0-20.0 8.0-12.0
ASTM A511/A511M-15a Grade MT 304L S30403  --- 0.035 2.00 1.00 0.040 0.030 18.0-20.0 8.0-13.0
ASTM A554-15 Grade MT-304L S30403 - 0.035 2.00 1.00 0.045 0.030 18.0-20.0 8.0-13.0
ASTM A632-04 (2014) Grade TP 304L S30403 - 0.030 2.00 0.75 0.045 0.030 18.0-20.0 8.0-13.0
ASTM A778-01 (2009)e1 Grade TP 304L S30403 - 0.030 2.00 1.00 0.045 0.030 18.0-20.0 8.0-13.0 N 0.10
EN 10296-2:2005 C2:2007  Grade X2CrNi19-11 1.4306 0.030 2.00 1.00 0.045 0.015 18.0-20.0 10.0-12.0 N 0.11
EN 10297-2:2005 C1:2007  Grade X2CrNi19-11 1.4306 0.030 2.00 1.00 0.045 0.015 18.0-20.0 10.0-12.0 N 0.11
GB/T 12770-2002 Grade 00Cr19Ni10 0.03 2.00 1.00 0.035 0.03 | 18.00-20.00 = 8.00-12.00
GB/T 14975-2002 Grade 00Cr19Ni10 0.030 2.00 1.00 0.035 0.03 | 18.00-20.00 8.00-12.00
AFNOR NF A 49-647:1979 TS Z6 CND 17-11 0.08 2.0 1.0 0.040 0.030 16-18 10-12.5 2-25
ASTM A269/A269M-14e1 Grade TP316 S31600 - 0.08 2.00 1.00 0.045 0.030 16.0-18.0 10.0-14.0 = 2.00-3.00
ASTM A511/A511M-15a Grade MT 316 S§31600  --- 0.08 2.00 1.00 0.040 0.030 16.0-18.0 11.0-14.0 2.0-3.0
ASTM A554-15 Grade MT-316 0.08 2.00 1.00 0.045 0.030 16.0-18.0 10.0-14.0 2.0-3.0
ASTM A632-04 (2014) Grade TP 316 S31600  --- 0.08 2.00 0.75 0.045 0.030 16.0-18.0 11.0-14.0 = 2.00-3.00
JIS G 3446:2012 Symbol SUS316TKA 0.08 2.00 1.00 0.045 0.030 | 16.00-18.00 10.00-14.00 2.00-3.00
Symbol SUS316TKC 0.08 2.00 1.00 0.045 0.030  16.00-18.00 10.00-14.00 2.00-3.00
ASTM A269/A269M-14e1 Grade TP316L S31603 - 0.035 2.00 1.00 0.045 0.030 16.0-18.0 10.0-15.0 = 2.00-3.00
ASTM A511/A511M-15a Grade MT 316L 0.035 2.00 1.00 0.040 0.030 16.0-18.0 10.0-15.0 2.0-3.0
ASTM A554-15 Grade MT-316L S31603  --- 0.035 2.00 1.00 0.045 0.030 16.0-18.0 10.0-15.0 2.0-3.0
ASTM A632-04 (2014) Grade TP 316L S31603 - 0.030 2.00 0.75 0.045 0.030 16.0-18.0 10.0-15.0 = 2.00-3.00
ASTM A778-01 (2009)e1 Grade TP 316L S31603 - 0.030 2.00 1.00 0.045 0.030 16.0-18.0 10.0-14.0  2.00-3.00 N 0.10

Note: This section continued on next page.
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5.3 Stainless Steel Tubes for General and Structural Applications

5.3.2A Chemical Composition of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)

Chapter 5

Steel Tubes and Pipes

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
EN 10296-2:2005 C2:2007  Grade X2CrNiMo17-12-2 1.4404 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 = 2.00-2.50 N 0.11
Grade X2CrNiMo17-12-3 1.4432 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 = 2.50-3.00 N 0.11
Grade X2CrNiMo18-14-3 1.4435 0.030 2.00 1.00 0.045 0.015 17.0-19.0 12.5-15.0 = 2.50-3.00 N 0.11
EN 10297-2:2005 C1:2007  Grade X2CrNiMo17-12-2 1.4404 0.030 2.00 1.00 0.045 0.015 16.5-18.5 10.0-14.5  2.00-2.50 N 0.11
Grade X2CrNiMo18-14-3 1.4435 0.030 2.00 1.00 0.045 0.015 17.0-19.0 12.5-15.0 = 2.50-3.00 N 0.11
GB/T 12770-2002 Grade 00Cr17Ni14Mo2 0.030 2.00 1.00 0.035 0.03 | 16.00-18.00 12.00-15.00 2.00-3.00
GB/T 14975-2002 Grade 00Cr17Ni14Mo2 0.030 2.00 1.00 0.035 0.03 | 16.00-18.00 12.00-15.00 2.00-3.00
EN 10296-2:2005 C2:2007  Grade X3CrNiMo17-13-3 1.4436 0.05 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.0 = 2.50-3.00 N 0.11
Grade X5CrNiMo17-12-2 1.4401 0.07 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 = 2.00-2.50 N 0.11
EN 10297-2:2005 C1:2007  Grade X3CrNiMo17-13-3 1.4436 0.05 2.00 1.00 0.045 0.015 16.5-18.5 10.5-14.0  2.50-3.00 N 0.11
Grade X5CrNiMo17-12-2 1.4401 0.07 2.00 1.00 0.045 0.015 16.5-18.5 10.0-13.0 = 2.00-2.50 N 0.11
GB/T 12770-2002 Grade 0Cr17Ni12Mo2 0.08 2.00 1.00 0.035 0.03 | 16.00-18.00 10.00-14.00 2.00-3.00
GB/T 14975-2002 Grade 0Cr17Ni12Mo2 0.08 2.00 1.00 0.035 0.03  16.00-18.50 10.00-14.00 2.00-3.00
ASTM A269/A269M-14e1 Grade TP 304LN S30453  --- 0.035 2.00 1.00 0.045 0.030 18.0-20.0 8.0-11.0 N 0.10-0.16
EN 10296-2:2005 C2:2007  Grade X2CrNiN18-10 1.4311 0.030 2.00 1.00 0.045 0.015 17.0-19.5 8.5-11.5 N 0.12-0.22
EN 10297-2:2005 C1:2007  Grade X2CrNiN18-10 1.4311 0.030 2.00 1.00 0.045 0.015 17.0-19.5 8.5-11.5 N 0.12-0.22
GB/T 14975-2002 Grade 00Cr18Ni10N 0.030 2.00 1.00 0.035 0.03 | 17.00-19.00 8.50-11.50 N 0.12-0.22
ASTM A269/A269M-14e1 Grade TP316LN S31653 - 0.035 2.00 1.00 0.045 0.030 16.0-18.0 10.0-13.0 = 2.00-3.00 N 0.10-0.16
EN 10296-2:2005 C2:2007  Grade X2CrNiMoN17-13-3 | --- 1.4429 0.030 2.00 1.00 0.045 0.015 16.5-18.5 11.0-14.0  2.50-3.00 N 0.12-0.22
EN 10297-2:2005 C1:2007  Grade X2CrNiMoN17-13-3 - 1.4429 0.030 2.00 1.00 0.045 0.015 16.5-18.5 11.0-15.0 = 2.50-3.00 N 0.12-0.22
GB/T 14975-2002 Grade 00Cr17Ni13Mo2N 0.030 2.00 1.00 0.035 0.03 | 16.00-18.50 10.50-14.50 2.0-3.0 N 0.12-0.22
EN 10296-2:2005 C2:2007  Grade X5CrNi18-10 1.4301 0.07 2.00 1.00 0.045 0.015 17.0-19.5 8.0-10.5 N 0.11
EN 10297-2:2005 C1:2007  Grade X5CrNi18-10 1.4301 0.07 2.00 1.00 0.045 0.015 17.0-19.5 8.0-10.5 N 0.11
GB/T 12770-2002 Grade 0Cr18Ni9 0.07 2.00 1.00 0.035 0.03 | 17.00-19.00 = 8.00-11.00
GB/T 14975-2002 Grade 0Cr18Ni9 0.07 2.00 1.00 0.035 0.03 | 17.00-19.00 8.00-11.00
ASTM A511/A511M-15a Grade MT 302 S§30200  --- 0.08-0.20 2.00 1.00 0.040 0.030 17.0-19.0 8.0-10.0
ASTM A554-15 Grade MT-302 S30200 - 0.15 2.00 1.00 0.045 0.030 17.0-19.0 8.0-10.0
GB/T 12770-2002 Grade 1Cr18Ni9 0.15 2.00 1.00 0.035 0.083 | 17.00-19.00 8.00-10.00
GB/T 14975-2002 Grade 1Cr18Ni9 0.15 2.00 1.00 0.035 0.03 | 17.00-19.00 8.00-10.00
ASTM A511/A511M-15a Grade MT 317 S31700 - 0.08 2.00 1.00 0.040 0.030 18.0-20.0 11.0-14.0 3.0-4.0
ASTM A554-15 Grade MT-317 S§31700 - 0.08 2.00 1.00 0.045 0.030 18.0-20.0 11.0-14.0 3.0-4.0
ASTM A632-04 (2014) Grade TP 317 S31700 - 0.08 2.00 0.75 0.045 0.030 18.0-20.0 11.0-14.0 = 3.00-4.00
GB/T 14975-2002 Grade 0Cr19Ni13Mo3 0.08 2.00 1.00 0.035 0.03 | 18.00-20.00 11.00-15.00 3.00-4.00
ASME SA-213/SA-213M Grade TP321 §32100 - 0.08 2.00 1.00 0.045 0.030 17.0-19.0 9.0-12.0 Ti 5x(C+N) to 0.70
ASME SA-249/SA-249M Grade TP321 S32100 - 0.08 2.00 1.00 0.045 0.030 17.0-19.0 9.0-12.0 N 0.10; Ti 5x(C+N) to 0.70

Note: This section continued on next page.
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5.3.2A Chemical Composition of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)
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UNS | Steel Weight, % max, Unless Otherwise Specified

Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
ASTM A249/A249M-14a Grade TP321 S§32100 - 0.08 2.00 1.00 0.045 0.030 17.0-19.0 9.0-12.0 N 0.10; Ti 5x(C+N) to 0.70
ASTM A269/A269M-14e1 Grade TP321 S32100  --- 0.08 2.00 1.00 0.045 0.030 17.0-19.0 9.0-12.0 Ti 5x(C+N) to 0.70
ASTM A511/A511M-15a Grade MT 321 $32100 - 0.08 2.00 1.00 0.040 0.030 17.0-20.0 9.0-13.0 Ti 5xC to 0.60
ASTM A554-15 Grade MT-321 S$32100 - 0.08 2.00 1.00 0.045 0.030 17.0-20.0 9.0-13.0 Ti 5xC to 0.60
ASTM A632-04 (2014) Grade TP 321 §32100  --- 0.08 2.00 0.75 0.045 0.030 17.0-20.0 9.0-13.0 Ti 5xC to 0.60
ASTM A778-01 (2009)e1 Grade TP 321 S32100 - 0.08 2.00 1.00 0.045 0.030 17.0-19.0 9.0-12.0 Ti 5xC to 0.70
EN 10296-2:2005 C2:2007  Grade X6CrNiTi18-10 1.4541 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Ti 5xC to 0.70
EN 10297-2:2005 C1:2007  Grade X6CrNiTi18-10 1.4541 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Ti 5xC to 0.70
GB/T 12770-2002 Grade 0Cr18Ni10Ti 0.08 2.00 1.00 0.035 0.08 | 17.00-19.00 9.00-12.00 Ti 5XC min.
GB/T 14975-2002 Grade 0Cr18Ni10Ti 0.08 2.00 1.00 0.035 0.03 | 17.00-19.00 | 9.00-12.00 Ti 5xC min.
JIS G 3446:2012 Symbol SUS321TKA 0.08 2.00 1.00 0.045 0.030 | 17.00-19.00 = 9.00-13.00 Ti 5xC min
EN 10296-2:2005 C2:2007  Grade X6CrNiMoTi17-12-2  --- 1.4571 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-13.5 = 2.00-2.50 Ti 5xC to 0.70
EN 10297-2:2005 C1:2007  Grade X6CrNiMoTi17-12-2 --- 1.4571 0.08 2.00 1.00 0.045 0.015 16.5-18.5 10.5-14.0 = 2.00-2.50 Ti 5xC to 0.70
GB/T 14975-2002 Grade 0Cr18Ni12Mo2Ti 0.08 2.00 1.00 0.035 0.03 | 16.00-19.00 11.00-14.00 1.80-2.50 Ti 5xC to 0.70
ASTM A269/A269M-14e1 Grade TP347 S34700 - 0.08 2.00 1.00 0.045 0.030 17.0-19.0 9.0-12.0 Cb 10xC to 1.10
ASTM A511/A511M-15a Grade MT 347 S34700 - 0.08 2.00 1.00 0.040 0.030 17.0-20.0 9.0-13.0 Cb 10xC to 1.00
ASTM A554-15 Grade MT-347 §34700 - 0.08 2.00 1.00 0.045 0.030 17.0-20.0 9.0-13.0 Cb 10xC to 1.00
ASTM A632-04 (2014) Grade TP 347 S34700 - 0.08 2.00 0.75 0.045 0.030 17.0-20.0 9.0-13.0 (Cb+Ta) 10xC to 1.0
ASTM A778-01 (2009)e1 Grade TP 347 S34700  --- 0.08 2.00 1.00 0.045 0.030 17.0-19.0 9.0-12.0 (Cb+Ta) 10xC to 1.10
EN 10296-2:2005 C2:2007  Grade X6CrNiNb18-10 1.4550 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Nb 10xC to 1.00
EN 10297-2:2005 C1:2007  Grade X6CrNiNb18-10 1.4550 0.08 2.00 1.00 0.045 0.015 17.0-19.0 9.0-12.0 Nb 10xC to 1.00
GB/T 12770-2002 Grade 0Cr18Ni11Nb 0.08 2.00 1.00 0.035 0.03 | 17.00-19.00 | 9.00-13.00 Nb 10xC min.
GB/T 14975-2002 Grade 0Cr18Ni11Nb 0.08 2.00 1.00 0.035 0.03 | 17.00-19.00 9.00-13.00 Nb 10xC min.
JIS G 3446:2012 Symbol SUS347TKA 0.08 2.00 1.00 0.045 0.030  17.00-19.00 9.00-13.00 Nb 10xC min
ASME SA-249/SA-249M S30415 - 0.04-0.06 0.80 1.00-2.00 | 0.045 0.030 18.0-19.0 9.0-10.0 N 0.12-0.18; Ce 0.03-0.08
ASME SA-312/SA-312M S30415  --- 0.04-0.06 0.80 1.00-2.00 | 0.045 0.030 18.0-19.0 9.0-10.0 N 0.12-0.18; Ce 0.03-0.08
ASME SA-358/SA-358M* S30415 - 0.04-0.06 0.80 1.00-2.00  0.045 0.030 18.0-19.0 9.0-10.0 N 0.12-0.18; Ce 0.03-0.08
ASTM A249/A249M-14a S30415 - 0.04-0.06 0.80 1.00-2.00 | 0.045 0.030 18.0-19.0 9.0-10.0 N 0.12-0.18; Ce 0.03-0.08
ASTM A312/A312M-15 S30415 - 0.04-0.06 0.80 1.00-2.00  0.045 0.030 18.0-19.0 9.0-10.0 N 0.12-0.18; Ce 0.03-0.08
ASTM A358/A358M-14a* S30415 - 0.04-0.06 0.80 1.00-2.00 | 0.045 0.030 18.0-19.0 9.0-10.0 N 0.12-0.18; Ce 0.03-0.08
EN 10296-2:2005 C2:2007  Grade X6CrNiSiNCe19-10 1.4818 0.04-0.08 1.00 1.00-2.00 | 0.045 0.015 18.0-20.0 9.0-11.0 N 0.12-0.20; Ce 0.03-0.08
GB/T 14975-2002 Grade 0Cr19Ni9N 0.08 2.00 1.00 0.035 0.03 | 18.00-20.00 = 7.00-10.50 N 0.10-0.25
ASME SA-213/SA-213M Grade TP317LM S31725 - 0.03 2.00 1.00 0.045 0.030 18.0-20.0 13.5-17.5 4.0-5.0 N 0.20 max; Cu 0.75 max
ASTM A213/A213M-15a Grade TP317LM S31725 - 0.03 2.00 1.00 0.045 0.030 18.0-20.0 13.5-17.5 4.0-5.0 N 0.20 max; Cu 0.75 max
ASTM A269/A269M-14e1 S31725 - 0.035 2.00 1.00 0.045 0.030 18.0-20.0 13.5-17.5 4.0-5.0 N 0.20 max
EN 10296-2:2005 C2:2007  Grade X2CrNiMoN17-13-5 - 1.4439 0.030 2.00 1.00 0.045 0.015 16.5-18.5 12.5-14.5 4.0-5.0 N 0.12-0.22
EN 10297-2:2005 C1:2007  Grade X2CrNiMoN17-13-5 - 1.4439 0.030 2.00 1.00 0.045 0.015 16.5-18.5 12.5-14.5 4.0-5.0 N 0.12-0.22

*: See "List of Standards" at the beginning of the chapter.
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5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications
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UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa ksi %, min. Heat Treatment Other
AFNOR NF A 49-647:1979 TS Z 6 CN 18-09 400 600 35 AM
ASME SA-249/SA-249M Grade TP304 S30400  --- 04<t<8.1 0.015<t<0.320 205 30 515 75 35 ST+Q or RC 90 max HRB
ASME SA-409/SA-409M Grade TP304 S30400 - t>0.46 t>0.018 205 30 515 T 75T HT+Q or RC
ASME SA-688/SA-688M  Grade TP 304 sa0400 - 2 ES%D' 0625<0D.<1 205 30 515 75 35 SA 90 max HRB
200 max HV
ASTM A269/A269M-14e1 Grade TP304 S30400 -- 0.51<t<1.650.020<t<0.065 HT 88 max HR15_T
74 max HR30_T
192 max HBW/
t=>1.65 t = 0.065 - - - HT 200 max HV or
90 max HRB
ASTM A511/A511M-15a* Grade MT 304 S30400 - 0.D. <325 0.D.<12.75 210 30 515 75 35 A 192 max HBW;
90 max HRB
ASTM A554-15* Grade MT-304 S30400 - t>0.51 t>0.020 207 30 517 75 35 A 192 max HB;
90 max HRB
ASTM A632-04 (2014) Grade TP 304 S30400 - 0.183<t<0.380.005<t<0.015 515 75 25 HT
0.38<t<1.650.015<t<0.065 205 30 515 75 35 HT
ASTM A908-03 (2013) Type 304 S30400 - 0.05<t<0.4 0.002<t<0.015 1030-1370 150-200
JIS G 3446:2012 Symbol SUS304TKA 1<t<2 205 520 26 ST
2<t<3 205 520 28 ST
3<t<4 205 520 29 ST
4<t<5b 205 520 30 ST
5<t<6 205 520 32 ST
6<ts7 205 520 34 ST
7<t<8 205 520 35 ST
t>8 205 520 35 ST
Symbol SUS304TKC 1<t<2 205 520 26 AM
2<t<3 205 520 28 AM
3<t<4 205 520 29 AM
4<t<5b 205 520 30 AM
5<t<6 205 520 32 AM
6<t<7 205 520 34 AM
7<t<8 205 520 35 AM
t>8 205 520 35 AM

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications
5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-647:1979 | TSZ2CN 18-10 400 600 35 AM
200 max HV
ASTM A269/A269M-14e1 Grade TP304L S30403 --- 051=<t<1.650.020=<t<0.065  --- HT 88 max HR15_T
74 max HR30_T
192 max HBW/
t=1.65 t=0.065 HT 200 max HV or
90 max HRB
ASTM A511/A511M-15a* Grade MT 304L S30403  --- 0.D. <325 0.D.=12.75 210 30 515 75 35 A 192 max HBW;
90 max HRB
ASTM A554-15* Grade MT-304L 530403 - t20.51 t0.020 172 25 483 70 35 A 192 max HB;
90 max HRB
ASTM A632-04 (2014) Grade TP 304L S30403 - 0.13<t<0.380.005<t<0.015  --- 485 70 25 HT
0.38<t<1.650.015<t<0.065 170 25 485 70 35 HT
ASTM A778-01 (2009)e1 Grade TP 304L S30403  --- 1.5<t<125 0.062<t<0.500 --- 485 T 70T AM
EN 10296-2:2005 C2:2007  Grade X2CrNi19-11 1.4306 t<30 180 460 40L,35T AW or SA
EN 10297-2:2005 C1:2007  Grade X2CrNi19-11 1.4306 180 460 40L,35T SA
GB/T 12770-2002 Grade 00Cr19Ni10 - - 480 - 35 ST
480 25 W
GB/T 14975-2002 Grade 00Cr19Ni10 175 480 T 35T BA

*: See "List of Standards" at the beginning of the chapter.
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5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)
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UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-647:1979 TS Z 6 CND 17-11 400 600 35 AM
200 max HV
ASTM A269/A269M-14e1 Grade TP316 S31600 -- 0.51<t<1.650.020 <t<0.065 HT 88 max HR15_T
74 max HR30_T
192 max HBW/
t=1.65 t=0.065 HT 200 max HV or
90 max HRB
ASTM A511/A511M-15a*  Grade MT 316 S31600 -  0.D.<325 OD.<1275 210 30 515 75 35 A 192 max HBW;
90 max HRB
ASTM A554-15* Grade MT-316 t>0.51 t>0.020 207 30 517 75 35 A 192 max HB;
90 max HRB
ASTM A632-04 (2014) Grade TP 316 S31600 -- 0.13<t<0.380.005<t<0.015 515 75 25 HT
0.38<t<1.650.015<t<0.065 205 30 515 75 35 HT
JIS G 3446:2012 Symbol SUS316TKA 1<t<2 205 520 26 ST
2<t<3 205 520 28 ST
3<t<4 205 520 29 ST
4<t<5h 205 520 30 ST
5<t<6 205 520 32 ST
6<t<7 205 520 34 ST
7<t<8 205 520 35 ST
t>8 205 520 35 ST
Symbol SUS316TKC 1<t<2 205 520 26 AM
2<t<3 205 520 28 AM
3<t<4 205 520 29 AM
4<t<5b 205 520 30 AM
5<t<6 205 520 32 AM
6<ts7 205 520 34 AM
7<t<8 205 520 35 AM
t>8 205 520 35 AM

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications
5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
200 max HV
ASTM A269/A269M-14e1 Grade TP316L S31603 --- 0.51<t<1.650.020 <t< 0.065 HT 88 max HR15_T
74 max HR30_T
192 max HBW/
t>1.65 t>0.065 -—- -—- -—- HT 200 max HV or
90 max HRB
ASTM A511/A511M-15a*  Grade MT 316L ~- | 0D.<325 O0D.<1275 210 30 515 75 35 A 192 max HBW;
90 max HRB
N 192 max HB;
ASTM A554-15 Grade MT-316L S31603 - t=0.51 t>0.020 172 25 483 70 35 A 90 max HRB
ASTM A632-04 (2014) Grade TP 316L S31603 --- 0.13<t<0.380.005<t<0.015 485 70 25 HT
0.38<t<1.650.015<t<0.065 170 25 485 70 35 HT
ASTM A778-01 (2009)e1 Grade TP 316L S31603  --- 1.5<t<12.5 0.062 <t < 0.500 485 T 70T AM
EN 10296-2:2005 C2:2007 Grade X2CrNiMo17-12-2 - 1.4404 t<30 190 - 490 40L,30T AW or SA
Grade X2CrNiMo17-12-3 1.4432 t< 30 190 490 40L,30T AW or SA
Grade X2CrNiMo18-14-3 1.4435 t<30 190 490 40L,35T AW or SA
EN 10297-2:2005 C1:2007 Grade X2CrNiMo17-12-2 --- 1.4404 === 190 490 40L,30T SA ---
Grade X2CrNiMo18-14-3 1.4435 190 490 40L,35T SA
GB/T 12770-2002 Grade 00Cr17Ni14Mo2 -—- --= === --- 480 - 35 ST
- - - 480 25 w
GB/T 14975-2002 Grade 00Cr17Ni14Mo2 -- 175 480 T 35T BA
EN 10296-2:2005 C2:2007  Grade X3CrNiMo17-13-3 1.4436 t< 30 205 510 40L,30T AW or SA
Grade X5CrNiMo17-12-2 1.4401 t<30 205 510 40L,30T AW or SA
EN 10297-2:2005 C1:2007 Grade X3CrNiMo17-13-3 --- 1.4436 === 205 510 40L,30T SA ---
Grade X5CrNiMo17-12-2 1.4401 205 510 40L,30T SA
GB/T 12770-2002 Grade 0Cr17Ni12Mo2 520 - 35 ST
- - - 520 25 w
GB/T 14975-2002 Grade 0Cr17Ni12Mo2 205 520 T 35T BA
200 max HV
ASTM A269/A269M-14e1 Grade TP 304LN S30453 --- 0.51<t<1.650.020 <t < 0.065 HT 88 max HR15_T
74 max HR30_T
192 max HBW/
t=1.65 t=0.065 HT 200 max HV or
90 max HRB
EN 10296-2:2005 C2:2007  Grade X2CrNiN18-10 1.4311 t<30 270 550 35L,30T AW or SA
EN 10297-2:2005 C1:2007  Grade X2CrNiN18-10 1.4311 270 550 35L,30T SA
GB/T 14975-2002 Grade 00Cr18Ni10N 245 550 T 40T BA

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications
5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
200 max HV
ASTM A269/A269M-14e1 Grade TP316LN S31653 ---  0.51<t<1.650.020 <t <0.065 - HT 88 max HR15_T
74 max HR30_T
192 max HBW/
t>1.65 t>0.065 - - - HT 200 max HV or
90 max HRB
EN 10296-2:2005 C2:2007 Grade X2CrNiMoN17-13-3 --- 1.4429 t<30 --- 295 --- 580 35L,30T AW or SA
EN 10297-2:2005 C1:2007 Grade X2CrNiMoN17-13-3 --- 1.4429 --- 295 580 35L,30T SA ---
GB/T 14975-2002 Grade 00Cr17Ni13Mo2N --- --- --- 245 --- 550 T 40T BA
EN 10296-2:2005 C2:2007 Grade X5CrNi18-10 1.4301 t< 30 195 - 500 40L,35T AW or SA
EN 10297-2:2005 C1:2007  Grade X5CrNi18-10 - 1.4301 195 500 40L,35T SA
GB/T 12770-2002 Grade 0Cr18Ni9 520 35 ST
520 25 w
GB/T 14975-2002 Grade 0Cr18Ni9 --- --- --- 205 --- 520 T 35T BA
ASTM A511/A511M-15a*  Grade MT 302 S30200 -~ | 0.D.<325 OD.<1275 210 30 515 75 35 A 192 max HBW;
90 max HRB
ASTM A554-15* Grade MT-302 S30200 - t>0.51 t>0.020 207 30 517 75 35 A 192 max HB;
90 max HRB
GB/T 12770-2002 Grade 1Cr18Ni9 - == 520 --- 35 ST
- - - 520 25 W
GB/T 14975-2002 Grade 1Cr18Ni9 - - --- 205 --- 520 T 35T BA
ASTM A511/A511M-15a*  Grade MT 317 S31700 -~  0.D.<325 OD.<1275 210 30 515 75 35 A+Q or RC 192 ma HE
ASTM A554-15* Grade MT-317 S31700 - t>0.51 t>0.020 207 30 517 75 35 A 192 max HB;
90 max HRB
ASTM A632-04 (2014) Grade TP 317 S31700 ---  0.13<t<0.380.005<t<0.015 515 75 25 HT+Q or RC
0.38<1<1.650.015<1t<0.065 205 30 515 75 35 HT+Q or RC
GB/T 14975-2002 Grade 0Cr19Ni13Mo3 - - --- 205 --- 520 T --- 35T BA

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications
5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
192 max HBW/
ASME SA-213/SA-213M Grade TP321 S32100  --- t=04 t>0.015 205 30 515 75 35 ST+Q or RC 200 max HV;
90 max HRB
ASME SA-249/SA-249M Grade TP321 S32100  --- 04<t<81 0.015<t<0.320 205 30 515 75 35 ST+Q or RC 90 max HRB
ASTM A249/A249M-14a Grade TP321 S32100  --- 04<t<8.1 0.015=t<0.320 205 30 515 75 35 ST+Q or RC 90 max HRB
200 max HV
ASTM A269/A269M-14e1 Grade TP321 S321000 - 0.51<t<1.650.020<t<0.065  --- HT 88 max HR15_T
74 max HR30_T
192 max HBW/
t=1.65 t=0.065 HT 200 max HV or
90 max HRB
ASTM A511/A511M-15a*  Grade MT 321 $32100 -~ | 0.D.<325 OD.<1275 210 30 515 75 35 A 192 max HBW;
90 max HRB
ASTM A554-15* Grade MT-321 $32100 - t>0.51 t>0.020 207 30 517 75 35 A 192 max HB;
90 max HRB
ASTM A632-04 (2014) Grade TP 321 S321000 - 0.13<t<0.380.005<t<0.015  --- 515 75 25 HT
0.38<t<1.650.015<t<0.065 205 30 515 75 35 HT
ASTM A778-01 (2009)e1 Grade TP 321 S32100  --- 1.5<t<125 0.062<t<0.500 --- 515 T 75T AM
EN 10296-2:2005 C2:2007  Grade X6CrNiTi18-10 1.4541 t<30 200 500 35L,30T AW or SA
EN 10297-2:2005 C1:2007  Grade X6CrNiTi18-10 1.4541 200 500 35L,30T SA, CF
180 460 35L,30T SA, HF
GB/T 12770-2002 Grade 0Cr18Ni10Ti 520 35 ST
520 25 W
GB/T 14975-2002 Grade 0Cr18Ni10Ti 205 520 T 35T BA
JIS G 3446:2012 Symbol SUS321TKA 1<t<2 205 520 26 ST
2<t<3 205 520 28 ST
3<t=<4 205 520 29 ST
4<t<5b 205 520 30 ST
5<t<6 205 520 32 ST
6<ts7 205 520 34 ST
7<t<8 205 520 35 ST
t>8 205 520 35 ST
EN 10296-2:2005 C2:2007  Grade X6CrNiMoTi17-12-2  --- 1.4571 t< 30 210 510 35L,30T AW or SA
EN 10297-2:2005 C1:2007  Grade X6CrNiMoTi17-12-2 - 1.4571 210 500 35L,30T SA, CF
190 490 35L,30T SA, HF
GB/T 14975-2002 Grade 0Cr18Ni12Mo2Ti 205 530 T 3BT BA

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications

5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
200 max HV
ASTM A269/A269M-14e1 Grade TP347 S§34700 - 0.51<t<1.650.020<t<0.065  --- HT 88 max HR15_T

74 max HR30_T
192 max HBW/

t>1.65 t>0.065 --- --- --- HT 200 max HV or
90 max HRB
ASTM A511/A511M-15a*  Grade MT 347 S34700 -~  0D.<325 OD.<1275 210 30 515 75 35 A 192 max HBW;
90 max HRB
. 192 max HB;
ASTM A554-15 Grade MT-347 S34700 - t> 0.51 t>0.020 207 30 517 75 35 A 90 Mot HRB
ASTM A632-04 (2014) Grade TP 347 S34700 - 013<t<0.380.005<t<0.015 - 515 75 25 HT
0.38<t<1.650.015<t<0.065 205 30 515 75 35 HT
ASTM A778-01 (2009)e1 Grade TP 347 $34700 - 15<t<125 0062<t<0.500 - 515 T 75T AM
EN 10296-2:2005 C2:2007  Grade X6CrNiNb18-10 — 14550  t<30 205 510 351,30 T AW or SA
EN 10297-2:2005 C1:2007  Grade X6CrNiNb18-10 — | 1.4550 205 510 35L,30T SA
GB/T 12770-2002 Grade 0Cr18Ni11Nb 520 35 ST
520 25 w
GB/T 14975-2002 Grade 0Cr18Ni11Nb 205 520 T 35T BA
UIS G 3446:2012 Symbol SUS347TKA 1<t<? 205 520 26 ST
2<t<3 205 520 28 ST
3<t<4 205 520 29 ST
4<t<5 205 520 30 ST
5<t<6 205 520 32 ST
6<t<7 205 520 34 ST
7<t<8 205 520 35 ST
t>8 205 520 35 ST
ASME SA-249/SA-249M S30415 -  04<t<81 0015<t<0.320 290 42 600 87 35 ST+Q or RC 96 max HRB
ASME SA-312/SA-312M S30415 - 290 42 600 87  35L,25T A+Q or RC
. 217 max HBW or
ASME SA-358/SA-358M S30415 - 290 42 600 87 40 A+Qor ST 95 moX HRBW
ASTM A249/A249M-14a S30415 -  04<t<81 0.015<t<0.320 290 42 600 87 35 ST+Q or RC 96 max HRB
ASTM A312/A312M-15 S30415 - 290 42 600 87  35L,25T A+Q or RC
. 217 max HBW or|
ASTM A358/A358M-14a S30415 - 290 42 600 87 40 A+Qor ST 95 Mo LRBW
EN 10296-2:2005 C2:2007  Grade X6CNiSINCe19-10 -  1.4818 290 600 40L,40T SA
GB/T 14975-2002 Grade OCr19Ni9N 275 550 T 35T BA

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications

5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for General and Structural Applications (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
192 max HBW/
t=0.4 t=0.015 205 30 515 75 35 ST+Q or RC 200 max HV;
90 max HRB

192 max HBW/
ASTM A213/A213M-15a Grade TP317LM S31725 - t=>0.4 t>0.015 205 30 515 75 35 ST+Qor RC 200 max HV;

90 max HRB

200 max HV
ASTM A269/A269M-14e1 831725 - 0.51<t<1.650.020 <t<0.065 HT 88 max HR15_T

74 max HR30_T
192 max HBW/

ASME SA-213/SA-213M Grade TP317LM S§31725 -

t>1.65 t>0.065 - - - HT 200 max HV or
90 max HRB
EN 10296-2:2005 C2:2007  Grade X2CrNiMoN17-13-5 1.4439 t<30 285 580 35L,30T AW or SA
EN 10297-2:2005 C1:2007  Grade X2CrNiMoN17-13-5 1.4439 285 580 35L,30T SA
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5.3 Stainless Steel Tubes for General and Structural Applications

5.3.3A Chemical Composition of Duplex Stainless Steel Tubes and Pipes for General and Structural Applications

Chapter 5

Steel Tubes and Pipes

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P F S | Cr | Ni Mo Others
ASME SA-789/SA-789M S31500  --- 0.030 1.20-2.00 1.40-2.00 @ 0.030 0.030 18.0-19.0 4.3-5.2 2.50-3.00 N 0.05-0.1
ASTM A789/A789M-14 S31500  --- 0.030 1.20-2.00 = 1.40-2.00 = 0.030 0.030 18.0-19.0 4.3-5.2 2.50-3.00 N 0.05-0.1
EN 10297-2:2005 C1:2007  Grade X2CrNiMoSi18-5-3 1.4424 0.030 1.20-2.00 1.40-2.00 0.035 0.015 18.0-19.0 4.5-5.2 2.50-3.00 N 0.05-0.10
GB/T 14975-2002 Grade 00Cr18Ni5Mo3Si2 0.030 1.00-2.00 1.30-2.00 @ 0.035 0.03 | 18.00-19.00 4.50-5.50 = 2.50-3.00
ASME SA-789/SA-789M S31803  --- 0.030 2.00 1.00 0.030 0.020 21.0-23.0 4.5-6.5 2.5-3.5 N 0.08-0.20
S32205 - 0.030 2.00 1.00 0.030 0.020 22.0-23.0 4.5-6.5 3.0-3.5 N 0.14-0.20
ASTM A270/A270M-15 S31803  --- 0.030 2.00 1.00 0.030 0.020 21.0-23.0 4.5-6.5 2.5-3.5 N 0.08-0.20
Grade 2205 S32205  --- 0.030 2.00 1.00 0.030 0.020 22.0-23.0 4.5-6.5 3.0-3.5 N 0.14-0.20
ASTM A789/A789M-14 S31803  --- 0.030 2.00 1.00 0.030 0.020 21.0-23.0 4.5-6.5 2.5-3.5 N 0.08-0.20
S32205  --- 0.030 2.00 1.00 0.030 0.020 22.0-23.0 4.5-6.5 3.0-3.5 N 0.14-0.20
EN 10296-2:2005 C2:2007  Grade X2CrNiMoN22-5-3 1.4462 0.030 2.00 1.00 0.035 0.015 21.0-23.0 4.5-6.5 2.50-3.5 N 0.10-0.22
EN 10297-2:2005 C1:2007  Grade X2CrNiMoN22-5-3 1.4462 0.030 2.00 1.00 0.035 0.015 21.0-23.0 4.5-6.5 2.5-3.5 N 0.10-0.22
ASME SA-789/SA-789M S32304 - 0.030 2.50 1.00 0.040 0.040 21.5-24.5 3.0-5.5 0.05-0.60 Cu 0.05-0.60; N 0.05-0.20
ASTM A789/A789M-14 S32304  --- 0.030 2.50 1.00 0.040 0.040 21.5-24.5 3.0-5.5 0.05-0.60 Cu 0.05-0.60; N 0.05-0.20
EN 10296-2:2005 C2:2007  Grade X2CrNiN23-4 1.4362 0.030 2.00 1.00 0.035 0.015 22.0-24.0 3.5-5.5 0.10-0.60 Cu 0.10-0.60; N 0.05-0.20
EN 10297-2:2005 C1:2007  Grade X2CrNiN23-4 1.4362 0.030 2.00 1.00 0.035 0.015 22.0-24.0 3.5-5.5 0.10-0.60 Cu 0.10-0.60; N 0.05-0.20
ASME SA-789/SA-789M S32760  --- 0.05 1.00 1.00 0.030 0.010 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
N 0.20-0.30;
[Cr+(3.3xMo)+(16xN)] 40 min.
ASTM A789/A789M-14 S32760  --- 0.030 1.00 1.00 0.030 0.010 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
N 0.20-0.30;
[Cr+(3.3xMo)+(16xN)] 40 min.
EN 10297-2:2005 C1:2007  Grade X2CrNIMoCuWN25-7-4 - 1.4501 0.030 1.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.0 Cu 0.50-1.00; W 0.50-1.00;
N 0.20-0.30
ASME SA-789/SA-789M S32750 - 0.030 1.20 0.80 0.035 0.020 24.0-26.0 6.0-8.0 3.0-5.0 Cu 0.50; N 0.24-0.32
ASTM A270/A270M-15 Grade 2507 S32750 - 0.030 1.20 0.80 0.035 0.020 24.0-26.0 6.0-8.0 3.0-5.0 Cu 0.50; N 0.24-0.32
ASTM A789/A789M-14 S$32750  --- 0.030 1.20 0.80 0.035 0.020 24.0-26.0 6.0-8.0 3.0-5.0 Cu 0.50; N 0.24-0.32;
[Cr+(3.3xMo)+(16xN)] 41 min.
EN 10296-2:2005 C2:2007  Grade X2CrNiMoN25-7-4 1.4410 0.030 2.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.5 N 0.24-0.35
EN 10297-2:2005 C1:2007  Grade X2CrNiMoN25-7-4 1.4410 0.030 2.00 1.00 0.035 0.015 24.0-26.0 6.0-8.0 3.0-4.5 N 0.24-0.35
ASME SA-789/SA-789M S32906  --- 0.030 0.80-1.50 0.80 0.030 0.030 28.0-30.0 5.8-7.5 1.50-2.60 Cu 0.80; N 0.30-0.40
ASTM A789/A789M-14 S32906 - 0.030 0.80-1.50 0.80 0.030 0.030 28.0-30.0 5.8-7.5 1.50-2.60 Cu 0.80; N 0.30-0.40
EN 10297-2:2005 C1:2007  Grade X2CrNiMoN29-7-2 1.4477 0.030 0.80-1.50 0.50 0.030 0.015 28.0-30.0 5.8-7.5 1.50-2.60 N 0.30-0.40
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5.3 Stainless Steel Tubes for General and Structural Applications
5.3.3B Mechanical Properties of Duplex Stainless Steel Tubes and Pipes for General and Structural Applications
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-789/SA-789M S31500  --- 440 64 630 92 30 ST+Q 290 max HBW;
30 max HRC
ASTM A789/A789M-14 S31500  --- 440 64 630 92 30 ST+Q 290 max HBW;
30 max HRC
EN 10297-2:2005 C1:2007  Grade X2CrNiMoSi18-5-3 1.4424 480 700 30L,30T SA
GB/T 14975-2002 Grade 00Cr18Ni5Mo3Si2 390 590 T 20T BA
ASME SA-789/SA-789M S31803  --- 450 65 620 90 25 ST+Q 290 max HBW;
30 max HRC
S32205  --- 485 70 655 95 25 ST+Q 290 max HBW;
30 max HRC
ASTM A270/A270M-15* S31803  --- 0.D. =300 O.D.=12 450 65 620 90 25 HT+Q or RC 30.5 max HRC
Grade 2205 S32205 - 0O.D. <300 O.D.<12 485 70 655 95 25 HT+Q or RC 30.5 max HRC
ASTM A789/A789M-14 S31803  --- - 450 65 620 90 25 ST+Q 290 max HBW;
30 max HRC
S32205  --- 485 70 655 95 25 ST+Q 290 max HBW;
30 max HRC
EN 10296-2:2005 C2:2007  Grade X2CrNiMoN22-5-3 1.4462 t<30 450 700 22 L AW or SA
EN 10297-2:2005 C1:2007  Grade X2CrNiMoN22-5-3 1.4462 450 640 22 L SA
ASME SA-789/SA-789M S32304 - 0.D.<25 O.D. <1 450 65 690 100 25 ST+Q
0.D.>25 O.D.>1 400 58 600 87 25 ST+Q 290 max HBW;
30 max HRC
ASTM A789/A789M-14 S32304  --- 0.D.<25 O.D. =1 450 65 690 100 25 ST+Q
O.D.>25 O.D.>1 400 58 600 87 25 ST+Q 290 max HBW;
30 max HRC
EN 10296-2:2005 C2:2007 Grade X2CrNiN23-4 - 1.4362 t<30 400 - 600 20L AW or SA
EN 10297-2:2005 C1:2007 Grade X2CrNiN23-4 - 1.4362 --- 400 --- 600 25L,25T SA
ASME SA-789/SA-789M S32760  --- 550 80 750 109 25 ST+Q 300 max HBW
ASTM A789/A789M-14 S32760  --- 550 80 750 109 25 ST+Q 300 max HBW
EN 10297-2:2005 C1:2007  Grade X2CrNiMoCuWN25-74 - 1.4501 550 800 20L,20T SA

*: See "List of Standards" at the beginning of the chapter.
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5.3 Stainless Steel Tubes for General and Structural Applications
5.3.3B Mechanical Properties of Duplex Stainless Steel Tubes and Pipes for General and Structural Applications (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other

ASME SA-789/SA-789M S32750 - 550 80 800 116 15 ST+Q 300 max HBW;
32 max HRC

ASTM A270/A270M-15* Grade 2507 S32750 - 0.D. <300 O.D.<12 550 80 800 116 15 HT+Q or RC 32 max HRC

ASTM A789/A789M-14 S32750 - 550 80 800 116 15 ST+Q 300 max HBW;
32 max HRC

EN 10296-2:2005 C2:2007 Grade X2CrNiMoN25-7-4 1.4410 t<30 550 --- 800 15L AW or SA

EN 10297-2:2005 C1:2007  Grade X2CrNiMoN25-7-4 1.4410 550 800 20L,20T SA

ASME SA-789/SA-789M S32906  --- t<10 t<0.40 650 94 800 116 25 ST+Q 300 max HBW;
32 max HRC

t=10 t=0.40 550 80 750 109 25 ST+Q 300 max HBW;

32 max HRC

ASTM A789/A789M-14 S32906  --- t<10 t<0.40 650 94 800 116 25 ST+Q 300 max HBW;
32 max HRC

t=10 t=0.40 550 80 750 109 25 ST+Q 300 max HBW;

32 max HRC

EN 10297-2:2005 C1:2007  Grade X2CrNiMoN29-7-2 1.4477 550 750 25L,25T SA

*: See "List of Standards" at the beginning of the chapter.
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5.4 Carbon Steel Tubes and Pipes for Low-Temperature Service

5.4A Mechanical Properties of Carbon Steel Tubes and Pipes — With Impact Testing Below —20°C

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
EN 10216-4:2013 P215NL — 10451 t<10 215 — 360480 -~  250;23T N see standard for
impact data
EN 10217-4:2002 A1:2005  P215NL — 10451 t<10 215 — 360480 -~  250L;23T see standard see standard for
impact data
EN 10217-6:2002 A1:2005  P215NL — 10451 t<10 215 — 360480 -~  250L;23T see standard see standard for
impact data
. t<10mm
ISO 9329-3:1997 PL 21 t<13 215 —  360-480 - 24 N L o
t<10mm
13<t<25 215 - 360-480 - 24 N Lo
ISO 9330-3:1997 PL 21 215 — | 360-480 - 24 L: 40 J at -40°C
. <10 mm
ISO 9330-5:2000 PL 21 t<13 215 —  360-480 - 24 N Lo e
<10 mm
13<t<25 215 —  360-480 - 24 N L
EN 10216-4:2013 P255QL - 1.0452  t<40 255 — 360490 -  23L21T QT see standard for
impact data
ISO 9329-3:1997 PL 25 t<13 255 — | 360-490 - 21 QT L: 40 J at -50°C
13<t<25 255 — | 360-490 - 21 QT L: 40 J at -50°C
25 <t<40 235 - 360-490 - 21 QT L: 40 J at -40°C
ISO 9330-3:1997 PL 25 255 — | 360-490 - 21 QT L: 40 J at -50°C
ISO 9330-5:2000 PL 25 t<13 255 - 360-490 - 21 N L: 40 J at -50°C
13<t<25 255 - 360-490 - 21 N L: 40 J at -50°C
25 <t<40 235 - 360-490 - 21 N L: 40 J at -40°C
ASME SA-333/SA-333M  Grade 1 K03008 - 205 30 380 55 350,257 N or N+T see standard
ASME SA-334/SA-334M  Grade 1 K03008 - t>04 t>0.015 205 30 380 55 35 N or N+T 163 max HB:
85 max HRB;
see standard
t>8mm
ASTM A333/A333M-13 Grade 1 K03008 - 205 30 380 55 (5/16in) N, NT 18 J at -45°C
3501 25T
. 85 max HRB;
ASTM A334/A334M-04a & 46 1 K03008 - t>04 t>0.015 205 30 380 55 125161, N, NT 163 max HB:
(2010) (8 mm): 35 !
18 J at -45°C
JIS G 3460:2013 Symbol STPL380 205 380 35 N, NT or QT 21 J at -45°C

Note: This section continued on next page.
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5.4 Carbon Steel Tubes and Pipes for Low-Temperature Service
5.4A Mechanical Properties of Carbon Steel Tubes and Pipes — With Impact Testing Below —20°C (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
JIS G 3464:2013 Symbol STBL380 0.D.<10 205 380 27 L N, NT or QT 21J at-45°C
10=9D.< 205 380 30L N, NT or QT 21J at -45°C
0.D.>20 205 380 35L N, NT or QT 21J at-45°C
GB/T 18984-2003 Grade 09DG --- --- 210 385 L --- 35L see standard
EN 10216-3:2013 P275NL2 — 11104 ts=12 275 — | 390-530 - 24L;22T see standard for
impact data
. see standard for
12<t<20 275 390-530 241;22T N impact data
. see standard for
20<t<40 275 390-510 241;22T N impact data
i see standard for
40<t<50 265 390-510 24 1;22T N impact data
i see standard for
50<t<65 255 390-510 241,227 N impact data
i see standard for
65<t<80 245 360-480 241,227 N impact data
i see standard for
80 <t<100 235 360-480 241;22T N impact data
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5.4 Carbon Steel Tubes and Pipes for Low-Temperature Service
5.4A Mechanical Properties of Carbon Steel Tubes and Pipes — With Impact Testing Below —20°C (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
GB/T 18984-2003 Grade 10MnDG - - 240 400 L - 35L N see standard
Grade 16MnDG t<16 325 490-665 L 30L N see standard
t>16 315 490-665 L - 30L N see standard
1ISO 9330-3:1997 PL 23 - - 235 410-530 --- 22 N L: 27 J at-50°C
1ISO 9330-5:2000 PL 23 - t<13 235 410-530 --- 22 N L: 27 J at -50°C
13<t<25 235 410-530 --- 22 N L: 27 J at -50°C
1ISO 9329-3:1997 PL 23 - t<13 235 410-530 --- 22 N L: 27 J at -50°C
13<t<25 235 410-530 --- 22 N L: 27 J at -50°C
EN 10216-4:2013 P265NL —  1.0453  t=25 265 — | 410-570 241;22T N see standard for
impact data
EN 10217-4:2002 A1:2005  P265NL -~ 1.0453  t<16 265 — | 410-570 241;22T see standard see standard for
impact data
EN 10217-6:2002 A1:2005  P265NL -~ 1.0453  t<25 265 — | 410-570 241;22T see standard Seﬁnsgggfggtjafor
ASME SA-334/SA-334M Grade 6 K03006 - t>04 t>0.015 240 35 415 60 30 N or N+T 190 max HB;
90 max HRB;
see standard
t>8mm
ASTM A333/A333M-13 Grade 6 K03006 - - 240 35 415 60 (5/16in.) N, NT 18 J at -45°C
30L;165T
: 90 max HRB
ASTM A334/A334M-04a Grade 6 K03006 - t>0.4 t>0.015 240 35 415 go  L=516in N, NT 190 max HB
(2010) (8 mm): 30 o
18 J at -45°C
ASME SA-333/SA-333M Grade 6 K03006  --- 240 35 415 60 30L,165T N or N+T see standard
Grade 3 K31918 - - 240 35 450 65 30L,20T N or N+T see standard
t=8mm
ASTM A333/A333M-13 Grade 3 K31918 - - 240 35 450 65 (5/16in.) N, NT 18 J at -100°C
30L;20T
JIS G 3460:2013 Symbol STPL450 245 450 --- 30 N, NT or QT 21 J at -100°C
ASME SA-333/SA-333M Grade 8 K81340 515 75 690 100 22 L Q+T or NN+T
t>8mm
ASTM A333/A333M-13 Grade 8 K81340 515 75 690 100 (5/16in.) QT or NNT
22 L
JIS G 3460:2013 Symbol STPL690 520 690 - 21 NNT or QT 21 J at-196°C
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5.4 Carbon Steel Tubes and Pipes for Low-Temperature Service

5.4B Chemical Composition of Carbon Steel Tubes and Pipes — With Impact Testing Below -20°C

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P S | Cr | Ni | Mo Others

_ Al 0.020 min; Cu 0.30; Nb 0.010;
EN 10216-4:2013 P215NL -~ 1.0451 015 | 040-1.20  0.35 0.025 = 0.010 0.30 0.30 0.08 T10.040; V 0.02
EN 10217-4:2002 A1:2005  P215NL — 10451 015  0.40-1.20 0.35 0.025 = 0.020 0.30 0.30 008  Al0:020 rT”i'g; (%‘f SIgoész 0.010;
EN 10217-6:2002 A1:2005  P215NL — 10451 015  0.40-1.20 0.35 0.025 = 0.020 0.30 0.30 008  Al0:020 rT”i'g; (%‘f SIgoész 0.010;
ISO 9329-3:1997 PL 21 017 | 0.40-1.00  0.35 0.030  0.025 Al 0.015 min
ISO 9330-3:1997 PL 21 017  040-1.00  0.35 0.030 = 0.025 A'0.015 min
ISO 9330-5:2000 PL 21 017 | 0.40-1.00  0.35 0.030 = 0.025 Al 0.015 min

. Al'0.020 min; Cu 0.30; Nb 0.010;
EN 10216-4:2013 P255QL -~ 1.0452 017 | 040-1.20  0.35 0.025 = 0.010 0.30 0.30 0.08 T10.040; V 0.02
ISO 9329-3:1997 PL 25 017 | 0.40-1.00  0.35 0.030  0.025 Al 0.015 min
ISO 9330-3:1997 PL 25 017  060-1.20  0.35 0.030 = 0.025 AI'0.015 min
ISO 9330-5:2000 PL 25 017 | 0.40-1.00  0.35 0.030  0.025 Al 0.015 min
ASME SA-333/SA-333M Grade 1 K03008 - 0.30  0.40-1.06 0.025  0.025
ASME SA-334/SA-334M Grade 1 K03008 - 0.30  0.40-1.06 0.025 = 0.025
ASTM A333/A333M-13 Grade 1 K03008 - 0.30  0.40-1.06 0.025 = 0.025
é%:'(\)") A334/A334M-04a 46 1 K03008 - 030 | 0.40-1.06 0025  0.025
UIS G 3460:2013 Symbol STPL380 0.25 1.35 0.35 0.035  0.035
IS G 3464:2013 Symbol STBL380 0.25 1.35 0.35 0.035  0.035
GB/T 18984-2003 Grade 09DG 0.12 095  017-0.37 0.025 0.025 V 0.07

Al 0.020 min; Cu 0.30; N 0.020;

EN 10216-3:2013 P275NL2 — 11104 016 | 050-1.50  0.40 0.025 = 0.005 0.30 0.50 0.08 Nb 0.05: Ti 0.040; V 0.05;

(Nb+Ti+V) 0.05; (Cr+Cu+Mo) 0.45

Handbook of Comparative World Steel Standards



5.4 Carbon Steel Tubes and Pipes for Low-Temperature Service

5.4B Chemical Composition of Carbon Steel Tubes and Pipes — With Impact Testing Below -20°C (Continued)

Chapter5 Steel Tubes and Pipes 250

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn | Si | P S | Cr | Ni | Mo Others

GB/T 18984-2003 Grade 10MnDG 0.13 135 | 017-0.37 0.025 = 0.025 V 0.07

Grade 16MnDG — 012020 1.20-1.60 0.20-0.55 0.025 = 0.025
ISO 9329-3:1997 PL 23 019  0.60-1.20  0.35 0.030  0.025 Al 0.015 min
ISO 9330-3:1997 PL 23 019  060-1.20  0.35 0.030 = 0.025 AI'0.015 min
ISO 9330-5:2000 PL 23 019  060-1.20  0.35 0.030  0.025 Al 0.015 min

. Al'0.020 min; Cu 0.30; Nb 0.010;

EN 10216-4:2013 P265NL —-  1.0453 020 | 0.60-1.40  0.40 0.025 = 0.010 0.30 0.30 0.08 T10.040; V 0.02
EN 10217-4:2002 A1:2005  P265NL ~- 10453 020  0.60-1.40  0.40 0.025 = 0.020 0.30 0.30 0.0g  A0:020 il (%‘f SIgOc;)sz 0.010;
EN 10217-6:2002 A1:2005  P265NL —- 10453 020  0.60-1.40 0.40 0.025 = 0.020 0.30 0.30 008  Al0:020 rT”i"(’); (%‘f SIgoész 0.010;
ASME SA-334/SA-334M Grade 6 K03006 - 030  029-1.06 0.10min. 0.025 = 0.025
ASTM A333/A333M-13 Grade 6 K03006 - 030  0.29-1.06 0.10min = 0025  0.025 0.30 0.40 0.12 Cu 0.40; V 0.08; Cb 0.02
?2%:'2)") A334/A334M-04a & 4 6 K03006 - 030 | 029-1.06 010min = 0025  0.025
ASME SA-333/SA-333M Grade 6 K03006 - 030  0.29-1.06 0.10min. 0.025 & 0.025

Grade 3 K31918 - 019  0.31-064 0.18-0.37 0.025  0.025 3.18-3.82
ASTM A333/A333M-13 Grade 3 K31918 - 019 | 0.31-0.64 0.18-0.37 0025 0.025 3.18-3.82
IS G 3460:2013 Symbol STPL450 0.18  0.30-0.60 0.10-0.35 0.030 = 0.030 3.20-3.80
ASME SA-333/SA-333M Grade 8 K81340 — 0.13 090 013032 0025 0025 8.40-9.60
ASTM A333/A333M-13 Grade 8 K81340 - 0.13 090  0.13-0.32 0025 0.025 8.40-9.60
JIS G 3460:2013 Symbol STPL690 0.13 0.90  0.10-0.35 0.030 = 0.030 8.50-9.50
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5.5 Alloy Steel Tubes and Pipes for Low-Temperature Service

5.5A Chemical Composition of Alloy Steel Tubes and Pipes for Low-Temperature Service

Chapter 5

Steel Tubes and Pipes 251

UNS | Steel Weight, % max, Unless Otherwise Specified

Specification Designation No. No. C Mn Si P S | Cr Ni Mo Others
EN 10216-4:2013 11MnNi5-3 — 16212 014 070150  0.50 0.025 = 0.010 0.30-0.80 - Al0.020 m'”i/%uo%e'o; Nb 0.05;
ISO 9329-3:1997 11 MnNi 5-3 014 070150 050 | 0030 0.025 0.30-0.80 Al 0.020 min: V 0.05; Nb 0.05
ISO 9330-3:1997 11 MnNi 5-3 014 070150 050 | 0030 0.025 0.30-0.80 A1 0.020 min: V 0.05; Nb 0.05
ISO 9330-5:2000 11 MnNi 5-3 014 | 070150 050 | 0030 0.025 0.30-0.80 Al 0.020 min: V 0.05; Nb 0.05
EN 10216-4:2013 13MnNi6-3 — 16217 016 085170 050 0025 0.010 0.30-0.85 A10.020 m'”i,%uo%so‘ Nb 0.05;
ISO 9329-3:1997 13 MnNi 6-3 018 085165 050 | 0030 0.025 0.30-0.85 A10.020 min; V 0.05; Nb 0.05
ISO 9330-3:1997 13 MnNi 6-3 0.18 085165 050 | 0030 0.025 0.30-0.80 Al 0.020 min: V 0.05; Nb 0.05
ISO 9330-5:2000 13 MnNi 6-3 018 085165 050 0030 0.025 0.30-0.85 Al 0.020 min: V 0.05; Nb 0.05
ASME SA-334/SA-334M ___ Grade 3 K31918  — 019 | 0.31-0.64 018037 0025 0025 3.18-3.82
ASTM A333/A333M-13 Grade 3 K31918 - 019 | 0.31-0.64 018037 0025 0025 3.18-3.82
é%:'g') A334/A334M-04a G 146 3 K31918 - 019  031-064 0.18037 0025 0.025 3.18-3.82
EN 10216-4:2013 12Ni14 — 15637 015  030-080 0.15-0.35 0025  0.005 3.05-3.75 Cu 0.30; V 0.05
GB/T 18984-2003 Grade 06Ni3MoDG 0.08 085  017-037 0025 0025 2537  0.15-0.30 V 0.05
ISO 9329-3:1997 12 Ni 14 015  0.30-0.85 0.15-035 0025  0.020 3.05-3.75 V 0.05
ISO 9330-3:1997 12 Ni 14 015  0.30-0.85 0.15-035 0025 0.020 3.05-3.75 V 0.05
ISO 9330-5:2000 12 Ni 14 015 0308 035 | 0025 0.020 3.25-3.75 V 0.05
UIS G 3460:2013 Symbol STPL450 018  0.30-0.60 0.10-0.35 0.030  0.030 3.20-3.80
UIS G 3464:2013 Symbol STBL450 018 | 0.30-0.60 0.10-0.35 0.030  0.030 3.20-3.80
EN 10216-4:2013 X12Ni5 15680 015 | 030080 035 0.020 | 0.005 4553 Cu 0.30; V 0.05
ISO 9329-3:1997 X 12 Ni 5 015 | 0.30-0.80 035 0025 0.020 4.50-5.30 V 0.05
ISO 9330-3:1997 X 12 Ni 5 015  0.30-0.80 035 0025 0.020 4.50-5.30 V 0.05
ISO 9330-5:2000 X 12 Ni 5 015 0.3-08 035 | 0025 0020 4.50-5.30 V 0.05
ASME SA-334/SA-334M ___ Grade 8 Ke1340 — 013 090 | 013-032 0025 0025 8.40-9.60
ASTM A333/A333M-13 Grade 8 K81340 - 013 090  013-032 0025 0.025 8.40-9.60
é%:'(\)") AS34/A33AM-04a 540 g K81340 - 0.13 090  013-032 0025 0025 8.40-9.60
EN 10216-4:2013 X10Ni9 — 15682 013  0830-080 0.15-0.35 0020  0.005 8595 0.10 Cu 0.30; V 0.05
ISO 9329-3:1997 X 10 Ni 9 013  0.30-0.80 0.15-035 0025  0.020 850950 0.0 V 0.05
ISO 9330-5:2000 X 10 Ni 9 013 0.3-08 035 | 0025 0020 850950 0.0 V 0.05
UIS G 3460:2013 Symbol STPL690 013 090  010-035 0.030  0.030 8.50-9.50
UIS G 3464:2013 Symbol STBL690 013 090  010-035 0.030  0.030 8.50-9.50
EN 10216-4:2013 26CrMo4-2 17219 022029  050-080 035 | 0025 0010  0.90-1.20 0.15-0.30 Cu 0.30
ISO 9329-3:1997 26 CrMo 4 - 022029 050-0.80 035 | 0030 0025 0.90-1.20 0.15-0.30
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Chapter5 Steel Tubes and Pipes 252
5.5 Alloy Steel Tubes and Pipes for Low-Temperature Service

5.5B Mechanical Properties of Alloy Steel Tubes and Pipes for Low-Temperature Service

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other

EN 10216-4:2013 11MnNi5-3 - see standard for
impact data

- 1.6212 t<40 --- 285 - 410-530 - 24 1;22T N

ISO 9329-3:1997 11 MnNi 5-3 t<13 285 — | 410-530 22 N L: 40 J at -60°C
13<t<25 275 —  410-530 22 N L: 40 J at -60°C
25 <t < 40 265 —  410-530 22 N L: 40 J at -60°C
ISO 9330-3:1997 11 MnNi 5-3 t<13 285 —  410-530 22 N L: 40 J at -60°C
ISO 9330-5:2000 11 MnNi 5-3 t<13 285 — | 410-530 22 N L: 40 J at -60°C
13<t<25 275 —  410-530 22 N L: 40 J at -60°C
25 <t<40 265 — | 410-530 22 N L: 40 J at -60°C
EN 10216-4:2013 13MnNi6-3 — 16217  t<40 355 — | 490-610 221:20T N Seﬁnsgzgtdg;‘t’afor
ISO 9329-3:1997 13 MnNi 6-3 t<13 355 — | 490-610 20 N L: 40 J at -60°C
13<t<25 345 — | 490-610 20 N L: 40 J at -60°C
25 <t<40 335 — | 490-610 20 N L: 40 J at -60°C
ISO 9330-3:1997 13 MnNi 6-3 t<13 355 — | 490-610 20 N L: 40 J at -60°C
ISO 9330-5:2000 13 MnNi 6-3 t<13 355 —  490-610 20 N L: 40 J at -60°C
13<t<25 345 —  490-610 20 N L: 40 J at -60°C
25 <t < 40 335 — | 490-610 20 N L: 40 J at -60°C
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Chapter5 Steel Tubes and Pipes 253
5.5 Alloy Steel Tubes and Pipes for Low-Temperature Service

5.5B Mechanical Properties of Alloy Steel Tubes and Pipes for Low-Temperature Service (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-334/SA-334M Grade 3 K31918 - t>0.4 t>0.015 240 35 450 65 30 N or N+T 190 max.HB;
90 max.HRB;
see standard
ASTM A333/A333M-13 Grade 3 K31918 - 240 35 450 65  30L;20T N, NT 18 J at—100°C
. 90 max HRB
é%:'(\)") A334/A334M-04a Grade 3 K31918 - t>0.4 t>0.015 240 35 450 65 282 nfg)G g]c') N, NT 190 max HB
18 J at—100°C
EN 10216-4:2013 12Ni14 — 15637 t=40 345 — | 440-620 221;20T NT, QT see standard for
impact data
GB/T 18984-2003 Grade 06Ni3MoDG 250 455 L 30L N see standard
ISO 9329-3:1997 12 Ni 14 t<13 245 —  440-590 16 QT L: 40 J at—100°C
13<t<25 245 — | 440-590 16 QT L: 40 J at—100°C
25 <t<40 245 — | 440-590 16 QT L: 40 J at-90°C
ISO 9330-3:1997 12 Ni 14 t<13 245 — | 440-590 16 QT L: 40 J at—100°C
ISO 9330-5:2000 12 Ni 14 t<13 245 —  440-590 16 QT L: 40 J at—100°C
13<t<25 245 — | 440-590 16 QT L: 40J at—100°C
25 <t< 40 245 — | 440-590 16 QT L: 40 J at-90°C
JIS G 3460:2013 Symbol STPL450 245 450 o asnefj‘; d N, NT or QT 21 J at —100°C
UIS G 3464:2013 Symbol STBL450 0.D.<10 245 450 22 N, NT or QT 21 J at—100°C
10 52%'3' < 245 450 25 N, NT or QT 21 J at—100°C
0.D.>20 245 450 30 N, NT or QT 21 J at—100°C
EN 10216-4:2013 X12Ni5 — 15680  t<40 390 510-710 21L;19T NT, QT see standard for
impact data
ISO 9329-3:1997 X 12Ni5 t<13 390 — | 510-710 17 QT L: 40J at—120°C
13<t<25 390 —  510-710 17 QT L: 40J at—120°C
25 <t<40 380 —  510-710 17 QT L: 40J at—110°C
ISO 9330-3:1997 X 12 Ni 5 t<13 390 —  510-710 17 QT L: 40 J at—120°C
ISO 9330-5:2000 X 12 Ni 5 t<13 390 —  510-710 17 QT L: 40J at—120°C
13<t<25 390 —  510-710 17 QT L: 40J at—120°C
25 <t < 40 380 —-  510-710 17 QT L: 40J at—110°C
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5.5 Alloy Steel Tubes and Pipes for Low-Temperature Service

5.5B Mechanical Properties of Alloy Steel Tubes and Pipes for Low-Temperature Service (Continued)

Chapter 5

Steel Tubes and Pipes

254

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-334/SA-334M Grade 8 K81340  --- t>0.4 t>0.015 520 75 690 100 22 Q+T or NN+T
ASTM A333/A333M-13 Grade 8 K81340  --- 515 75 690 100 22 L QT or NNT
ASTM A334/A334M-04a t=5/16in.
(2010) Grade 8 K81340  --- t=0.4 t=0.015 520 75 690 100 (8 mm): 22 QT or NNT
. . . see standard for
EN 10216-4:2013 X10Ni9 1.5682 t<40 510 690-840 20L;18T QT, N, NT impact data
1SO 9329-3:1997 X10Ni 9 t<13 510 690-840 15 QT L:40J at-196°C
13<t<25 510 690-840 15 QT L:40J at-196°C
25<t<40 510 690-840 15 QT L:40Jat-196°C
ISO 9330-5:2000 X10Ni 9 t<13 510 690-840 15 QT L:40Jat-196°C
13<t<25 510 690-840 15 QT L:40Jat-196°C
25<t<40 510 690-840 15 QT L:40Jat-196°C
. see _10R0
JIS G 3460:2013 Symbol STPL690 520 690 standard NNT or QT 21 Jat-196°C
JIS G 3464:2013 Symbol STBL 690 0.D.<10 520 690 13 NNT or QT 21 Jat-196°C
10 Sz%'D' < 520 690 16 NNT or QT 21 Jat-196°C
0.D.>20 520 690 21 NNT or QT 21 J at-196°C
. ] R . . see standard for
EN 10216-4:2013 26CrMo4-2 1.7219 t<40 440 560-740 18L;16 T QT impact data
1ISO 9329-3:1997 26 CrMo 4 t<13 440 560-740 16 QT L:40J at-60°C
13<t<25 440 560-740 16 QT L:40J at-60°C
25 <t<40 420 560-740 16 QT L:40J at-60°C
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5.6 Carbon Steel Tubes and Pipes for Pressure Purposes

5.6A Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes

Chapter5 Steel Tubes and Pipes 255

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
EN 10216-1:2013 P195TR1 — 10107 t=16 195 ~ 820440 - 27izsT O ARHONE
. HF: AF, N or NF;
16<t<40 185 320-440 --- 27L;25T HFCF: N
. HF: AF, N or NF;
40 <t<60 175 320-440 --- 27L;25T HFCF: N
P195TR2 1.0108 t<16 195 320-440 27L;25T  HF:NorNF; HFCF: N  see standard for
16<t<40 185 320-440 - 27L;25T HF: N or NF; HFCF: N impact data
40<t<60 175 320-440 27L;25T  HF:Nor NF; HFCF: N
EN 10217-1:2002 A1:2005 P195TR1 1.0107 t<16 195 320-440 --- 27L;25T see standard
16 <t <40 185 320-440 - 27L;25T see standard
P195TR2 1.0108 t<16 195 320-440 - 27L;25T see standard see standard for
16 <t <40 185 320-440 -—- 27L;25T see standard impact data
ASME SA-53/SA-53M Grade A Type E 205 30 330 L 48 L see
standard
Grade A Type F --- 205 30 330 L 48 L see ---
standard
Grade A Type S --- --- 205 30 330 L 48 L see ---
standard
ASME SA-135 Grade A K02509 --- 211<t<12700.083<t<0.500 207 30 331L 48 L 35L
see
ASTM A53/A53M-12 Type E Grade A K02504  --- 205 30 330 48 standard AM
see
Type F Grade A 205 30 330 48 standard AM
see
Type S Grade A K02504  --- 205 30 330 48 standard AM
t=7.9mm
ASTM A139/A139M-04 Grade A t<254 t<1.0 205 30 330 48 (5/161n) see standard
(2010) 35 L
t=7.9mm
ASTM AT35/A135M-09 Grade A K02509 - 205 30 330 48 (5/161n) AM
(2014) 35 |
GB 6479-2000 Grade 10 --- --- 205 335-490 L --- 24 L N see standard
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Chapter5 Steel Tubes and Pipes 256
5.6 Carbon Steel Tubes and Pipes for Pressure Purposes

5.6A Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
EN 10216-1:2013 P235TR1 — 10254  t<16 235 — 360500 -  25L;23T AP PR N o NF
. HF: AF, N or NF;
16 <t<40 225 360-500 25L;23T HFCF: N
. HF: AF, N or NF;
40<t<60 215 360-500 25L;23T HFCF: N
P235TR2 1.0255 t<16 235 360-500 25L;23T HF: N or NF; HFCF: N | see standard for
16<t<40 225 360-500 - 25L;23T HF: N or NF; HFCF: N impact data
40 <t<60 215 360-500 25L;23T HF: N or NF; HFCF: N
EN 10217-1:2002 A1:2005 P235TR1 1.0254 t<16 235 360-500 25L;23T see standard
16 <t<40 225 360-500 --- 25L;23T see standard
P235TR2 1.0255 t<16 235 360-500 --- 25L;23T see standard see standard for
16 <t<40 225 360-500 --- 25L;23T see standard impact data
JIS G 3454:2012 Symbol STPG370 215 370 28L;23T AM or CF+A
JIS G 3457:2012 Symbol STPY400 225 400 18T AW or ACE
GB 6479-2000 Grade 20 - - 245 410-550 L - 24 L N see standard
EN 10216-1:2013 P265TR1 1.0258 t<16 265 410-570 21L;19T HF: I)-AIIECEOIII NF;
. HF: AF, N or NF;
16 <t<40 255 410-570 21L;19T HFCF: N
. HF: AF, N or NF;
40 <t<60 245 410-570 21L;19T HFCF: N
P265TR2 1.0259 t<16 265 410-570 - 21L;19T HF: N or NF; HFCF: N | see standard for
16 <t <40 255 410-570 21L;19T HF: N or NF; HFCF: N impact data
40 <t<60 245 410-570 21L;19T HF: N or NF; HFCF: N
EN 10217-1:2002 A1:2005 P265TR1 1.0258 t<16 265 410-570 21L;19T see standard
16 <t<40 255 410-570 - 21L;19T see standard
P265TR2 1.0259 t<16 265 410-570 --- 21L;19T see standard see standard for
16 <t<40 255 410-570 --- 21L;19T see standard impact data

Note: This section continued on next page.
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Chapter5  Steel Tubes and Pipes 257
5.6 Carbon Steel Tubes and Pipes for Pressure Purposes

5.6A Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
JIS G 3454:2012 Symbol STPG410 245 410 241,19 T AM or CF+A
ASME SA-135 Grade B K03018 - 211<t<12700.083<t<0.500 241 35 414 L 60 L 30L
ASME SA-53/SA-53M Grade B Type E 240 35 415 L 60 L see
standard
Grade B Type S --- --- 240 35 415L 60 L see ---
standard
ASTM A135/A135M-09 t27.9mm
Grade B 240 35 415 60 (5116in.) T
(2014) 30 L
see
ASTM A53/A53M-12 Type E Grade B K03005  --- 240 35 415 60 standard T
see
Type S Grade B K03005  --- 240 35 415 60 standard AM
t=7.9mm
ASTM A139/A139M-04 Grade B K03003 - t<25.4 t<1.0 240 35 415 60 (516in.) see standard
(2010) 30L
t=7.9mm
Grade C K03004  --- t<25.4 t<1.0 290 42 415 60 (5/161in.) see standard
25L
t=7.9mm
Grade D K03010  --- t<25.4 t<1.0 315 46 415 60 (5M16in.) see standard
23 L
t>7.9mm
Grade E K03012  --- t<25.4 t<1.0 360 52 455 66 (5/161in.) see standard
22 L
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5.6 Carbon Steel Tubes and Pipes for Pressure Purposes

5.6B Chemical Composition of Carbon Steel Tubes and Pipes for Pressure Purposes

Chapter 5
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
_ Cu 0.30; Nb 0.010; Ti 0.04;
EN 10216-1:2013 P195TR1 — 10107 0.3 0.70 035 | 0025 0.020 0.30 0.30 0.08 V0,05 (Grsushiash 0.70
Al 0.02 min: Cu 0.30; Nb 0.010:
P195TR2 — 10108  0.13 0.70 035 | 0025 0015 0.30 0.30 0.08 Ti 0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
EN 10217-1:2002 A1:2005  P195TR1 — 10107 0.13 0.70 035 | 0025 0.020 0.30 0.30 0.08 |Cu0-30; Nb0.010; Ti 0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
Al 0.02 min; Cu 0.30; Nb 0.010;
P195TR2 — 10108  0.13 0.70 035 | 0025 0020 0.30 0.30 0.08 Ti 0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
ASME SA-53/SA-53M Grade A Type E K02504 - 0.25 0.95 005 0045 0.40 0.40 015 V 0.08; Cu 0.40;
(Cu+Ni+Cr+Mo+V) 1.00
Grade A Type F 0.30 1.20 005 0045 0.40 0.40 015 V 0.08; Cu 0.40;
(Cu+Ni+Cr+Mo+V) 1.00
Grade A Type S K02504 - 0.25 0.95 005 0045 0.40 0.40 0.15 V 0.08: Cu 0.40;
(Cu+Ni+Cr+Mo+V) 1.00
ASME SA-135 Grade A K02509 - 0.25 0.95 0035  0.035
Cu 0.40; V 0.08;
ASTM A53/A53M-12 Type E Grade A K02504 - 0.25 0.95 005  0.045 0.40 0.40 0.15 (CusNisorMosV) 1.00
Cu 0.40; V 0.08;
Type F Grade A 0.30 1.20 005 0045 0.40 0.40 0.15 (CusNisrMosV) 1.00
Cu 0.40; V 0.08;
Type S Grade A K02504 - 0.25 0.95 005 0045 0.40 0.40 0.15 (CusNisborMosV) 1.00
ASTM A139/A130M-04 Grade A 0.25 1.00 0.035  0.035
(2010)
?2%:'\4/') A135/A135M-09 Grade A K02509 - 0.25 0.95 0035  0.035
GB 6479-2000 Grade 10 - 007-014  0.35-0.65 017-037 003 003 0.15 0.25 Cu 0.20
, Cu 0.30; Nb 0.010; Ti 0.04;
EN 10216-1:2013 P235TR1 — 10254  0.16 1.20 035 | 0025 0020 0.30 0.30 0.08 V0,050 (Grs Cue Mt 0.70
Al 0.02 min; Cu 0.30; Nb 0.010;
P235TR2 — 10255  0.16 1.20 035 | 0025 0015 0.30 0.30 0.08 Ti 0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
EN 10217-1:2002 A1:2005  P235TR1 — 10254  0.16 1.20 035 | 0025 0.020 0.30 0.30 0.0s  Cu0.30;Nb0.010;Ti0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
Al 0.02 min; Cu 0.30; Nb 0.010;
P235TR2 — 10255  0.16 1.20 035 | 0025 0.020 0.30 0.30 0.08 Ti 0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
UIS G 3454:2012 Symbol STPG370 025 | 030-090  0.35 0040  0.040
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5.6 Carbon Steel Tubes and Pipes for Pressure Purposes

5.6B Chemical Composition of Carbon Steel Tubes and Pipes for Pressure Purposes (Continued)
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
UIS G 3457:2012 Symbol STPY400 0.25 0.040 | 0.040
GB 6479-2000 Grade 20 —  017-024  035-0.65 017-037 003 003 0.25 0.25 0.15 V 0.08; Cu 0.20
Cu 0.30; Nb 0.010; Ti 0.04:
EN 10216-1:2013 P265TR1 — 10258 020 1.40 040 | 0025 0.020 0.30 0.30 0.08 V0,05 (Greushiash 0.70
Al 0.02 min; Cu 0.30; Nb 0.010;
P265TR2 — 10259 020 1.40 040 | 0025 0015 0.30 0.30 0.08 Ti 0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
EN 10217-1:2002 A1:2005  P265TR1 — 10258 020 1.40 040 | 0025 0.020 0.30 0.30 0.08  Cu0-30;Nb0.010;Ti 0.04; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
Al 0.02 min; Cu 0.30; Nb 0.010;
P265TR2 — 10259 020 1.40 040 | 0025 0.020 0.30 0.30 0.08 Ti 0.04; V 0.02:
(Cr+Cu+Mo+Ni) 0.70
UIS G 3454:2012 Symbol STPG410 030  080-1.00 035 | 0040  0.040
ASME SA-135 Grade B K03018 - 0.30 1.20 0035  0.035
ASME SA-53/SA-53M Grade B Type E 0.30 1.20 005 0045 0.40 0.40 015 V 0.08; Cu 0.40;
(Cu+Ni+Cr+Mo+V) 1.00
Grade B Type S 0.30 1.20 005 0045 0.40 0.40 0.15 V 0.08; Cu 0.40;
(Cu+Ni+Cr+Mo+V) 1.00
ASTM A135/A135M-09 Grade B 0.30 1.20 0.035 = 0.035
(2014)
ASTM A53/A53M-12 Type E Grade B K03005 - 0.30 1.20 005  0.045 0.40 0.40 0.15 (Cufﬁif'c“&l\xo‘ief; 00
Type S Grade B K03005 - 0.30 1.20 005 0045 0.40 0.40 0.15 (Cufltljigggl\)/o(i.\(/)f;‘l 00
ASTM A139/A139M-04 Grade B K03003 - 0.26 1.00 0035 0.035
(2010) Grade C K03004 - 0.28 1.20 0035 0035
Grade D K03010 - 0.30 1.30 0035  0.035
Grade E K03012 - 0.30 1.40 0.035  0.035
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5.7 Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures
5.7A Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-214/SA-214M K01807  --- t>0.4 t>0.015 - - see standard 72 max HRB
ASME SA-556/SA-556M Grade A2 t=1.1 t>0.045 180 26 320 47 35 HT 72 max HRB
':‘2%:';/; A214/A214M-96 --- K01807  --- t=0.4 t=0.015 - - - - see standard 72 max HRB
?2%:';") ASB6/A556M-96 Grade A2 K01807 - t>1.1 t>0.045 180 26 320 47 35 CD+1200°F min 72 max HRB
L: 40 J at0°C
EN 10216-2:2013 P195GH 1.0348 t<16 195 320-440 --- 27L;25T N, NF L:28 J at-10°C
T:27 Jat0°C
L: 40 J at0°C
16 <t<100 320-440 27L;25T N, NF L: 28 Jat-10°C
T:27 J at0°C
EN 10217-2:2002 A1:2005  P195GH — 10348 t<16 195 — | 320-440 — 27L;25T see standard see standard for
impact data
ASME SA-178/SA-178M* Grade A K01200  --- t>0.4 t>0.015 180 26 325 47 35 see standard
ASME SA-179/SA-179M* t>0.4 t>0.015 180 26 325 47 35 HT 72 max HRB
ASME SA-192/SA-192M* K01201 0.4<t<51 0.015<t<0.200 180 26 325 47 35 CF 77 max HRB
t>5.1 t > 0.200 180 26 325 47 35 CF 137 max HB
é%:';")f”SMWBM'OQ Grade A K01200 - t>0.4 t>0.015 180 26 325 47 35 see standard
é%:l;/l)ﬁﬂg/AﬂgM-gOa K01200 - t>0.4 t>0.015 180 26 325 47 35 CD+1200°F min 72 max HRB
ASTM A192/A192M-02 --- K01201 --- 0.4<t<51 0.015<t<0.200 180 26 325 47 35 HF or CF + 1200°F min 77 max HRB
(2012)* t>5.1 t > 0.200 180 26 325 47 35 HF or CF + 1200°F min 137 max HB
ASME SA-106 Grade A 205 30 330 L 48 L 28L,20T CF+HT or HF
ASTM A106/A106M-14 Grade A K02501 205 30 330 L 48 L 28L;20 T | HF or CD + 1200°F min
GB 3087-1999 Grade 10 195 335-475 L 24 L HF, CF or HT
JIS G 3461:2012 Symbol STB340 --- d<10 175 340 --- 27 see standard 77 max HRBW
10<d<20 175 340 - 30 see standard 77 max HRBW
d=>20 175 340 --- 35 see standard 77 max HRBW

*: See "List of Standards" at the beginning of the chapter.
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5.7 Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures
5.7A Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-220:1990 TU37C 220 360-460 N 32 Jat0°C
L:40J at0°C
EN 10216-2:2013 P235GH 1.0345 t<16 235 360-500 25L;23T N, NF L: 28 Jat-10°C
T:27 Jat0°C
L: 40 J at 0°C
16<t<40 225 360-500 25L;23T N, NF L: 28 J at—10°C
T:27 Jat0°C
L:40J at0°C
40<t<60 215 360-500 25L;23T N, NF L: 28 Jat-10°C
T:27 Jat0°C
L: 40 J at 0°C
60 <t< 100 360-500 25L;23T N, NF L: 28 J at—10°C
T:27 Jat0°C
EN 10217-2:2002 A1:2005  P235GH — 10345  t<16 235 —  360-500 -~  25L;23T see standard Seﬁiggﬁgg‘t‘;or
EN 10217-5:2002 A1:2005 P235GH 1.0345 t<16 235 360-500 - 25L;23T see standard see standard for
16 <t <40 225 360-500 25L;23T see standard impact data
JIS G 3455:2012 Symbol STS370 --- --- 215 370 --- 28L;23T see standard
JIS G 3456:2014 Symbol STPT370 215 370 --- 30L;25T see standard
AFNOR NF A 49-220:1990 TU 42 C 235 410-510 N 32 Jat 0°C
JIS G 3455:2012 Symbol STS410 --- --- 245 410 --- 241,197 see standard
JIS G 3456:2014 Symbol STPT410 245 410 --- 25L;20T see standard
HFS: AM
JIS G 3467:2013 Symbol STF410 245 410 25L;20T CFS: LTA, N
GB 3087-1999 Grade 20 t<15 245 410-550 L 20L HF, CF or HT
t=15 225 410-550 L 20L HF, CF or HT
GB 5310-1995 Grade 20G --- --- 245 --- 410-550 L, --- 241,22T N see standard
400 T
Grade 20MnG 240 415L 22 L N see standard
JIS G 3461:2012 Symbol STB410 -—- d<10 255 410 - 17 see standard
10<d<20 255 410 - 20 see standard
d=20 255 410 25 see standard
ASME SA-556/SA-556M Grade B2 K02707 - t=1.1 t>0.045 260 37 410 60 30 HT 79 max HRB
AASTM ASS6/AS56M-96 Grade B2 K02707 - t21.1 t0.045 260 | 37 410 60 30 CD+1200°F min 79 max HRB

(2012)

Note: This section continued on next page.
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5.7 Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.7A Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
L: 40 J at 0°C
EN 10216-2:2013 P265GH — 1 1.0425 t<16 265 — | 410-570 23121 T N, NF L: 28 J at -10°C
T:27 J at0°C
L: 40 J at 0°C
16 <t < 40 255 — | 410-570 23121 T N, NF L: 28 J at -10°C
T: 27 J at 0°C
L: 40 J at 0°C
40 <t<60 245 — | 410-570 23121 T N, NF L: 28 J at -10°C
T: 27 J at 0°C
L: 40 J at 0°C
60 <t <100 — | 410-570 23L;21 T N, NF L: 28 J at -10°C
T: 27 J at 0°C
EN 10217-2:2002 A1:2005  P265GH — | 1.0425 t<16 265 — | 410-570 23121 T see standard see standard for
impact data
EN 10217-5:2002 A1:2005 P265GH 1.0425 t<16 265 410-570 --- 23L;21T see standard see standard for
16 <t <40 255 410-570 23L;21 T see standard impact data
ASME SA-106 Grade B 240 35 415L 60L | 22L,12T CF+HT or HF
ASME SA-178/SA-178M*  Grade C K03503 - t>0.4 t>0.015 255 37 415 60 30 see standard
ASME SA-210/SA-210M Grade A-1 K02707 - t> 0.4 t>0.015 255 37 415 60 30 HF or CF+A or CF+N 143 max HB;
79 max HRB
ASTM A106/A106M-14 Grade B K03006 ~ -- 240 35 415 60 221;12T | HF or CD + 1200°F min
?230:!')[*178/ A178M-02 Grade C K03503 - t>04 t>0.015 255 37 415 60 30 see standard
?2%:';") A210/A210M-02 Grade A-1 K02707 - t>04 t>0.015 255 37 415 60 30 HF or CF + SA, A, N :i;“ﬁqﬁ?ﬁg;

*: See "List of Standards" at the beginning of the chapter.
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5.7 Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.7A Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures (Continued)

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-220:1990  TU 48 C 275 470570  — N 40 J at 0°C
JIS G 3455:2012 Symbol STS480 --- --- 275 480 --- 2 L;17T see standard
JIS G 3456:2014 Symbol STPT480 275 480 25L;20T see standard
ASME SA-556/SA-556M  Grade C2 K03006 - t>1.1 t> 0.045 280 40 480 70 30 HT 89 max HRB
é%:';") AS86/AS56M-96 Grade C2 K03006 - t21.1 t0.045 280 | 40 480 70 30 CD+1200°F min 89 max HRB
é%:';")f”S/A”BM'OQ Grade D K02709 - t>0.4 t>0.015 275 40 485 70 30 see standard
é%:';") A210/A210M-02 Grade C K03501 - t>0.4 t>0.015 275 40 485 70 30 HF or CF + SA, A, N ?%”;’;)'("Eg
ASME SA-106 Grade C K03501 - 275 40 485L  70L  20L, 12T CF+HT or HF
ASTM A106/A106M-14 Grade C K03501 - 275 40 485 70 20L;12T  HF or CD + 1200°F min
ASME SA-178/SA-178M*  Grade D K02709 - t>04 t>0.015 275 40 485 70 30 see standard
ASME SA-210/SA210M*  Grade C K03501 - t>0.4 t>0.015 275 40 485 70 30 HF or CF+Aor CF+N 179 max HB;

89 max HRB
GB 5310-1995 Grade 25MnG - - 275 485 L - 20 L N see standard
UIS G 3461:2012 Symbol STB510 d<10 295 510 17 N
10<d <20 295 510 20 N
d>20 295 510 25 N
AFNOR NF A 49-220:1990 TU 52 C 350 — 510630 - N 40 J at 0°C

*: See "List of Standards" at the beginning of the chapter.
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5.7B Chemical Composition of Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
ASME SA-214/SA214M _ — K01807  — 018 | 027-0.63 0035 0035
ASME SA-556/SA-556M  Grade A2 018 | 0.27-0.63 0035  0.035
?2%:';") A214/A214M-96 K01807 - 018 | 0.27-0.63 0035  0.035
?2%:';") AS56/A556M-96 Grade A2 K01807 - 018 | 0.27-0.63 0035  0.035
Al 0.020 min: Cu 0.30; Nb 0.010;
EN 10216-2:2013 P195GH — 10348 0.3 0.70 035 | 0025 0.010 0.30 0.30 0.08 Ti 0.040; V 0.02;
(Cr+Cu+Mo+Ni) 0.70

_ , Cu 0.30; Nb 0.010; Ti 0.03; V 0.02;
EN 10217-2:2002 A1:2005  P195GH 10348 0.13 0.70 035 | 0025 0020 0.30 0.30 0.08 411050 mint (oracusNoN) Ong
ASME SA-178/SA-178M*  Grade A K01200 -~  0.06-0.18  0.27-0.63 0035 0.035
ASME SA-179/SA-179M* - — 006018  0.27-0.63 0035  0.035
ASME SA-192/SA-192M* - K01201 - 006018  027-0.63 025 | 0035 0035
é%:g")ﬁ 78/AT78M-02 Grade A K01200 -  006-0.18 027063 -~ 0035 = 0.035
é%:g")ﬁ 79/A179M-90a | K01200 -~  0.06-0.18 @ 0.27-0.63 0035  0.035
é%:';")ﬁ 92/A192M-02 K01201 -~  006-048  027-0.63 025 | 0035 0.035
ASME SA-106 Grade A 025  027-0.93 010min. 0035 0.035 0.40 0.40 0.15 V 0.08; Cu 0.40;

(Cr+Cu+Mo+Ni+V) 1.00
) Cu 0.40; V 0.08;
ASTM A106/A106M-14 Grade A K02501 - 025 | 027-0.93 010min. 0035 0.035 0.40 0.40 0.15 (
(Cu+Ni+Cr+Mo+V) 1.0
GB 3087-1999 Grade 10 —  007-013  0.35-0.65 017-037 0035 0.035 0.15 0.30 Cu 0.25
UIS G 3461:2012 Symbol STB340 018  0.30-0.60 035 0035 0035
AFNOR NF A 49-220-1990  TU 37 C 016 | 035075 006030 0025 0025
Al 0.020 min; Cu 0.30; Nb 0.020;
EN 10216-2:2013 P235GH — 10345  0.16 1.20 035 | 0025 0010 0.30 0.30 0.08 Ti 0.040; V 0.02;
(Cr+Cu+Mo+Ni) 0.70

_ _ Cu 0.30; Nb 0.010; Ti 0.03; V 0.02;
EN 10217-2:2002 A1:2005  P235GH — 10345  0.16 1.20 035 | 0025 0020 0.30 0.30 0.08 511020 mint (OrecusNo N 020

_ _ Cu 0.30; Nb 0.010; Ti 0.03; V 0.02;
EN 10217-5:2002 A1:2005  P235GH 10345  0.16 1.20 035 | 0025 0020 0.30 0.30 0.08 511020 mint (OrecusNo N 020
UIS G 3455:2012 Symbol STS370 025  0.30-1.10 010-035 0035 0035
UIS G 3456:2014 Symbol STPT370 025 | 0.30-0.90 0.10-035 0035  0.035

*: See "List of Standards" at the beginning of the chapter.
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5.7B Chemical Composition of Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures (Continued)
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
AFNOR NF A 492201990 TU 42 C 020 | 0451.00 008035 0025 0025
UIS G 3455:2012 Symbol STS410 030 | 0.30-1.40 010-035 0035 0.035
UIS G 3456:2014 Symbol STPT410 030 | 0.30-1.00 0.10-035 0035 0035
UIS G 3467:2013 Symbol STF410 030  0.30-1.00 0.10-035 0035 0.035
GB 3087-1999 Grade 20 —  0417-023  0.35-0.65 017-037 0035  0.035 0.25 0.30 Cu 0.25
GB 5310-1995 Grade 20G —  017-024 035065 017-037 003  0.03 0.25 0.25 0.15 V 0.08; Cu 0.20
Grade 20MnG —  0.17-024 070-1.00 017-037 003 003 0.25 0.25 0.15 V 0.08; Cu 0.20
UIS G 3461:2012 Symbol STB410 032  030-0.80 035 0035 0035
ASME SA-556/SA-556M  Grade B2 K02707 - 027  029-093 010min. 0035 0.035
?2%:';") AS56/A556M-96 Grade B2 K02707 - 027  029-093 010min. 0035 0.035
Al 0.020 min: Cu 0.30; Nb 0.020;
EN 10216-2:2013 P265GH —  1.0425 020 1.40 040 0025 0010 0.30 0.30 0.08 Ti 0.040; V 0.02;
(Cr+Cu+Mo+Ni) 0.70
_ , Cu 0.30; Nb 0.010; Ti 0.03; V 0.02;
EN 10217-2:2002 A1:2005  P265GH 10425 020 1.40 040 | 0025 0.020 0.30 0.30 0.08 411050 mint (oracusNoN) Ong
_ , Cu 0.30; Nb 0.010; Ti 0.03; V 0.02;
EN 10217-5:2002 A1:2005  P265GH 10425 020 1.40 040 | 0025 0.020 0.30 0.30 0.08 411050 mint (oracusNoN) Ong
. V 0.08; Cu 0.40;
ASME SA-106 Grade B 030 | 0.29-1.06 0.10min. 0035 0.035 0.40 0.40 0.15 (CriCueMoaNiV) 1.00
ASME SA-178/SA-178M*  Grade C K03503 - 0.35 0.80 0035  0.035
ASME SA-210/SA210M  Grade A-1 K02707 - 027 093  0.10min. 0035  0.035
ASTM A106/A106M-14 Grade B K03006 - 030 | 029-1.06 010min. 0035 0.035 0.40 0.40 015 Cu 0.40; v 0.08;
(Cu+Ni+Cr+Mo+V) 1.0
?28(;2")51 78/A178M-02 Grade C K03503 0.35 0.80 0035  0.035
ASTM A210/A210M-02 Grade A-1 K02707 - 0.27 093  0.10min. 0035 0035

(2012)

*: See "List of Standards" at the beginning of the chapter.
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5.7 Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.7B Chemical Composition of Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures (Continued)

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P S | Cr | Ni | Mo Others

AFNOR NF A 49-220-1990  TU 48 C 022 | 065125 0.10-0.35 0025  0.025

UIS G 3455:2012 Symbol STS480 033  0.30-1.50 010-035 0035 0.035

UIS G 3456:2014 Symbol STPT480 033 | 0.30-1.00 010-035 0035 0035

ASME SA-556/SA-556M  Grade C2 K03006 - 030 | 0.29-1.06 0.10min. 0035 0.035

?2%:';") AS56/A556M-96 Grade G2 K03006 - 030  029-1.06 0.10min. 0035 0.035

?230:!')[*178/ A178M-02 Grade D K02709 - 027  1.00-1.50 040min = 0030  0.015

?2%:';") A210/A210M-02 Grade C K03501 - 035 | 029-1.06 0410min. 0035 0.035

ASME SA-106 Grade C K03501 - 035 | 0.29-1.06 0.10min. 0035 0.035 0.40 0.40 0.15 (CH\/C?Jfﬁﬁni‘i'\‘/‘)O; 00

ASTM A106/A106M-14 Grade C K03501 - 035  0291.06 0.10min. 0035  0.035 0.40 0.40 0.15 Cu 0.40; V 0.08;
(Cu+Ni+Cr+Mo+V) 1.0

ASME SA-178/SA-178M*  Grade D K02709 - 027 | 1.00-1.50 010min. 0030  0.015

ASME SA-210/SA-210M  Grade C K03501 - 035  0.29-1.06 010min. 0035 0.035

GB 5310-1995 Grade 25MnG - 022-030  070-1.00 017-037  0.03 _ 0.03 0.25 0.25 0.15 V 0.08; Cu 0.20

AFNOR NF A 49-220-1990  TU 52 C 020 | 1.001.50  0.15050 | 0.025  0.025

UIS G 3461:2012 Symbol STB510 025 | 1.00-1.50 035 0035  0.035

*: See "List of Standards" at the beginning of the chapter.
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P S | Cr | Ni | Mo Others
AFNOR NF A 49-220:1990 TU15D3 0.12-0.20 0.50-0.80 @ 0.15-0.35 @ 0.025 0.025 0.30 0.25-0.35
EN 10216-2:2013 16Mo3 1.5415 0.12-0.20 | 0.40-0.90 0.35 0.025 0.010 0.30 0.30 0.25-0.35 Al 0.040; Cu 0.30
EN 10217-2:2002 A1:2005  16Mo3 1.5415  0.12-0.20 = 0.40-0.90 0.35 0.025 0.020 0.30 0.30 0.25-0.35 Cu 0.30; Al 0.040
EN 10217-5:2002 A1:2005  16Mo3 1.5415  0.12-0.20 = 0.40-0.90 0.35 0.025 0.020 0.30 0.30 0.25-0.35 Cu 0.30; Al 0.040
GB 5310-1995 Grade 15MoG 0.12-0.20 = 0.40-0.80 0.17-0.37 0.03 0.03 0.3 0.3 0.25-0.35 Cu 0.20
1ISO 9329-2:1997 Grade 16 Mo 3 0.12-0.20 = 0.40-0.80 @ 0.15-0.35 | 0.035 0.035 0.25-0.35 Al 0.020
5.8.1B Mechanical Properties of 2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength |Elongation
Specification Designation No. No. mm in. MPa ksi MPa ksi %, min. Heat Treatment Other
AFNOR NF A 49-220:1990 TU15D3 265 430-550 22 heat + air cool
. . L: 40 J at 20°C
EN 10216-2:2013 16Mo3 1.5415 t<16 280 450-600 22L;20T N, NF T: 97 J at 20°C
. L: 40 J at 20°C
16 <t<40 270 450-600 22L;20T N, NF T 27 J at 20°C
. L: 40 J at 20°C
40<t<60 260 450-600 22L;20T N, NF T:27 J at 20°C
. L: 40 J at 20°C
60 <t< 100 450-600 22L;20T N, NF T:27 J at 20°C
EN 10217-2:2002 A1:2005  16Mo3 — 15415  t<16 280 — | 450600 -  221;20T see standard L:40J at20°C
T:27 J at 20°C
EN 10217-5:2002 A1:2005  16Mo3 — 15415  t<16 280 — | 450600 -  221;20T see standard L:40J at20°C
T:27 J at 20°C
. L: 40 J at 20°C
16<t<40 270 450-600 --- 22L;20T see standard T: 27 J at 20°C
GB 5310-1995 Grade 15MoG 270 450-600 L - 22L,20T N see standard
1ISO 9329-2:1997 Grade 16 Mo 3 t<10 280 450-600 22L,20T N L:35J @ RT
10<t<40 270 450-600 - 22L,20T N see standard
40 <t <60 260 450-600 22L,20T N see standard
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5.8.2A Chemical Composition of 2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si | P S | Cr | Ni | Mo Others
ASME SA-209/SA-209M Grade T1 K11522 -~ | 0.10-0.20 | 0.30-0.80 @ 0.10-0.50 | 0.025 = 0.025 0.44-0.65
Grade T1a K12023 -~ | 0.15-0.25  0.30-0.80 0.10-0.50 = 0.025 = 0.025 0.44-0.65
Grade T1b K11422 - 0.14 0.30-0.80 = 0.10-0.50 = 0.025 | 0.025 0.44-0.65
ASME SA-250/SA-250M Grade T1 K11522  --- | 0.10-0.20 = 0.30-0.80  0.10-0.50 = 0.025 = 0.025 0.44-0.65
Grade T1a K12023 -~ | 0.15-0.25 | 0.30-0.80 0.10-0.50 | 0.025 = 0.025 0.44-0.65
Grade T1b Ki1422 - 0.14 0.30-0.80  0.10-0.50 = 0.025 = 0.025 0.44-0.65
ASME SA-335/SA-335M Grade P1 K11522 - | 0.10-0.20 = 0.30-0.80 0.10-0.50 = 0.025 = 0.025 0.44-0.65
ASTM A209/A209M-03 Grade T1 K11522 -~ | 0.10-0.20 | 0.30-0.80 = 0.10-0.50 | 0.025 = 0.025 0.44-0.65
(2012) Grade T1a K12023 -~ | 0.15-0.25 0.30-0.80 0.10-0.50 = 0.025  0.025 0.44-0.65
Grade T1b K11422 - 0.14 0.30-0.80 = 0.10-0.50 = 0.025 & 0.025 0.44-0.65
ASTM A250/A250M-05 Grade T1 K11522 - | 0.10-0.20 = 0.30-0.80  0.10-0.50 = 0.025 = 0.025 0.44-0.65
(2014) Grade T1a K12023 -~ | 0.15-0.25  0.30-0.80 0.10-0.50 = 0.025 = 0.025 0.44-0.65
Grade T1b K11422 - 0.14 0.30-0.80 = 0.10-0.50 = 0.025 = 0.025 0.44-0.65
ASTM A335/A335M-15 Grade P1 K11522 - | 0.10-0.20 = 0.30-0.80  0.10-0.50 = 0.025 = 0.025 0.44-0.65
EN 10216-2:2013 8MoB5-4 15450 0.06-0.10 0.60-0.80 0.10-0.35 0025 0010 0.0 040050 ~ AI006D Cuo-90; 10.060;
GB 5310-1995 Grade 20MoG - 0.15-0.25  0.40-0.80 0.17-0.37 = 0.03 0.03 0.3 0.3 0.44-0.65 Cu 0.20
JIS G 3458:2013 Symbol STPA12 -~ 0.10-0.20 = 0.30-0.80  0.10-0.50 = 0.035 | 0.035 0.45-0.65
JIS G 3462:2014 Symbol STBA12 -~ 0.10-0.20 = 0.30-0.80  0.10-0.50 = 0.035 & 0.035 0.45-0.65
JIS G 3467:2013 Symbol STFA12 -~ 0.10-0.20  0.30-0.80 = 0.10-0.50 = 0.035 | 0.035 0.45-0.65
JIS G 3462:2014 Symbol STBA13 - 0.15-0.25  0.30-0.80 = 0.10-0.50 = 0.035  0.035 0.45-0.65
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
5.8.2B Mechanical Properties of Y2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-209/SA-209M Grade T1 K11522  --- 09<t<5.1 0.035<t<0.200 205 30 380 55 30 HF or CF+IA, FA or N+T 80 max HRB
51<t<12.7 0.200<t<0.500 205 30 380 55 30 HF or CF+IA, FA or N+T = 146 max HBW
Grade T1a K12023  --- 09=<t<51 0.035=<t<0.200 220 32 415 60 30 HF or CF+IA, FA or N+T 81 max HRB
51<t<12.7 0.200<t<0.500 220 32 415 60 30 HF or CF+IA, FA or N+T = 153 max HBW
Grade T1b K11422  --- 09=<t<51 0.035=<t<0.200 195 28 365 53 30 HF or CF+IA, FA or N+T 77 max HRB
51<t<12.7 0.200<t<0.500 195 28 365 53 30 HF or CF+IA, FA or N+T = 137 max HBW
ASME SA-250/SA-250M Grade T1 K11522  --- 04<t<51 0.015<t<0.200 205 30 380 55 30 FA, 1A, N or N+T 80 max HRB
t>5.1 t > 0.200 205 30 380 55 30 FA, IA, N or N+T 146 max HBW
Grade T1a K12023  --- 04<t<51 0.015=<t<0.200 220 32 415 60 30 FA, IA, N or N+T 81 max HRB
t=5.1 t>0.200 220 32 415 60 30 FA, IA, N or N+T 153 max HBW
Grade T1b K11422  --- 0.4<t<51 0.015<t<0.200 195 28 365 53 30 FA, IA, N or N+T 77 max HRB
t=5.1 t>0.200 195 28 365 53 30 FA, IA, N or N+T 137 max HBW
ASME SA-335/SA-335M Grade P1 K11522  --- 205 30 380 55 30L,20T A, N+T or SA
ASTM A209/A209M-03 Grade T1 K11522  --- 09<t<51 0.035<t<0.200 205 30 380 55 30 see standard 80 max HRB
(2012) 51<t<12.7 0.200<t<0.500, 205 30 380 55 30 see standard 146 max HBW
Grade T1a K12023  --- 09=<t<51 0.035=<t<0.200 220 32 415 60 30 see standard 81 max HRB
51<t<12.7 0.200<1t<0.500 220 32 415 60 30 see standard 153 max HBW
Grade T1b K11422  --- 09<t<b5.1 0.035<t<0.2000 195 28 365 53 30 see standard 77 max HRB
51<t<12.7 0.200<t<0.500 195 28 365 53 30 see standard 137 max HBW
ASTM A250/A250M-05 Grade T1 K11522  --- 04<t<51 0.015<t<0.200 205 30 380 55 30 A, IA, N or NT 80 max HRB
(2014) t=5.1 t > 0.200 205 30 380 55 30 A, IA, Nor NT 146 max HBW
Grade T1a K12023  --- 04<t<51 0.015=<t<0.200 220 32 415 60 30 A, IA, N or NT 81 max HRB
t=5.1 t>0.200 220 32 415 60 30 A, IA, N or NT 153 max HBW
Grade T1b K11422  --- 04<t<51 0.015=<t<0.200 195 28 365 53 30 A, IA, N or NT 77 max HRB
t=5.1 t>0.200 195 28 365 53 30 A, IA, N or NT 137 max HBW
t=8mm
ASTM A335/A335M-15 Grade P1 K11522  --- 205 30 380 55 (5/16in.) FA, IA, NT or SA
30L;20T

Note: This section continued on next page.
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
5.8.2B Mechanical Properties of Y2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures (Continued)
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
. . L: 40 J at 20°C
EN 10216-2:2013 8MoB5-4 1.5450 t<16 400 540-690 19L;,17T N, NF T 27 J at 20°C
. L: 40 J at 20°C
16 <t<100 540-690 19L;,17T N, NF T 27 J at 20°C
GB 5310-1995 Grade 20MoG — — 220 415L - 22 L N see standard
JIS G 3458:2013 Symbol STPA12 205 380 241,197 LTl\f"(:f‘N'.:I.A’
JIS G 3462:2014 Symbol STBA12 d<10 205 380 22 L LTA, IA, A, N or NT
10<d<20 205 380 25L LTA, IA, A, N or NT
d=20 205 380 30L LTA, IA, A, N or NT
JIS G 3467:2013 Symbol STFA12 205 380 30 LTA, IA, A, N or NT
JIS G 3462:2014 Symbol STBA13 d<10 205 410 22 LTA, IA, A, Nor NT
10<d<20 205 410 25 LTA, IA, A, N or NT
d > 20 205 410 30 LTA, IA, A, N or NT
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.8.3A Chemical Composition of ¥2Cr-2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

UNS | Steel Weight, % max, Unless Otherwise Specified

Specification Designation No. No. C | Mn | Si | P S | Cr | Ni | Mo Others
AFNOR NF A 49-220:1990  TU 15 CD 2-05 — 010018 | 050-0.90 010-035 0025 0025  0.40-0.65 0.45-0.60
ASME SA-213/SA-213M  Grade T2 K11547 -  010-020 0.30-0.61 010-0.30 0025 0025  0.50-0.81 0.44-0.65
ASME SA-250/SA-250M  Grade T2 K11547 -  010-020 0.30-0.61 010-030 0025 0020  0.50-0.81 0.44-0.65
ASME SA-335/SA-335M  Grade P2 K11547 -  010-020 0.30-0.61 0.10-0.30 0025 0025  0.50-0.81 0.44-0.65
ASTM A213/A213M-15a  Grade T2 K11547 -  010-020 0.30-0.61 010-0.30 = 0.025 0025  0.50-0.81 0.44-0.65
é%:'z') A250/A250M-05 Grade T2 K11547 -  010-020 0.30-0.61 0.10-0.30 = 0.025 0020  0.50-0.81 0.44-0.65
ASTM A335/A335M-15 Grade P2 K11547 -  010-020 0.30-0.61 0.10-0.30 0025 0025  0.50-0.81 0.44-0.65
GB 5310-1995 Grade 12CrMoG — 008015 040-0.70 017-037 = 0.03 = 003  0.40-0.70 03 0.40-0.55 Cu 0.20
GB 6479-2000 Grade 12CrMo — 008015 040070 0417-037 = 0.03 = 003  0.40-0.70 03 0.40-0.55 Cu 0.20
UIS G 3458:2013 Symbol STPA20 — 010020 0.30-0.60 0.10-050 0035 0035  0.50-0.80 0.40-0.65
UIS G 3462:2014 Symbol STBA20 - 010-020  0.30-0.60 0.10-050 = 0.035 0035  0.50-0.80 0.40-0.65
EN 10216-2:2013 14MoV6-3 17715 0.10-0.15 | 040-0.70 | 0.150.35 | 0.025 0010 _ 0.30-0.60 030 | 0.50-0.70 | Al 0.040; Cu 0.30; V 0.22-0.28
ISO 9329-2:1997 Grade 12 MoCrV 6-2 -~ 010-015  0.40-0.70 0.15-0.35 0.035 0035  0.30-0.60 0.50-0.70 V 0.22-0.28: Al 0.020
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
5.8.3B Mechanical Properties of 72Cr-'2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-220:1990 TU 15 CD 2-05 275 - 440-570 22 heat + air cool + T 32 Jat0°C
163 max HB/
ASME SA-213/SA-213M Grade T2 K11547 - 04<t<127 0.015<t<0.500 205 30 415 60 30 A+N+T+SCA 170 max HV;
85 max HRB
ASME SA-250/SA-250M Grade T2 K11547 - 04<t<51 0.015<t<0.200] 205 30 415 60 30 FA, IA, N or N+T 85 max HRB
t>5.1 t > 0.200 205 30 415 60 30 FA, IA, N or N+T 163 max HBW
ASME SA-335/SA-335M Grade P2 K11547  --- 205 30 380 55 30L,20T A, N+T or SA
163 max HB/
ASTM A213/A213M-15a Grade T2 K11547 - 0.4<t<127 0.015<t<0.500 205 30 415 60 30 A, IA, NT, SA 170 max HV;
85 max HRB
ASTM A250/A250M-05 Grade T2 K11547 - 0.4<t<51 0.015=<t<0.200 205 30 415 60 30 A, IA, N or NT 85 max HRB
(2014) t=5.1 t > 0.200 205 30 415 60 30 A, IA, N or NT 163 max HBW
t=8mm
ASTM A335/A335M-15 Grade P2 K11547 - 205 30 380 55 (5/16in.) FA, IA, NT or SA
30L;20T
GB 5310-1995 Grade 12CrMoG 205 410-560 L 21L N+T see standard
GB 6479-2000 Grade 12CrMo 205 410-560 L 21L N+T L:55J @ RT
JIS G 3458:2013 Symbol STPA20 205 410 24 1;19T LTA, IA, FA, or NT
JIS G 3462:2014 Symbol STBA20 d<10 205 410 22 L LTA, IA, A, or NT
10<d<20 205 410 25L LTA, IA, A, or NT
d=>20 205 410 30 L LTA, IA, A, or NT
L: 40 J at 20°C
EN 10216-2:2013 14MoV6-3 1.7715 t<16 320 460-610 20L;18T NT, NF, QT T 27 J at 20°C
16 <t<40 320 —  460-610 -~  20L;18T NT, NF, QT DA ae0e
40 <t <60 310 —  460-610 -~  20L;18T NT, NF, QT DA ae0e
60 <t <100 —  460-610 -~  20L;18T NT, NF, QT DA ae0e
1ISO 9329-2:1997 Grade 12 MoCrV 6-2 t<40 320 460-610 20L,18T N+T see standard
40 <t <60 310 --= 460-610 - 20L,18T N+T see standard

Handbook of Comparative World Steel Standards



5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.8.4A Chemical Composition of 1/2 Cr — 1 Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

Chapter 5

Steel Tubes and Pipes

273

UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C | Mn | Si | P S | Cr | Ni | Mo | Others
ASME SA-335/SA-335M Grade P911 K91061  --- 0.09-0.13 = 0.30-0.60 @ 0.10-0.50 = 0.020 0.010 8.50-9.50 0.40 0.90-1.10 V 0.18-0.25; Al 0.02; Ti 0.01;
Cb 0.060-0.10; W 0.90-1.10; N
0.04-0.09; B 0.0003-0.006; Zr 0.01
ASTM A213/A213M-15a Grade T36 Class 1 K21001  --- 0.10-0.17 = 0.80-1.20 = 0.25-0.50 = 0.030 0.025 0.30 1.00-1.30 = 0.25-0.50 =V 0.02; Al 0.050; Cu 0.50-0.80;
Nb 0.015-0.045; N 0.02
Grade T36 Class 2 K21001  --- 0.10-0.17 = 0.80-1.20 = 0.25-0.50 = 0.030 0.025 0.30 1.00-1.30 = 0.25-0.50 =V 0.02; Al 0.050; Cu 0.50-0.80;
Nb 0.015-0.045; N 0.02
ASTM A335/A335M-15 Grade P911 K91061  --- 0.09-0.13 = 0.30-0.60 @ 0.10-0.50 = 0.020 0.010 8.5-9.5 0.40 0.90-1.10 V 0.18-0.25; Al 0.02; Ti 0.01;
W 0.90-1.10; Cb 0.060-0.10; N
0.04-0.09; B 0.0003-0.006; Zr 0.01
EN 10216-2:2013 15NiCuMoNb5-6-4 1.6368 0.17 0.80-1.20  0.25-0.50 = 0.025 0.010 0.30 1.00-1.30 = 0.25-0.50 Al 0.050; Cu 0.50-0.80;
Nb 0.015-0.045
1SO 9329-2:1997 Grade 9 NiMnMoNb 5-4-4 0.17 0.80-1.20 = 0.25-0.50 0.03 0.03 0.3 1.00-1.30 = 0.25-0.40 Al 0.020; Cu 0.05-0.80;
Nb 0.015-0.045
5.8.4B Mechanical Properties of 1/2 Cr — 1 Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength |Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
ASME SA-335/SA-335M Grade P911 K91061 - 440 64 620 90 20L N+T
ASTM A213/A213M-15a Grade T36 Class 1 K21001  --- 04<t<12.7 0.0156<t<0.500, 440 64 620 90 15 NT 250 max HBW/
265 max HV;
25 max HRC
Grade T36 Class 2 K21001 --- 04<t<127 0.015<t<0.500 460 66.5 660 95.5 15 NT 250 max HBW/
265 max HV;
25 max HRC
ASTM A335/A335M-15 Grade P911 K91061  --- 440 64 620 90 20L NT
EN 10216-2:2013 15NiCuMoNb5-6-4 1.6368 t<16 440 610-780 19L, 17T NT L: 40 J at 20°C
T:27 J at 20°C
16 <t<40 440 610-780 19L, 17T NT L: 40 J at 20°C
T:27 J at 20°C
40<t<60 440 610-780 19L, 17T NT L: 40 J at 20°C
T:27 J at 20°C
60 <t<80 440 610-780 19L, 17T NT L: 40 J at 20°C
T:27 J at 20°C
1SO 9329-2:1997 Grade 9 NiMnMoNb 5-4-4 t <60 440 610-780 19L,17 T N+T see standard
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
AFNOR NF A 49-220:1990  TU 13 CD 4-04 — 010018 040070 010-035 0.025 0025  0.70-1.10 0.45-0.65
ASME SA-213/SA-213M  Grade T12 K11562 -~ 005015 0.30-0.61 050 0025 0025 0.80-1.25 0.44-0.65
ASME SA-250/SA-250M  Grade T12 K11562 -~ 005015 0.30-0.61 050 0030 0020 0.80-1.25 0.44-0.65
ASME SA-335/SA-335M  Grade P12 K11562 -~ 005015 0.30-0.61 050 0025 0025 0.80-1.25 0.44-0.65
ASTM A213/A213M-15a  Grade T12 K11562 - 005015 0.30-0.61 050 0025 0025 0.80-1.25 0.44-0.65
é%m") A250/A250M-05 Grade T12 K11562 -~  005-015 0.30-0.61 050 | 0030 0020 0.80-1.25 0.44-0.65
ASTM A335/A335M-15 Grade P12 K11562 - 005015 030-0.61 050 0025 0025 0.80-1.25 0.44-0.65
BS 3604-2:1991 620 — 009018 040-0.65 015040 0025 0015 0.80-1.15 030  0.45-0.60 Cu 0.30; Al 0.02
EN 10216-2:2013 13CrMo4-5 — 17335 0.10-0.17 040-070 035 0025 0010 0.70-1.15 030  0.40-0.60 Al 0.040: Cu 0.30
GB 5310-1995 Grade 15CrMoG —  012-018  040-0.70 017-037 003 = 003  0.80-1.10 03 0.40-0.55 Cu 0.20
GB 6479-2000 Grade 15CrMo —  012-018  040-0.70 0417-037 003 = 003  0.80-1.10 03 0.40-0.55 Cu 0.20
ISO 9329-2:1997 Grade 13 CrMo 4-5 —  010-017  040-0.70 015-0.35 0.035 0035  0.70-1.10 0.45-0.65 A1 0.020
Grade 8 CrMo 4-5 0.15  030-060 050 0035 0035 0.80-1.25 0.45-0.65 Al 0.020
UIS G 3458:2013 Symbol STPA22 015  0.30-0.60 050 0035 0035 0.80-1.25 0.45-0.65
UIS G 3462:2014 Symbol STBA22 015  0.30-0.60 050 0035 0035 0.80-1.25 0.45-0.65
UIS G 3467:2013 Symbol STFA22 015 | 0.30-0.60 050 0035 0035 0.80-1.25 0.45-0.65
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.8.5B Mechanical Properties of 1Cr—'2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-220:1990 TU 13 CD 4-04 290 440-590 22 heat + air cool + T 32 Jat0°C
163 max HBW/
ASME SA-213/SA-213M Grade T12 K11562  --- 04<t<127 0.015=<t<0.500 220 32 415 60 30 A+N+T+SCA 170 max HV;
85 max HRB
ASME SA-250/SA-250M Grade T12 K11562 4  --- 04<t<5.1 0.015<t<0.2000 220 32 415 60 30 FA, IA, N or N+T 85 max HRB
t>5.1 t > 0.200 220 32 415 60 30 FA, IA, N or N+T 163 max HBW
ASME SA-335/SA-335M Grade P12 K11562 220 32 415 60 30L,20T A, N+T or SA
163 max HBW/
ASTM A213/A213M-15a Grade T12 K11562 - 04<t<12.7 0.015<t<0.500, 220 32 415 60 30 A, IA, NT, SA 170 max HV;
85 max HRB
ASTM A250/A250M-05 Grade T12 K11562 4  --- 04<t<5.1 0.015<t<0.2000 220 32 415 60 30 A, IA, N or NT 85 max HRB
(2014) t>5.1 t > 0.200 220 32 415 60 30 A, IA, NorNT 163 max HBW
t>8mm
ASTM A335/A335M-15 Grade P12 K11562  --- 220 32 415 60 (5/16in.) FA, IA, NT or SA
30L;20T
BS 3604-2:1991 620 340 480-600 18 see standard
. . L: 40 J at 20°C
EN 10216-2:2013 13CrMo4-5 1.7335 t<16 290 440-590 22L;20T NT, NF, QT

T:27 J at 20°C
L: 40 J at20°C

16 <t <40 290 — | 440590 -  220L;20T NT, NF, QT e B
40 <t <60 280 — | 440590 -  221;20T NT, NF, QT . ‘J’ 2 ggg
60 <t<100 — | 440590 -  220L;20T NT, NF, QT # ‘2‘2 ‘J’ :i ggzg
GB 5310-1995 Grade 15CrMoG --- --- 235 - 440-6401L, --- 21L,20T N+T see standard
440 T
GB 6479-2000 Grade 15CrMo 235 - 440-640L - 21 L N+T L:47J @ RT
ISO 9329-2:1997 Grade 13 CrMo 4-5 t<10 300 — | 440590 -  22L,20T N+T L:35J @ RT
10<t<40 290 440-590 22L,20T N+T see standard
40 <t<60 280 --- 440-590 --- 22L,20T N+T see standard
Grade 8 CrMo 4-5 t<60 205 — 410560 -  22L,20T N+T see standard
UIS G 3458:2013 Symbol STPA22 205 410 — 24L:19T  LTA IA FA, or NT
UIS G 3462:2014 Symbol STBA22 d<10 205 410 2L LTA, IA, A, or NT
10<d<20 205 410 25 L LTA, 1A, A, or NT
d>20 205 410 30L LTA, IA, A, or NT
UIS G 3467:2013 Symbol STFA22 205 410 30 LTA, IA, A or NT
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UNS | Steel Weight, % max, Unless Otherwise Specified

Specification Designation No. No. C Mn Si | P S | Cr | Ni | Mo Others
AFNOR NF A 49-220:1990  TU 10 CD 5-05 0.15 | 030-060 050-1.00 0025 0025 1.00-1.50 0.45-0.65
ASME SA-213/SA-213M  Grade T11 K11597 -~  005-015 0.30-0.60 050-1.00 0025 0025  1.00-1.50 0.44-0.65
ASME SA-250/SA-250M  Grade T11 K11597 -  005-015 0.30-0.60 050-1.00 0.025 0020  1.00-1.50 0.44-0.65
ASME SA-335/SA-335M  Grade P11 K11597 -  005-015 0.30-0.60 050-1.00 0.025 0025  1.00-1.50 0.44-0.65
ASTM A213/A213M-15a  Grade T11 K11597 -  005-015 0.30-0.60 050-1.00 0.025 0025  1.00-1.50 0.44-0.65
é%m") A250/A250M-05 Grade T11 K11597 -~  005-0.15 0.30-0.60 050-1.00 0.025 0020  1.00-1.50 0.44-0.65
ASTM A335/A335M-15 Grade P11 K11597 -  005-015 0.30-0.60 050-1.00 0.025 0025  1.00-1.50 0.45-0.65
BS 3604-2:1991 621 — 009017 0.40-0.65 050-0.80 0.025 0015  1.00-1.50 030  0.45-0.60 Cu 0.30; Al 0.02
EN 10216-2:2013 10CrMo5-5 — 17338 0.5  080-060 050-1.00 0025 0010  1.00-1.50 030  045-0.65 Al 0.040: Cu 0.30
ISO 9329-2:1997 Grade 8 CrMo 5-5 015  0.30-0.60 050-1.00 003 003  1.00-1.50 0.45-0.65 Al 0.020
UIS G 3462:2014 Symbol STBA23 045 | 0.30-0.60 050-1.00 0030 0030  1.00-1.50 0.45-0.65
UIS G 3467:2013 Symbol STFA23 015  0.30-0.60 050-1.00 0030 0030  1.00-1.50 0.45-0.65
UIS G 3458:2013 Symbol STPA23 015 | 0.30-0.60 050-1.00 0030 0030  1.00-1.50 0.45-0.65
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
5.8.6B Mechanical Properties of 1%4Cr-2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-220:1990 TU 10 CD 5-05 225 440-590 22 see standard
- 325 440-640 - 20 heat + air cool + T 32Jat0°C
163 max HB/
ASME SA-213/SA-213M Grade T11 K11597 --- 04<t<127 0.015<t<0.500 205 30 415 60 30 A+N+T 170 max HV;
85 max HRB
ASME SA-250/SA-250M Grade T11 K11597 --- 04<t<51 0.015=<t<0.200 205 30 415 60 30 FA, IA, N or N+T 85 max HRB
t=5.1 t > 0.200 205 30 415 60 30 FA, 1A, N or N+T 163 max HBW
ASME SA-335/SA-335M Grade P11 K11597 - 205 30 415 60 30L,20T Aor N+T
163 max HB/
ASTM A213/A213M-15a Grade T11 K11597 --- 04<t<127 0.015<t<0.500 205 30 415 60 30 A, 1A, NT 170 max HV;
85 max HRB
ASTM A250/A250M-05 Grade T11 K11597 --- 04<t<51 0.015<t<0.200 205 30 415 60 30 A, IA, N or NT 85 max HRB
(2014) t>5.1 t > 0.200 205 30 415 60 30 A, 1A, N or NT 163 max HBW
t=8mm
ASTM A335/A335M-15 Grade P11 K11597  --- 205 30 415 60 (5/16in.) FA, 1A or NT
30L;20T
BS 3604-2:1991 621 340 515-690 18 see standard
EN 10216-2:2013 10CrMo5-5 — 17338  t=<16 275 — | 410560 -  221;20T NT, NF, QT L:40J at20°C
’ T T: 27 J at 20°C
16 <t <40 275 — | 410560 -  221;20T NT, NF, QT Caoa ggzg
40 <t=<60 265 — | 410560 -  221;20T NT, NF, QT Caoa ggzg
60 <t <100 — | 410560 -  221;20T NT, NF, QT Caoa ggzg
ISO 9329-2:1997 Grade 8 CrMo 5-5 t<60 205 410-560 22L,20T N+T see standard
JIS G 3462:2014 Symbol STBA23 d<10 205 410 22 L IA, A or NT
10<d<20 205 410 25L IA, Aor NT
d=20 205 410 30L IA, A or NT
JIS G 3467:2013 Symbol STFA23 205 410 30 IA, AorNT
JIS G 3458:2013 Symbol STPA23 205 410 241;19T IA, FA or NT
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn | Si | P S | Cr | Ni | Mo Others

AFNOR NF A 49-220:1990  TU 10 CD 9-10 015 | 0.30-060 0.10-050 0025 0025 2.00-2.50 0.90-1.10

ASME SA-213/SA213M  Grade T22 K21590 -  0.05-0.15 0.30-0.60 050 | 0.025 0.025 1.90-2.60 0.87-1.13

ASME SA-250/SA-250M  Grade T22 K21590 015  030-060 050 | 0025 0020 1.90-2.60 0.87-1.13

ASME SA-335/SA-335M  Grade P22 K21590 -  0.05-0.15 0.30-0.60 050 | 0.025 0025 1.90-2.60 0.87-1.13

ASTM A213/A213M-15a  Grade T22 K21590 -~  0.05-0.15 0.30-0.60 050 0025 0.025  1.90-2.60 0.87-1.13

é%:'z') A250/A250M-05 Grade T22 K21590 - 015 | 030060 050 | 0025 0020 1.90-2.60 0.87-1.13

ASTM A335/A335M-15 Grade P22 K21590 —  0.05-0.15 0.30-0.60 050 0025 0.025  1.90-2.60 0.87-1.13

BS 3604-2:1991 622 —  —  009-0.15 030060 050 | 0025 0015 2.00-2.50 030  0.90-1.10 Cu 0.30; Al 0.02

EN 10216-2:2013 10CrMo9-10 17380 0.08-0.14 0.30-070 050 0020 0010  2.00-2.50 030  0.90-1.10 Al 0.040; Cu 0.30
11CrM09-10 -~ 17383 0.08-0.15 040-0.80 050 | 0025 0010  2.00-2.50 030  0.90-1.10 Al 0.040; Cu 0.30

GB 5310-1995 Grade 12Cr2MoG — | - 0080.15 0.40-0.70  0.50 003 003 200250 0.3 0.90-1.20 Cu0.20

GB 6479-2000 Grade 12Cr2Mo — -~ 008015 040070  0.50 003 003  20-250 0.3 0.90-1.20 Cu0.20

SO 9329-2:1997 Grade 11 CrMo 9-10TA | —- -  0.08-0.15 0.30-0.70 0.15-0.40 0.035 0.035  2.00-2.50 0.90-1.20 Al 0.020
Grade 11 CrMo 9-10 — | —  0080.15 0.30-070 0.15-0.40 0035 0035 2.00-2.50 0.90-1.20 Al 0.020
TNATT

JIS G 3458:2013 Symbol STPA24 015  0.30-060 050 0030 0030  1.90-2.60 0.87-1.13

UIS G 3462:2014 Symbol STBA24 015 030060 050 0030 0030 1.90-2.60 0.87-1.13

JIS G 3467:2013 Symbol STFA24 015  0.30-0.60 050  0.030  0.030  1.90-2.60 0.87-1.13
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
5.8.7B Mechanical Properties of 2%4Cr-1Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures
UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
AFNOR NF A 49-220:1990 TU 10CD 9-10 225 410-560 22 see standard
- 325 490-640 --- 20 heat + air cool + T 32Jat0°C
163 max HB/
ASME SA-213/SA-213M Grade T22 K21590  --- 0.4<t<127 0.015<t<0.500 205 30 415 60 30 A+N+T 170 max HV;
85 max HRB
ASME SA-250/SA-250M Grade T22 K21590  --- 04<t<51 0.015=<t<0.200 205 30 415 60 30 FA, IA, N or N+T 85 max HRB
t=5.1 t > 0.200 205 30 415 60 30 FA, IA, N or N+T 163 max HBW
ASME SA-335/SA-335M Grade P22 K21590  --- 205 30 415 60 30L,20T Aor N+T
163 max HB/
ASTM A213/A213M-15a Grade T22 K21590  --- 0.4<t<127 0.015<t<0.500 205 30 415 60 30 A, IA, NT 170 max HV;
85 max HRB
ASTM A250/A250M-05 Grade T22 K21590  --- 04<t<51 0.015=<t<0.200 205 30 415 60 30 A, 1A, N or NT 85 max HRB
(2014) t>5.1 t > 0.200 205 30 415 60 30 A, IA, N or NT 163 max HBW
t=8mm
ASTM A335/A335M-15 Grade P22 K21590  --- 205 30 415 60 (5/16 in.) FA, IA or NT
30L;20T
BS 3604-2:1991 622 310 515-690 16 see standard
EN 10216-2:2013 10CrMo09-10 — 17380  t<16 280 - 480630 -  221;20T NT, NF, QT L:40 Jat20°C
’ R T: 27 J at 20°C
16 <t <40 280 — | 480630 -  221;20T NT, NF, QT Caoa gg:g
40 <t <60 270 — | 480630 -~  221;20T NT, NF, QT Caoa gg:g
L:40J at 20°C
11CrMo9-10 1.7383 t<16 355 540-680 20L;18T QT T 27 J at 20°C
16 <t <40 355 | 540680 -  20L;18T at Caoa gg:g
40 <t<60 355 | 540680 -  20L;18T ar Caosa ggg
GB 5310-1995 Grade 12Cr2MoG 280 450-600 L - 20L,18T N+T see standard
GB 6479-2000 Grade 12Cr2Mo 280 450-600 L 20 L N+T L:38J @ RT
1ISO 9329-2:1997 Grade 11 CrMo 9-10 TA - - t<60 205 - 410-560 - 22L,20T A see standard
Grade 11 CrMo 9-10 TN+TT - -—- t <60 280 -—- 480-630 --- 20L,18T N+T see standard
JIS G 3458:2013 Symbol STPA24 205 410 24 1;19T IA, FA or NT
JIS G 3462:2014 Symbol STBA24 d<10 205 410 22 L IA, A or NT
10<d<20 205 410 25 L IA, Aor NT
d>20 205 410 30L IA, A or NT
JIS G 3467:2013 Symbol STFA24 205 410 30 IA, A or NT
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UNS | Steel Weight, % max, Unless Otherwise Specified
Specification Designation No. No. C Mn Si P S | Cr | Ni | Mo Others
ASME SA-213/SA213M ___ Grade T5 Ka1545  — 015 | 0.30-0.60 050 | 0025 0025  4.00-6.00 0.45-0.65
Grade T5b K51545 - 015  0.30-0.60 1.00-2.00 0025 0025  4.00-6.00 0.45-0.65
ASME SA-335/SA-335M  Grade P5 K41545 - 015 | 0.30-0.60 050 | 0025 0025  4.00-6.00 0.45-0.65
ASTM A213/A213M-15a  Grade T5 K41545 - 015  0.30-0.60 050 | 0025 0025 4.00-6.00 0.45-0.65
Grade T5b K51545 - 0.15  0.30-0.60 1.00-200 0025 0025  4.00-6.00 0.45-0.65
ASTM A335/A335M-15 Grade P5 K41545 - 015  0.30-0.60 050 | 0025 0025  4.00-6.00 0.45-0.65
EN 10216-2:2013 X11CrMo5+I 1'73;62+ 0.08-0.15  0.30-0.60 0.15-050 0.025 0010  4.0-6.0 0.45-0.65 Al 0.040: Cu 0.30
X11CrMo5+NT1 1.7N§I'612+ 0.08-0.15  0.30-0.60 0.15-0.50 0.025 0010  4.0-6.0 0.45-0.65 Al 0.040: Cu 0.30
X11CrMo5+NT2 1'7N§r622+ 0.08-0.15  0.30-0.60 0.15-0.50 0025 0010  4.0-6.0 0.45-0.65 Al 0.040: Cu 0.30
GB 6479-2000 Grade 1Cr5Mo 0.15 0.60 0.50 003 003  4.00-6.00 06 0.45-0.60 Cu 0.20
ISO 9329-2:1997 Grade X11 CrMo 5 TA — 008015 0.30-0.60 015050 0.03 = 003  4.00-6.00 0.45-0.65 Al 0.020
Grade X11 CMo 5 TN+TT - — 008015 0.30-060 015050 003 = 003  4.00-6.00 0.45-0.65 A1 0.020
UIS G 3458:2013 Symbol STPA25 015  0.30-0.60 050 | 0030 0030  4.00-6.00 0.45-0.65
UIS G 3462:2014 Symbol STBA25 015 | 0.30-0.60 050 0030 0030  4.00-6.00 0.45-0.65
UIS G 3467:2013 Symbol STFA25 015  0.30-0.60 050 0030 0030  4.00-6.00 0.45-0.65
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5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.8.8B Mechanical Properties of 5Cr—'2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation

Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other
163 max HB/
ASME SA-213/SA-213M Grade T5 K41545 -~ 0.4<t<127 0.015<t<0.500 205 30 415 60 30 A+N+T 170 max HV;
85 max HRB
179 max HBW/
Grade T5b K51545 -~ 0.4<t<127 0.015<t<0.500 205 30 415 60 30 A+N+T 190 max HV;
89 max HRB
ASME SA-335/SA-335M Grade P5 K41545 - 205 30 415 60 30L,20T Aor N+T
163 max HB/
ASTM A213/A213M-15a Grade T5 K41545 -~ 0.4<t<127 0.015<t<0.500 205 30 415 60 30 A, IA, NT 170 max HV;
85 max HRB
179 max HBW/
Grade T5b K51545 -~ 0.4<t<127 0.015<t<0.500 205 30 415 60 30 A, 1A, NT 190 max HV
89 max HRB
t>8mm
ASTM A335/A335M-15 Grade P5 K41545 - 205 30 415 60 (5/16in.) FA, IA or NT
30L;20T
] 1.7362+ ] L: 40 J at 20°C
EN 10216-2:2013 X11CrMo5+l | t<16 175 430-580 221;20T [ T 27 at 50°C
) L: 40 J at 20°C
16<t<40 175 430-580 221;20T ' T: 27 J at 20°C
) L: 40 J at 20°C
40 <t <60 175 430-580 221;20T ' T: 27 J at 20°C
) L: 40 J at 20°C
60 <t<100 175 430-580 221;20T ' T: 27 J at 20°C
1.7362+ _ L: 40 J at 20°C
X11CrMo5+NT1 NTA t<16 280 480-640 20L;18T NT T 27 ) ot 20°6
. L: 40 J at 20°C
16<t<40 280 480-640 20L;18T NT T: 27 J at 20°C
. L: 40 J at 20°C
40 <t <60 280 480-640 20L;18T NT T: 27 J at 20°C
. L: 40 J at 20°C
60 <t< 100 280 480-640 20L;18T NT T 27 J at 20°C
1.7362+ ) L: 40 J at 20°C
X11CrMo5+NT2 NTo t<16 390 570-740 18L;16T NT, QT T 27 ) at 20°C
) L: 40 J at 20°C
16 <t <40 390 570-740 18L;16T NT, QT T: 27 J at 20°C
] L: 40 J at 20°C
40 <t<60 390 — | 570-740 18L;16 T NT, QT T: 27 J at 20°C
60 <t <100 390 — 570740 -  18L; 16T NT, QT L: 40 J at 20°C

T:27 J at 20°C

Note: This section continued on next page.

Handbook of Comparative World Steel Standards



5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures

5.8.8B Mechanical Properties of 5Cr—'2Mo Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures (Continued)

Chapter5 Steel Tubes and Pipes 282

UNS | Steel | Section Thickness/Diameter | Yield Strength Tensile Strength | Elongation
Specification Designation No. No. mm | in. MPa | ksi MPa | ksi %, min. Heat Treatment Other

GB 6479-2000 Grade 1Cr5Mo 195 390-590 L 22 L A L:94J @ RT
ISO 9329-2:1997 Grade X11 CrMo 