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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 inspec-
tion 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, manufac-
turers, and inspectors of pressure vessels. The objec-
tive 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. Advance-
ments 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
suggested 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 construc-
tion 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 interpre-
tation must be addressed to the Secretary in writing
and must give full particulars in order to receive
consideration and a written interpretation (see Manda-
tory Appendix covering preparation of technical
inquiries). Proposed revisions to the Code resulting
from inquiries will be presented to the Main Commit-
tee for appropriate action. The action of the Main
Committee becomes 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
Engineering to invite comments from all interested
persons. 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
components 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 minimum requirements six months after such date
of issuance, 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.

Bach state and municipality in the United States
and each province in the Dominion of 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 Conference Committee are in active
contact with the administration and enforcement of
the rules, the requirements for inspection in this Code
correspond with those in effect in their respective
jurisdictions. The required qualifications for an Au-
thorized Inspector or an Authorized Nuclear Inspec-
tor under 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
granted to regulatory bodies and organizations pub-
lishing safety standards to use a complete Section of
the Code by reference. If usage of a Section, such as
Section IX, involves exceptions, omissions, or changes
in provisions, the intent of the Code might not be
attained.

Where a state or other regulatory body, in the
printing 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 prov-
inces in the Dominion of 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 organi-
zation with the Boiler and Pressure Vessel Committee
has been extremely helpful.

It should be pointed out that the state or municipal-
ity 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. Such authority
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 II, 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 Specification to an ASTM Specification for
which a companion ASME Specification exists, the
reference shall be interpreted as applying to the
ASME Material Specification. Specifications for weld-
ing materials given in Section II, Part C, are identical
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with or similar to those of the American Welding
Society. Not all materials included in the ASME
Material Specifications in Section II have been adopt-
ed for Code use. Usage is limited to those materials
and grades adopted by at least one 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 Section 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 produced
under an ASTM Specification may be used in lieu of
the corresponding ASME Specification, provided the
requirements of the ASTM Specification are identical
(excluding editorial differences) or more stringent 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 requirements
different from the requirements of the corresponding
ASME Specification may also be used in accordance
with the above, provided the material manufacturer or
vessel manufacturer certifies with evidence acceptable
to the Authorized Inspector or Authorized Nuclear
Inspector that the corresponding 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
singular 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.




STATEMENT OF POLICY
ON THE USE OF CODE SYMBOLS AND
CODE AUTHORIZATION IN ADVERTISING

ASME has established procedures to authorize
qualified 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
various activities in accordance with the requirements
of the Code may state this capability in its advertising
literature.

Organizations that are authorized to use Code
Symbols 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 Society to maintain the standing of the Code
Symbols for the benefit of the users, the enforcement
jurisdictions, 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
facsimiles of the symbols, Certificates of Authoriza-
tion, and reference to Code construction. The Ameri-

can Society of Mechanical Engineers does not “ap-
prove,” “certify,” “rate,” or ‘“endorse” any item,
construction, or activity and there shall be no state-
ments or implications which might so indicate. An
organization holding a Code Symbol and/or a Cer-
tificate of Authorization may state in advertising
literature that items, constructions, or activities “are
built (produced or performed) or activities conducted
in accordance with the requirements 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
advertising 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, exam-
ination, 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 applica-
ble 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
requirements.




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
desired by the owner/user or fabricator, manufactur-
er, installer, assembler of boilers, pressure vessels, or
components constructed to the Code. In order for the
material to receive proper consideration by the appro-
priate subcommittees, information and data are re-
quired 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
special mechanical test data which will assist the
Committee 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 treat-
ment(s) representative of the finished fabricated prod-
uct. The toughness testing data should be obtained
using methods and procedures outlined in the applica-
ble 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 also include the welding processes and weld
filler metal(s) intended for the fabrication of the
material, all-weld-metal tensile test data for tempera-
tures representative of intended service, any special
restrictions on the welding of the material, and with
the appropriate postweld heat treatment, if any, which
will be given the material. If postweld heat treatment
results in embrittlement of the material, the sig-
nificance 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 treated conditions, when appropriate, should be
submitted.

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

The forms! of materials which are needed for
construction 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

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

*Section 1, 111, 1V, or VIII, Division 1 or 2.




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
application. If the material is not in ASTM spec-
ifications 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 spec-
ification coverage, and sufficient information for the
Committee to modify an appropriate existing ASME
or ASTM specification to establish the material
specification 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
construction, the proposer should request a copy of
the special publication titled, “Guidelines for Re-
quired Data on New Materials for Elevated Tempera-
ture Nuclear 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 ade-
quate elevation, 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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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
adequate 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
articles 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 specifications 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 spec-
ifications, ” (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 II 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 form of the earlier ASTM specifications...,”
(1935).
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From the preceding, it is evident that many of the
material specifications were prepared by the Boiler
and Pressure Vessel Code Committees, then subse-
quently, by cooperative action, modified and identified
as ASTM specifications. Section II, Parts A and B,
currently contain many material specifications which
are identical with the corresponding ASTM spec-
ifications and some which have been modified for
Code usage.

In 1969, the American Welding Society began
publication of specifications for welding rods, elec-
trodes, and filler metals, hitherto issued by ASTM.
The Boiler and Pressure Vessel Committee has recog-
nized 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
permission of the respective Society. The ASME
Boiler and Pressure Vessel Committee has given
careful consideration 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
municipalities in the United States and by all of the
Canadian Provinces.
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Pressure Vessels

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

and Bars for Structural Use ... ...
Structural Steel
Low- and Intermediate-Tensile Strength Carbon Steel Plates, Shapes,

and Bars ... e

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

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

and Cold-Finished ... ...
Stainless and Heat-Resisting Steel Wire, Bars, and Shapes for Use in

Boilers and Other Pressure Vessels .........vviiiiiiiiiiiiiiiiiiiiiiiicciiinnns
Hot-Rolled and Cold-Finished Age-Hardening Stainless and Heat-

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

Forging Stock for High-Temperature Service
Special Requirements for Forgings and Bars for Nuclear and Other

Special APPHCAtIONS ...oovvviiiiii i s
Steel Bars, Carbon, Hot-Wrought, Special Quality, Mechanical

Properties
Steel Bars, Carbon, Hot-Wrought, Special Quality, for Fluid Power

Applications
Steel Bars, Carbon, Hot-Wrought or Cold-Finished, Special Quality, for

Pressure Piping Components

XXXl




SA-739

Steel Bars, Alloy, Hot-Rolled, for Elevated Temperature or Pressure )
Containing Parts, or Both ......oooiiiiiii i 1029

Steel Bolting Materials

SA-193

SA-194

SA-307
SA-320
SA-325
SA-354

SA-437

SA-449
SA-453

SA-540
SA-563
SA-574
SA-614

SF-568

Alloy Steel and Stainless Steel Bolting Materials for High-Temperature

T a2 T T R 187
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-

TemMPEratiure SEIVICE . ...vuivirniriseruersrnnr et ettt an ettt 197
Carbon Steel Externally Threaded Standard Fasteners .............ocveiieiiiinnnns 343
Alloy Steel Bolting Materials for Low-Temperature Service ..........o..coovnenn 357
High-Strength Bolts for Structural Steel Joints ..o 367
Quenched and Tempered Alloy Steel Bolts, Studs, and Other

Externally Threaded Fasteners ...........ooooooiviiiiic . 431
Alloy Steel Turbine-Type Bolting Material Specially Heat Treated for

High-Temperature ServiCe .........eeeriieieiiiiiiiii 581
Quenched and Tempered Steel Bolts and Studs ... 587
Bolting Materials, High Temperature, 50 to 120 ksi Yield Strength,

With Expansion Coefficients Comparable to Austenitic Steel ..., 611
Alloy Steel Bolting Materials for Special Applications ...........ccoocoiviiniiinn 709
Carbon and Alloy Steel INUELS ...o.vviviiiinnic e 747
Alloy Steel Socket-Head SCIOWS .....cieverveiriiiiiiiiiai 769
Special Requirements for Bolting Material for Nuclear and Other

Special APPLCALIONS ....uvvvrrirniieier i 831
Carbon and Alloy Steel Externally Threaded Metric Fasteners .................... 1103

Steel Billets and Forgings

SA-105
SA-181
SA-266
SA-336
SA-350

SA-372
SA-508

SA-541

SA-638

SA-649
SA-654

SA-705
SA-T23

SA-745
SA-765

SA-788
SA-836

Forgings, Carbon Steel, for Piping Components ............ocooooviiiie 133
Forgings, Carbon Steel, for General-Purpose Piping ........cocooovimiinn. 169
Forgings, Carbon Steel, for Pressure Vessel Components ............. s 311
Steel Forgings, Alloy, for Pressure and High-Temperature Parts ..oocoeciiiiiinnns 399
Forgings, Carbon and Low-Alloy Steel, Requiring Notch Toughness

Testing for Piping COMPONENES ...vevvvinivniiniiiiiairi e 409
Carbon and Alloy Steel Forgings for Thin-Walled Pressure Vessels ............... 501
Quenched and Tempered Vacuum-Treated Carbon and Alloy Steel

Forgings for Pressure Vessels .........ooiicviiiiiiiii 663
Steel Forgings, Carbon and Alloy, Quenched and Tempered, for

Pressure Vessel COMPONENTS .....vivtiveeuinveenr ittt 719
Precipitation Hardening Iron Base Superalloy Bars, Forgings, and

Forging Stock for High-Temperature Service ........ocooioiiii 839
Forged Steel Rolls Used for Corrugating Paper Machinery ...............ocoooveees 857
Special Requirements for Forgings and Bars for Nuclear and Other

Special APPLCALIONS .....rvereernrs i 877
Age-Hardening Stainless and Heat-Resisting Steel FOrgings «..ocovvvvvevnernsnnn 983
Alloy Steel Forgings for High-Strength Pressure Component

APPHCAtION «.\tiviniti i 9935
Ultrasonic Examination of Austenitic Steel Forgings ... 1031
Carbon Steel and Low-Alloy Steel Pressure Vessel Component Forgings

With Mandatory Toughness Requirements ...........coooooiiiieinno 1043
Steel Forgings, General Requirements ...........o.oooiiviiiieieiiiaear 1055
Forgings, Titanium Stabilized Carbon Steel for Glass-Lined Piping and

Pressure Vessel SEIVICE ..uvrverirrreeeriamiiir et aaaiaes et 1099
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Steel Castings
SA-216

SA-217

SA-351
SA-352

SA-487
SA-609

SA-613
S5A-667

SA-703
SA-747

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

Temperature ServiCe .......ovviiviiiriiiiiii i e 239
Steel Castings, Martensitic Stainless and Alloy, for Pressure Containing

Parts Suitable for High-Temperature Service .......c..o.iiviiviiiiiininivnninininnn. 243
Steel Castings, Austenitic, for High-Temperature Service ................ccovvvnines 417
Steel Castings, Ferritic and Martensitic, for Pressure Containing Parts

Suitable for Low-Temperature ServiCe ...........cocvviiiiviviiriieiiiiriiniinenns 421
Steel Castings Suitable for Pressure SEIVICE ......o.vvvvvverriiiniriiirrieineninenennns 657
Steel Castings, Carbon and Low Alloy, Ultrasonic Examination

TREreof o o 799
Special Requirements for Steel Castings for Nuclear and Other Special

APPHCAtIONS ..ottt i e e 809
Centrifugally Cast Dual Metal Cylinders ............coooiviiiiiniiiiireieienninnn, 917
Steel Castings, General Requirements, for Pressure Containing Parts ............. 975
Precipitation Hardening Stainless Steel Castings ............ococvivvivivniniinininnn. 1037

Corrosion-Resisting and Heat-Resisting Steels

SA-182
SA-193
SA-194
SA-213
SA-216
SA-217
SA-240
SA-249
SA-263
SA-264
SA-265
SA-268
SA-312
SA-320
SA-336
SA-351
SA-358
SA-369

SA-376

SA-403
SA-409

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

Valves and Parts for High-Temperature Service ...........oocvvviviviriinininnnn., 173
Alloy Steel and Stainless Steel Bolting Materials for High-Temperature

BBIVICE ittt it e e 187
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-

Temperature SEIVICE ...ic.viitiiiiiitirt ittt ettt ettt eeeeineireareeraeanees 197
Seamless Ferritic and Austenitic Alloy Steel Boiler, Superheater, and

Heat Exchanger Tubes .....o.coiiiiiiiiiiiiiiiiiii i 229
Steel Castings, Carbon, Suitable for Fusion Welding for High-

TemPpPerature SEIVICE .......ivvcrerireririreritititetreieieaeiererarere e 239
Steel Castings, Martensitic Stainless and Alloy, for Pressure Containing

Parts Suitable for High-Temperature Service .........cococeiiiiiiiviviiiiinnninnn. 243
Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate,

Sheet, and Strip for Pressure Vessels ..........ooviviririiriiieiiiiiiiinininannn 261
Welded Austenitic Steel Boiler, Superheater, Heat Exchanger, and

Condenser TUDES ..ottt s 271
Corrosion-Resisting Chromium Steel Clad Plate, Sheet, and Strip ................. 283
Stainless Chromium-Nickel Steel Clad Plate, Sheet, and Strip v 295
Nickel and Nickel-Base Alloy Clad Steel Plate ............coeoiviniviivirernnenininns 305
Seamless and Welded Ferritic Stainless Steel Tubing for General

SEIVICE oottt e e 317
Seamless and Welded Austenitic Stainless Steel Pipe ........ccovvvvevveiiiininnnn. 349
Alloy Steel Bolting Materials for Low-Temperature Service ........................ 357
Steel Forgings, Alloy, for Pressure and High-Temperature Parts .................. 399
Steel Castings, Austenitic, for High-Temperature Service ..............oevvvvveenen.. 417
Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe

for High-Temperature SEIvice ..........ocoviviiveiieiiiniiiniiiriiiinrorioriiannins 439
Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-

Temperature SEIVICE .....ovviuiniiririte ittt ettt enanes 447
Seamless Austenitic Steel Pipe for High-Temperature Central-Station

BEIVICE ottt e 507
Wrought Austenitic Stainless Steel Piping Fittings ...........c..oocviviviieinnnnnnnn, 533
Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-

TemPerature SBIVICE ......iiviirvritiiiit et er ettt e 541




SA-412

SA-426

SA-430
SA-437

SA-451
SA-452

SA-479

SA-484

SA-315/8A-515M

SA-564

SA-638

SA-660
SA-691

SA-705
SA-789

SA-790
SA-814
SA-815

Stainless and Heat-Resisting Chromium-Nickel-Manganese Steel Plate,

Sheet, and SEED ..ooviviiii e
Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature

T a2 oS R R PR
Austenitic Steel Forged and Bored Pipe for High-Temperature Service ...........
Alloy Steel Turbine-Type Bolting Material Specially Heat Treated for

High-Temperature SEIvICE .....o.vveerirriurueraneet i
Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service ...........
Centrifugally Cast Austenitic Steel Cold-Wrought Pipe for High-

Temperatire SEIVICE ...ovveiririrenitir et
Stainless and Heat-Resisting Steel Wire, Bars, and Shapes for Use in

Boilers and Other Pressure Vessels ...
General Requirements for Stainless and Heat-Resisting Wrought Steel

Products (Bxcept WITE) ....iviviviriririnnir it
Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher-

Temperature SEIVICE ...ovvuiiereerritrtes ettt
Hot-Rolled and Cold-Finished Age-Hardening Stainless and Heat-

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

Forging Stock for High-Temperature Service .........ococoviiiiiiiin,
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.oivoreervereieiiiniiieiae
Age-Hardening Stainless and Heat-Resisting Steel Forgings ...............o.ooooienns
Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for

GENETAl SEIVICE tvvvtiiitittttes it e et iir e e e aarrae s aanas s areearannaans
Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe ...........ccooviiins
Cold-Worked Welded Austenitic Stainless Steel Pipe ...,
Wrought Ferritic and Ferritic/Austenitic Stainless Steel Piping Fittings ..........

Wrought Iron, Cast Iron, and Malleable Iron

SA-47
SA-278

SA-395

SA-476
SA-T48

Methods

SA-275

SA-370

SA-388
SA-435/SA-435M
SA-5T7/SA-5TTM
SA-578/8A-578M

SA-745

Malleable Irom Castiligs .....ovvrviiirentiteriteis e a e
Gray Iron Castings for Pressure Containing Parts for Temperatures

Up 0 650°F (345°C) Looiiiininiinnire et
Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated

TEIMPEIALUTES ..+ vveintisinintenraasarat et et s s e ts s et s e s sttt e
Ductile Iron Castings for Paper Mill Dryer Rolls ..o
Statically Cast Chilled White Iron-Gray Iron Dual Metal Rolis for

Pressure Vessel TSE .ouiirriierirneeeere e iiniisraaraeariase s e

Magnetic Particle Examination of Steel Forgings ..........cooooivciiiin.
Mechanical Testing of Steel Products .........cooeviiiviiiii i,
Ultrasonic Examination of Heavy Steel Forgings ...
Straight-Beam Ultrasonic Examination of Steel Plates ...
Ultrasonic Angle-Beam Examination of Steel Plates .........cooooiiiiiiiiiinns
Straight-Beam Ultrasonic Examination of Plain and Clad Steel Plates

for Special Applications ...........oooviiiii
Ultrasonic Examination of Austenitic Steel Forgings ...
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SA-6/SA-6M

SA-20/SA-20M
SA-29/SA-29M

SA-36/SA-36M
SA-47

SA-53

SA-105

SA-106

SA-134

SA-135
SA-178
SA-179

SA-181
SA-182

SA-192
SA-193

SA-194
SA-199
SA-202/SA-202M
SA-203/8A-203M
SA-204/8A-204M
SA-209

S5A-210
SA-213

SA-214

SA-216

SA-217

Specifications
Listed in Numeric Sequence

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

and Bars for Structural USe ...ovvieeiiiniiiiiiii
General Requirements for Steel Plates for Pressure VesSelS tvvvvreirniniiiiiineeinn
General Requirements for Steel Bars, Carbon and Alloy, Hot-Wrought

and COld-FInSREd . ouvvtiiriiirit et ant it e et
SEPUCTUTAL SEEEL +evvnerteirtiiteiecre ettt e e s e e et s st ias s aana st etens
Malleable Trom CastifEs «..c..ovvevririrrerauneencriitiiiea et
Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless ...........
Forgings, Carbon Steel, for Piping Components ............ocooiomieiimiaerren
Seamless Carbon Steel Pipe for High-Temperature Service ........oooviiiiiinnn
Flectric-Fusion (Arc)-Welded Steel Plate Pipe (Sizes NPS 16 and

103750 TR B E R T ER TS TE PR TRCRRLRRERALE
Electric-Resistance-Welded Steel Pipe ....coovvviiiiiiiiiiiii e
Electric-Resistance-Welded Carbon Steel Boiler Tubes ...
Seamless Cold-Drawn Low-Carbon Steel Heat Exchanger and

CONAENSET TUDES v vvitrenrrreeeannee ettt e s triiraere et et it saaraanas st
Porgings, Carbon Steel, for General-Purpose Pipifg covvvvviireirieieanie
Forged or Rolled Alloy Steel Pipe Flanges, Forged Fittings, and

Valves and Parts for High-Temperature Service ..........cooivivemniicieiinn
Seamless Carbon Steel Boiler Tubes for High-Pressure Service ..............o.coen
Alloy Steel and Stainless Steel Bolting Materials for High-Temperature

T s T T R R L R R R RS
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-

Temperature SEIVICE ....uivivrvusrnieerrcnmiieiitima e
Seamless Cold-Drawn Intermediate Alloy Steel Heat Exchanger and

CONAEnSEr TUDES .viviiiiirrrete et iiiiaes s s ot e airaensasae e aassssosanes
Pressure Vessel Plates, Alloy Steel, Chromium-Manganese-Silicon .................
Pressure Vessel Plates, Alloy Steel, Nickel ......c.oocoiiiiiiiii.
Pressure Vessel Plates, Alloy Steel, Molybdenum .........oooiiiiiiiiiiiin.
Seamless Carbon-Molybdenum Alloy Steel Boiler and Superheater

= T L CEEEEERETTRERE AN

Seamless Medium-Carbon Steel Boiler and Superheater Tubes ...........c.coovvn
Seamless Ferritic and Austenitic Alloy Steel Boiler, Superheater, and
Heat Exchanger TUDES .....ovviviireiinoniiiine et

Electric-Resistance-Welded Carbon Steel Heat Exchanger and

CONAENSET TUDES ..t tttrnrttteenreeeeantss s iriresseraeeasarnrsasesecesiauasssins
Steel Castings, Carbon, Suitable for Fusion Welding for High-

Temperatire SEIVICE . ....ivirnreererrtiiiia i
Steel Castings, Martensitic Stainless and Alloy, for Pressure Containing

Parts Suitable for High-Temperature Service ........coovrivrrioiiiiiiine:
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SA-225/8A-225M
SA-226

SA-234
SA-240
SA-249
SA-250
SA-263
SA-264
SA-265
SA-266
SA-268

SA-275
SA-278

SA-283

SA-285/SA-285M

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

SA-307
SA-312
SA-320
SA-325
SA-333
SA-334

SA-335
SA-336
SA-350

SA-351
SA-352

SA-353/8A-353M

SA-354

SA-358

SA-369

SA-370

SA-372
SA-376

Pressure Vessel Plates, Alloy Steel, Manganese-Vanadium-Nickel ..................
Electric-Resistance-Welded Carbon Steel Boiler and Superheater Tubes

for High-Pressure ServiCe ......vviiiiiis it e
Piping Fittings of Wrought Carbon Steel and Alloy for Moderate and

Elevated Temperatures ..........coovviuiiiiniiinii e,
Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate,

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

Condenser TUDES .....uiviiiiniiiiiii e
Electric-Resistance-Welded Carbon-Molybdenum Alloy Steel Boiler and

Superheater TUDES .......ooiiiiiiii
Corrosion-Resisting Chromium Steel Clad Plate, Sheet, and Strip ..o
Stainless Chromium-Nickel Steel Clad Plate, Sheet, and Strip .o
Nickel and Nickel-Base Alloy Clad Steel Plate ......oovvvevirreerriinieeiiniiinnns
Forgings, Carbon Steel, for Pressure Vessel Components ...........ooevvveiinnnnnnns
Seamless and Welded Ferritic Stainless Steel Tubing for General

SEIVICE 1uiiet it e e
Magnetic Particle Examination of Steel FOrgings ..........cooovvvivvveininvininninns.
Gray Iron Castings for Pressure Containing Parts for Temperature Up

10 650°F (345°C) oottt
Low- and Intermediate-Tensile Strength Carbon Steel Plates, Shapes,

and Bars ...,
Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile

ETEIEER o
Pressure Vessel Plates, Carbon Steel, Manganese-Silicon .............coviiininnnnn.
Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum and

Manganese-Molybdenum-Nickel .........ccouviiinininiriie e,
Carbon Steel Externally Threaded Standard Fasteners ....................o.oeoooo...
Seamless and Welded Austenitic Stainless Steel Pipe ...........ocvvevevinnnenninn,
Alloy Steel Bolting Materials for Low-Temperature Service ........................
High-Strength Bolts for Structural Steel JOINtS ........o.ovevvirereirereeinsnnniinn,
Seamless and Welded Steel Pipe for Low-Temperature Service ............oovv.....
Seamless and Welded Carbon and Alloy Steel Tubes for Low-

Temperature SEIviCe .........coviiiiuiiiriiiiii i
Seamless Ferritic Alloy Steel Pipe for High-Temperature Service ..................
Steel Forgings, Alloy, for Pressure and High-Temperature Parts ..................
Forgings, Carbon and Low-Alloy Steel, Requiring Notch Toughness

Testing for Piping COMPONENTS .....vvvviviviienieiiirie e e e,
Steel Castings, Austenitic, for High-Temperature Service ..........ooeevvvivvevenin,
Steel Castings, Ferritic and Martensitic, for Pressure Containing Parts

Suitable for Low-Temperature Service ..............ccvvveeeveeniinreinrirarnnnnn,
Pressure Vessel Plates, Alloy Steel, 9% Nickel, Double-Normalized and

Tempered ...
Quenched and Tempered Alloy Steel Bolis, Studs, and Other

Externally Threaded Fasteners ...............cooeveviveeieiiininsneioreiiniiini,
Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe

for High-Temperature SErvice ..........c..oooveurierieis e
Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-

Temperature SEIVICE ......o.iiiiir it
Mechanical Testing of Steel Products ...........cocoeivirirviiinsieieeeel
Carbon and Alloy Steel Forgings for Thin-Walled Pressure Vessels ...............
Seamless Austenitic Steel Pipe for High-Temperature Central-Station

BEIVICE ittt
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SA-387/SA-387TM
SA-388
SA-395

SA-403
SA-409

SA-412

SA-414/8A-414M
SA-420

SA-423
SA-426

SA-430
SA-435/SA-435M
SA-437
SA-442/SA-442M
S5A-449
SA-450

SA-451
SA-452

SA-453
SA-455/SA-455M
SA-476
SA-479
SA-480

SA-484

SA-487
SA-508

SA-515/SA-515M
SA-516/SA-516M
SA-517/8A-51TM
SA-522
SA-524
5A-530

SA-533/8A-533M

SA-537/SA-53TM
SA-540

Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum
Ultrasonic Examination of Heavy Steel Forgings
Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated

TEIMPETALULES ... oettisi ittt iriee st ae e e te st eba s et et s et s e st
Wroughi Austenitic Stainless Steel Piping Fittings
Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-

Temperature Service
Stainless and Heat-Resisting Chromium-Nickel-Manganese Steel Plate,

Sheet, and Strip
Carbon Steel Sheet for Pressure Vessels
Piping Fittings of Wrought Carbon and Alloy Steel for Low-

Temperature Service
Seamless and Electric-Welded Low-Alloy Steel Tubes
Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature

Service
Austenitic Steel Forged and Bored Pipe for High-Temperature Service ...........
Straight-Beam Ultrasonic Examination of Steel Plates
Alloy Steel Turbine-Type Bolting Material Specially Heat Treated for

High-Temperature SEIVICE .......ooviiioririiiiiiiateiniretiia e,
Pressure Vessel Plates, Carbon Steel, Improved Transition Properties .............
Quenched and Tempered Steel Bolts and Studs
General Requirements for Carbon, Ferritic Alioy, and Austenitic Alloy

LT B o = S R PRI
Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service
Centrifugally Cast Austenitic Steel Cold-Wrought Pipe for High-

Temperature Service
Bolting Materials, High Temperature, 50 to 120 ksi Yield Strength,

With Expansion Coefficients Comparable to Austenitic Steel ...............oooes
Pressure Vessel Plates, Carbon Steel, High-Strength Manganese
Ductile Iron Castings for Paper Mill Dryer Rolls
Stainless and Heat-Resisting Steel Wire, Bars, and Shapes for Use in

Boilers and Other Pressure Vessels .......oiviiviiiiiiiiiiiieni
General Requirements for Flat-Rolled Stainless and Heat-Resisting

Steel Plate, Sheet, and SIFIP ...ooovivrviiniiiiiii e
General Requirements for Stainless and Heat-Resisting Wrought Steel

Products (Bxcept WIE) ...o.ooviniiiinriiiineniiiern e
Steel Castings Suitable for Pressure Service .............cociiiiiniiinn
Quenched and Tempered Vacuum-Treated Carbon and Alloy Steel

Forgings for Pressure Vessels ......o.oooovviiiiiiiinn
Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher-

Temperature SEIVICE ......oviviuirrrrrser it
Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-

Temperature SEIVICE ......civivrvreriirnr et
Pressure Vessel Plates, Alloy Steel, High Strength, Quenched and

TEMPETEA .« . e neirin it ta e e
Forged or Rolled § and 9% Nickel Alloy Steel Flanges, Fittings,

Valves, and Parts for Low-Temperature Service .........cocoviiviiiiiiiien
Seamless Carbon Steel Pipe for Atmospheric and Lower Temperatures ..........
General Requirements for Specialized Carbon and Alloy Steel Pipe ..............

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

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

Alloy Steel Bolting Materials for Special Applications ...........cooivviiinnnns
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SA-541
SA-542
SA-553/8A-553M
SA-556
SA-557
SA-562/SA-562M

SA-563
SA-564

SA-574
SA-577/SA-57TM
SA-578/SA-578M

SA-587
SA-592

SA-609

SA-612/5A-612M

SA-613

SA-614

SA-620/SA-620M
5A-638

SA-645/SA-645M
SA-647

SA-649
SA-652

SA-654
SA-655
SA-658/SA-658M
SA-660
SA-662/8A-662M
SA-667
SA-669
SA-671
SA-672

SA-675

Steel Forgings, Carbon and Alloy, Quenched and Tempered, for
Pressure Vessel Components ......................... U TUURTURTRRRTRRRI
Pressure Vessel Plates, Alloy Steel, Quenched and Tempered
Chromium-Molybdenum
Pressure Vessel Plates, Alloy Steel, Quenched and Tempered 8 and
9% Nickel

Electric-Resistance-Welded Carbon Steel Feedwater Heater Tubes
Pressure Vessel Plates, Carbon Steel, Manganese-Titanium for Glass or

Diffused Metallic CORLNGS .....uvvueiriiriiniitiiriiiee e e e ees e aaenn,s
Carbon and Alloy Steel NULS ....viviiiieir it e
Hot-Rolled and Cold-Finished Age-Hardening Stainless and Heat-

Resisting Steel Bars, Wire, and Shapes ..........oooviririrvinieieirieiinineinnnn,
Alloy Steel Socket-Head Screws
Ultrasonic Angle-Beam Examination of Steel Plates .......c.coovvevvevviennenninnn,
Straight-Beam Ultrasonic Examination of Plain and Clad Steel Plates

for Special Applications
Electric-Welded Low-Carbon Steel Pipe for the Chemical Industry
High-Strength Quenched and Tempered Low-Alloy Steel Forged

Fittings and Parts for Pressure Vessels ............c.ovvviririerniniroeaniinnnins,
Steel Castings, Carbon and Low Alloy, Ultrasonic Examination

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

Lower-Temperature Service
Special Requirements for Steel Castings for Nuclear and Other Special

Applications
Special Requirements for Bolting Material for Nuclear and Other

Special AppHCations ............oiviiiiiii i
Steel Sheet, Carbon, Cold-Rolled, Drawing Quality, Special Killed ................
Precipitation Hardening Iron Base Superalloy Bars, Forgings, and

Forging Stock for High-Temperature Service
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APPENDIX 1 — MANDATORY
PREPARATION OF TECHNICAL INQUIRIES TO THE
BOILER AND PRESSURE VESSEL COMMITTEE

1-100 INTRODUCTION

The ASME Boiler and Pressure Vessel Committee
meets regularly to consider written requests for
interpretations and revisions to the Code rules, and to
develop new rules as dictated by technological devel-
opment. 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
published policy, ASME does not approve, certify, 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 prob-
lems or on the general application or understanding of
the Code rules. If, based on the inquiry information
submitted, it is the opinion of the Committee that the
inquirer should seek assistance, the inquiry will be
returned with the recommendation that such assis-
tance be obtained.

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

1-200 INQUIRY FORMAT

Inquiries shall be 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.
Inquiries shall be submitted in the following format.
The inquiry shall:

xliii

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

(b) Background. State 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 need-
ed for the Committee’s understanding of the inquiry
(with sketches as necessary), being sure to include
reference to the applicable Code Section, Division,
Edition, Addenda, paragraphs, figures, and tables.

(c) Inquiry Structure. Be stated in a condensed and
precise question format, omitting superfluous back-
ground information, and, where appropriate, com-
posed in such a way that “yes” or “no” (perhaps with
provisos) would be an acceptable reply. This inquiry
statement should be technically and editorially cor-
rect.

(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.

(e) Be submitted in typewritten form; however,
legible, handwritten inquiries will be considered.

(/) Include name and mailing address of the inquir-
er.

(g) Be submitted to the following address:

Secretary

ASME Boiler and Pressure Vessel Committee
345 East 47th Street

New York, NY 10017




SI UNITS

The 1986 Edition of the Boiler and Pressure Vessel
Code is based on U.S. Customary (fi-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 CODE1

Other Units or

Quantity Unit Symbol Limitations
Space and Time
plane angle radian rad degree (decimalized)
length meter m
area square meter m?2
volume cubic meter m3 liter (L) for liquid only
(use without prefix
other than in milliliter, mL)
time second s 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 51 revolutions per minute (r/m)
Mechanics
mass kilogram kg
density kilogram per cubic meter ka/m3
moment of inertia kilogram - meter? kg - m2
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 A%
impact strength joule J
section modulus meter3 m3
moment of section meter? m4
(second moment of area)
fracture toughness Pa - vm
Heat
temperature — thermodynamic kelvin K degree Celsius (°C)
{Note (2)1
temperature — other than degree Celsius °C ketvin (K)
thermodynamic
linear expansion coefficient meter per meter-kelvin K-1 °Ct
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/tkg - K) J/kg - °C)
Electricity and Magnetism
electric current ampere A
electric potential volt A
current density ampere per meter2 Alm2
magnetic field strength ampere per meter Alm

NOTES:

(1) Conversion factors between SI units and U.S. customary are given in SI-1, “"ASME Orientation 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}]
plane angle degree rad 1.745 329 E-02
length in m 2.54% E-02
ft m 3.048* E-01
yd m 9.144% E-01
area in2 m? 6.451 6% E-04
ft2 m?2 9.290 304* E~02
yd? m? 8.361 274 E-01
volume in3 m3 1.638 706 E-05
ft3 ’ m? 2.831 685 E-02
US galion m3 3.785 412 E-03
Imperial gallon m?3 4,546 09 E-03
liter m3 1.0% E-03
mass lom kg 4,535 924 E-01
ton (metric) (mass) kg 1.000 00* E+03
ton (short 2000 lbm) kg 9.071 847 E+02
force kgf N 9.806 65 E4-00
Ibf N 4,448 222 E+00
bending, torque kgf - m N m 9.806 65% E+00
Ibf - in N -m 1.129 848 E-01
Ibf - ft N-m 1.355 818 E+00
pressure, stress kgf/m? Pa 9.806 65% E+00
Ibf/ft2 Pa 4.788 026 E+01
Ibf/in2 (psi) Pa 6.894 757 E+03
kips/in? Pa 6.894 757 E+06
bar Pa. 1.0% E+405
energy, work Btu (IT) [Note (3)1 J 1.055 056 E+03
ft - Ibf J 1.355 818 E+00
power hp (550 ft - Ibf/s) w 7.456 999 E+02
fracture toughness ksi \/?5 Pa - vm 1.098 843 E-+06
temperature °C K te = to + 273.15
°F K te = (t; + 459.67)/1.8
°F °C t. = (- 32)/1.8
temperature interval °C K 1.0% E+00
°F K or °C 5.555 555 £-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 or 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-%2or 0.035 239 07.

(3) International Table
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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-84c, except for the deletion of 3.1.4, Annex A2, Appendix X2,
 and the last sentence of Appendix X1.1)

1. Scope

1.1 This specificationi covers a group of com-
mon requirements that, unless otherwise speci-
fied in the material specification, 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 Structurat Steel

A 131 Structural Steel for Ships

A 242 High-Strength Low-Alloy Structural Steel

A 283 Low and Intermediate Tensile Strength
Carbon Steel Plates, Shapes, and Bars

A 284 Low and Intermediate Tensile Strength
Carbon-Silicon Steel Plates for Machine
Parts and General Construction

A 328 Steel Sheet Piling

A 441 High-Strength Low-Alloy Structural Man-
ganese Vanadium Steel

A514 High-Yield Strength, Quenched and Tem-
pered Alloy Steel Plate Suitable for Weld-
ing

AS529 Structural Steel with 42 000 psi (290 MPa)
Minimum Yield Point (%2 in. (12.7 mm)
Maximum Thickness)

A 572 High-Strength  Low-Alloy Columbium-
Vanadium Steels of Structural Quality

A 573 Structural Carbon Steel Plates of Improved
Toughness

A 588 High-Strength Low-Alloy Structural Steel
with 50 ksi (345 MPa) Minimum Yield
Point to 4 in. Thick

A 633 Normalized High-Strength Low-Alloy
Structural Steel

A 656 Hot-Rolled Structural Steel, High-Strength
Low-Alloy Plate with Improved Forma-
bility

A 678 Quenched and Tempered Carbon Steel
Plates for Structural Applications

A 690 High-Strength Low-Alloy Steel H-Piles and
Sheet Piling for Use in Marine Environ-
ments

A 699 Low-Carbon Manganese-Molybdenum-
Columbium Alloy Steel Plates, Shapes,
and Bars

A 709 Structural Steel for Bridges

AT10 Low-Carbon Age-Hardening Nickel-Cop-

per-Chromium - Molybdenum- Colum-
bium and Nickel-Copper-Colitnbium

Alloy Steels

A 169 Electric Resistance Welded Steel Shapes
A 786 Rolted Steel Floor Plates
A 808 High-Strength Low-Alloy Carbon, Man-

ganese, Columbium, Vanadium Steel of
Structural Quality with Improved Notch

Toughness

A 827 Plates, Carbon Steel, for Forging and Sim-
ilar Applications

A 829 Plates, Alloy Steel, Structural Quality

A 830 Plates, Carbon Steel, Structural Quality,
Furnished to Chemical Composition Re-
quirements

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. Con-
formance 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
preferred 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
supplementary requirements that are applicable
to several of the above specifications as indicated
therein. These are provided for use when addi-
tional 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 requirements of the individual material spec-
ification shall prevail over those of this general
specification.

1.7 The purchaser may specify additional re-
quirements that do not negate any of the provi-
sions of this general specification or of the indi-
vidual material specifications. Such additional






