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SECTIONS
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Part A — Ferrous Materials

Part B — Nonferrous Materials

Part C — Welding Rods, Electrodes, and Filler Metals
I Subsection NCA — General Requirements for Division 1 and Division 2
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Subsection NB — Class 1 Components
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Division 2 — Alternative Rules
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X Fiber-Reinforced Plastic Pressure Vessels
XI Rules for Inservice Inspection of Nuclear Power Plant Components
ADDENDA

Colored-sheet Addenda, which include additions and revisions to individual Sections of the Code,
are published annually and will be sent automatically to purchasers of the applicable Sections up to
the publication of the 1992 Code. The 1989 Code is available only in the loose-leaf format; accordingly,
the Addenda will be issued in the loose-leaf, replacement-page format.

INTERPRETATIONS

ASME issues written replies to inquiries concerning interpretation of techmnical aspects of the Code.
The Interpretations for each individual Section will be published separately and will be included as
part of the update service to that Section. They will be issued semiannually (July and December) up
to the publication of the 1992 Code. Interpretations of Section III, Divisions 1 and 2, will be included
with the update service to Subsection NCA. Interpretations are not part of the Code or the Addenda.

CODE CASES

The Boiler and Pressure Vessel Committee meets regularly to consider proposed additions and revisions
to the Code and to formulate Cases to clarify the intent of existing requirements or provide, when
the need is urgent, rules for materials or constructions not covered by existing Code rules. Those
Cases which have been adopted will appear in the appropriate 1989 Code Cases book: (1) Boilers
and Pressure Vessels and (2) Nuclear Components. Supplements will be sent automatically to the
purchasers of the Code Cases books up to the publication of the 1992 Code.
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FOREWORD

The American Society of Mechanical Engineers set
up a committee in 1911 for the purpose of formulating
standard rules for the construction of steam boilers
and other pressure vessels. This committee is now
called the Boiler and Pressure Vessel Committee.

The Committee’s function is to establish rules of
safety governing the design, fabrication, and inspection
during construction of boilers and pressure vessels, and
to interpret these rules when questions arise regarding
their intent. In formulating the rules, the Committee
considers the needs of users, manufacturers, and in-
spectors of pressure vessels. The objective of the rules
is to afford reasonably certain protection of life and
property and to provide a margin for deterioration in
service so as to give a reasonably long, safe period of
usefulness. Advancements in design and material and
the evidence of experience have been recognized.

The Boiler and Pressure Vessel Committee deals
with the care and inspection of boilers and pressure
vessels in service only to the extent of providing sug-
gested rules of good practice as an aid to owners and
their inspectors.

The rules established by the Committee are not to
be interpreted as approving, recommending, or en-
dorsing any proprietary or specific design or as limiting
in any way the manufacturer’s freedom to choose any
method of design or any form of construction that
conforms to the Code rules.

The Boiler and Pressure Vessel Committee meets
regularly to consider revisions of the rules, new rules
as dictated by technological development, Code Cases,
and requests for interpretations. Requests for inter-
pretation must be addressed to the Secretary in writing
and must give full particulars in order to receive con-
sideration and a written interpretation (see Mandatory
Appendix covering preparation of technical inquiries).
Proposed revisions to the Code resulting from inquiries
will be presented to the Main Committee for appro-
priate action. The action of the Main Committee be-
comes effective only after confirmation by letter ballot
of the Committee and approval by ASME.

Proposed revisions to the Code approved by the

Committee are submitted to the American National
Standards Institute and published in Mechanical En-
gineering to invite comments from all interested per-
sons. After the allotted time for public review and final
approval by ASME, revisions are published annually
in Addenda to the Code.

Code Cases may be used in the construction of com-
ponents to be stamped with the ASME Code symbol
beginning with the date of their approval by ASME.

After Code revisions are approved by ASME, they
may be used beginning with the date of issuance shown
on the Addenda. Revisions become mandatory as min-
imum requirements six months after such date of is-
suance, except for boilers or pressure vessels contracted
for prior to the end of the six-month period.

Manufacturers and users of components are cau-
tioned against making use of revisions and Cases that
are less restrictive than former requirements without
having assurance that they have been accepted by the
proper authorities in the jurisdiction where the com-
ponent is to be installed.

Each state and municipality in the United States and
each province in Canada that adopts or accepts one
or more Sections of the Boiler and Pressure Vessel
Code is invited to appoint a representative to act on
the Conference Committee to the Boiler and Pressure
Vessel Committee. Since the members of the Confer-
ence Committee are in active contact with the admin-
istration and enforcement of the rules, the require-
ments for inspection in this Code correspond with
those in effect in their respective jurisdictions. The
required qualifications for an Authorized Inspector un-
der these rules may be obtained from the administrative
authority of any state, municipality, or province which
has adopted these rules.

The Boiler and Pressure Vessel Committee in the
formulation of its rules and in the establishment of
maximum design and operating pressures considers
materials, construction, methods of fabrication, in-
spection, and safety devices. Permission may be grant-
ed to regulatory bodies and organizations publishing
safety standards to use a complete Section of the Code
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by reference. If usage of a Section, such as Section IX,
involves exceptions, omissions, or changes in provi-
sions, the intent of the Code might not be attained.

Where a state or other regulatory body, in the print-
ing of any Section of the Boiler and Pressure Vessel
Code, makes additions or omissions, it is recommended
that such changes be clearly indicated.

The National Board of Boiler and Pressure Vessel
Inspectors is composed of chief inspectors of states and
municipalities in the United States and of provinces in
Canada that have adopted the Boiler and Pressure
Vessel Code. This Board, since its organization in 1919,
has functioned to uniformly administer and enforce
the rules of the Boiler and Pressure Vessel Code. The
cooperation of that organization with the Boiler and
Pressure Vessel Committee has been extremely helpful.

It should be pointed out that the state or munici-
pality where the Boiler and Pressure Vessel Code has
been made effective has definite jurisdiction over any
particular installation. Inquiries dealing with problems
of local character should be directed to the proper
authority of such state or municipality. States, prov-
inces, municipalities, or other regulatory bodies may,
if there is any question or doubt as to the proper
interpretation, refer the question to the Boiler and
Pressure Vessel Committee.

The Specifications for base materials given in Section
11, Parts A and B, are identical with or similar to those
of The American Society for Testing and Materials.
When reference is made in an ASME Material Spec-
ification to an ASTM Specification for which a com-
panion ASME Specification exists, the reference shall
be interpreted as applying to the ASME Material Spec-
ification. Specifications for welding materials given in
Section I1, Part C, are identical with or similar to those
of the American Welding Society. Not all materials
included in the ASME Material Specifications in Sec-
tion IT have been adopted for Code use. Usage is limited
to those materials and grades adopted by at least one

vi

of the other Sections of the Code for application under
rules of that Section. All materials allowed by these
various Sections and used for construction within the
scope of their rules shall be furnished in accordance
with ASME Material Specifications contained in Sec-
tion II except where otherwise provided in Code Cases
or in the applicable Section of the Code. Materials
covered by these Specifications are acceptable for use
in items covered by the Code Sections only to the
degree indicated in the applicable Section. Materials
for Code use should preferably be ordered, produced,
and documented on this basis; however, material pro-
duced under an ASTM Specification may be used in
lieu of the corresponding ASME Specification, provid-
ed the requirements of the ASTM Specification are
identical (excluding editorial differences) or more strin-
gent than the ASME Specification for the Grade, Class,
or Type produced and provided that the material is
confirmed as complying with the ASTM Specification.
Material produced to an ASTM specification with re-
quirements different from the requirements of the cor-
responding ASME Specification may also be used in
accordance with the above, provided the material man-
ufacturer or vessel manufacturer certifies with evidence
acceptable to the Authorized Inspector that the cor-
responding ASME Specification requirements have
been met. Material produced to an ASME or ASTM
Material Specification is not limited as to country of
origin.

When required by context in this Section, the sin-
gular shall be interpreted as the plural, and vice-versa;
and the feminine, masculine, or neuter gender shall be
treated as such other gender as appropriate.

Publication of the SI (Metric) Edition of the ASME
Boiler and Pressure Vessel Code was discontinued with
the 1986 Edition. Effective October 1, 1986, the SI
Edition was withdrawn as an ASME Boiler and Pres-
sure Vessel Code document.
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STATEMENT OF POLICY
ON THE USE OF CODE SYMBOLS AND
CODE AUTHORIZATION IN ADVERTISING

ASME has established procedures to authorize qual-
ified organizations to perform various activities in
accordance with the requirements of the ASME Boiler
and Pressure Vessel Code. It is the aim of the Society
to provide recognition of organizations so authorized.
An organization holding authorization to perform var-
ious activities in accordance with the requirements of
the Code may state this capability in its advertising
literature.

Organizations that are authorized to use Code Sym-
bols for marking items or constructions which have
been constructed and inspected in compliance with the
ASME Boiler and Pressure Vessel Code are issued
Certificates of Authorization. It is the aim of the So-
ciety to maintain the standing of the Code Symbols
for the benefit of the users, the enforcement jurisdic-
tions, and the holders of the symbols who comply with
all requirements.

Based on these objectives, the following policy has
been established on the usage in advertising of facsim-
iles of the symbols, Certificates of Authorization, and
reference to Code construction. The American Society
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of Mechanical Engineers does not “approve,” “certi-
fy,” “rate,” or “endorse” any item, comstruction, or
activity and there shall be no statements or implications
which might so indicate. An organization holding a
Code Symbol and/or a Certificate of Authorization
may state in advertising literature that items, construc-
tions, or activities “are built (produced or performed)
or activities conducted in accordance with the require-
ments of the ASME Boiler and Pressure Vessel Code,”
or “meet the requirements of the ASME Boiler and
Pressure Vessel Code.”

The ASME Symbol shall be used only for stamping
and nameplates as specifically provided in the Code.
However, facsimiles may be used for the purpose of
fostering the use of such construction. Such usage may
be by an association or a society, or by a holder of a
Code Symbol who may also use the facsimile in ad-
vertising to show that clearly specified items will carry
the symbol. General usage is permitted only when all
of a manufacturer’s items are constructed under the
rules.

STATEMENT OF POLICY
ON THE USE OF ASME MARKING
TO IDENTIFY MANUFACTURED ITEMS

The ASME Boiler and Pressure Vessel Code pro-
vides rules for the construction of boilers, pressure
vessels, and nuclear components. This includes re-
quirements for materials, design, fabrication, exami-
nation, inspection, and stamping. Items constructed in
accordance with all of the applicable rules of the Code
are identified with the official Code Symbol Stamp
described in the governing Section of the Code.

Markings such as “ASME,” “ASME Standard,” or
any other marking including “ASME” or the various
Code Symbols shall not be used on any item which is

vii

not constructed in accordance with all of the applicable
requirements of the Code.

Items shall not be described on ASME Data Report
Forms nor on similar forms referring to ASME which
tend to imply that all Code requirements have been
met when, in fact, they have not been. Data Report
Forms covering items not fully complying with ASME
requirements should not refer to ASME or they should
clearly identify all exceptions to the ASME require-
ments.
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GUIDELINE ON THE ADOPTION OF NEW
BASE MATERIALS FOR THE
ASME BOILER AND PRESSURE VESSEL CODE

The ASME Boiler and Pressure Vessel Committee
considers requests for adoption of new materials de-
sired by the owner/user or fabricator, manufacturer,
installer, assembler of boilers, pressure vessels, or com-
ponents constructed to the Code. In order for the ma-
terial to receive proper consideration by the appro-
priate subcommittees, information and data are
required to properly categorize the material. In general,
this information and data include, but are not neces-
sarily limited to, the following information.

The proposed chemical composition should include
those elements that establish the characteristics and
behavior of the material.

The mechanical properties for the material should
include tensile test data, ductility data, and other spe-
cial mechanical test data which will assist the Com-
mittee in its review of the material and its application.

Tensile test data (per ASTM E 21), including both
ultimate tensile strength and yield strength, should be
at room temperature and at 100°F or 50°C intervals to
a temperature at least 100°F higher than the intended
use of the material. When creep properties may be
expected to limit the allowable stress, creep and creep
rupture data at temperature intervals of 100°F or 50°C
are also required. Such data should be four or more
time intervals, one of which should be longer than
2000 hr but less than 6000 hr, and one of which should
be longer than 6000 hr.

Toughness data on base and weld metal (including
heat affected zone) may also be required. It is preferred
that these data include temperature-toughness curves
of material subjected to heat treatment(s) representa-
tive of the finished fabricated product. The toughness
testing data should be obtained using methods and
procedures outlined in the applicable sections of the
Code under which the material is to be used.

If the material is to be used in welded construction,
data from actual welding tests made in accordance with
Section IX of the Code are recommended. This should

ix

also include the welding processes and weld filler
metal(s) intended for the fabrication of the material,
all-weld-metal tensile test data for temperatures rep-
resentative of intended service, any special restrictions
on the welding of the material, and with the appro-
priate postweld heat treatment, if any, which will be
given the material. If postweld heat treatment results
in embrittlement of the material, the significance of
such treatments with substantiating data should be
forwarded. Toughness data on weld metal and heat
affected zone in the as-welded and postweld heat treat-
ed conditions, when appropriate, should be submitted.

Where the material is intended for special applica-
tions, requires special handling or special welding pro-
cedures, or has known limitations or susceptibility to
failure in certain services, precautionary requirements
and information should be included in the submittal
of the necessary data for Committee review.

The forms! of materials which are needed for con-
struction in accordance with the Code and the Sections
of the Code? for which application is to be considered
will be required.

The general data recommended should be submitted
on a minimum of three heats of material, preferably
commercial heats of material. Where the chemical
range will have an effect on the mechanical properties,
the heats selected must cover both the high and low
range of the effective chemical elements to show the
effect on the mechanical properties. Any special heat
treatment, whether applied by the material suppliers
or the fabricator, should be applied to these test pieces
in preparation of the data. If the material is presently
covered by an ASTM specification, please enclose the
specification number(s) and grade(s) involved in your

"Product forms, such as sheet, strip, plates, bars, shapes, seamless
or welded pipe or tube, forging, casting, etc.

2Section I, 111, 1V, or VIII, Division 1 or 2.
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application. If the material is not in ASTM specifi-
cations covering the product forms required, it will be
necessary to apply to ASTM for specification coverage
of this material.

Should there be a need for Code use prior to the
inclusion of the material in ASTM specifications, the
Committee will consider the issuance of a Code Case.
In addition to the information and data noted above,
the Committee should be provided with an indication
of user need, the letter to ASTM requesting specifi-
cation coverage, and sufficient information for the
Committee to modify an appropriate existing ASME
or ASTM specification to establish the material spec-
ification requirements for the material product form.

The foregoing is a general outline of the data which
the Committee may need for appropriate review of

new material. The applicable Sections for construction
should be reviewed for any additional guidance, such
as fatigue data for the requirements of Section III or
Section VIII, Division 2. If the intended use of the
new material is in elevated temperature nuclear con-
struction, the proposer should request a copy of the
special publication titled, “Guidelines for Required
Data on New Materials for Elevated Temperature Nu-
clear Construction” (approved Jan. 8, 1976).

When the new material is a minor modification of
a Code approved material, the data required may be
reduced with the concurrence of the Committee. When
the data supplied are insufficient for an adequate ele-
vation, the Committee will request additional data.
Such requests will be forwarded to inquirers, indicating
those areas in which additional information is required.
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PERSONNEL

ASME Boiler and Pressure Vessel Committee
Subcommittees, Subgroups, and Working Groups
As of December 31, 1988

MAIN COMMITTEE

W, R. Mikesell, Chairman G. G. Karcher
R. J. Cepluch, Vice Chairman  E. C. Kistner, Jr.
G. M. Eisenberg, Secretary W. G. Knecht
B. W. Bace J. R. MacKay
M. D. Bernstein T. ). Mawson
R. J. Bosnak T. G. McCarty
M. N. Bressler D. }. McDonald
D. A. Canonico U. R. Miller

L. J. Chockie C. C. Neely

H. F. Dobel T. E. Northup
W. D. Doty R. F. O'Neill

J. R. Farr R. F. Reedy

B. D. Hackney M. L. Snow, Jr
W. C. Ham J. W. Tackett
H. L. Hime R. E. Feigel, Alternate
M. H. jawad

HONORS AND AWARDS COMMITTEE

H. F. Dobel, Chairman R. C. Hudson
G. M. Eisenberg, Secretary M. H. Jawad

J. R. Farr E. C. Kistner, Jr.
C. E. Ford E. G. Nisbett
G. E. Fratcher R. K. Sager, jr.
W. L. Garvin J. W, Tackett
O. F. Hedden

EXECUTIVE COMMITTEE (MAIN COMMITTEE)

R. ). Cepluch, Chairman C. E. Ford
W. R. Mikesell, Vice Chairman B. D. Hackney
G. M. Eisenberg, Secretary E. C. Kistner, Jr.

R. J. Bosnak H. A. Manning
L. }. Chockie D. J. McDonald
J. R. Farr R. F. Reedy

HONORARY MEMBERS (MAIN COMMITTEE)

J. D. Andrew, Jr. E. L. Kemmier
R. D. Bonner E. M. Kloeblen
P. M. Brister J. E. Lattan

H. M. Canavan J. LeCoff

J. S. Clarke F. N. Moschini
W. E. Cooper C. E. Rawlins
G. E. Fratcher W. R. Smith, Sr.
R. M. Gibson W. E. Somers
R. C. Griffin D. B. Wesstrom
W. L. Harding F. S. G. Williams
E. J. Hemzy L. P, Zick

xi

MARINE CONFERENCE GROUP

}. Tiratto, Chairman
C. F. Banks
V. W. Bugg

G. C. johnson
E. F. Murphy

CONFERENCE COMMITTEE

M. L. Snow, jr. — Tennessee
(Chairman)

D. J. McDonald — National
Board of Boiler and Pressure
Vessel Inspectors (Secretary)

D. C. Barnett, Jr. — Florida

D. E. Beaner — Pennsylvania

G. Black — Washington

V., Bogosian — Hllinois

E. Brandt — Los Angeles,
California

J. E. Brennan — Ohio

W. E. Brown — Kansas

N. B. Burkheimer — Maryland

R. D. Cather — Alaska

A. Colvin, Jr. — Washington,
D.C.

R. A. Coomes — Kentucky

Z. C. Cordero — Michigan

J. G. Cvar — Delaware

A. W. Diamond —
Newfoundland, Canada

M. H. Diehl, jr. — Maryland

F. G. Dolen — New Jersey

C. R. Erickson — California

E. Everett — Georgia

J. J. Fowles — New
Brunswick, Canada

}. W. Greenawalt, jr. —
Oklahoma

S. L. Hall — North Carolina

V. Harding — Hawaii

J. Hicks — Virginia

C. Hinson — Oregon

}. D. Hoh — Missouri

W. J. Holmes — Chicago,
Hinois

R. M. Johnson — California

A. justin ~—— Minnesota

V. Kanable — Wisconsin

G. M. Kuetemeyer —
Milwaukee, Wisconsin

J. T. Little — Arizona

B. M. Lovelady — Memphis
and Shelby County,
Tennessee

C. C.-Mann — New Orleans,
Louisiana

R. J. Mannion — New
Hampshire

S. M. Matthews — Texas

I. W. Mault — Manitoba,
Canada

H. T. McEwen — Mississippi

A. W. Meiring — Indiana

E. E. Morgan — Colorado

}. W. Morvant — Louisiana

R. F. Mullaney — Vancouver,
Canada

D. Newquist — Nebraska

R. D. O’Connor —
Connecticut

H. Parker, Jr. — Nevada

J. C. Parsell — Utah

R. D. Reetz — North Dakota

R. Sauve — Quebec, Canada

M. Shuff — West Virginia

J. L. Smith — Alberta, Canada

R. P. Sullivan — Maine

N. Surtees — Saskatchewan,
Canada

C. W. Thompson — Arkansas

M. W. A. West — Prince
Edward Island, Canada

R. B. West — lowa

M. J. Wheel — Vermont

R. K. White — New York

T. F. Wickham — Rhode
Island

H. J. Wright — Ontario,
Canada

R. A. Yeo — Nova Scotia,
Canada
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G. Bankar

L. Berger

. D. Bernstein
. A. Canonico
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R. MacKay, Vice Chairman

W. T. Higginbotham
R. Leone

W. L. Lowry, Jr.

R. F. Manning

M. Mattina

R. G. Presnak

R. D. Schueler, Jr.
R. L. Williams

R. A. Yeo

L. W. Yoder

Subgroup on Care of Power Boilers (SC 1)
W. T. Higginbotham, Chairman C. R. Hoefs

C. ). Berg E. A. Holden
H. F. Dobel E. C. Kistner, Jr.
D. O. Downey D. J. McDonald
W, Hall R. A. Yeo
R. R. Hess J. R. Zahorsky
Subgroup on Piping (SC )
R. L. Williams, Chairman R. R. Hess
F. R. Gerety, Secretary W. L. Lowry, Jr.
D. L. Berger T. C. McGough
M. D. Bernstein R. G. Presnak
A. J. Breugelmans L. J. Sas
A. R. Faulkner L. W. Yoder
W. Hall
Subgroup on Design (SC 1)
R. D. Schueler, jr., Chairman  R. Leone
R. F. Manning, Vice Chairman K. C. Morrison
R. V. Wielgoszinski, Secretary ~ A. Nassif
M. D. Bernstein D. R. Palmer
M. A. Farrugia C. H. Walters
W. R. Hankins R. A. Yeo
G. L. Kasparian

Subgroup on Materials (SC h

A. R. Faulkner, Chairman D. N. French
S. G. Bankar ). S. Hunter
D. A. Canonico J. M. Tanzosh

Subgroup on General Requirements (SC 1)

M. D. Bernstein, Chairman J. T. Pillow

F. R. Gerety, Secretary W. E. Somers
R. R. Hess C. H. Walters
R. Leone R. L. Williams
W. L. Lowry, Jr. R. A. Yeo

T. C. McGough L. W. Yoder
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Subgroup on Fabrication and Examination (SC I)

R. Leone, Chairman W. T. Higginbotham

D. L. Berger, Secretary J. S. Kandola

S. G. Bankar J. T. Pillow
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W. A. McRoberts

Subgroup on Steel Plates (SC )
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J. F. Longenecker
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E. O. Woolridge
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W. R. Sylvester, Chairman R. P. Meineke
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W. C. Mack R. H. Zong
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R. F. Cappellini W. A. McRoberts
B. M. Dingman E. O. Woolridge
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K. Ennis, Secretary D. F. Landers
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PREFACE

The American Society of Mechanical Engineers
(ASME) and the American Society for Testing and
Materials (ASTM) have cooperated for more than fifty
years in the preparation of material specifications ad-
equate for safety in the field of pressure equipment for
ferrous and nonferrous materials, contained in Section
II (Part A — Ferrous and Part B — Nonferrous) of
the ASME Boiler and Pressure Vessel Code.

The evolution of this cooperative effort is contained
in Professor A. M. Greene’s “History of the ASME
Boiler Code,” which was published as a series of ar-
ticles in Mechanical Engineering from July 1952
through August 1953 and is now available from ASME
in a special bound edition. The following quotations
from this history, which was based upon the minutes
of the ASME Boiler and Pressure Vessel Committee,
will help focus on the cooperative nature of the spec-
ifications found in Section II, Material Specifications.

“General discussion of material specifications com-
prising Paragraphs 1 to 112 of Part 2 and the advisability
of having them agree with ASTM specifications,”
(1914).

“ASME Subcommittee appointed to confer with
ASTM,” (1916).

“Because of this cooperation the specifications of the
1918 Edition of the ASME Boiler Code were more nearly
in agreement with ASTM specifications. In the 1924
Edition of the Code, 10 specifications were in complete
agreement with ASTM specifications, 4 in substantial
agreement and 2 covered materials for which ASTM
had no corresponding specifications.”

“In Section II, Material Specifications, the para-
graphs were given new numbers beginning with S-1 and
extending to §-213,” (1925).

“Section IT was brought into agreement with changes
made in the latest ASTM specifications since 1921,”
(1932).

“The Subcommittee on Material Specifications ar-
ranged for the introduction of the revisions of many of
the specifications so that they would agree with the latest
Jorm of the earlier ASTM specifications. ..,” (1935).

xxiii

From the preceding, it is evident that many of the
material specifications were prepared by the Boiler and
Pressure Vessel Code Committees, then subsequently,
by cooperative action, modified and identified as
ASTM specifications. Section I, Parts A and B, cur-
rently contain many material specifications which are
identical with the corresponding ASTM specifications
and some which have been modified for Code usage.

In 1969, the American Welding Society began pub-
lication of specifications for welding rods, electrodes,
and filler metals, hitherto issued by ASTM. The Boiler
and Pressure Vessel Committee has recognized this
new arrangement, and is now working with AWS on
these specifications. Section II, Part C, contains the
welding material specifications approved for Code use.

All identical specifications are indicated by the
ASME/ASTM symbols or the ASME/AWS symbols.
The specifications prepared and copyrighted by ASTM
and AWS are reproduced in the Code with the per-
mission of the respective Society. The ASME Boiler
and Pressure Vessel Committee has given careful con-
sideration to each new and revised ASTM or AWS
specification, and has made such changes as they
deemed necessary to make the specification adaptable
for Code usage. In addition, ASME has furnished
ASTM with the basic requirements that should govern
many proposed new specifications. Joint action will
continue an effort to make the ASTM, AWS, and
ASME specifications identical.

To assure that there will be a clear understanding
on the part of the users of Section II, ASME publishes
both the identical specifications and those amended for
Code usage in three parts every three years, in the
same page size to match the other sections of the Code,
and Addenda are issued annually to provide the latest
changes in Section II specifications.

The ASME Boiler and Pressure Vessel Code has
been adopted into law by 45 states and many munic-
ipalities in the United States and by all of the Canadian
Provinces.
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XXviil

S

L

g



i

Sy

SA-420/SA-420M

SA-3522/8A-522M

SA-592/SA-592M

SA-815/SA-815M

Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-

Temperatire ServiCe ... . ittt i e e
Forged or Rolled 8 and 9% Nickel Alloy Steel Flanges, Fittings, Valves,

and Parts for Low-Temperature Service .........oooviiiiiiiiiiiiii ..
High-Strength Quenched and Tempered Low-Alloy Steel Forged Fittings

and Parts for Pressure Vessels .........veeiiiiiiiiiiiiiiiiiii i
Wrought Ferritic, Ferritic/Austenitic, and Martensitic Stainless Steel

Piping FItngs . ....oovn it

Steel Plates, Sheets, and Strip for Pressure Vessels

SA-20/SA-20M
SA-202/8A-202M
SA-203/5A-203M
SA-204/SA-204M
SA-225/8A-225M
SA-240

SA-263
SA-264
SA-265
SA-285/SA-285M

SA-299/5A-299M
SA-302/SA-302M

SA-353/SA-353M

SA-387/SA-38TM
SA-412

SA-414/SA-414M
SA-442/SA-442M
SA-455/SA-455M
SA-480/SA-480M
SA-515/8A-515M
SA-516/SA-516M
SA-517/SA-51TM

SA-333/SA-533M

SA-537/SA-53TM
SA-542/SA-542M

SA-543/SA-543M
SA-353/SA-553M

SA-562/SA-562M

General Requirements for Steel Plates for Pressure Vessels ........................
Pressure Vessel Plates, Alloy Steel, Chromium-Manganese-Silicon .................
Pressure Vessel Plates, Alloy Steel, Nickel ...,
Pressure Vessel Plates, Alloy Steel, Molybdenum .............cooiiiiiiinni.,
Pressure Vessel Plates, Alloy Steel, Manganese-Vanadium-Nickel ..................
Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate,

Sheet, and Strip for Pressure Vessels ...
Corrosion-Resisting Chromium Steel Clad Plate, Sheet, and Strip .................
Stainless Chromium-Nickel Steel Clad Plate, Sheet, and Strip .....................
Nickel and Nickel-Base Alloy Clad Steel Plate ............. ... it
Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile

KT8 (= 1741 « P
Pressure Vessel Plates, Carbon Steel, Manganese-Silicon ..........................
Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum and

Manganese-Molybdenum-Nickel ............ ... i i
Pressure Vessel Plates, Alloy Steel, 9% Nickel, Double-Normalized and

Tempered ..ot e e
Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum ......................
Stainless and Heat-Resisting Chromium-Nickel-Manganese Steel Plate,

Sheet, and ST . ..ot e
Carbon Steel Sheet for Pressure Vessels .........ooiviiiiiiiiiiiiiiiiiiieonn.,
Pressure Vessel Plates, Carbon Steel, Improved Transition Properties ..............
Pressure Vessel Plates, Carbon Steel, High-Strength Manganese ...................
General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel

Plate, Sheet, and Strip ... i e
Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher-

Temperature Service ..........cooiiiiiiiiiiiiii i e
Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-

Temperature SEIViCe ........oi.iuiiiiiii i
Pressure Vessel Plates, Alloy Steel, High Strength, Quenched and

Tempered ....ooinini i e
Pressure Vessel Plates, Alloy Steel, Quenched and Tempered, Manganese-

Molybdenum and Manganese-Molybdenum-Nickel .............. ... ...l
Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel .............
Pressure Vessel Plates, Alloy Steel, Quenched and Tempered, Chromium-

Molybdenum and Chromium-Molybdenum-Vanadium-Titanium-Boron ..........
Pressure Vessel Plates, Alloy Steel, Quenched and Tempered Nickel-

Chromium-Molybdenum ........o.iiiii i i i e
Pressure Vessel Plates, Alloy Steel, Quenched and Tempered, 8 and 9%

7o)<
Pressure Vessel Plates, Carbon Steel, Manganese-Titanium for Glass or

Diffused Metallic Coatings ........co.viiiiiiiii it iieneneaaas



SA-612/SA-612M
SA-620/SA-620M
SA-645/SA-645M
SA-662/SA-662M
SA-693

SA-724/SA-T24M
SA-736/SA-736M
SA-737/SA-73TM
SA-738/SA-T38M
SA-770/SA-T70M

SA-812/SA-812M

SA-832/SA-832M

Structural Steel
SA-6/SA-6M

SA-36/SA-36M
SA-283/SA-283M

Steel Bars
SA-6/SA-6M

SA-29/SA-29M

SA-479/SA-479M
SA-484/SA-484M
SA-564/8A-564M
SA-638/SA-638M

SA-675
SA-695

SA-696

SA-739

Pressure Vessel Plates, Carbon Steel, High Strength, for Moderate- and

Lower-Temperature SErVICE .. ..oviueriittr it in e ia i ereniaianaans 819
Steel Sheet, Carbon, Drawing Quality, Special Killed, Cold-Rolled ................ 821
Pressure Vessel Plates, 5% Nickel Alloy Steel, Specially Heat Treated ............. 827
Pressure Vessel Plates, Carbon-Manganese, for Moderate- and Lower-

TempPerature SEIVICE .. .vvue ittt ettt 841
Precipitation Hardening Stainless and Heat-Resisting Steel Plate, Sheet,

A0 SETID ettt e e 883
Pressure Vessel Plates, Carbon Steel, Quenched and Tempered, for

Welded Layered Pressure Vessels ..ot 929

Pressure Vessel Plates, Low-Carbon Age-Hardening Nickel-Copper-
Chromium-Molybdenum-Columbium and Nickel-Copper-Manganese-

Molybdenum-Columbium Alloy Steel ...t 945
Pressure Vessel Plates, High-Strength, Low-Alloy Steel ........................... 949
Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel, for

Moderate- and Lower-Temperature Service ...........vvvininiiiiniinnnenenn.s 953
Through-Thickness Tension Testing of Steel Plates for Special

APPHCALIONS ...t itv ittt s 977
Steel Sheet, Hot-Rolled, High-Strength, Low-Alloy for Welded Layered

Pressure Vessels ... oo e 1011
Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum-Vanadium-

THanium-Boron ... e 1037

General Requirements for Rolled Steel Plates, Shapes, Sheet Piling, and

Bars for Structural Use ... . i e 1
Structural Steel ... e e e e 85
Low- and Intermediate-Tensile Strength Carbon Steel Plates ...................... 333

General Requirements for Rolled Steel Plates, Shapes, Sheet Piling, and

Bars for Structural Use ... ... e 1
General Requirements for Steel Bars, Carbon and Alloy, Hot-Wrought

and Cold-Finished ..ot i e 63
Stainless and Heat-Resisting Steel Bars and Shapes for Use in Boilers and

Other Pressure Vessels ...t e 629
General Requirements for Stainless and Heat-Resisting Bars, Billets, and

3001 655
Hot-Rolled and Cold-Finished Age-Hardening Stainless and Heat-

Resisting Steel Bars and Shapes ... 771
Precipitation Hardening Iron Base Superalloy Bars, Forgings, and Forging

Stock for High-Temperature Service .. ...ttt 823
Steel Bars, Carbon, Hot-Wrought, Special Quality, Mechanical Properties ......... 863
Steel Bars, Carbon, Hot-Wrought, Special Quality, for Fluid Power

APDPHCALIONS .ottt e e 893
Steel Bars, Carbon, Hot-Wrought or Cold-Finished, Special Quality, for

Pressure Piping COmMPONENtS ......vuverirnrinir i e, 895
Steel Bars, Alloy, Hot-Rolled, for Elevated Temperature or Pressure

Containing Parts, or Both ... ..ot i e 957

Steel Bolting Materials

SA-193/SA-193M

Alloy Steel and Stainless Steel Bolting Materials for High-Temperature
N 17 P 179
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SA-194/8A-194M

SA-307
SA-320/SA-320M
SA-325
SA-354

SA-437/SA-43TM

SA-449
SA-453/8A-453M

SA-540/SA-540M
SA-563
SA-574
SF-568

Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-

TemMPEratire SEIVICE . ..v'vvenriteneretiter et s e teatane s e s erenteaneness 191
Carbon Steel Externally Threaded Standard Fasteners .................cooiooo. 341
Alloy Steel Bolting Materials for Low-Temperature Service ..............oooiivnn. 355
High-Strength Bolts for Structural Steel Joints .......... .. ... .. 365
Quenched and Tempered Alloy Sieel Bolts, Studs, and Other Externally

Threaded Fasteners .. civuurir e et i e 425
Alloy Steel Turbine-Type Bolting Material Specially Heat Treated for

High-Temperature ServiCe .. .o.vruer ettt ciri et eraisnenen, 579
Quenched and Tempered Steel Bolts and Studs ..., 587

Bolting Materials, High Temperature, 50 to 120 ksi [345 to 827 MPa]
Yield Strength, With Expansion Coefficients Comparable to Austenitic

R 613
Alloy Steel Bolting Materials for Special Applications ..........ccvvvviniiiniien., 719
Carbon and Alloy Steel Nuts ..ot i 761
Alloy Steel Socket-Head SCrEWS ...ttt it iiiiriei i, 781
Carbon and Alloy Steel Externally Threaded Metric Fasteners .................... 1049

Steel Billets and Forgings

SA-105/SA-105M
SA-181/SA-181M
SA-266/SA-266M
SA-336/SA-336M
SA-350/SA-350M

SA-372/8A-372M
SA-484/8A-484M

SA-508/SA-508M
SA-541/5A-541M
SA-638/SA-638M
SA-649/5A-649M
SA-705/SA-705M
SA-T23/SA-723M
SA-745/SA-745M
SA-765/SA-765M

SA-788
SA-836

Steel Castings
SA-216/SA-216M

SA-217/SA-21TM

SA-351/SA-351M
SA-352/SA-352M

Forgings, Carbon Steel, for Piping Components ...........c.coovviiivriiineeanann.s 123
Forgings, Carbon Steel, for General-Purpose Piping ... 161
Forgings, Carbon Steel, for Pressure Vessel Components ....................o..ue. 307
Steel Forgings, Alloy, for Pressure and High-Temperature Parts .................. 393
Forgings, Carbon and Low-Alloy Steel, Requiring Notch Toughness

Testing for Piping Components ......covuiuiiiiiine i eneeinianaena. 401
Carbon and Alloy Steel Forgings for Thin-Walled Pressure Vessels ................ 497
General Requirements for Stainless and Heat-Resisting Bars, Billets, and

L0 34 655
Quenched and Tempered Vacuum-Treated Carbon and Alloy Steel

Forgings for Pressure Vessels ..o 673
Steel Forgings, Carbon and Alloy, Quenched and Tempered, for Pressure

Vessel CompPOnents .....vneevritiu ittt enenneanieneataeanaraeanas 729
Precipitation Hardening Iron Base Superalloy Bars, Forgings, and Forging

Stock for High-Temperature Service ........ooii ity 823
Forged Steel Rolls Used for Corrugating Paper Machinery ........................ 831
Age-Hardening Stainless and Heat-Resisting Steel Forgings ....................... 913
Alloy Steel Forgings for High-Strength Pressure Component Application .......... 923
Ultrasonic Examination of Austenitic Steel Forgings ...l 959
Carbon Steel and Low-Alloy Steel Pressure Vessel Component Forgings

With Mandatory Toughness Requirements .............ocviiiiiniiiienennn., 971
Steel Forgings, General Requirements .........oooiiiii i iniriniinenniennnn, 993
Forgings, Titanium Stabilized Carbon Steel for Glass-Lined Piping and

Pressure Vessel Service ...ttt e 1045

Steel Castings, Carbon, Suitable for Fusion Welding for High-

Temperatire SEIVICE .. ..ouuuiurrir sttt iiat e eeerarn ety 233
Steel Castings, Martensitic Stainless and Alloy, for Pressure Containing

Parts Suitable for High-Temperature Service ..............cociiiiiiiiiiinl, 237
Steel Castings, Austenitic, for High-Temperature Service .............ooiviiin 411
Steel Castings, Ferritic and Martensitic, for Pressure Containing Parts

Suitable for Low-Temperature SIrvice ........ooviiiiiniininrrernirainnnaenais 415

XXxi



SA-487/SA-487M
SA-494/SA-494M
SA-609

SA-667

SA-703/SA-703M
SA-T47/SA-T4T™M
SA-T81/SA-781M

Steel Castings Suitable for Pressure Service ........ooiiiiiiiiiiii i, 665
Nickel Alloy Castings ......viuniniin ittt i cin e ianaaas 671
Steel Castings, Carbon and Low Alloy, Ultrasonic Examination Thereof ........... 811
Centrifugally Cast Dual Metal Cylinders ...........ciiiiiiiiiieiiiiiiinii s 845
Steel Castings, General Requirements, for Pressure Containing Parts .............. 899
Precipitation Hardening Stainless Steel Castings ........c..coovviiiiiiriiinnniin. 965
Castings, Steel and Alloy, Common Requirements for General Industrial

U8 ittt e e 983

Corrosion-Resisting and Heat-Resisting Steels

SA-182/8A-182M
SA-193/SA-193M
SA-194/SA-194M
SA-213/8A-213M
SA-216/SA-216M
SA-217/SA-21TM
SA-240

SA-249/8A-249M
SA-263

SA-264

SA-265

SA-268/SA-268M
SA-312/SA-312M
SA-320/SA-320M
SA-336/SA-336M
SA-351/5A-351M
SA-358/8A-358M
SA-369/SA-365M
SA-376/SA-376M

SA-403/5A-403M
SA-409/SA-409M

SA-412

SA-426

SA-430/8A-430M
SA-437/SA-43TM

SA-451

Forged or Rolled Alloy Steel Pipe Flanges, Forged Fittings, and Valves

and Parts for High-Temperature Service ............ociiiiiiiiiiiiiinininnan.. 167
Alloy Steel and Stainless Steel Bolting Materials for High-Temperature

RT3 o e PP 179
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-

Temperature SEIVICE . ...vvvuirvrii ittt ienas 191
Seamless Ferritic and Austenitic Alloy Steel Boiler, Superheater, and Heat

Exchanger TUDES .. .oovurnnit ittt e 223
Steel Castings, Carbon, Suitable for Fusion Welding for High-

Temperature SEIVICE .. ....iuiiiiiii i e 233
Steel Castings, Martensitic Stainless and Alloy, for Pressure Containing

Parts Suitable for High-Temperature Service ...........c.ooviiiiiiiiiin., 237
Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate,

Sheet, and Strip for Pressure Vessels ..............ccoooiinione, e 257
Welded Austenitic Steel Boiler, Superheater, Heat Exchanger, and

Condenser TUDES .. .iiiin i e 267
Corrosion-Resisting Chromium Steel Clad Plate, Sheet, and Strip ................. 279
Stainless Chromium-Nickel Steel Clad Plate, Sheet, and Strip ..................... 291
Nickel and Nickel-Base Alloy Clad Steel Plate ... 301
Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for

General ServiCe .. ...t e e 313
Seamless and Welded Austenitic Stainless Steel Pipe ............covvvviiininn 347
Alloy Steel Bolting Materials for Low-Temperature Service ................ooouene. 355
Steel Forgings, Alloy, for Pressure and High-Temperature Parts .................. 393
Steel Castings, Austenitic, for High-Temperature Service .............coovvvviinn. 411
Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe for

High-Temperature SErvice ........vvuiiiiiiiiiii i, 433
Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-

Temperature SErviCe .......viuiii it i e e 441
Seamless Austenitic Steel Pipe for High-Temperature Central-Station

S BTVICE .ttt e 503
Wrought Austenitic Stainless Steel Piping Fittings ............cooviiiiiiat. 529
Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-

Temperature SeIVICE ........ouiiuin ittt e 539
Stainless and Heat-Resisting Chromium-Nickel-Manganese Steel Plate,

Sheet, and SErIp .. ..o it e 547
Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature

B3 L 565
Austenitic Steel Forged and Bored Pipe for High-Temperature Service ............ 571
Alloy Steel Turbine-Type Bolting Material Specially Heat Treated for

High-Temperature SErvice ......c.vivvinii i 579
Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service ............ 601
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SA-452

SA-479/SA-4T9M

SA-484/SA-484M

SA-515/SA-515M

SA-564/8A-564M

SA-638/SA-638M

SA-660
SA-691

SA-T05/SA-T05M
SA-789/SA-789M

SA-790/SA-790M
SA-814/8A-814M
SA-815/SA-815M

Centrifugally Cast Austenitic Steel Cold-Wrought Pipe for High-

Temperattre SEIVICE .. ...vueuntrnttini ittt
Stainless and Heat-Resisting Steel Bars and Shapes for Use in Boilers and

Other Pressure VESSEIS .. ovvririneriririiiaiiiairia it iiinrecenans
General Requirements for Stainless and Heat-Resisting Bars, Billets, and

oL BINES « o r vt e v e e
Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher-

Temperature SErVICE ... ..uinir ittt e i
Hot-Rolled and Cold-Finished Age-Hardening Stainless and Heat-

Resisting Steel Bars and Shapes ...
Precipitation Hardening Iron Base Superalloy Bars, Forgings, and Forging

Stock for High-Temperature Service ........oo.iiv it
Centrifugally Cast Carbon Steel Pipe for High-Temperature Service ...............
Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-Pressure

Service at High Temperatures .........o.ovunveniinerneriienannrneinnan,
Age-Hardening Stainless and Heat-Resisting Steel Forgings ................... ...
Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for

General SEIVICE ..vvuviit ittt e e
Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe ......................
Cold-Worked Welded Austenitic Stainless Steel Pipe ............c. v
Wrought Ferritic, Ferritic/Austenitic, and Martensitic Stainless Steel

Piping FILngs .. ovvnreini i i e e i e

Wrought Iron, Cast Iron, and Malleable Iron

SA-47
SA-278

SA-395

SA-476
SA-748

SA-834

Methods
SA-275/SA-275M
SA-370
SA-388/SA-388M
SA-435/SA-435M
SA-577/SA-5TTM
SA-578/SA-578M

SA-745/SA-745M

Malleable Tron Castings ... ....vetnenint it ie i ia e aiier s iaanenaas
Gray Iron Castings for Pressure Containing Parts for Temperatures Up to

B30 F ottt e e e e e
Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated

TemPeratures ... .ot e s
Ductile Iron Castings for Paper Mill Dryer Rolls . ...t
Statically Cast Chilled White Iron-Gray Iron Dual Metal Rolls for

Pressure Vessel Use .. ..o e e
Common Requirements for Iron Castings for General Industrial Use ..............

Magnetic Particle Examination of Steel Forgings ...........covoiiiiiiiiiiiinn...
Mechanical Testing of Steel Products ...,
Ultrasonic Examination of Heavy Steel Forgings ...............c.covviiiiiiin...
Straight-Beam Ulirasonic Examination of Steel Plates ....................oovev..s,
Ultrasonic Angle-Beam Examination of Steel Plates .................cocovviin...
Straight-Beam Ultrasonic Examination of Plain and Clad Steel Plates for

Special Applcations ..........iiiiiiii i
Ultrasonic Examination of Austenitic Steel Forgings .............coovviiiieenn...

Xxxiii






SA-6/SA-6M

SA-20/5A-20M
SA-29/8A-29M

SA-36/SA-36M
SA-47

SA-53
SA-105/SA-105M
SA-106

SA-134

SA-135
SA-178/SA-178M

SA-179/SA-179M

SA-181/SA-181M
SA-182/SA-182M

SA-192/8A-192M
SA-193/SA-193M

SA-194/SA-194M
SA-199/8A-199M
SA-202/SA-202M
SA-203/SA-203M
SA-204/8A-204M
SA-209/5A-209M
SA-210/SA-210M
SA-213/8A-213M
SA-214/8A-214M
SA-216/SA-216M
SA-217/8A-21TM

SA-225/SA-225M

Specifications
Listed in Numeric Sequence

General Requirements for Rolled Steel Plates, Shapes, Sheet Piling, and

Bars for Structural Use ..ot e 1
General Requirements for Steel Plates for Pressure Vessels ........................ 33
General Requirements for Steel Bars, Carbon and Alloy, Hot-Wrought

and Cold-Finished ........ooiiiiiiiiiii it i it it 63
Structural Steel .. ... e 85
Malleable Iron Castings .. ....o.vir ittt et ee e e 89
Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless ............ 97
Forgings, Carbon Steel, for Piping Components ..........c..covviiriiinerneinenn.s. 123
Seamless Carbon Steel Pipe for High-Temperature Service .............covveuin... 131
Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over) ............... 143
Electric-Resistance-Welded Steel Pipe ......ovoviiiiiiiin i iiiinieeinnn, 147
Electric-Resistance-Welded Carbon Steel and Carbon-Manganese Steel

Boiler TUDES « o vuvn ittt e i i e e 155
Seamless Cold-Drawn Low-Carbon Steel Heat Exchanger and Condenser

TS o e e s 159
Forgings, Carbon. Steel, for General-Purpose Piping ........covvvviviininin.s. 161
Forged or Rolled Alloy Steel Pipe Flanges, Forged Fittings, and Valves

and Parts for High-Temperature Service .........oiiiiiiiiiiiiiiiiiiniineni, 167
Seamless Carbon Steel Boiler Tubes for High-Pressure Service .................... 177
Alloy Stieel and Stainless Steel Bolting Materials for High-Temperature

BT o 10 179
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-

TemMPErature SEIVICE. ... .vuiuentr ettt e iat ettt ariernenaess 191
Seamless Cold-Drawn Intermediate Alloy Steel Heat Exchanger and

Condenser TUBES ... ouiiieiiiii it it e e 201
Pressure Vessel Plates, Alloy Steel, Chromium-Manganese-Silicon ................. 205
Pressure Vessel Plates, Alloy Steel, Nickel ........ ..ot 207
Pressure Vessel Plates, Alloy Steel, Molybdenum ...................vvviiinn. ... 211
Seamless Carbon-Molybdenum Alloy Steel Boiler and Superheater Tubes .......... 215
Seamless Medium-Carbon Steel Boiler and Superheater Tubes ..................... 219
Seamless Ferritic and Austenitic Alloy Steel Boiler, Superheater, and Heat

Exchanger TubEs ... it i e e 223
Electric-Resistance-Welded Carbon Steel Heat Exchanger and Condenser

Lo R 231
Steel Castings, Carbon, Suitable for Fusion Welding for High-

Temperatiure SEIVICE ... iuiuini ittt i et e e s enerenas 233
Steel Castings, Martensitic Stainless and Alloy, for Pressure Containing

Parts Suitable for High-Temperature Service .........ooviiiiiiiiiiiiininan, 237
Pressure Vessel Plates, Alloy Steel, Manganese-Vanadium-Nickel .................. 241
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SA-226/SA-226M
SA-234
SA-240
SA-249/SA-249M
SA-250/SA-250M

SA-263
SA-264
SA-265
SA-266/SA-266M
SA-268/SA-268M

SA-275/SA-275M
SA-278

SA-283/SA-283M
SA-285/8A-285M

SA-299/8A-299M
SA-302/SA-302M

SA-307
SA-312/SA-312M
SA-320/SA-320M
SA-325
SA-333/8A-333M
SA-334/8A-334M

SA-335/5A-335M
SA-336/SA-336M
SA-350/5A-350M

SA-351/8A-351M
SA-352/SA-352M

SA-353/SA-353M
SA-354
SA-358/SA-358M
SA-369/SA-369M
SA-370
SA-372/SA-372M

SA-376/SA-376M

SA-387/SA-38TM
SA-388/SA-388M

Electric-Resistance-Welded Carbon Steel Boiler and Superheater Tubes for

High-Pressure SErviCe .. .o.vnvniiiit ittt ety 245
Piping Fittings of Wrought Carbon Steel and Alloy for Moderate and

Elevated Temperatures ........cvvviinitiinin it ininieriiiriieioennens 249
Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate,

Sheet, and Strip for Pressure Vessels ........ocoiiiiiiiiiiiiiiiiiiiii ... 257
Welded Austenitic Steel Boiler, Superheater, Heat Exchanger, and

Condenser Tubes ....o.oiniiii i e e 267
Electric-Resistance-Welded Carbon-Molybdenum Alloy Steel Boiler and

Superheater TUBES . ......iiniuiiiiii e e e 275
Corrosion-Resisting Chromium Steel Clad Plate, Sheet, and Strip ................. 279
Stainless Chromium-Nickel Steel Clad Plate, Sheet, and Strip ..................... 291
Nickel and Nickel-Base Alloy Clad Steel Plate ........ooiiiiiiiiiiiininnaan, 301
Forgings, Carbon Steel, for Pressure Vessel Components ..........c...ovevvvnnen... 307
Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for

General SEIVICE ..ttt i e i 313
Magnetic Particle Examination of Steel Forgings ............ccoiiiiiiiinnienin.. 321
Gray Iron Castings for Pressure Containing Parts for Temperature Up to

B30 F L 329
Low- and Intermediate-Tensile Strength Carbon Steel Plates ...................... 333
Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile

E] 2 (54 S 335
Pressure Vessel Plates, Carbon Steel, Manganese-Silicon .......................... 337
Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum and

Manganese-Molybdenum-Nickel ..ot 339
Carbon Steel Externally Threaded Standard Fasteners ..............ccocvvivua... 341
Seamless and Welded Austenitic Stainless Steel Pipe ..........cooiiiviiiii 347
Alloy Steel Bolting Materials for Low-Temperature Service ....................... 355
High-Strength Bolts for Structural Steel Joints ..., 365
Seamless and Welded Steel Pipe for Low-Temperature Service .................... 373
Seamless and Welded Carbon and Alloy Steel Tubes for Low-

Temperature SErviCe . .......cuiin ittt i it 379
Seamless Ferritic Alloy Steel Pipe for High-Temperature Service .................. 385
Steel Forgings, Alloy, for Pressure and High-Temperature Parts .................. 393
Forgings, Carbon and Low-Alloy Steel, Requiring Notch Toughness

Testing for Piping Components ........coooivnvniiiiiiiiiiii i, 401
Steel Castings, Austenitic, for High-Temperature Service ...........cooovviniona... 411
Steel Castings, Ferritic and Martensitic, for Pressure Containing Parts

Suitable for Low-Temperature SeIviCe ..........ovvrviiriiiniineeirerenieenns 415
Pressure Vessel Plates, Alloy Steel, 9% Nickel, Double-Normalized and

Tempered ... e e e 421
Quenched and Tempered Alloy Steel Bolts, Studs, and Other Externally

Threaded Fasteners ...........oeenieitiieinsuriineriierinenrareaeeirennnennn. 425
Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe for

High-Temperature Service .........o.iiviiiiiii ittt e e s 433
Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-

Temperature Service . .........iiiii i i 441
Mechanical Testing of Steel Products ........c.oovieiiiiiiiiiiiiiiiiniiniininanns 447
Carbon and Alloy Steel Forgings for Thin-Walled Pressure Vessels ................ 497
Seamless Austenitic Steel Pipe for High-Temperature Central-Station

RS T 503
Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum ...................... 509
Ultrasonic Examination of Heavy Steel Forgings ........oooviiviiiininiinionn, 513
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SA-395

SA-403/SA-403M
SA-409/SA-409M

SA-412

SA-414/SA-414M
SA-420/SA-420M

SA-423/SA-423M
SA-426

SA-430/SA-430M
SA-435/SA-435M
SA-437/SA-43TM
SA-442/SA-442M
SA-449

SA-450/SA-450M

SA-451
SA-452

SA-453/SA-453M
SA-455/SA-455M
SA-476

SA-479/SA-4T9M
SA-480/SA-480M
SA-484/SA-484M
SA-487/SA-487TM
SA-494/SA-494M
SA-508/SA-508M
SA-515/SA-515M
SA-516/SA-516M
SA-517/SA-51TM
SA-522/SA-522M
SA-524

SA-530/5A-530M

SA-533/SA-533M

SA-537/SA-537TM
SA-540/SA-540M

Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated

TEmMPEratlres ... ..ovuirt ittty 519
Wrought Austenitic Stainless Steel Piping Fittings ... 529
Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-

Temperatiire SerVICE .. ..v.eiivreerier ittt ia i 539
Stainless and Heat-Resisting Chromium-Nickel-Manganese Steel Plate,
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APPENDIX 1 — MANDATORY
PREPARATION OF TECHNICAL INQUIRIES TO THE
BOILER AND PRESSURE VESSEL COMMITTEE

1-100

The ASME Boiler and Pressure Vessel Committee
meets regularly to consider written requests for inter-
pretations and revisions to the Code rules, and to de-
velop new rules as dictated by technological develop-
ment. The Committee’s activities in this regard are
limited strictly to interpretations of the rules or to the
consideration of revisions to the present rules on the
basis of new data or technology. As a matter of pub-
lished policy, ASME does not approve, certify, rate,
or endorse any item, construction, proprietary device,
or activity, and, accordingly, inquiries requiring such
consideration will be returned. Moreover, ASME does
not act as a consultant on specific engineering problems
or on the general application or understanding of the
Code rules. If, based on the inquiry information sub-
mitted, it is the opinion of the Committee that the
inquirer should seek assistance, the inquiry will be
returned with the recommendation that such assistance
be obtained.

All inquiries that do not provide the information
needed for the Committee’s full understanding will be
returned.

INTRODUCTION

1-200 INQUIRY FORMAT

Inquiries shall be limited stricily to interpretations
of the rules or to the consideration of revisions to the
present rules on the basis of new data or technology.
Inquiries shall be submitted in the following format.

(a) Scope. Involve a single rule or closely related
rules. An inquiry letter concerning unrelated subjects
will be returned.

xh

(b) Background. State the purpose of the inquiry,
which would be either to obtain an interpretation of
Code rules, or to propose consideration of a revision
to the present rules. Provide concisely the information
needed for the Committee’s understanding of the in-
quiry, being sure to include reference to the applicable
Code Section, Division, Edition, Addenda, paragraphs,
figures, and tables. If sketches are provided, they shall
be limited to the scope of the inquiry.

(c) Inquiry Structure. Prepare statements in a con-
densed and precise question format, omitting superflu-
ous background information, and, where appropriate,
composed in such a way that “yes” or “no” (perhaps
with provisos) would be an acceptable reply. This in-
quiry statement should be technically and editorially
correct.

(d) Proposed Reply. State what it is believed that the
Code requires. If in the inquirer’s opinion a revision
to the Code is needed, recommended wording shall be
provided.

1-300 SUBMITTAL

Inquiries shall preferably be submitted in typewrit-
ten form; however, legible handwritten inquiries will
also be considered. They shall include the name and
mailing address of the inquirer, and be mailed to the
following address:

Secretary

ASME Boiler and Pressure Vessel Committee
345 East 47th Street

New York, NY 10017
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SI UNITS

The 1989 Edition of the Boiler and Pressure Vessel
Code is based on U.S. Customary (ft-1b) units of mea-
surement which are to be regarded as the standard.
This supplement is provided as a convenience to the
Code user and contains SI conversion factors for units
contained in the Code.
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LIST OF SI UNITS FOR USE WITH ASME BOILER AND PRESSURE VESSEL CODE?

Other Units or

Quantity Unit Symbol Limitations
Space and Time
plane angle radian rad degree (decimalized)
length meter m
area square meter m2
volume cubic meter m3 liter (L) for liquid only
(use without prefix
other than in milliliter, mL)
time second H minute (min), hour (h),
day (d), week, and year
Periodic and Related Phenomena
frequency hertz Hz revolutions per second (r/s)
rotational frequency revolutions per second s revolutions per minute (r/m)
Mechanics
mass kilogram kg
density kilogram per cubic meter kg/m3
moment of inertia kilogram - meter2 kg - m?
force newton N
moment of force (torque) newton-meter N-m
pressure and stress pascal Pa (pascal==newton per square meter)
energy, work joule J kilowatt-hour (kW - h)
power watt W
impact strength joule J
section moduius meter3 m3
moment of section meter4 m4
(second moment of area)
fracture toughness Pa - v
Heat
temperature — thermodynamic kelvin K degree Celsius (°C)
[Note (2)]
temperature — other than degree Celsius °C kelvin (K)
thermodynamic
linear expansion coefficient meter per meter-kelvin K-t °C
quantity of heat joule J
heat flow rate watt W
thermal conductivity watt per meter-kelvin W/(m -+ K W/(m - °C)
thermal diffusivity square meter per second m2/s
specific heat capacity joule per kilogram-kelvin J/ kg - K) J/ kg - °0)
Electricity and Magnetism
electric current ampere A
electric potential volt \
current density ampere per meter? A/m2
magnetic field strength ampere per meter A/m

NOTES:

(1) Conversion factors between SI units and U.S. customary are given in SI-1, “"ASME Qrientation and Guide for Use of SI (Metric) Units,”

and ASTM E 380.

(2) Preferred use for temperature and temperature interval is degrees Celsius (°C), except for thermodynamic and cryogenic work where kelvins

may be more suitable. For temperature interval, 1 K = 1°C exactly.
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COMMONLY USED CONVERSION FACTORS
(For Others See ASTM E 380) (See Note 1)

Multiply by
Quantity To Convert From To [Note (2)1
plane angle degree rad 1.745 329 E-02
length in m 2.54* E~02
ft m 3.048% E-01
vd m 9.144* E-01
area in2 m2 6.451 6™ E-04
ft2 m2 9.290 304* E-02
yd2 m2 8.361 274 E-01
volume in3 m?3 1.638 706 E-05
ft3 m3 2.831 685 E-02
US galion m3 3.785 412 E-03
Imperial galion m3 4,546 09 E-03
liter m3 1.0% E-03
mass lbm kg 4.535 924 E-01
ton (metric) {(mass) kg 1.000 00* E+403
ton (short 2000 ibm) kg 9.071 847 E+02
force kof N 9.806 65* E+00
Ibf N 4.448 222 E+00
bending, torque kof - m N-m 9.806 65* E+00
Ibf - in N-m 1.129 848 E-01
tbf + ft N-'m 1.355 818 E+00
pressure, stress kgf/m2 Pa 9.806 65* E4-00
bf/ft2 Pa 4.788 026 E+01
tbf/in? (psi) Pa 6.894 757 E+03
kips/in2 Pa 6.894 757 E+06
bar Pa, ];.0* E405
energy, work Btu (IT) [Note (3)] J 1.055 056 E+03
ft - lbf J 1.355 818 E+00
power hp (550 ft - Ibf/s) W 7.456 999 E+02
fracture toughness ksi \/a_ﬁ Pa - v/ 1.098 843 E+06
temperature °C K te = t. + 273.15
°F K t = (t; + 459.67)/1.8
°F ¢ te = (t; - 32)/1.8
temperature interval °C K 1.0* E+00
°F K or °C 5.555 555 E-01

NOTES:

(1) Care should be taken when converting formulas or equations that contain constant terms or factors. The value of these terms must be

understood and may also require conversion.
(2)(a) Relationships that are exact in terms of the base units are followed by a single asterisk.

(b) The factors are written as a number greater than 1 and less than 10 with 6 or less decimal places. The number is followed by the letter E
(for exponent), a plus ot minus symbol, and two digits which indicate the power of 10 by which the number must be multiplied to obtain

the correct value. For example: 3.523 907 E~02 is 3.523 907 X 10-20r 0.035 239 07.

(3) International Table

xlv
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SPECIFICATION FOR GENERAL REQUIREMENTS FOR
ROLLED STEEL PLATES, SHAPES, SHEET PILING, AND BARS
FOR STRUCTURAL USE

SA-6/SA-6M

(Identical with ASTM Specification A 6/A 6M-87d except for the deletion of Annex A?2 and Appendix X2.)

1. Scope

1.1 This specification’ covers a group of common require-
ments that, unless otherwise specified in the material speci-
fication, apply to rolled steel plates, shapes, sheet piling, and
bars under each of the following specifications issued by
ASTM:

ASTM
Designation Title of Specification
A 36/A 36M Structural Steel
A 131/A 13IM Structural Steel for Ships
A 242/A 242M High-Strength Low-Alloy Structural Steel
A 283/A 283M Low and Intermediate Tensile Strength Carbon Steel
Plates, Shapes, and Bars
A 284/A 284M Low and Intermediate Tensile Strength Carbon-Silicon
Steel Plates for Machine Parts and General Construc-
tion
A 328/A 328M Steel Sheet Piling
A 441/A 441M High-Strength Low-Alloy Structural Manganese Vana-
dium Steel
A 514/A 514M High-Yield Strength, Quenched and Tempered Alloy
Steel Plate Suitable for Welding
A 529/A 529M Structural Steel with 42 000 psi (290 MPa) Minimum
Yield Point (V2 in. (12.7 mm) Maximum Thickness)
A 572/A 572M High-Strength Low-Alloy Columbium-Vanadium Steels
of Structural Quality
A 573/A 573M Structural Carbon Steel Plates of Improved Toughness
A 588/A 588M High-Strength Low-Alloy Structural Steel with 50 ksi
(345 MPa) Minimum Yield Point to 4 in. Thick
A 633/A 633M Normalized High-Strength Low-Alloy Structural Steel
A 656/A 656M Hot-Rolled Structural Steel, High-Strength Low-Alloy
Plate with Improved Formability
A 678/A 678M Quenched and Tempered Carbon Steel Plates for Struc-
tural Applications
A 690/A 690M High-Strength Low-Alloy Steel H-Piles and Sheet Piling
for Use in Marine Environments
A 699 Low-Carbon Manganese-Molybdenum-Columbium
Alloy Steel Plates, Shapes, and Bars
A 709 Structural Steel for Bridges
A T10/A T10M Low-Carbon Age-Hardening Nickel-Copper - Chro-
mium - Molybdenum - Columbium and Nickel-
Cop * per-Columbium Alloy Steels
A 769 Electric Resistance Welded Steel Shapes
A 786/A 786M Rolled Stéel Floor Plates
A 808/A 808M High-Strength Low-Alloy Carbon, Manganese, Colum-
bium, Vanadium . Steel of Structural Quality with
Improved Notch Toughness
A 827 Plates, Carbon Steel, for Forging and Similar Applica-
tions
A 829 Plates, Alloy Steel, Structural Quality
A 830 Plates, Carbon Steee, Structural Quality, Furnished to
Chemical Composition Requirements
A 852/A 852M Quenched and Tempered Low-Alloy Structural Steel

Plate

A 875
A 871/A 871M

Steel Sheet Piling, Cold Formed, Light Gage
High-Strength Low Alloy Structural Steel, Plate with
Atmospheric Corrosion Resistance

1.2 Annex Al lists permissible variations in dimensions
and mass (Note 1) in SI (metric) units. The values listed are
not exact conversions of the values in Tables:1 through 31
but are, instead, rounded or rationalized values. Conform-
ance to Annex Al'is mandatory when the “M” specification
designation is used. '

Note 1—The term “weight” is used when inch-pound units are the
standard; however, under Si, the preférred term is “mass.”

1.3 Annex A2 lists the dimensions of some shape profiles.

1.4 Appendix X1 describes the production and some of
the characteristics of coiled product from which structural
plate may be produced.

1.5 This specification also covers a group of supplemen-
tary requirements that are applicable to several of the above
specifications as indicated therein. These are provided for use
when additional testing or inspection is desired and apply
only when specified individually by the purchaser in the
order.

1.6 In case of any conflict in requirements, the require-
ments of the individual material specification shall prevail
over those of this general specification.

1.7 The purchaser may specify additional requirements
that do not negate any of the provisions of this general
specification or of the individual material specifications.
Such additional requirements, the acceptance of which are
subject to negotiation with the supplier, must be included in
the order information (see Section 4).

1.8 For purposes of determining conformance with this
specification and the various material specifications refer-
enced in 1.1, values shall be rounded to the nearest unit in
the right-hand place of figures used in expressing the limiting
values in accordance with the rounding method of Recom-
mended Practice E 29.

1.9 The values stated in either inch-pound units or SI
‘“units are to be regarded as standard. Within the text, the SI
units are shown in brackets. The values stated in each system
are not exact equivalents; therefore, each system must be
used independently of the other. Combining values from the
two syytems may result in nonconformance with the specifi-
cation. »

1.10 This specification and the applicable material speci-
fications are expressed in both inch-pound units and SI
units. However, unless the order specifies the applicable “M”



