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(25)

FOREWORD"

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee tofor-
mulate standard rules for the construction of steam boilers and other pressure vessels. In 2009, the Boiler and Pressure
Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (1)

(b) Committee on Materials (II)

(c) Committee on Construction of Nuclear Facility Components (III)

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

(g9) Committee on Welding, Brazing, and Fusing (IX)

(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and
collectively.

The Committee’s function is to establish rules of safety relating to pressure integrity. The rules govern the
construction” of boilers, pressure vessels, transport tanks, and fiuclear components, and the inservice inspection of nu-
clear components and transport tanks. For nuclear items other\than pressure-retaining components, the Committee also
establishes rules of safety related to structural integrity. The\Committee also interprets these rules when questions arise
regarding their intent. The technical consistency of the Sections of the Code and coordination of standards development
activities of the Committees is supported and guided-by the Technical Oversight Management Committee. The Code does
not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks, or nuclear com-
ponents, or the inservice inspection of nuclear éomponents or transport tanks. Users of the Code should refer to the
pertinent codes, standards, laws, regulations, or other relevant documents for safety issues other than those relating
to pressure integrity and, for nuclear itefds\other than pressure-retaining components, structural integrity. Except for
Sections XI and XII, and with a few other exceptions, the rules do not, of practical necessity, reflect the likelihood and
consequences of deterioration in serygice related to specific service fluids or external operating environments. In formu-
lating the rules, the Committee considers the needs of users, manufacturers, and inspectors of components addressed by
the Code. The objective of the rulés is to afford reasonably certain protection of life and property, and to provide a mar-
gin for deterioration in seryice to give a reasonably long, safe period of usefulness. Advancements in design and materi-
als and evidence of experience have been recognized.

The Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inserviée inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that arenot specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments made by knowledgeable engineers experienced in the application of the Code. Engineering judgments must
be congistent with Code philosophy, and such judgments must never be used to overrule mandatory requirements or
specific prohibitions of the Code.

The Committee recognizes that tools and techniques used for design and analysis change as technology progresses
and expects engineers to use good judgment in the application of these tools. The designer is responsible for complying
with Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code

" The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance
with ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a con-
sensus process. In addition, it does not contain requirements necessary for conformance to the Code.

Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing,
certification, and overpressure protection.
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neither requires nor prohibits the use of computers for the design or analysis of components constructed to the require-

ments of the Code. However, designers and engineers using computer programs for design or analysis are cautioned that
they are responsible for all technical assumptions inherent in the programs they use and the application of these pro-
grams to their design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any pro-
prietary 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 Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development;
Code cases, and requests for interpretations. Only the Committee has the authority to provide official interpretatiens of
the Code. Requests for revisions, new rules, Code cases, or interpretations shall be addressed to the staff secretary in
writing and shall give full particulars in order to receive consideration and action (see the Correspondence-With the
Committee page). Proposed revisions to the Code resulting from inquiries will be presented to the Committeé for appro-
priate action. The action of the Committee becomes effective only after confirmation by ballot of the Committee and ap-
proval by ASME. Proposed revisions to the Code approved by the Committee are submitted to the American National
Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to invite cemments from all inter-
ested persons. After public review and final approval by ASME, revisions are published at regular intervals in Editions of
the Code.

The Committee does not rule on whether a component shall or shall not be constructed\to the provisions of the Code.
The scope of each Section has been established to identify the components and parameters considered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Gode rules are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation ofithe Code are to be directed to the Commit-
tee. ASME is to be notified should questions arise concerning improper, tise of the ASME Single Certification Mark.

When required by context in the Code, the singular shall be interpreted as the plural, and vice versa.

The words “shall,” “should,” and “may” are used in the Code as follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement'nor a recommendation.

xi
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in aceordance
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 the ASME Single Certification Mark for marking items_or’constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel Code are issued Certifi-
cates of Authorization. It is the aim of the Society to maintain the standing of the ASME Single.€ertification Mark for the
benefit of the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply
with all requirements.

Based on these objectives, the following policy has been established on the usage in-advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to Code construction. The American Society
of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any-item, construction, or activity and there
shall be no statements or implications that might so indicate. An organization helding the ASME Single Certification Mark
and/or a Certificate of Authorization may state in advertising literature that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with the{cequirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler and Presstire Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single Certification Mark shall be used only forsstamping 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 the ASME’Single Certification Mark who may also use the facsimile
in advertising to show that clearly specified items will\carry the ASME Single Certification Mark.

» o«

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

The ASME Boiler and Piessure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements for materials, design, fabrication, examination, inspection, and stamping. Items
constructed in accerdance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described-inithe governing Section of the Code.

Markings such-as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shall-not’be used on any item that is 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 that 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.
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent the consensus,of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Pressure
Vessel Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web page, accessible at
https://go.asme.org/CSCommittees.

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section II, Part.C<for guidelines on re-
questing approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate changes that appear necessary or
desirable as demonstrated by the experience gained from the application of the CodejApproved revisions will be pub-
lished in the next edition of the Code.

In addition, the committee may post errata and Special Notices at http://go.asthe.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register on the committ€e,web page to receive email notifications
of posted errata and Special Notices.

This Code is always open for comment, and the committee welcomes-proposals for revisions. Such proposals should
be as specific as possible, citing the paragraph number, the proposedwording, and a detailed description of the reasons
for the proposal, including any pertinent background information and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with altefnative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new material or process
(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will consider proposed cases concerning the following topics only:
(1) equipment to be marked with the ASME Single Certification Mark, or
(2) equipment to be‘Constructed as a repair/replacement activity under the requirements of Section XI
(d) A proposed case shall be written as a question and reply in the same format as existing cases. The proposal shall
also include the following information:
(1) a statemnent of need and background information
(2) the urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) thie Code Section and the paragraph, figure, or table number to which the proposed case applies
(4).the editions of the Code to which the proposed case applies
(e)]NA)case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases
books, “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supple-
ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
annulment in a Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available
at http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and Nu-

clear Code Cases-isavailableat httn://ag asme ora/BPVCC
L ES] o/
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Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations do not
introduce new requirements. If a revision to resolve conflicting or incorrect wording is required to support the inter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code.

(b) Upon request, the committee will render an interpretation of any requirement of the Code. An interpretation can
be rendered only in response to a request submitted through the online Inquiry Submittal Form at http://go.asme.org/
InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic email confirming receipt.

(c) ASME does not act as a consultant for specific engineering problems or for the general application or understahd-
ing of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtained. In-
quirers may track the status of their requests at http://go.asme.org/Interpretations.

(d) ASME procedures provide for reconsideration of any interpretation when or if additional information that might
affect an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the-€ognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

(e) Interpretations are published in the ASME Interpretations Database at http://go.asme.otrg/Interpretations as they
are issued.

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the public.'"Persons wishing to attend any meet-
ing should contact the secretary of the applicable committee. Information on futre committee meetings can be found at
http://go.asme.org/BCW.
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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 speci-
fications found in Section II, Material Specifications.

“General discussion of material specifications comprising 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 agree-
ment with ASTM specifications. In the 1924 Edition of the Code, 10 specifications werée 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 paragraphs were given new numbers beginning with S-1 and extending to
§-213,” (1925).

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

“The Subcommittee on Material Specifications arranged for the intrdduction of the revisions of many of the specifications
so that they would agree with the latest form of the earlier ASTM sspecifications...,” (1935).

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 cooperativetaction, modified and identified as ASTM specifications. Sec-
tion II, Parts A and B, currently contain many material spegcifications that are identical with the corresponding ASTM
specifications and some that have been modified for Code usage. Many of these specifications are published in dual for-
mat. That is, they contain both U.S. Customary units/and/SI units. The metrication protocols followed in the specifications
are those adopted by ASTM, and are usually to the rules of IEEE/ASTM SI 10-1997, Standard for the Use of the Inter-
national System of Units (SI): The Modern Métric System.

In 1969, the American Welding Society began publication of specifications for welding rods, electrodes, and filler me-
tals, hitherto issued by ASTM. The Boiler<and Pressure Vessel Committee has recognized this new arrangement, and is
now working with AWS on these specifi¢ations. Section I, Part C, contains the welding material specifications approved
for Code use.

In 1992, the ASME Board of Rressure Technology Codes and Standards endorsed the use of non-ASTM material for
Boiler and Pressure Vessel Code applications. It is the intent to follow the procedures and practices currently in use
to implement the adoption-of non-ASTM materials.

The specifications prépared and copyrighted by ASTM, AWS, and other originating organizations are reproduced in
the Code with the permiSsion of the respective Society. The ASME Boiler and Pressure Vessel Committee has given care-
ful consideration«o each new and revised 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 thany 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 I, ASME publishes both the iden-
tical\specifications and those amended for Code usage every 2 years.

The ASME Boiler and Pressure Vessel Code has been adopted into law by 50 states and many municipalities in the
United States and by all of the Canadian provinces.
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SB-210 Specification for Aluminum and Aluminum-Alloy Drawn Seamless Tubes ... ..7...... 315
SB-211/SB-211M Specification for Aluminum and Aluminum-Alloy Rolled or Cold-Finished Bar, 'Rod, and

R4 o T T 327
SB-221 Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and

Tubes ..o eSS 341
SB-221M Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and

Tubes (MetriC) ... .ot e e P e 359
SB-234 Specification for Aluminum and Aluminum-Alloy Drawn Seamless Tubes for Condensers and

Heat EXChangers ... et e e e 379
SB-241/SB-241M Specification for Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded

TUbe o e AT 387
SB-247 Specification for Aluminum and Aluminum-Alloy‘Die Forgings, Hand Forgings, and Rolled

Ring Forgings ........ ..o 409
SB-308/SB-308M Specification for Aluminum-Alloy 6061-T6 Standard Structural Profiles ................ 505
SB-548 Test Method for Ultrasonic Inspection of Aluminum-Alloy Plate for Pressure Vessels 819
SB-666/SB-666M Practice for Identification Marking of Aluminum and Magnesium Products ............. 975
SB-928/SB-928M Specification for High Magnesium Aluminum-Alloy Sheet and Plate for Marine Service and

Similar Environments . ... .2, .0 1169
SB/EN 1706 Aluminum and Aluminum Aloys — Castings — Chemical Composition and Mechanical

Properties .. ... ... . S e 1243
Cobalt Alloys
SB-815 Specification for Cébalt-Chromium-Nickel-Molybdenum-Tungsten Alloy (UNS R31233) Rod 1099
SB-818 Specification fot, Cobalt-Chromium-Nickel-Molybdenum-Tungsten Alloy (UNS R31233)

Plate, She€tyand Strip . ..... ...t e e e 1103
Copper Alloy Castings
SB-61 Spécification for Steam or Valve Bronze Castings .............. ..., 33
SB-62 Specification for Composition Bronze or Ounce Metal Castings ....................... 37
SB-148 Specification for Aluminum-Bronze Sand Castings ................c.co i, 115
SB-271/SB-271M Specification for Copper-Base Alloy Centrifugal Castings ............ ... ... cooiuiin... 479
SB-369 Specification for Copper-Nickel Alloy Castings ............c.iiuiiiiiininennann. 589
SB-505/SB-505M Specification for Copper Alloy Continuous Castings ..............c.coiiiiriiniennann.. 745
SB-584 Specification for Copper Alloy Sand Castings for General Applications ................. 887
SB-824 Specification for General Requirements for Copper Alloy Castings .................... 1107
Copper and Copper Alloy Pipe and Tubes
SB-42 Specification for Seamless Copper Pipe, Standard Sizes ................. ... ... .o .. 17
SB-43 Specification for Seamless Red Brass Pipe, Standard Sizes ............. ..., 25
SB-75/SB-75M Specification for Seamless Copper Tube . .......... i 41
SB-111/SB-111M Specification for Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock . 81
SB-135/SB-135M Specification for Seamless Brass Tube 105

(25)

XXXiX


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SR-251/SR-251M

Qppr‘iﬁr‘qfinn for General Requirements for \I\Irnnghf Seamless Copper and (‘nppm‘-Al]nv

TUDE o e e 455
SB-315 Specification for Seamless Copper Alloy Pipe and Tube ................. ... ... ...... 511
SB-359/SB-359M Specification for Copper and Copper-Alloy Seamless Condenser and Heat Exchanger Tubes

with Integral Fins .. ... ... e 553
SB-395/SB-395M Specification for U-Bend Seamless Copper and Copper Alloy Heat Exchanger and Condenser

TUDES oottt e e e 605
SB-466/SB-466M Specification for Seamless Copper-Nickel Pipe and Tube ............... ... ... ... 0t 701
SB-467 Specification for Welded Copper-Nickel Pipe ........ ... i, 709
SB-543/SB-543M Specification for Welded Copper and Copper-Alloy Heat Exchanger Tube .............. 805
SB-706 Specification for Seamless Copper Alloy (UNS NO. C69100) Pipe and Tube ............, 1049
SB-956 Specification for Welded Copper and Copper-Alloy Condenser and Heat Exchanger Tube$

with Integral Fins . ....... . i T 1183
Copper and Copper Alloy Plate, Sheet, Strip, and Rolled Bar
SB-96/SB-96M Specification for Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled Bar for General Purposes

and Pressure Vessels ............ i e 51
SB-152/SB-152M Specification for Copper Sheet, Strip, Plate, and Rolled Bar .......Ca> ... .. oot 137
SB-169/SB-169M Specification for Aluminum Bronze Sheet, Strip, and Rolled Bar ..%~................. 247
SB-171/SB-171M Specification for Copper-Alloy Plate and Sheet for Pressure Vessels,"Condensers, and Heat

EXChangers . .......o.iuiii e e 253
SB-248 Specification for General Requirements for Wrought Coppér,and Copper-Alloy Plate, Sheet,

Strip, and Rolled Bar ....... ... i s e 427
SB-283/SB-283M Specification for Copper and Copper-Alloy Die Forgings (Hot-Pressed) ................ 487
Copper and Copper Alloy Rod, Bar, and Shapes
SB-98/SB-98M Specification for Copper-Silicon Alloy Rod, Bary and Shapes .......................... 57
SB-150/SB-150M Specification for Aluminum Bronze Rods.Bar, and Shapes ............... ... .. ... ... 123
SB-151/SB-151M Specification for Copper-Nickel-Zinc, Alloy (Nickel Silver) and Copper-Nickel Rod and Bar 131
SB-187/SB-187M Specification for Copper, Bus Bar,-Rdad, and Shapes and General Purpose Rod, Bar, and

Shapes . ... N e 261
SB-249/SB-249M Specification for General Requirements for Wrought Copper and Copper-Alloy Rod, Bar,

Shapes, and Forgings ... o e 441
Nickel Alloy Castings
SA-494/SA-494M Specification for Gastings, Nickel and Nickel Alloy ............ .. ... . s, 737
Nickel and Nickel Alloy Fittings
SB-366/SB-366M Specification for Factory-Made Wrought Nickel and Nickel Alloy Fittings ............... 571
SB-834 Speeification for Pressure Consolidated Powder Metallurgy Iron-Nickel- Chromium-

Melybdenum (UNS N08367), Nickel-Chromium- Molybdenum-Columbium (Nb) (UNS

N06625), Nickel- Chromium-Iron Alloys (UNS N06600 and N06690), and Nickel-

Chromium-Iron-Columbium-Molybdenum (UNS N07718) Alloy Pipe Flanges, Fittings,

Valves, and Parts ... ...t e e e e e 1123
Nickel and Nickel Alloy Pipe and Tubes
SB-167 Specification for Nickel Seamless Pipe and Tube ........... ... ... .. .. .. oot 155
SB-163 Specification for Seamless Nickel and Nickel Alloy Condenser and Heat-Exchanger Tubes 177
S$B-165 Specification for Nickel-Copper Alloy Seamless Pipe and Tube ........................ 205
SB-167 Specification For Nickel-Chromium-Aluminum Alloys (UNS N06699), Nickel-Chromium-Iron

Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696),

and Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), Nickel-Iron-Chromium-

Tungsten Alloy (UNS N06674), and Nickel-Chromium-Molybdenum-Copper Alloy (UNS

NO6Z235) Seamless Pipe and Tube ........ .. ... . . . . 223

x1


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SBR-407 Specification for Nickel-Tron-Chrominm Allay Seamless Pipe and Tube 619
SB-423 Specification for Nickel-Iron-Chromium-Molybdenum-Copper Alloy (UNS N08825 and

NO08221) Seamless Pipe and Tube ......... ..ot 637
SB-444 Specification for Nickel-Chromium-Molybdenum-Columbium Alloys (UNS N06625 and UNS

N06852) and Nickel-Chromium-Molybdenum-Silicon Alloy (UNS N06219) Pipe and Tube 677
SB-462 Specification for Forged or Rolled Nickel Alloy Pipe Flanges, Forged Fittings, and Valves and

Parts for Corrosive High-Temperature Service ............ .. ... ..., 687
SB-464 Specification for Welded UNS N08020, N08024, and N08026 Alloy Pipe ............... 697
SB-468 Specification for Welded UNS N08020, N08024, and N08026 Alloy Tubes .............. 719
SB-514 Specification for Welded Nickel-Iron-Chromium Alloy Pipe ........................C 767
SB-515 Specification for Welded UNS N08120, UNS N08800, UNS N08810, and UNS N08811 Alley

TUDES o 771
SB-516 Specification for Welded Nickel-Chromium-Aluminum Alloy (UNS N06699) and-Nickel-

Chromium-Iron Alloy (UNS N06600, UNS N06601, UNS N06603, UNS NO6025;UNS

N06045, UNS N06690, AND UNS N06693) Tubes .................. & . oiinnts. 775
SB-517 Specification for Welded Nickel-Chromium-Iron Alloy (UNS N06600, UNS(N06603, UNS

N06025, and UNS NO6045) Pipe .../ 779
SB-535 Specification for Nickel-Iron-Chromium-Silicon Alloys (UNS N08330%and N08332) Seamless

Pipeand Tube . ... .. BT 789
SB-619/SB-619M Specification for Welded Nickel and Nickel-Cobalt Alloy Pipe ~N. ...t 911
SB-622 Specification for Seamless Nickel and Nickel-Cobalt Alloy. Pipe and Tube ............... 927
SB-626 Specification for Welded Nickel and Nickel-Cobalt Alloy Tube ........................ 941
SB-668 Specification for UNS N08028 Seamless Tubes ...\ .. i 983
SB-673 Specification for UNS N08925, UNS N08354, and{UNS N08926 Welded Pipe ............ 995
SB-674 Specification for UNS N08925, UNS N08354, and JUNS N08926 Welded Tube ........... 999
SB-675 Specification for UNS N08367 Welded Pipe S c. ..o 1003
SB-676 Standard Specification for UNS N08367 Welded Tube ............... ... .. .. ... ... 1007
SB-677 Specification for Nickel-Iron-Chromium-Molybdenum and Iron-Nickel-Chromium-

Molybdenum-Copper Seamless Pipe'and Tube .............. ... ... .. ...t 1011
SB-690 Specification for Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS

NO08367) Seamless Pipe and~Tube . ...... ... 1025
SB-704 Specification for Welded UNS N06625, UNS N06219, and UNS N08825 Alloy Tubes ..... 1041
SB-705 Specification for Nickel-Alloy (UNS N06625, N06219 and N08825) Welded Pipe ........ 1045
SB-710 Specification for Nickel:lron-Chromium-Silicon Alloy Welded Pipe .................... 1063
SB-729 Specification for Seamless Nickel-Iron-Chromium-Molybdenum-Copper Nickel Alloy Pipe

and Tube .. 1067
SB-751 Specification for* General Requirements for Nickel and Nickel-Alloy Welded Tube ....... 1071
SB-775 Specification for General Requirements for Nickel and Nickel-Alloy Welded Pipe ........ 1085
SB-804 Specification for UNS N08367 and UNS N08926 Welded Pipe ........................ 1091
SB-829 Specification for General Requirements for Nickel and Nickel Alloys Seamless Pipe and

TUDE o 1115
Nickel and Nickel Alloy Plate, Sheet, and Strip
SB-127 Specification for Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and Strip ............ 95
SB-162 Specification for Nickel Plate, Sheet, and Strip .......... ... i, 161
SB-168 Specification For Nickel-Chromium-Aluminum Alloys (UNS N06699), Nickel-Chromium-Iron

Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696),

Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), Nickel-Iron-Chromium-

Tungsten Alloy (UNS N06674), and Nickel-Chromium-Molybdenum-Copper Alloy (UNS

NO06235) Plate, Sheet, and Strip . ... ..ot e 233
SB-333 Specification for Nickel-Molybdenum Alloy Plate, Sheet, and Strip .................... 523
SB-409 Specification for Nickel-Iron-Chromium Alloy Plate, Sheet, and Strip .................. 631
SB-424 Specification for Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Plate,

Sheet, and Strip .. ..ot 643
SB-434 Specification for Nickel-Molyhdenum-Chromium-Iron Alloys (UNS N10003, UNS N10242)

Plate, Sheet, and Strip . ... v it e e 657


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SR-435

Qppr‘iﬁr‘qfinn for INSNOAQQ2 TINSNO0A230 IINSN12160 and [INS R30556 Plate Sheet_and

N3] 50§ o 661
SB-443 Specification for Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625) and

Nickel-Chromium-Molybdenum-Silicon Alloy (UNS N06219) Plate, Sheet, and Strip . ... 665
SB-463 Specification for UNS N08020 Alloy Plate, Sheet, and Strip ............ .. ... ... ... .. 693
SB-536 Specification for Nickel-Iron-Chromium-Silicon Alloys (UNS N08330 and N08332) Plate,

Sheet, and Strip . ... oot e 793
SB-575 Specification for Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-

Chromium-Molybdenum-Copper, Low-Carbon Nickel-Chromium-Molybdenum-Tantalum,

Low-Carbon Nickel-Chromium-Molybdenum-Tungsten, and Low-Carbon Nickel-

Molybdenum-Chromium Alloy Plate, Sheet, and Strip .......... ... ...y 871
SB-582 Specification for Nickel-Chromium-Iron-Molybdenum-Copper Alloy Plate, Sheet, and Strifp 883
SB-599 Specification for Nickel-Iron-Chromium-Molybdenum-Columbium Stabilized Alloy (UNS

NO08700) Plate, Sheet, and Strip . ...t e N 897
SB-620 Specification for Nickel-Iron-Chromium-Molybdenum Alloy (UNS N08320) Plate,/Sheet, and

1) 0 0§ o P 919
SB-625 Specification for UNS N08925, UNS N08031, UNS N08034, UNS N08932, UNS N08926, UNS

N08354, UNS N08830, and UNS R20033 Plate, Sheet, and Strip ..+~ ... ..ot 935
SB-688 Specification for Chromium-Nickel-Molybdenum-Iron (UNS N08366-and UNS N08367)

Plate, Sheet, and Strip ........ .. i N 1015
SB-709 Specification for Iron-Nickel-Chromium-Molybdenum Alloy (UNS.N08028) Plate, Sheet, and

) 0 1057
SB-906 Specification for General Requirements for Flat-Rolled Nickel and Nickel Alloys Plate, Sheet,

and Strip ... 1151
Nickel and Nickel Alloy Rod, Bar, and Wire
SB-160 Specification for Nickel Rod and Bar .... (e oo 145
SB-164 Specification for Nickel-Copper Alloy Rod,\Bar, and Wire ............................ 191
SB-166 Specification for Nickel-Chromium-Aluminum Alloy, Nickel-Chromium-Iron Alloys, Nickel-

Chromium-Cobalt-Molybdenum Alloy, Nickel-Iron-Chromium-Tungsten Alloy, and Nickel-

Chromium-Molybdenum-Coppér Alloy, Rod, Bar, and Wire ......................... 213
SB-335 Specification for Nickel-Molybdenum Alloy Rod ........... ... .. ... . .., 527
SB-408 Specification for Nickel-Iron:Chromium Alloy Rod and Bar .......................... 625
SB-425 Specification for Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825 and UNS N08221) Rod and Bar . ... 649
SB-446 Specification for Nickel*Chromium-Molybdenum-Columbium Alloy (UNS N06625), Nickel-

Chromium-Molybdetium-Silicon Alloy (UNS N06219), and Nickel-Chromium-

Molybdenum-Tungsten Alloy (UNS N06650) RodandBar .......................... 681
SB-473 Specification fer UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and Wire 723
SB-511 Specification for Nickel-Iron-Chromium-Silicon Alloy Bars and Shapes ................. 757
SB-564 Specification for Nickel Alloy Forgings ......... ... 843
SB-572 Specification for UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Rod ....... 855
SB-573 Specification for Nickel-Molybdenum-Chromium-Iron Alloys (UNS N10003, N10242) Rod 861
SB-574 Specification for Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-

Molybdenum-Chromium, Low-Carbon Nickel-Molybdenum-Chromium-Tantalum, Low-

Carbon Nickel-Chromium-Molybdenum-Copper, and Low-Carbon Nickel-Chromium-

Molybdenum-Tungsten Alloy Rod ........ ... .. i i 865
SB-581 Specification for Nickel-Chromium-Iron-Molybdenum-Copper Alloy Rod ............... 877
SB-621 Specification for Nickel-Iron-Chromium-Molybdenum Alloy (UNS N08320) Rod ......... 923
SB=637 Specification for Precipitation-Hardening and Cold Worked Nickel Alloy Bars, Forgings, and

Forging Stock for Moderate or High-Temperature Service ............. ... ....vo... 947
SB-649 Specification for Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS N08925, UNS N08031, UNS

N08034, UNS N08354, and UNS N08926), and Cr-Ni-Fe-N Low-Carbon Alloy (UNS

R20033) Bar and Wire, and Ni-Cr-Fe-Mo-N Alloy (UNS N08936) Wire ............... 955
SB-672 Specification for Nickel-Iron-Chromium-Molybdenum-Columbium Stabilized Alloy (UNS

NQ08700) Bar and Wire 987

xlii


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SBR-A91 Specification for Iron-Nickel-Chrominm-Molyhdenum Allays (TINS NO8366 and [INS

NO08367) Rod, Bar, and Wire ............ouiiiiiin it e e 1033
Other
SF-467 Specification for Nonferrous Nuts for General Use ............. ... .. ... 1195
SF-467M Specification for Nonferrous Nuts for General Use [Metric] ............ ..o ivviinn.. 1205
SF-468 Specification for Nonferrous Bolts, Hex Cap Screws, Socket Head Cap Screws, and Studs for

General USe ...t 1215
SF-468M Specification for Nonferrous Bolts, Hex Cap Screws, and Studs for General Use [Metric] ..\ 1231
Titanium and Titanium Alloys
SB-265 Specification for Titanium and Titanium Alloy Strip, Sheet, and Plate ......... .. 1..... 465
SB-338 Specification for Seamless and Welded Titanium and Titanium Alloy Tubes for‘Condensers

and Heat Exchangers ........... ... . i O 533
SB-348/SB-348M Specification for Titanium and Titanium Alloy Bars and Billets ....... <5 ............ 543
SB-363 Specification for Seamless and Welded Unalloyed Titanium and Titapium Alloy Welding

FIttings .o A 565
SB-367 Specification for Titanium and Titanium Alloy Castings ......eo /oo, 581
SB-381 Specification for Titanium and Titanium Alloy Forgings ....\.\....... .. ... ... ...... 595
SB-861 Specification for Titanium and Titanium Alloy Seamless Pipe) ........................ 1129
SB-862 Specification for Titanium and Titanium Alloy Welded Pipe" ................ .. ... ..... 1139
Zirconium and Zirconium Alloys
SB-493/SB-493M Specification for Zirconium and Zirconium Alloy Forgings ............. ... ... ..., 733
SB-523/SB-523M Specification for Seamless and Welded Zireonjum and Zirconium Alloy Tubes .......... 783
SB-550/SB-550M Specification for Zirconium and Zirconium:Alloy Bar and Wire ....................... 825
SB-551/SB-551M Specification for Zirconium and Zirconjum Alloy Strip, Sheet, and Plate ................ 831
SB-653/SB-653M  Specification for Seamless and Welded' Zirconium and Zirconium Alloy Welding Fittings 965
SB-658/SB-658M Specification for Seamless and Welded Zirconium and Zirconium Alloy Pipe ............ 969
SB-752/SB-752M Specification for Castings, Zirconium-Base, Corrosion Resistant, for General Application .. 1079

xliii


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SPECIFICATION REMOVAL

From time to time, it becomes necessary to remove specifications from this Part of Section II. This occurs because the
sponsoring society (e.g., ASTM, AWS, CEN) has notified ASME that the specification has either been replaced with an-
other specification, or that there is no known use and production of a material. Removal of a specification from this-Sec-
tion also results in concurrent removal of the same specification from Section IX and from all of the ASME Boiler and
Pressure Vessel Construction Codes that reference the material. This action effectively prohibits further use ©f the ma-
terial in ASME Boiler and Pressure Vessel construction.

The following specifications will be dropped from this Section in the next Edition, unless information ‘concerning cur-
rent production and use of the material is received before December 1 of this year:

None

If you are currently using and purchasing new material to this specification for ASME Boiler and Pressure Vessel Code
construction, and if discontinuance of this specification would present a hardship, please notify the Secretary of the
ASME Boiler and Pressure Vessel Committee, at the address shown below:

Secretary

ASME Boiler and Pressure Vessel Committee
Two Park Avenue

New York, NY 10016-5990
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SUMMARY OF CHANGES

In this 2025 edition, the “ASTM Personnel” page has been deleted from the front matter. In addition, specifications ori-
ginating with ASTM that are new or revised in this 2025 edition are formatted differently than those retained from the
2023 and earlier editions. The document following the cover sheet of each new or revised specification is the unedited
ASTM specification. The ASME title for the specification and any ASME-approved exceptions to the ASTM specification
are shown only on the cover sheet. Specifications affected by the new format are listed in the Summary of. Changes.

Changes listed below are identified on the pages by a margin note, (25), placed next to the affected area;

Page Location Change
ix List of Sections Title of Section XI, Division 1 revised
X Foreword Third, fourth, seventh, tenth, and eleventh paragraphs editorially
revised
Xiii Personnel Updated
XXXiX Specifications Listed by Updated
Materials
1 Statement of Policy on the Revised
Use of ASME Material
Specifications
33 SB-61 Revised in-its entirety
37 SB-62 Revisedin its entirety
223 SB-167 Title on cover sheet corrected by errata
233 SB-168 Title on cover sheet corrected by errata
271 SB-209/SB-209M Revised in its entirety
341 SB-221 Revised in its entirety
359 SB-221M Added
387 SB-241/SB-241M Revised in its entirety
479 SB-271/SB-271M Revised in its entirety
487 SB-283/SB-283M Revised in its entirety
553 SB:359/SB-359M Revised in its entirety
605 SB-395/SB-395M Revised in its entirety
709 SB-467 Revised in its entirety
745 SB-505/SB-505M Revised in its entirety
843 SB-564 Revised in its entirety
887 SB-584 Revised in its entirety
935 SB-625 Added section 6 and renumbered subsequent paragraphs
955 SB-649 (1) Note 1 revised

(2) Para. 5.3 added

xlv
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Page

Location Change
1011 SB-677 Para. 6.1 revised (-ﬁ
1246 Mandatory Appendix II Revised in its entirety ('19
1257

Mandatory Appendix IV

Revised
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CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guidé.to
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

(1) First-level breakdowns are designated as (a), (b), (c), etc.

(2) Second-level breakdowns are designated as (1), (2), (3), etc.
(3) Third-level breakdowns are designated as (-a), (-b), (-c), etc.
(4) Fourth-level breakdowns are designated as (-1), (-2), (-3), etc.
(5) Fifth-level breakdowns are designated as (+a), (+b), (+c), etc.
(6) Sixth-level breakdowns are designated as (+1), (+2), etc.

(b) Cross-References to Subparagraph Breakdowns. Cross-references within an alphafnumerically designated para-
graph (e.g., PG-1, UIG-56.1, NCD-3223) do not include the alphanumerical designator-of that paragraph. The cross-
references to subparagraph breakdowns follow the hierarchy of the designators under which the breakdown appears.
The following examples show the format:

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).

(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (13(~a).

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as.(¢)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).

xlvii
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ASME BPVC.I1.B-2025

STATEMENT OF POLICY ON THE USE OF ASME MATERIAL
SPECIFICATIONS

The ASME material specifications in Section II, Part A or
Section II, Part B shall be used when ordering, producing,
and certifying materials for ASME BPV Code construction.
The use of a specification not in Section II, Part A or Sec-
tion II, Part B is acceptable only when it is referenced in
an approved Code Case.

A complete list of ASME material specifications can be
found in Mandatory Appendix II, Tables I1-200-1 and II-
200-2. Since the body of ASME material specifications
does not originate with the Section II committee, at times
wording may be found that differs from ASME BPV Code
requirements. This Statement of Policy outlines the Sec-
tion Il committee's position on the following:

(a) Scope. Some specifications contain statements in the
Scope about the service temperatures for listed alloys.
Others contain statements that restrict alloy application
to a particular component (e.g., heat exchangers, conden-
sers). Such statements are to be viewed as guidance in the
corresponding ASME material specification. Alloys ap-
proved for ASME BPV Code construction are restricted
by maximum design temperatures stipulated in Section
II, Part D, and any stipulations of the individual corstruc-
tion Codes.

(b) Units. Specifications often designate one'system of
units as the standard for the specification ‘with conver-
sions of the other being cited as for information only.
Compliance and acceptance for the(purposes of Code
usage is not governed by this. Section II, Part D has a
U.S. Customary volume and an_§I,;volume for mechanical
and physical properties of all materials approved for Code
construction.

(c) References. References to other material specifica-
tions within the textoften carry the original title given
to it by the parent-erganization. The following are two
examples:

(1) From2021 Edition of Section II, Part A, SA-203

4.1 Steelmaking Practice — The steel shall be killed and shall conform
te_the fine grain size requirement of Specification A20/A20M.

(2) From 2021 Edition of Section II, Part B{SB-98/
SB-98M

9.1 Refer to the appropriate paragraphs in Specification B249/B249M
with particular reference to the following tables:

Such references shall be interpreted as referring to the
corresponding ASME material specification. If no corre-
sponding ASME specification ‘exists, then the user is
bound to the latest editien\of the cited specification.

(d) Ordering Information. The Ordering Information
section of some spécifications state that furnishing test
reports and certification is optional. This is not valid for
ASME BPVC. When alloys are purchased for use in ASME
construction, tést reports and certifications shall be furn-
ished to-the purchaser.

(e) Listed Alloys. To be used for Code construction, any
alloy listed in a specification shall also have allowable
stress values or mechanical property values, as appropri-
ate, in the ASME BPV Code. Though exceptions exist, these
values are typically found in Section II, Part D or a Code
Case for most Code-approved materials.

(f) Table Notes. Table notes are mandatory.

(g) Main Body Notes. Notes within the main body of the
text are for information only.

(h) Terminology. If a specification contains a term that
has not been defined in the ASME BPV Code, then it is ac-
ceptable to refer to the term's definition set forth by the
corresponding standard’s organization (see Mandatory
Appendix II, 1I-200 for information on how to identify
the organization).

Material produced to an acceptable material specifica-
tion is not limited to country of origin. Before the material
is ordered, it is the responsibility of the user to ensure
that the intended construction Code permits materials
certified to the desired specification.

With the exception of ASTM International, ASME has
not entered into copyright agreements with publishers
of material specifications. Limits on usage appear on the
specification’s cover sheets. For sources from which an of-
ficial English-language version of a specification can be
purchased, see Nonmandatory Appendix A.

(25)
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ASME BPVC.I1.B-2025 SB-26/SB-26M

SPECIFICATION FOR ALUMINUM-ALLOY SAND
CASTINGS

@g@ SB-26/SB-26M

(Identical with ASTM Specification B26/B26M-11 except that certification and test reports have been made mandatory,
and ASME twelding requirements are invoked.)
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SB-26/SB-26M

Standard Specification for

ASME BPVC.I1.B-2025

Aluminum-Alloy Sand Castings

1. Scope

1.1 This specification covers aluminum-alloy sand castings
designated as shown in Table 1.

1.2 This specification is not intended for aluminum-alloy
sand castings used in aerospace applications.

1.3 Alloy and temper designations are in accordance with
ANSI H35.1/H35.1M. Unified Numbering System alloy des-
ignations are in accordance with Practice E527.

1.4 Unless the order specifies the “M” specification desig-
nation, the material shall be furnished to the inch-pound units.

1.5 For acceptance criteria for inclusion of new aluminum
and aluminum alloys and their properties in this specification,
see Annex Al and Annex A2.

1.6 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in nonconformance
with the standard.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect'on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:

B179 Specification for Aluminum_@lloys in Ingot and

Molten Forms for Castings from~All Casting Processes

B275 Practice for Codification of Certain Nonferrous Met*
als and Alloys, Cast and Wrought

B557 Test Methods for Tension Testing Wrought*and Cast
Aluminum- and Magnesium-Alloy Products

B557M Test Methods for Tension Testing Wretight and Cast
Aluminum- and Magnesium-Alloy Products (Metric)

B660 Practices for Packaging/Packing~of Aluminum and
Magnesium Products

B881 Terminology Relating to Aluminum- and Magnesium-
Alloy Products

B917/B917M Practice for”Heat Treatment of Aluminum-
Alloy Castings from All>Rrocesses

D3951 Practice for Sommercial Packaging

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E34 Test Metheds for Chemical Analysis of Aluminum and
Aluminuim-Base Alloys

E94 Guude for Radiographic Examination

E15§8 Reference Radiographs for Inspection of Aluminum
and*Magnesium Castings

E165 Practice for Liquid Penetrant Examination for General
Industry

E527 Practice for Numbering Metals and Alloys in the
Unified Numbering System (UNS)

E607 Test Method for Atomic Emission Spectrometric
Analysis Aluminum Alloys by the Point to Plane Tech-
nique Nitrogen Atmosphere

E716 Practices for Sampling and Sample Preparation of
Aluminum and Aluminum Alloys for Determination of
Chemical Composition by Spectrochemical Analysis

E1251 Test Method for Analysis of Aluminum and Alumi-
num Alloys by Spark Atomic Emission Spectrometry

E2422 Digital Reference Images for Inspection of Alumi-
num Castings

IEEE/ASTM SI 10 Standard for Use of the International
System of Units (SI): The Modern Metric System

2.3 AMS Standard:

AMS 2771 Heat Treatment of Aluminum Alloy Castings
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TABLE 1 Chemical Composition Limits

Note 1—When single units are shown, these indicate the maximum amounts permitted.

Note 2—Analysis shall be made for the elements for which limits are shown in this table.

Note 3—The following applies to all specified limits in this table: For purposes of determining conformance to these limits, an observed value or a
calculated value obtained from analysis shall be rounded to the nearest unit in the last right-hand place of figures used in expressing the specified limit

in accordance with the rounding method of Practice E29.

Alloy Composition, (Values in Weight Percent) Others
ansi ons U™ Siicon o Copper Man- Magne- oy omium  Nickel Zinc Tin Titanium ~ Each_ <Jotal
ganese sium
201.0  A02010 remainder 0.10 015 40-52 020-050 0.15-0.55 0.15-0.35  0.05% 0.10
2040  A02040  remainder 0.20 035 42-50 0.10 0.15-0.35 ... 0.05 010 005  0.15-0.30 0,04 0.15
2420  A02420 remainder 0.7 1.0  37-45 035 12-18 025 17-23 035 .. 0.25 0.05 0.15
A2420 A12420  remainder 0.6 08 37-45  0.10 12-1.7  015-025 1.8-23 010 .. 0.07-0.20_( ;00,05 0.15
2050  A02950 remainder 0.7-15 1.0  4.0-50  0.35 0.03 035 .. 0.25 0.05 0.15
3190  A03190 remainder 55-65 1.0  3.0-40  0.50 0.10 0.35 1.0 0.25 0.50
3280  A03280 remainder 7.5-85 1.0  1.0-20 020-06 020-0.6 0.35 0.25 15 065 0.50
3550  A03550 remainder 45-55 06f 10-15 0507 040-06 025 035 .. 0.25 0.05 0.15
C355.0 A33550 remainder 45-55 020 1.0-1.5  0.10 0.40-06 ... 010 .. 020 0.05 0.15
356.0  A03560 remainder 65-7.5 0.6F 025 0.358 0.20-0.45 ... 035 .. 0.25 0.05 0.15
A356.0 A13560 remainder 65-7.5 0.20 0.20 0.10 0.25-045 ... 010 4. 0.20 0.05 0.15
4430  A04430 remainder 4.5-60 0.8 0.6 0.50 0.05 0.25 050 &4 0.25 0.35
B443.0 A24430 remainder 4560 08  0.15 0.35 0.05 . 0.35 &\ 0.25 0.05 0.15
5120  A05120 remainder 14-22 06  0.35 08 35-45 025 035~ ... 0.25 0.05 0.15
5140  A05140 remainder 0.35 050 0.15 0.35 35-45 .. 0157 .. 0.25 0.05 0.15
5200  A05200 remainder 0.25 030 025 0.15 95-106 ... ofis . 0.25 0.05 0.15
5350  A05350 remainder 0.15 015 005 010-025 62-75 .. 010-025 005° 0.5
7050  A07050  remainder 0.20 08 020 040-06  14-18  0.20-0.40 27-33 .. 0.25 0.05 0.15
7070  A07070  remainder 0.20 08 020 040-06 1824  0.20-0.40 40-45 .. 0.25 0.05 0.15
710.0°  A07100 remainder 0.15 050 0.35-0.65 0.05 06-08 .. 6.0-7.0 .. 0.25 0.05 0.15
712.0°  A07120  remainder 0.30 050 025 0.10 0.50-0.65 0.40-0.6-_\ .= 50-65 .. 0.15-025  0.05 0.20
7130  A07130  remainder 0.25 1.1 040-10 06 0.20-050 0.35 0.15 7.0-80 .. 0.25 0.10 0.25
7710  A07710  remainder 0.15 015 0.10 0.10 08-10  0.082020 .. 6575 .. 0.10-020  0.05 0.15
8500  A08500 remainder 0.7 07 07-13  0.10 0.10 07-1.3 55-7.0 0.20 0.30
851.0° A08510 remainder 2.0-30 07 07-1.3  0.10 0.10 0.30-0.7 55-7.0 020 0.30
852.0° A08520 remainder 0.40 07 17-23 010 0.6-0.9 0.9-15 5570 020 0.30

A Contains silver 0.40-1.0 %.

B f iron exceeds 0.45 %, manganese content shall not be less than one half of thé ifon content.

€ Contains beryllium 0.003-0.007 %, boron 0.005 % max.

P710.0 formerly A712.0, 712.0 formerly D712.0, 851.0 formerly A850.0,,852:0/formerly B850.0.

2.4 American National Standards:

H35.1/H35.1(M) Alloy and Temper Designation\System for
Aluminum

2.5 Military Standards:

MIL-STD-129 Marking for Shipment and Storage

MIL-STD-276 Impregnation of Porqus Nonferrous Metal
Castings

NAVSEA Technical Publicatien S9074-AR-GIB-010/278

2.6 Federal Standard:

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

2.7 Other Standards:

EN 14242 Aluminunr”and Aluminum Alloys — Chemical
Analysis — JInductively Coupled Plasma Optical Emis-
sion Spectral‘Analysis

3. Terminology

3.1 (Definitions—Refer to Terminology B881 for definitions
of product terms used in this specification.

3.2 sand casting—a metal object produced by pouring
molten metal into a sand mold and allowing it to solidify.

4. Ordering Information
4.1 Orders for material under this specification shall include
the following information (1.4 and 1.5):

4.1.1 This specification designation (which includes the
number, year, and revision letter, if applicable),

Note 1—For inch-pound application, specify Specification B26 and for
metric application specify Specification B26M. Do not mix units.

4.1.2 The quantity in either pieces or pounds [kilograms],

4.1.3 Alloy (Section 7 and Table 1),

4.1.4 Temper (Section 10 and Table 2), and

4.1.5 Applicable drawing or part number,

4.2 Additionally, orders for material to this specification
shall include the following information when required by the
purchaser:

4.2.1 Whether chemical analysis and tensile property re-
ports are required (Table 1 and Table 2),

4.2.2 Whether castings or test bars, or both, may be artifi-
cially aged for Alloys 705.0-T5, 707.0-T5, 712.0-T5, and
713.0-T5 (10.2) and whether yield strength tests are required

forthese allgvus:
PAS)
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TABLE 2 Tensile Requirements” (Inch-Pound Units)

Note 1—For purposes of determining conformance with this specification, each value for tensile strength and yield strength shall be rounded to the
nearest 0.1 ksi and each value for elongation shall be rounded to the nearest 0.5 % , both in accordance with the rounding method of Practice E29.

Allo . Yield Strength Elongation in Typical Brinell Hard-
y Temper® Tensile Strength, (0.2 % offset), 2in. or 4 x ness,® 500 kgf, 10
ANSI? UNS min, ksi min, ksi diameter, min, % mm
201.0 A02010 T7 60.0 50.0 3.0
204.0 A02040 T4 45.0 28.0 6.0
242.0 A02420 (o5 23.0 F F 70
T61 32.0 20.0 F 105
A242.0 A12420 T75 29.0 F 1.0 75
295.0 A02950 T4 29.0 13.0 6.0 6Q
T6 32.0 20.0 3.0 75
T62 36.0 28.0 F 95
T7 29.0 16.0 3.0 70
319.0 A03190 F 23.0 13.0 1.5 70
T5 25.0 F F 80
T6 31.0 20.0 1.5 80
328.0 A03280 F 25.0 14.0 1.0 60
T6 34.0 21.0 1.0 80
355.0 A03550 T6 32.0 20.0 2.0 80
T51 25.0 18.0 & 65
T71 30.0 22.0 A 75
C355.0 A33550 T6 36.0 25.0 2.5
356.0 A03560 F 19.0 9.5 2.0 55
T6 30.0 20.0 3.0 70
T7 31.0 F F 75
T51 23.0 16.0 F 60
T71 25.0 18.0 3.0 60
A356.0 A13560 T6 34.0 240 3.5 80
T61 35.0 26.0 1.0
443.0 A04430 F 17.0 7.0 3.0 40
B443.0 A24430 F 17.0 6.0 3.0 40
512.0 A05120 F 17.0 10.0 50
514.0 A05140 F 22.0 9.0 6.0 50
520.0 A05200 T4 42.0 22.0 12.0 75
535.0 A05350 F 35.0 18.0 9.0 70
705.0 A07050 T5 30.0 17.06 5.0 65
707.0 A07070 T7 37.0 30.0¢ 1.0 80
710.0" A07100 T5 32.0 20.0 2.0 75
712.0" A07120 T5 34.0 25.0¢ 4.0 75
713.0 A07130 T5 32.0 22.0 3.0 75
771.0 A07710 T5 42.0 38.0 1.5 100
T51 32.0 27.0 3.0 85
T52 36.0 30.0 1.5 85
T6 42.0 35.0 5.0 90
T71 48.0 45.0 2.0 120
850.0 A08500 T5 16.0 F 5.0 45
851.0" A08510 T5 17.0 F 3.0 45
852.0" A08520 T5 24.0 18.0 F 60

A If agreed upon between the manufacturer and the purchaser, other mechanical properties may be obtained by other heat treatments such as annealing, aging, or stress
relieving.

B Refer to ANSI H35.1/H35.1M, or both, for(déscription of tempers.

€ For information only, not required for acceptance.

P ASTM alloy designations are recorded:in Practice B275.

E Formerly designated as 222.0-T2 ahd'242.0-T21.

F Not required.

G Yield strength to be determinedonly when specified in the contract or purchase order.

H710.0 formerly A712.0, 742.0*formerly D712.0, 851.0 formerly A850.0, 852.0 formerly B850.0.

4.2.3 Whether-test specimens cut from castings are required 4.2.9 Whether radiographic inspection is required and, if so,
in addition~(es/or instead of, separately cast specimens (Sec- the radiographic grade of casting required (19.3, Table 3);
tions 10~and 13); 4.2.10 Whether foundry control is required (Section 9); and

4.2 4 Whether repairs are permissible (16.1), 4.2.11 Whether Practice B660 applies and, if so, the levels

4)2)5 Whether inspection is required at the producer’s of preservation, packaging, and packing required (23.4).
works (Section 18);

4.2.6 DELETED 5. Quality Assurance

4.2.7 Whether surface requirements shall be checked 5.1 Unless otherwise specified in the contract or purchase
against observational standards where such standards are  order, the producer shall be responsible for the performance of
established (19.1); all inspections and test requirements specified herein. Unless
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TABLE 3 Discontinuity-Level Requirements for Aluminum Castings in Accordance with Film Reference Radiographs E155 or Digital

ReTerence Radlograpns E2422
Section Thickness in. [mm]
Discontinuity Radiograph Grade A? Grade B Grade C Grade D
a [6.4] % [19.0] Ya [6.4] ¥ [19.0] Ya [6.4] % [19.0] a [6.4] ¥ [19.0]

Gas holes 1.1 none 1 1 2 2 5 5
Gas porosity (round) 1.21 none 1 1 3 7 7
Gas porosity (elongated) 1.22 none 1 1 3 4 5 5
Shrinkage cavity 2.1 none 1 B 2 B 3 ]
Shrinkage porosity or sponge 2.2 none 1 1 2 2 4 3
Foreign material (less dense material) 3.1 none 1 1 2 2 4 4
Foreign material (more dense material) 3.12 none 1 1 2 1 4 3
Segregation 3.2 none none none none
Cracks none none none none

Cold shuts none none none none
Surface irregularity not to exceed drawing tolerance

Core shift

not to exceed drawing toletange

A Caution should be exercised in requesting Grade A.
B Not available.

any other suitable facilities for the performance of the inspec-
tion and test requirements specified herein. The purchaser shall
have the right to perform any of the inspections and tests set
forth in this specification where such inspections are deemed
necessary to confirm that the material conforms to prescribed
requirements.

6. Manufacture

6.1 The responsibility of furnishing castings that can be laid
out and machined to the finished dimensions within the
permissible variations specified, as shown on the blueprints or
drawings, shall rest with the producer, except where pattern
equipment is furnished by the purchaser.

7. Chemical Composition

7.1 The Product shall conform to the chemical composition
limits prescribed in Table 1. Conformance shall be, determined
by the producer by taking samples at the time)castings are
poured in accordance with Practice E7167and analyzed in
accordance with Test Methods E607,E1251, or E34, or
EN 14242. If the producer has determined the composition of
the material during casting, they shall’not be required to sample
and analyze the finished product:

7.2 If it becomes necessary‘to analyze castings for confor-
mance to chemical compe§ition limits, the method used to
sample castings for the determination of chemical composition
shall be by agreement.bétween the producer and the purchaser.
Analysis shall beperformed in accordance with Practice E716,
Test MethodsE607, E1251, or E34, or EN 14242 (ICP
method).

7.3 Other-methods of analysis or in the case of a dispute the
method'of analysis shall be agreed upon by the producer and
the-purchaser.

24 A sample for determining of chemical composition shall
be taken to represent the following:

7.4.1 Not more than 4000 Ib [2000 kg] of clean castings
(gates and risers removed) or a single casting poured from one
furnace.

7.4.2 The maximum elapsed time between determinations
shall be established for each alloy, but in any case the

maximum-elansed time -shall not exceed 8 h
i

8. Material Requirements—Castings Produced for
Governmental and Military Agencies

8.1 Unless otherwise(specified, only aluminum alloy con-
forming to the requrements of Specification B179 or produc-
er’s foundry serap (identified as being made from alloy
conforming, to Specification B179) shall be used in the remelt-
ing furnace\from which molten metal is taken for pouring
directly, inito castings. Additions of small amounts of modifiers
and.grain refining elements or alloys are permitted.

8471 Pure materials, recycled materials, and master alloys
may be used to make alloys conforming to this specification,
provided chemical analysis can be taken and adjusted to
conform to Table 1 prior to pouring any castings.

9. Foundry Control—Castings Produced for
Governmental or Military Agencies, or Both

9.1 When specified, castings shall be produced under
foundry control approved by the purchaser. Foundry control
shall consist of examination of castings by radiographic or
other approved methods for determining internal discontinui-
ties until the gating, pouring, and other foundry practices have
been established to produce castings meeting the quality
standards furnished by the purchaser or agreed upon between
the purchaser and the producer. When foundry practices have
been so established, the production method shall not be
significantly changed without demonstrating to the satisfaction
of the purchaser that the change does not adversely affect the
quality of the castings. Minor changes in pouring temperature
of +50°F [£28°C] from the established nominal temperature
are permissible.

10. Tensile Properties

10.1 The separately cast test specimens representing the
castings shall meet the mechanical properties prescribed in
Table 2.

10.2 Although Alloys 705.0, 707.0, 712.0, and 713.0 are
most frequently used in the naturally aged condition, by
agreement between the producer and the purchaser, the cast-
ings may be artificially aged to the T5 temper. The producer

and the purchaser may also agree to base the acceptance of

castinas—on—artificiallz aged test bars- The conditions—of
1= 7 =}
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artificial aging shown in Practice B917/B917M shall be em-

ASME BPVC.I1.B-2025

standard 0.500-in. [12.5-mm] diameter specimens shown in

ployed unless other conditions are accepted by mutual consent.
10.3 When specified, the tensile strength, yield strength, and
elongation values of specimens cut from castings shall be not
less than 75 % of the tensile and yield strength values and not
less than 25 % of the elongation values specified in Table 2
[Table 4]. The measurement of the elongation is not required
for test specimens cut from castings if 25 % of the specified
minimum elongation value published in Table 2 [Table 4] is 0.5
% or less. If grade D quality castings as described in Table 3
are specified, no tensile tests shall be specified nor tensile
requirements be met on specimens cut from castings.

11. Workmanship, Finish, and Appearance

11.1 The finished castings shall be uniform in composition
and free of blowholes, cracks, shrinks, and other discontinui-
ties except as designated and agreed upon as acceptable by the
purchaser.

12. Number of Tests and Retests

12.1 Unless otherwise agreed upon between the purchaser
and producer, a minimum of two tension test specimens shall
be separately cast and tested to represent the following:

12.1.1 Not more than 4000 1b [2000 kg] of clean castings
(gates and risers removed) or a single casting poured from one
furnace.

12.1.2 The castings poured continuously from one furnace
in not more than eight consecutive hours.

12.2 When tensile properties from castings are to be deter-
mined, one per melt-heat combination shall be tested unless
otherwise shown on the drawing or specified in the purchase
order.

12.3 If any test specimen shows defective machining jor
flaws, it may be discarded; in which case the purchaser and the
producer shall agree upon the selection of another specimen in
its stead.

12.4 If the results of the tension tests do net‘¢conform to the
requirements prescribed in Table 2 [Table 41; the test bars
representative of the castings may be retested in accordance
with the replacement tests and retest provisions of Test
Methods B557 and B557M, and ¢he results of retests shall
conform to the requirements (as“to mechanical properties
specified in Table 2 [Table 4

13. Specimen Preparation

13.1 The tension test specimens shall be cast to size in sand
without chills ip-dccordance with the dimensions shown in Fig.
1 [Fig. 2]. They-shall not be machined prior to test except to
adapt the grip.ends in such a manner as to ensure axial loading.

13.2-The' recommended method for casting tension test
specitmens is shown in Fig. 1 [Fig. 2].

13:3 When properties of castings are to be determined,
ténsion test specimens shall be cut from the locations desig-
nated on the drawing, unless otherwise negotiated. If no
locations are designated, one or more specimens shall be taken
to include locations having significant variation in casting
thickness, except that specimens shall not be taken from areas

directly, under risers. The tension test cpr—\r‘impnc shall be the

Fig. 9 of Test Methods B557 and B557M or a round specimen
of smaller size proportional to the standard specimen.

in. mm

Diameter of reduced section 0.250 6.00
Length of reduced section 1Va 36
Gage length 1.000 30.00
Radius of fillet Y16 6
Diameter of end section s 9
Overall length:

With shouldered ends 2% 60

With threaded ends 3 75

With plain cylindrical ends 4 100

When necessary, a rectangular specimen ,mé&y be used
proportional to that shown for the 0.500-in,.[12:5-mm] wide
specimen in Fig. 6 of Test Methods B557 and/B557M, but in
no case shall its dimensions be less thafithe following:

in. mm
Width of reduced section Va 6.00
Length of reduced section 1Va 32
Radius of fillet Va 6
Overall length 4 100
Thickness 0.100 2.50

The specific elongation values shall not apply to tests of
rectangular specimens.

13.4 If the castinigs are to be heat treated and separately cast
specimens .dte to be used, the specimens representing such
castings, shall be heat treated with the castings they represent.
If castings are to be heat treated and tests are to be obtained on
the-Castings, the test specimens shall be taken from the castings
after’heat treatment.

14. Test Methods

14.1 The determination of chemical composition shall be
made in accordance with suitable chemical (Test Methods
E34), or spectrochemical (Test Methods E607 and E1251),
methods. Other methods may be used only when no published
ASTM method is available. In case of dispute, the methods of
analysis shall be agreed upon between the producer and
purchaser.

14.2 The tensile properties shall be determined in accor-
dance with Test Methods B557 and B557M.

15. Heat Treatment

15.1 Heat treatment of castings shall be performed in
accordance with Practice BO17/B917M or AMS 2771.

16. Repair of Castings

16.1 Castings may be repaired only by processes approved
and agreed upon between the producer and purchaser, that is,
welding, impregnation, peening, blending, soldering, and so
forth. Limitations on the extent and frequency of such repairs,
and methods of inspection of repaired areas should also be
agreed upon.

16.2 The welding procedure and welders shall be qual-
ified in accordance with Section IX of the ASME Boiler and
Pressure Vessel Code.
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TABLE 4 Tensile Requirements (S Units)—[Metric]*

Note 1—For purposes of determining conformance with this specification, each value for tensile strength and yield strength shall be rounded to the
nearest 1 MPa and each value for elongation shall be rounded to the nearest 0.5 %, both in accordance with the rounding method of Practice E29.

Alloy . Yield Strength Elongation in Typical Brinell
Temper?® Ten':|ilne S“,Atlge:gth, (0.2 % offset), 5x diameter, Hardness,”
ANSIE UNS ’ min, MPa® min % 500 kgf, 10 mm
201.0 A02010 T7 415 345 3.0
204.0 A02040 T4 310 195 6.0
242.0 A02420 oFf 160 G G 70
T61 220 140 G 105
A242.0 A12420 T75 200 G 1.0 75
295.0 A02950 T4 200 90 6.0 60
T6 220 140 3.0 75
T62 250 195 G 95
T7 200 110 3.0 70
319.0 A03190 F 160 90 15 70
T5 170 G G 80
T6 215 140 15 80
328.0 A03280 F 170 95 10 60
T6 235 145 1,0 80
355.0 A03550 T6 220 140 2.0 80
T51 170 125 G 65
T71 205 150 G 75
C355.0 A33550 T6 250 170 2.5
356.0 A03560 F 130 65 2.0 55
T6 205 140 3.0 70
T7 215 G G 75
T51 160 110 G 60
T71 170 125 3.0 60
A356.0 A13560 T6 235 165 3.5 80
T61 245 180 1.0
443.0 A04430 F 115 50 3.0 40
B443.0 A24430 F 115 40 3.0 40
512.0 A05120 F 115 70 50
514.0 A05140 F 150 60 6.0 50
520.0 A05200 T4 290 150 12.0 75
535.0 A05350 F 240. 125 9.0 70
705.0 A07050 T5 205 115" 5.0 65
707.0 A07070 T7 255 205" 1.0 80
710.0’ A07100 T5 220 140 2.0 75
712.0/ A07120 T5 235 170" 4.0 75
713.0 A07130 T5 220 150 3.0 75
771.0 A07710 T5 290 260 15 100
T51 220 185 3.0 85
T52 250 205 15 85
T6 290 240 5.0 90
T71 330 310 2.0 120
850.0 A08500 T5 110 G 5.0 45
851.0’ A08510 TS 115 G 3.0 45
852.0' A08520 T5 165 125 G 60

A If agreed upon between the manufacturer and-the purchaser, other mechanical properties may be obtained by other heat treatments such as annealing, aging, or stress
relieving.
B Temper designations:
F As fabricated.
O Annealed.
T1 Cooled from an elevatéd-temperature shaping process and naturally aged to a substantially stable condition.
T4 Solution heat-treated and naturally aged to a substantially stable condition.
T5 Cooled from an elevated temperature shaping process and then artificially aged.
T6 Solution heatstreated and then artificially aged.
T7 Solution heat-treated and stabilized.
Additional digits,_the first of which shall not be zero, may be added to designation T1 through T10 to indicate a variation in treatment that significantly alters the
characteristics (of the product.
€ For exptanation of the Sl unit “MPa” see Appendix X2.
P For infarmation only, not required for acceptance.
E ASTM Jalloy designations are recorded in Practice B275.
FEormerly designated as 222.0-T2 and 242.0-T21.
SW6t required.
fYield strength to be determined only when specified in the contract or purchase order.
! 710.0 formerly A712.0, 712.0 formerly D712.0, 851.0 formerly A850.0, 852.0 formerly B850.0.

17. Repairing of Castings—Produced for Governmental 17.1.1 When welding is permitted, it shall be done by
and Military Agencies methods suitable for the particular alloy. Welding methods

17.1 Welding:
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shall be in accordance with such specifications as are refer-
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FIG. 2 Tension Test Specimen Casting [Metric]

s

enced on the applicable drawings, or as are required by the
contract or order.

17.1.2 All welding shall be done by qualified welders
approved by the purchaser.

17.1.3 When castings are to be supplied in the heat-treated
condition, they shall be heat treated to the required temper after
welding, except that small arc welds may be performed without
subsequent heat treatment upon approval of the purchaser.

17.1.4 Unless otherwise specified, castings that have been
repaired by welding shall have the welded areas exdmlined
radiographically after all reworking and heat treatmént have
been completed.

17.1.5 All welds shall be free of cracks, €xcess gas, poros-
ity, lack of fusion and meet the same quality requirements as
the parent material.

17.1.6 Welded castings shall be’marked with a symbol of
three concentric circles with a letter*6r number designating the
welder adjacent to the symbol~The outer circle of the symbol
shall be not larger than Y4 inz{6 mm] in outside diameter. All
welded areas shall be engircled with a ring of white paint prior
to submission for final inspection.

17.1.7 Naval Shipboard Applications—Repair welding of
castings used.in “Naval shipboard pressure vessels, piping
systems and‘machinery shall be performed in accordance with
requirements’ for repair of castings specified in NAVSEA
Technitdl Publication S9074-AR-GIB-010/278.

F7:2* Impregnation—When impregnation is permitted, it
shal’'be to correct general seepage leaks only and shall not be
used to correct poor foundry technique or significant porosity.
It shall be accomplished in accordance with MIL-STD-276.
Unless otherwise authorized by the purchaser, castings which
have been impregnated shall be marked “IMP.”

17.3 Peening—When peening is permitted, it shall be to
correct localized minor seepage leaks and small surface imper-
fections only, or to disclose subsurface voids for purpose of
inspection. Peening will not be permitted to repair cracks, cold
shuts, shrinks, misruns, defects due to careless handling, or
other similar major defects. Peening may be accomplished
either hot or cold and shall be performed by methods which are
acceptable to the purchaser. Peened castings shall be marked
with Maltese cross approximately %4 in. [6 mm] high.

17.4 Blending—Blending with suitable grinders or other
tools will be permitted for the removal of surface imperfections
only, and shall not result in dimensions outside the tolerances
shown on the applicable drawing.

18. Source Inspection

18.1 If the purchaser elects to make an inspection of the
casting at the producer’s works, it shall be so stated in the
contract or order.

18.2 If the purchaser elects to have inspection made at the
producer’s works, the producer shall afford the inspector all
reasonable facilities to satisfy him that the material is being
furnished in accordance with this specification. All tests and
inspection shall be so conducted as not to interfere unneces-

sarily with the npprafinn aof the works

10
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19. Foundry Inspection

SB-26/SB-26M

and when applicable capital letters, cast integral. The location

19.1 Requirements such as surface finish, parting line pro-
jections, snagging projections where gates and risers were
removed, and so forth, may be checked visually. It is advisable
to have agreed-upon observational standards representing both
acceptable and unacceptable material.

19.2 Liquid Penetrant Inspection:

19.2.1 When specified, liquid penetrant inspection shall be
in accordance with Test Method E165, and the required
sensitivity shall be specified.

19.2.2 Acceptance standards for discontinuities shall be
agreed upon, including size and frequency per unit area and
location.

19.3 Radiographic Inspection:

19.3.1 Radiographic inspection shall be in accordance with
Guide E94 and Film Reference Radiographs E155.

19.3.2 When agreed upon between the manufacturer and
purchaser digital radiographic inspection shall be in accor-
dance with Guide E94 and Digital Reference Radiographs
E2422.

19.3.3 Radiographic acceptance shall be in accordance with
requirements selected from Table 3. Any modifications of this
table and the frequency per unit area and location should also
be agreed upon.

19.3.4 The number, film size, and orientation of radiographs
and the number of castings radiographically inspected shall be
agreed upon between the manufacturer and purchaser.

20. Rejection and Rehearing

20.1 Castings that show unacceptable defects revealed by
operations subsequent to acceptance and within an agreed time
may be rejected, and shall be replaced by the producer!

20.2 In the case of dissatisfaction regarding rejections based
on chemical composition and mechanical properties specified
in Section 7 and 10, respectively, the producer may.make claim
for rehearing as the basis of arbitration within’ a reasonable
time after receipt by the producer of the rejéction notification.

21. Certification

21.1 The producer shall fufhish to the purchaser
a certificate stating that each lot has been sampled, tested, and
inspected in accordance with’this specification, and has met the
requirements. In addition,-all-test reports required by this spec-
ification shall be supplied with the certification.

22. Identification and Repair Marking—Castings
Produced-for Government and Military Agencies
22.1 Identification—Unless otherwise specified, each cast-
ing shall, be marked with the applicable drawing or part
numbey. The marking shall consist of raised Arabic numerals,

of the identification marking shall be as specified on the
applicable drawing. When the location is not specified on the
drawing, the drawing/part number shall be placed in a location
mutually agreeable to the purchaser and producer.

22.1.1 Lot Identification—When practicable, each casting
shall also be marked with the melt of inspection lot number.

22.2 Lot—A lot shall consist of all of the cleaned castings
poured from the same heat or melt when subsequeit, Heat
treatment is not required.

22.2.1 When the castings consist of alloys whic¢h require
heat treatment, the lot shall consist of all casfings from the
same melt or heat which have been heat gtedted in the same
furnace charge, or if heat treated in a gontinuous furnace, all
castings from the same melt or heat that“are discharged from
the furnace during a 4-h period.

22.3 Repair Markings—All idéptification markings indicat-
ing repairs as specified in 17,704 17.2, and 17.3, shall be made
with a waterproof marking-fluid.

23. Packaging, Marking, and Shipping

23.1 The material'shall be packaged in such a manner as to
prevent damage‘in ordinary handling and transportation. The
type of pagkaging and gross weight of individual containers
shall beTeft to the discretion of the producer unless otherwise
agreed’upon. Packaging methods and containers shall be so
selected as to permit maximum utility of mechanical equip-
ment in unloading and subsequent handling. Each package or
container shall contain only one size, alloy, and temper of
material when packaged for shipment unless otherwise agreed
upon.

23.2 Each package or container shall be marked with the
purchase order number, drawing number, quantity, specifica-
tion number, alloy and temper, gross and net weights, and the
name of the producer.

23.3 Packages or containers shall be such as to ensure
acceptance by common or other carriers for safe transportation
at the lowest rate to the point of delivery.

23.4 When specified in the contract or purchase order,
material shall be preserved, packaged, and packed in accor-
dance with the requirements of Practices B660. The applicable
levels shall be as specified in the contract or order. Marking for
shipment of such material shall be in accordance with Fed. Std.
No. 123 or Practice D3951 for civil agencies and MIL-STD-
129 for military agencies.

24. Keywords

24.1 aluminum; sand casting

11
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ANNEXES

(Mandatory Information)

Al. BASIS FOR INCLUSION OF PROPERTY LIMITS

Al.1 Limits are established at a level at which a statistical
evaluation of the data indicates that 99 % of the population
obtained from all standard material meets the limit with 95 %
confidence. For the products described, mechanical property
limits for the respective size ranges are based on the analyses
of at least 100 data from standard production material with no

more than ten data from a given lot. All tests are performed in
accordance with the appropriate ASTM test methods. For
informational purposes, refer to “Statistical Aspects of Mex
chanical Property Assurance” in the Related Material section of
the Annual Book of ASTM Standards, Vol 02.02.

A2. ACCEPTANCE CRITERIA FOR INCLUSION OF NEW ALUMINUM AND ALUMINUM ALLOYS
IN THIS SPECIFICATION

A2.1 Prior to acceptance for inclusion in this specification,
the composition of wrought or cast aluminum or aluminum
alloy shall be registered in accordance with ANSI H35.1/
H35.1(M). The Aluminum Association holds the Secretariat of
ANSI H35 Committee and administers the criteria and proce-
dures for registration.

A2.2 If it is documented that the Aluminum Association
could not or would not register a given composition, an
alternative procedure and the criteria for acceptance shall be as
follows:

A2.2.1 The designation submitted for inclusion does not
utilize the same designation system as described in ANSI
H35.1/H35.1(M). A designation not in conflict with other
designation systems or a trade name is acceptable.

A2.2.2 The aluminum or aluminum alloy has been offéred
for sale in commercial quantities within the prior {weélve
months to at least three identifiable users.

A2.2.3 The complete chemical composition lirnits’are sub-
mitted.

A2.2.4 The composition is, in the judgement of the respon-
sible subcommittee, significantly differentifrom that of any
other aluminum or aluminum alloy alr¢ady in the specification.

A2.2.5 For codification purposes, ai*alloying element is any
element intentionally added for any’purpose other than grain

refinement and for which minimum,and maximum limits are
specified. Unalloyed alumiaum® contains a minimum of
99.00 % aluminum.

A2.2.6 Standard limits for alloying elements and impurities
are expressed to the follewing decimal places:

Less than 0.001 %, 0.000X
0.001 to but less than/0.01 % 0.00X
0.01 to but less than 0.10 %
Unalloyed“aluminum made by a refining process 0.0XX
Alloys aidd’unalloyed aluminum not made by a refining
process 0.0X
0.10'thretgh 0.55 % 0.XX

(If"is customary to express limits of 0.30 through 0.55 %
as 0.X0 or 0.X5.)

Over 0.55 % 0.X, X.X, and so

forth
(except that combined Si + Fe limits for 99.00 % min
imum aluminum must be expressed as 0.XX or
1.XX)

A2.2.7 Standard limits for alloying elements and impurities
are expressed in the following sequence: Silicon; Iron; Copper;
Manganese; Magnesium; Chromium; Nickel; Zinc (Note
A2.1); Titanium; Other Elements, Each; Other Elements, Total;
Aluminum (Note A2.2).

Note A2.1—Additional specified elements having limits are inserted in
alphabetical order of their chemical symbols between zinc and titanium, or
are specified in footnotes.

Note A2.2—Aluminum is specified as minimum for unalloyed alumi-
num and as a remainder for aluminum alloys.

12
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APPENDIXES

(Nonmandatory Information)

X1. ALLOY PROPERTIES AND CHARACTERISTICS

X1.1  The data in Table X1.1 are approximate and are
supplied for general information only.

13
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TABLE X1.1 Properties and Characteristics
N¢te 1—1 indicates best’of\group, 5 indicates poorest of group.
Alloy patiely Resist foation Resist- Anodiz-  Chemical - Strength g iy,
Shrinkage! . . ance to . . Normally . ' . Oxide at Ele- . Suitalil-
Allowance A Approximate Melting Hot Rressure Ede- Shrink- Heat ance to Mgchln- Ppllsh- Elec_tro- ing (Ap- Coatin vated ity for ity fo
X ’ Range,? °F [°C] Tightness  ity? age Corro- ing® ing”  plating’  pear- 9 Weld- i
Ansib UNS in./ft Qracé(- Tend- Treated sionF ance)” (F"rote’((:— TempeLra— ing™ Brazinpg
[mm/m] ing ency® tion) ture
201. A02010 [13] 1060-1200 [671-649] 4 3 3 4 yes 4 1 1 1 2 2 1 4 no
204. A02040 %2 [13] 985—-1200 [529-649] 4 3 3 4 yes 4 1 2 1 3 4 1 4 no
242 ( A02420 %32 [13] 990-1175 [532-635] 4 3 3 4 yes 4 2 2 1 3 4 1 4 no
295.( A02950 %2 [13] 970-1190 [521-4643] 4 4 3 3 yes 3 2 2 1 2 3 3 3 no
319. A03190 %52 [13] 950-1125 [510-607] 2 2 2 2 yes 3 3 4 2 4 3 3 2 no
328.( A03280 %52 [13] 960-1135 [516-613] 1 1 1 1 yes 3 4 5 2 4 2 2 2 no
355.( A03550 %32 [13] 1015-1150 [546-621] 1 1 1 1 yes 3 3 3 1 4 2 2 2 no
C3550 A33550 %2 [13] 1015-1150 [546-621] 1 1 1 1 yes 3 3 3 1 4 2 2 2 no
356.( A03560 %2 [13] 1035-1135 [557-613] 1 1 1 1 yes 2 4 5 2 4 2 3 2 no
A356/0 A13560 %2 [13] 1035-1135 [557-613] 1 1 1 1 yes 2 4 5 2 4 2 3 2 no
443.( A04430 %2 [13] 1065-1170 [574-632] 1 1 1 1 no 3 5 5 2 5 2 4 1 Itd
B44310 A24430 %32 [13] 1065-1170 [574-632] 1 1 1 1 no 2 5 5 2 5 2 4 1 Itd
514.( A05140 %32 [13] 1110-1185 [599-640] 4 5 5 5 no 1 1 1 5 1 1 2 4 no
520.( A05200 Y10 [8] 840-1120 [449-604] 2 5 4 5 yes 1 1 1 4 1 1 P 5 no
535.( A05350 %52 [13] 1020-1165 [549-629] 3 5 5 5 no 1 1 1 5 1 1 3 4 no
705. A07050 %6 [16] 1105-1180 [596—638] 5 3 4 4 aged 2 1 1 3 2 2 5 4 yes
only
707. A07070 %6 [16] 1085-1165 [585-629] 5 3 4 4 yes 2 1 1 3 2 2 5 4 yes
71049 A07100 %6 [16] 1105-1195 [596—-646] 4 4 aged 2 1 1 2 2 3 5 4 yes
only
712.4° A07120 %6 [16] 1110-1185 [599-641] 5 3 4 4 aged 2 1 1 2 2 3 5 4 yes
only
713. A07130 %6 [16] 1100-1185 [593-641] 5 3 4 4 aged 2 1 1 2 2 3 5 4 yes
only
771 A07710 %6 [16] 1120-1190 [604—643] 5 3 4 4 yes 2 1 1 3 2 2 5 4 yes
850.( A08500 %52 [13] 435-1200 [224-649] 5 5 5 5 aged 3 1 1 5 4 5 P 5 no
only
851.4% A08510 %2 [13] 440-1165 [227-629] 4 4 5 4 aged 3 1 1 5 4 5 P 5 no
only
852.49 A08520 %52 [13] 400-1175 [204-635] 5 5 5 5 aged 3 1 1 5 4 5 P 5 no
only
A Allowances for average castings. Shrinkage requirements will vary with intricacy of design and dimensions.
B Temperatures of solids and liquids are indicated; pouring temperatures will be higher.
© Apility of alloy to withstand contraction stresses while cooling through hot-short or brittle-temperature range.
b Ability of liquid alloy to flow readily in mold and fill thin sections.
E Decreased in volume accompanying freezing of alloy and measure of amount of compensating feed metal required in form of risers.
FHased on alloy resistance in standard-type salt-spray test.
G Gomposite rating based on ease of cutting, chip characteristics, quality of finish, and tool life. Ratings, in the case of heat-treatable alloys, based on a-T6 temper. Other tempers, particularly the annealed temper,
may pave lower rating.
H Gomposite rating based on ease and speed of polishing and quality of finish provided by typical polishing procedure.
! Ability of casting to take and hold an electroplate applied by present standard methods.
J Rated on lightness of color, brightness, and uniformity of clear anodized coating applied in sulfuric acid electrolyte.
K Eted on combined resistance of coating and base alloy to corrosion.
L Hating based on tensile and yield strengths at temperatures up to 500°F [260°C], after prolonged heating at testing temperature.
M Based on ability of material to be fusion welded with filler rod of same alloy.
N Refers to suitability of alloy to withstand brazing temperatures without excessive distortion or melting.
© ASTM alloy designations are recorded in Practice B275.
P Not recommended for service at elevated temperatures.
@ 710.0 formerly A712.0, 712.0 formerly D712.0, 851.0 formerly A850.0, 852.0 formerly B850.0.
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X2. SI UNITS

X2.1 The SI unit for strength properties now shown is in  for pressure or stress is the newton per square metre (N/m?),
accordance with the International System of Units (SI) (IEEE/ which has been named the pascal (Pa) by the General Confer-
ASTM SI 10). The derived ST unit for force is the newton (N),  ence on Weights and Measures. Since 1 ksi =6 894 757 Pa,

which is defined as that force which when applied to a body  the metric equivalents are expressed as megapascal (MPa),
having a mass of one kilogram gives it an acceleration of one which is the same as MN/m? and N/mm?>.
metre per second squared (N = kg-m/s?). The derived SI unit

X3. INACTIVE ALLOYS

X3.1 Alloys listed as inactive by the Aluminum  method of preserving this data should it beyneeded at some
Association—208.0 and 222.0. Listing the composition limits, future date.
mechanical properties, and characteristics of the alloys is a

TABLE X3.1 Chemical Composition Limits-Inactive Alloys

Note 1—All applicable notes and footnotes can be found in Table |

Alloy Composition, (Values in Weight Percent) Others
ANSI uns  AUmInUM giicon lon Copper  Ma™ Magne-  opomium  Nidkel  Zinc  Tin  Titanum  Each  Total
ganese sium
2080 A02080  remainder 2535 12 3545 0.50 0.10 035 10 .. 0.25 0.50
2220  A02220  remainder 2.0 15 92107 050  0.15-0.35 050 08 .. 0.25 0.35

TABLE X3.2 Tensile Requirements (Inch-Pound_Units)-Inactive Alloys

Note 1—All applicable notes and footnotes can be found in Table 2.

Alloy . Yiéld Strength Elongation in Typical Brinell Hard-
Temper Tensrl:ainStizzingth, (0:2% offset), 2in.or4x ness, 500 kgf, 10
ANSI UNS ’ min, ksi diameter, min, % mm
208.0 A02080 F 19.0 (131) 120 (83) 1.5 55
222.0 A02220 (0] 23.0 (159) 80
T6 30.0 (207) 115
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TABLE X3.3/Properties and Characteristics—Inactive Alloys

Npte 1—1 indicates best of group, 5 indicates poorest of group.
Npte 2—All applicable notes and footnotes can be found in Table X1.1.
) Solidi< )
Alloy Pattern Resist fication Resist- Anodiz-  Cfiemical - Strength g iy
Shrinkage ) ) ance to ) ) Normally ) ) . Oxide at Ele- ; Suitabf-
4 Approximate Melting Pressure  Fluid-  Shrink- ance to Machin- Polish-  Electro- ing (Ap- . ity for .
— Allowance, Bor ro Hot ) D Heat G - L Coating vated ity fol
. Range,” °F [°C] Tightness ity age Corro- ing ing plating pear- Weld- g
° UNS in./ft Qrack- Tend- Treated sionf ance)” (Erotec- Tempera- ing™ Brazin
ANSI [mm/m] ing® c tion)* turet
ency
20B.0  A02080 %2 [13] 970-1160 [521-627] 2 2 2 2 yes 4 3 3 2 3 3 3 2 no
22p.0  A02220 %2 [13] 965-1155 [518-624] 3 3 3 3 yes 4 1 2 1 3 4 1 4 no

W9Z-9S/92Z-4S
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SPECIFICATION FOR SEAMLESS COPPER‘PIPE,
STANDARD SIZES

@g@

(Identical with ASTM Specification B42-20 except that certification and mill test reports have been made mandatory,
and nondestructive testing is required for all diameters.)
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SB-42 ASME BPVC.I1.B-2025
Specification for
Seamless Copper Pipe, Standard Sizes
1. Scope B577 Test Methods for Detection of Cuprous Oxide (Hydro-

1.1 This specification establishes the requirements for
seamless copper pipe in all nominal or standard pipe sizes, both
regular and extra-strong, suitable for use in plumbing, boiler
feed lines, and for similar purposes.

1.2 Units—The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

1.3 The following safety hazard caveat pertains only to the
test methods described in this specification.

1.3.1 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

B153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes

gen Embrittlement Susceptibility) in Copper

B601 Classification for Temper Designations for Copper and
Copper Alloys—Wrought and Cast

B846 Terminology for Copper and Copper Allays

B968/B968M Test Method for Flattening. of/Copper and
Copper-Alloy Pipe and Tube

E8/E8M Test Methods for Tension Testing of Metallic Ma-
terials

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance withSpecifications

E53 Test Method for Determination of Copper in Unalloyed
Copper by Gravimetry

E62 Test Methods for, Chemical Analysis of Copper and
Copper Alloys (Rhotometric Methods) (Withdrawn 2010)

E243 Practice for, Electromagnetic (Eddy Current) Examina-
tion of Caopper and Copper-Alloy Tubes

E255 Pragtice for Sampling Copper and Copper Alloys for
the, Détermination of Chemical Composition

E478(Test Methods for Chemical Analysis of Copper Alloys

ES527 Practice for Numbering Metals and Alloys in the
Unified Numbering System (UNS)

2.2 ASME Code:
ASME Boiler and Pressure Vessel Code

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B846.

4. Ordering Information

4.1 Include the following specified choices when placing
orders for product under this specification as applicable:

4.1.1 ASTM designation and year of issue;

4.1.2 Copper UNS No. designation, if required, (see Chemi-
cal Composition section);

4.1.3 Temper (see Temper section and Table 2);
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4.1.4 Pipe size, regular or extra-strong (see Dimensions

SB-42

5.3 When the copper UNS No. designation is specified, the

section and Table 3);
4.1.5 Length (see 10.3) if different than standard; and
4.1.6 Quantity—total weight, or total length or number of
pieces of each size.

4.2 The following options are available, but may not be
included unless specified at the time of placing of the order
when required:

4.2.1 DELETED

4.2.2 If product is required for bending (see 6.2) and the
temper to be furnished;

4.2.3 DELETED

4.2.4 DELETED

4.2.5 Hydrostatic test, if required (see Nondestructive Test-
ing section);

4.2.5.1 If hydrostatic test pressure above 1000 psi is re-
quired;

4.2.6 Pneumatic test, if required (see Nondestructive Test-
ing section);

427 If product is purchased for agencies of the U.S.
Government (see the Other Requirements section of this
specification); and

4.2.8 1If specification number is required to be shown on
each shipping unit (see Packaging and Package Marking
section).

5. Chemical Composition

5.1 The material shall conform to the following chemical
requirements:
Copper (incl silver), min, % 99.9
Phosphorus, max, % 0.04
5.1.1 Results of analysis on a product (check) sample shall
conform to the composition requirements within-thé.permitted
analytical variance specified in Table 1.

5.2 The pipe shall be produced from ong;of the following
coppers, and unless otherwise specified,\any one of them is
permitted to be furnished:

Previously Used

Copper UNS No. Type of Copper

Designation
C10200 OF Oxygen-free without residual
deoxidants
C10300 Oxygen-free, extra-low phosphorus
C10800 Oxygen-free, low phosphorus
C12000 DLP Phosphorized, low residual
phosphorus
C12200 DHP Phosphorized, high residual
phosphorus

TABLE 1 Chemical Requirements
Copper UNS No.

Copper (incl Silver), min, % Phosphorus, %

C10200% 99.95

C10300 99.958 0.001 to 0.005
C10800 99.955 0.005 to 0.012
C12000 99.90 0.004 to 0.012
C12200 99.9 0.015 to 0.040

A Oxygen in C10200 shall be 10 ppm max.
B Copper + silver + phosphorus.

material shall conform to the chemical requirements specified
in Table 1.

5.4 These composition limits do not preclude the presence
of other elements. By agreement between manufacturer or
supplier and purchaser, limits may be established and analysis
required for unnamed elements.

6. Temper

6.1 The standard tempers as prescribed in Classification
B601, for products described in this specificatioinare:

6.1.1 Annealed O61,

6.1.2 Light Drawn HS55, and

6.1.3 Hard Drawn H8O0.

6.2 When pipe is required for~bending, it shall be so
specified in the purchase order, and. the pipe shall be furnished
in the temper agreed upon/between the manufacturer or
supplier and the purchaser.

7. Mechanical Property-Requirements

7.1 Tensile Strength-Requirements:

7.1.1 Produet_furnished under this specification shall con-
form to the tensile requirements prescribed in Table 2, when
tested in accerdance with Test Methods E8/ESM.

8. Performance Requirements

871, Expansion Test:

8.1.1 Pipe ordered in the annealed (O61) temper, selected
for test, shall withstand an expansion of 25 % of the outside
diameter when expanded in accordance with Test Method
B153. The expanded pipe shall show no cracking or rupture
visible to the unaided eye. Pipe ordered in the drawn tempers
HS55 or H80 are not subject to this test.

Note 1—The term “unaided eye,” as used herein, permits the use of
corrective spectacles necessary to obtain normal vision.

8.2 Flattening Test:

8.2.1 As an alternative to the expansion test for pipe over
4 in. (102 mm) in diameter in the annealed temper, a flattening
test in accordance with Test Method B968/B968M shall be
performed.

8.3 Microscopical Examination:

8.3.1 The pipe shall be made from copper that is free of
cuprous oxide as determined by microscopical examination in
accordance with Method A of Test Methods B577 at a 75x
magnification.

TABLE 2 Tensile Requirements

Temper Designation Pipe Size Tensile Yield Strength,©

f Strength, rengn,

Nominal or min y 'Amll\;lll.?’ 5
i ) si a
Code Name Standard, in. | (MPa)? (MPa)
061 annealed all 30 (205) 9 (60)°
H80 hard drawn Y% -2, incl 45 (310) 40 (275)
H80 hard drawn over 2 38 (260) 32 (220)
H55 light drawn 2-12, incl 36 (250) 30 (205)

A ksi = 1000 psi.

B See Appendix X1.
€ At 0.5 % extension under load.
D Light-straightening operation is permitted.
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8.3.2 When Copper UNS No. C12200 is supplied, micro-
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9.5 Purchases for U.S. Government—If the product is pur-

scopical examination for cuprous oxide 1s not required.

9. Other Requirements

9.1 Nondestructive Testing:

9.1.1 The material shall be tested in the final size but is
permitted to be tested before the final anneal or heat treatment,
when these thermal treatments are required, unless otherwise
agreed upon by the manufacturer or supplier and purchaser.

9.1.2 The eddy current test, the hydrostatic test, or the
pneumatic test shall be conducted on each tube at the
manufacturer’s option. The requirements of Section 12 do not
apply.

9.2 Eddy-Current Test— Testing shall follow the procedures
of Practice E243, except for determination of “end effect.”
The material shall be passed through an eddy-current testing
unit adjusted to provide information on the suitability
of the material for the intended application.

9.2.1 Notch-depth standards rounded to the nearest 0.001 in.
(0.025 mm) shall be 10 % of the nominal wall thickness. The
notch depth tolerance shall be *0.0005 in. (0.013 mm).
Alternatively, when a manufacturer uses speed-insensitive
equipment that allows the selection of a maximum imbalance
signal, a maximum imbalance signal of 0.3 % is permitted to
be used.

9.2.2 Material that does not actuate the signaling device of
the eddy-current test shall be considered as conforming to the
requirements of this test. Material with discontinuities indi-
cated by the testing unit is permitted to be re-examined or
retested, at the option of the manufacturer, to determine
whether the discontinuity is cause for rejection. Signals that are
found to have been caused by minor mechanical damage, soil,
or moisture shall not be cause for rejection of the materral
provided the dimensions of the material are still Within
prescribed limits and the material is suitable for t$\intended
application.

9.3 Hydrostatic Test—The material shallk'stand, without
showing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fibér stress of 6000 psi
(41 MPa), determined by the following-equation for thin hollow
cylinders under tension. The material need not be tested at a
hydrostatic pressure of over 1900 psi (6.9 MPa) unless so
specified.

P,="28t/(D — 0.8¢) (1)

v £
=3
o
a

~
I nn

hydrostatic-ptressure, psi (or MPa);
wall thickness of the material, in. (or mm);

D outside/diameter of the material in. (or mm); and
S allowable stress of the material, psi (or MPa).
9.4\ '\Pneumatic Test—The material shall be subjected to an

ingernal air pressure of 60 psi (415 kPa) minimum for
55 without showing evidence of leakage. The test method used
shall permit easy visual detection of any leakage, such as by
having the material under water or by the pressure-differential
method. Any evidence of leakage shall be cause for rejection.

chased for agencies of the U.S. Government, when specified in
the contract or purchase order, the product furnished shall
conform to the conditions specified in the Supplementary
Requirements of this specification.

10. Dimensions and Permissible Variations

10.1 For the purpose of determining conformance with the
dimensional requirements prescribed in this specification, any
measured value outside the limiting values for any dimengsionts
shall be sufficient cause for rejection.

10.2 Standard Dimensions, Wall Thickness, and Diameter
Tolerances—The standard dimensions, wall thickness, and
diameter tolerances shall be in accordance with Table 3.

10.3 Length and Length Tolerances—The\standard length of
copper pipe is 12 ft (3.66 m) withra tolerance of =2 in.
(13 mm).

10.4 Roundness:
10.4.1 For pipe of H (drawn) tempers in straight lengths, the
roundness tolerances shall, b¢ as follows:
Roundness Tolerances as
Percent of Outside Diameter

(Expressed to the Nearest
0.001 in. (0.025 mm))

t/d (ratio of
Wall Thickness to,
Outside Diameter)

0.01 to0 0:03, incl 15
Over 0:03)to 0.05, incl 1.0
Ovér,0.05 to 0.10, incl 0.8
Over0.10 0.7

10.4.2 Compliance with the roundness tolerance shall be
determined by taking measurements on the outside diameter
only, irrespective of the manner in which the pipe dimensions
are specified.

10.4.3 The deviation from roundness is measured as the
difference between major and minor diameters as determined at
any one cross section of the tube.

10.5 Squareness of Cut—The departure from squareness of

the end of any pipe shall not exceed the following:
Outside Diameter,
in. (mm)

Up to % (15.9), incl 0.010 in. (0.25 mm)

Over % (15.9) 0.016 in./in. (0.016 mm/mm) of diameter

10.6 Straightness Tolerance—For pipe of H (drawn) tem-
pers of nominal pipe sizes from Y4 to 12 in. inclusive, the
maximum curvature (depth of arc) shall not exceed "2 in.
(13 mm) in any 10 ft portion of the total length. For H temper
pipe of other sizes, and for the O61 (annealed) temper, no
numerical values are established; however, the straightness of
the pipe shall be suitable for the intended application.

Tolerance

11. Workmanship, Finish, and Appearance

11.1 The product shall be free of defects, but blemishes of a
nature that do not interfere with the intended application are
acceptable. It shall be well cleaned and free of dirt.

12. Sampling

12.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:

20
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TABLE 3 Standard Dimensions, Weights, and Tolerances

Note 1—All tolerances plus and minus except as otherwise indicated.

Nominal or Average Outside

Standard Doi:r:fgtj:r Diameter Thic\:,\liilelass Tolerance,? Theoretical Weight,

Pipe Size, - ’ Tolerance,” in. X ’ in. (mm) Ib/ft (kg/m)
in. in. (mm) (mm) All Minus in. (mm)

Regular
% 0.405 (10.3) 0.004 (0.10) 0.062 (1.57) 0.004 (0.10) 0.259 (0.385)
Va 0.540 (13.7) 0.004 (0.10) 0.082 (2.08) 0.005 (0.13) 0.457 (0.680)
% 0.675 (17.1) 0.005 (0.13) 0.090 (2.29) 0.005 (0.13) 0.641 (0.954)
% 0.840 (21.3) 0.005 (0.13) 0.107 (2.72) 0.006 (0.15) 0.955 (1.42)
Ya 1.050 (26.7) 0.006 (0.15) 0.114 (2.90) 0.006 (0.15) 1.30 (1.93)
1 1.315 (33.4) 0.006 (0.15) 0.126 (3.20) 0.007 (0.18) 1.82(2(79)
1% 1.660 (42.2) 0.006 (0.15) 0.146 (3.71) 0.008 (0.20) 2.69°400)
1% 1.900 (48.3) 0.006 (0.15) 0.150 (3.81) 0.008 (0.20) 3-90(4.76)
2 2.375 (60.3) 0.008 (0.20) 0.156 (3.96) 0.009 (0.23) 4:22 (6.28)
21 2.875 (73.0) 0.008 (0.20) 0.187 (4.75) 0.010 (0.25) 6.12 (9.11)
3 3.500 (88.9) 0.010 (0.25) 0.219 (5.56) 0.012 (0.30) 8.76 (13.0)
31 4.000 (102) 0.010 (0.25) 0.250 (6.35) 0.013 (0.33) 11.4 (17.0)
4 4500 (114) 0.012 (0.30) 0.250 (6.35) 0.014 (0.36) 12.9 (19.2)
5 5.562 (141) 0.014 (0.36) 0.250 (6.35) 0.014 (0.36) 16.2 (24.1)
6 6.625 (168) 0.016 (0.41) 0.250 (6.35) 0.014 (036) 19.4 (28.9)
8 8.625 (219) 0.020 (0.51) 0.312 (7.92) 0.022 (0.56) 31.6 (47.0)
10 10.750 (273) 0.022 (0.56) 0.365 (9.27) 0.0303(0:76) 462 (68.7)
12 12.750 (324) 0.024 (0.61) 0.375 (9.52) 0.030(0.76) 56.5 (84.1)
Extra Strong

% 0.405 (10.3) 0.004 (0.10) 0.100 (2.54) 0,006 (0.15) 0371 (0.562)
Ya 0.540 (13.7) 0.004 (0.10) 0.123 (3.12) 0.007 (0.18) 0.625 (0.930)
% 0.675 (17.1) 0.005 (0.13) 0.127 (3.23) 0.007 (0.18) 0.847 (1.26)
7 0.840 (21.3) 0.005 (0.13) 0.149 (3.78) 0.008 (0.20) 1.25 (1.86)
Y 1.050 (26.7) 0.006 (0.15) 0.157 (3.99) 0.009 (0.23) 1.71 (2.54)
1 1.315 (33.4) 0.006 (0.15) 0.182 (4,68) 0.010 (0.25) 2,51 (3.73)
1% 1.660 (42.2) 0.006 (0.15) 0.194 (498) 0.010 (0.25) 3.46 (5.15)
1% 1.900 (48.3) 0.006 (0.15) 0.203%6.16) 0.011 (0.28) 419 (6.23)
2 2.375 (60.3) 0.008 (0.20) 0221 (5.61) 0.012 (0.30) 5.80 (8.63)
21 2.875 (73.0) 0.008 (0.20) 8286 (7.11) 0.015 (0.38) 8.85 (13.2)
3 3.500 (88.9) 0.010 (0.25) 0'304 (7.72) 0.016 (0.41) 11.8 (17.6)
31 4.000 (102) 0.010 (0.25) 0.321 (8.15) 0.017 (0.43) 14.4 (21.4)
4 4.500 (114) 0.012 (0.30) 0.341 (8.66) 0.018 (0.46) 17.3 (25.7)
5 5.562 (141) 0.014 (0.36) 0.375 (9.52) 0.019 (0.48) 237 (35.3)
6 6.625 (168) 0.016 (0.41) 0.437 (11.1) 0.027 (0.69) 32.9 (49.0)
8 8.625 (219) 0.020 (0.51) 0.500 (12.7) 0.035 (0.89) 495 (73.7)
10 10.750 (273) 0.022 (0.56) 0.500 (12.7) 0.040 (1.0) 62.4 (92.9)

A The average outside diameter of a tube is the average of the,maximum and minimum outside diameters as determined at any one cross section of the pipe.

B Maximum deviation at any one point.

12.1.1 Lot Size—The lot size shall<be as follows:

Pipe Size, in. Lot Weight, Ib (kg)
Up to 1%, incl 5 000 (2270) or fraction thereof
Over 172 to 4, incl 1Q'000 (4550) or fraction thereof
Over 4 40 000 (18 100) or fraction thereof

12.1.2 Portion Size>~Sample pieces shall be taken for test
purposes from each lot/according to the following schedule:

Number of Pieces intLot Number of Sample Pieces to be Taken”

1 to 50 1
51 to 200 2
201 to'1500 3
Qveér 1500 0.2 % of total number of pieces in the lot, but

not to exceed ten sample pieces

ABach sample piece shall be taken from a separate tube.

13. Number of Tests and Retests

13.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance

minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

13.1.1 Instead of sampling in accordance with Practice
E255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: conformance
shall be determined by the manufacturer by analyzing samples
taken at the time the castings are poured or samples taken from
the semifinished product. If the manufacturer determines the
chemical composition of the material during the course of
manufacture, he shall not be required to sample and analyze the
finished product. The number of samples taken for determina-
tion of chemical composition shall be as follows:

13.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

13.1.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 Ib
(4550 kg) or fraction thereof, except that not more than one

with 12 12 and combined into one nnmpneitp cqmplp The

21

sample shall be required per piece
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13.1.1.3 Because of the discontinuous nature of the process-
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14.3  Tensile Strength Requirements:

g of castings mto wrought products, it 1S not practical to
identify specific casting analysis with a specific quantity of
finished material.

13.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

13.2 Retests:

13.2.1 If any test specimen shows defective machining or
develops flaws, it shall be discarded and another specimen
substituted.

13.2.2 If a bend test specimen fails because of conditions of
bending more severe than required by the specification, a retest
shall be permitted on a new sample piece or on the remaining
portion of the first sample piece.

13.2.3 If the results of the test on one of the specimens fail
to meet the specified requirements, two additional specimens
shall be taken from different sample pieces and tested. The
results of the tests on both of these specimens shall meet the
specified requirements. Failure of more than one specimen to
meet the specified requirements for a particular property shall
be cause for rejection of the entire lot.

13.2.4 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 12.1. The results of this retest shall comply with the
specified requirements.

14. Test Methods

14.1 Chemical Analysis:

14.1.1 In cases of disagreement, test methods for chemical
analysis shall be subject to agreement between the manufac-
turer or supplier and the purchaser. The following table is a list
of published methods, some of which may no longer be viable,
which along with others not listed, may be used subject”to
agreement:

Test ASTM Designation”

Chemical analysis B170,° EB8,'E62, E478

ASee 2.1.
B Reference to Specification B170 is to the suggested chemical methods in the
annex thereof. When Committee EO1 has testéd and published methods for
assaying the low-level impurities in copperythe)Specification B170 annex will be
eliminated.

14.1.2 Test method(s) tozbe-followed for the determination
of element(s) resulting from contractual or purchase order
agreement shall be asagreed upon between the manufacturer or
supplier and purchaset.

14.2 The product furnished shall conform to the specified
requirements” when subjected to test in accordance with the
following applicable test methods:

Test ASTM Designation”
Tensile* Strength E8/E8M
Expansion (pin test) B153
Eddy current E243
Microscopical Examination B577
Flattening Test B968/B968M

ASee 2.1.

14.3.1 Tensile test specimens shall be of the full section of
the pipe and shall conform to the requirements of the Speci-
mens for Pipe and Tube section of Test Methods ES8/E8M
unless the limitations of the testing machine preclude the use of
such a specimen. Test specimens conforming to Type No. 1 of
Fig. 13, Tension Test Specimens for Large-Diameter Tubular
Products, of Test Methods E8/E8M is permitted to be used
when a full-section specimen cannot be tested.

14.3.2 Whenever tensile test results are obtained from/both
full-size and machined test specimens and they diffen” the
results obtained from full-size test specimens shall berused to
determine conformance to the specification requir€rents.

14.3.3 Tensile test results on material seovered by this
specification are not seriously affected by yariations in speed of
testing. A considerable range of testing 8peed is permissible;
however, it is recommended that thédate of stressing to the
yield strength not exceed 100 ksi%¢700 MPa)/min. Above the
yield strength, it is recommended that the movement per
minute of the testing machine’head under load not exceed 0.5
in./in. (0.5 mm/mm) of gagellength (or distance between grips
for full-section specinifens).

15. Significance{ of Numerical Limits

15.1 For ¢(purposes of determining compliance with the
specified lumits for requirements of the properties listed in the
followifg table, an observed value or a calculated value shall
be reunded as indicated in accordance with the rounding
method of Practice E29.

Rounded Unit for

Property Observed or Calculated Value

Chemical composition nearest unit in the last right-hand place

of figures of the specified limit
Tensile strength

Yield strength nearest ksi (nearest 5 MPa)

16. Inspection

16.1 The manufacturer or supplier shall inspect and make
tests necessary to verify the furnished product conforms to the
specification requirements.

16.2 Source inspection of the product by the purchaser may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector representing the
purchaser that the product is being furnished in accordance
with the specification shall be included in this agreement. All
testing and inspection shall be conducted so as not to interface
unnecessarily with the operation of the works.

16.3 When mutually agreed upon, the manufacturer or
supplier and purchaser shall conduct the final inspection
simultaneously.

17. Rejection and Rehearing

17.1 Rejection:
17.1.1 Product that fails to conform to the specification

requirements when tested by the purchaser or purchaser’s agent
shall be subject to rejection

22
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17.1.2 Rejection shall be reported to the manufacturer or
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19. Test Report

supplier promptly. In addition, a written notification of rejec-
tion shall follow.

17.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer or supplier shall
have the option to make claim for a rehearing.

17.2 Rehearing:

17.2.1 As a result of product rejection, the manufacturer or
supplier shall have the option to make claim for a retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification or, alternately, upon agreement of both parties, an
independent laboratory may be selected for the test(s) using the
test method(s) specified in the product specification.

18. Certification

18.1 Thepurchaser shall be furnished certification that samples
representing each lot have been tested and inspected as directed
in this specification and the requirements have been met.

18.2 DELETED

19.1 A report of test results shall be furnished.

20. Packaging and Package Marking

20.1 Packaging:

20.1.1 The product shall be separated by size, compositiong
and temper, and prepared for shipment by common carrier/in
such a manner as to afford protection from the normal hazards
of transportation.

20.2 Package Marking:

20.2.1 Each package shall be legibly markedwith the metal
or alloy designation, temper, size, gross ahd)net weight, total
length or piece count, or both, and ndme of supplier. Upon
agreement between the purchaser and\supplier, the purchase
order number shall be indicated~on, each package or on the
shipping documents.

20.2.2 When specified in the“purchase order or contract, the
product specification nurhber shall be shown.

21. Keywords

21.1 copper pipe; extra strong; regular; standard sizes ; UNS
No. C10200{ UNS No. C10300; UNS No. C10800; UNS No.
C12000;. NS No. C12200

SUPPLEMENTARY.REQUIREMENTS

S1. Scope

S1.1 The following supplementary requirements,shall apply
only when specified by the purchaser in the inquiry, €ontract, or
order, for agencies of the U.S. Government.

S2. Referenced Documents

S2.1 The following documents of the issue in effect on date
of material purchase form a part of-this specification to the
extent referenced herein:

S2.1.1 ASTM Standard:

B900 Practice for Packaging of Copper and Copper Alloy
Mill Products for U.S. Goyernment Agencies

S2.1.2 Federal Standerd:

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

S2.1.3 Military\Standards:

MIL-STD£129 Marking for Shipment and Storage

MIL-STD#2073/1 Standard Practice for Military Packaging

S2.1(4 ySAE Standard:

AMS-STD-185 Identification Marking of Copper and
Copper-Base Alloy Mill Products

S3. Quality Assurance
S3.1 Responsibility for Inspection:

S3.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer shall use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S4. Identification Marking

S4.1 All material shall be properly marked for identification
in accordance with AMS-STD-185 except that the ASTM
specification number and the alloy number shall be used.

S5. Preparation for Delivery

S5.1 Preservation, Packaging, Packing:

S5.1.1 Military Agencies—The material shall be separated
by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, and packed, Level A, B, or C, as
specified in the contract or purchase order, in accordance with
the requirements of Practice B90O.

S5.1.2 Civil Agencies—The requirements of MIL-STD-
2073 shall be referenced for definitions of the various levels of
pm‘knging prntf‘(‘tinn
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TABLE S6.1 Part or Identifying Numbers

B42 XXXXXX XXX -XX X X XXX X
Size (See Table 3) Length
Document Alloy Temper inches eighths of an Wall thickness inches eighths of an
Identifier (See Table 1) (See 6.1) inch (R = regular, inch

S = extra strong)

S5.2 Marking:

S5.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S5.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

S6. Part or Identifying Numbers (PINs)

S6.1 Part numbers are essential to maintain the integrity of
the Department of Defense cataloging system as multiple
National Stock Numbers (NSN) exist for this product. The

following information is provided for cross-reference pur-
poses. The pipe previously described in WW-P-377 and
MS14302 corresponds to ASTM B42 copper pipe of e0pper
UNS No. C12000 with a regular wall thickness.

S6.2 Part identifying numbers, for government use; shall be
formulated by selecting from the options in this spécification as
shown in Table S6.1.

S6.3 An example of a PIN followsi™~A part identifying
number of B42C12000H80-030R 1264 indicates an ASTM B42
pipe of copper UNS No. C12000in“the hard drawn (H80)
temper, 3 in. standard pipe size, regtlar wall thickness, and it
is 10 ft 6% in. (3213 mm) in(Jength.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per secoid
squared (N =kg:m/?). The derived SI unit for pres§uré”or

stressuls the newton per square metre (N/m?), which has been
framred the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi = 6 894 757 Pa, the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m?* and N/mm”.

24


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

ASME BPVC.I1.B-2025 SB-43

SPECIFICATION FOR SEAMLESS RED BRASS PIPE,
STANDARD SIZES

@g@

(Identical with ASTM Specification B43-20 except that certification and mill test reports have been made mandatory,
and nondestructive testing is required for all diameters.)
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Specification for
Seamless Red Brass Pipe, Standard Sizes
1. Scope 1.5 This international standard was developed in aceor-

1.1 This specification establishes requirements for seam-
less red brass (Copper Alloy UNS No. C23000) pipe in
nominal pipe sizes, both regular and extra-strong. In the
annealed temper (O61), the pipe is suitable for use in
plumbing, boiler feed lines, and for similar purposes. In the
drawn general purpose temper (H58), the pipe is suitable for
architectural applications, such as guard railings and stair hand
railings.

1.2 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units that are provided for
information only and are not considered standard.

1.3 The following hazard caveat pertains only to the test
method portion, 9.1.1, of this specification. This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety, health, and environ-
mental practices and determine the applicability of regulatory
limitations prior to use.

1.4 Warning—Mercury has been designated by many regu-
latory agencies as a hazardous substance that can cause serious
medical issues. Mercury, or its vapor, has been demonstrat€dyto
be hazardous to health and corrosive to materials. Use €aution
when handling mercury and mercury-containing products. See
the applicable product Safety Data Sheet (SDS) for additional
information. The potential exists that sellingymercury or
mercury-containing products, or both, is prohibited by local or
national law. Users must determine legality of sales in their
location. (See 9.2.)

dance with internationally recognized principles on stdullard-
ization established in the Decision on Principlés,for the
Development of International Standards, Guides-and Recom-
mendations issued by the World Trade Orgapization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

B153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B154 Test Method for Mercurous Nitrate Test for Copper
Alloys

B601 Classification . for Temper Designations for Copper and
Copper Alloys~—Wrought and Cast

B846 Termiinology for Copper and Copper Alloys

B858 TestyMethod for Ammonia Vapor Test for Determining
Suseeptibility to Stress Corrosion Cracking in Copper
Alloys

B900 Practice for Packaging of Copper and Copper Alloy
Mill Products for U.S. Government Agencies

B950 Guide for Editorial Procedures and Form of Product
Specifications for Copper and Copper Alloys

B968/B968M Test Method for Flattening of Copper and
Copper-Alloy Pipe and Tube

E8/E8M Test Methods for Tension Testing of Metallic Ma-
terials

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E112 Test Methods for Determining Average Grain Size

E243 Practice for Electromagnetic (Eddy Current) Examina-
tion of Copper and Copper-Alloy Tubes

E255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition

E478 Test Methods for Chemical Analysis of Copper Alloys

E527 Practice for Numbering Metals and Alloys in the
Unified Numbering System (UNS)
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2.2 ASME Code: 4.1.1 ASTM designation and year of issue;
ASME Boiler and Pressure Vessel Code 4.1.2 Temper (see Temper section);
4.1.3 Pipe size, regular or extra-strong (see Table 1);
3. Terminology 4.1.4 Length (see 11.3);
3.1 For definitions of terms related to copper and copper 4.1.5 Quantity—total weight or total length of each size;
alloys, refer to Terminology B846. and

4.1.6 Intended application.

4. Ordering Information 4.2 The following options are available but may not be

4.1 Include the following specified choices when placing  included unless specified at the time of placing the order*when
orders for product under this specification as applicable: required:
4.2.1 DELETED
4.2.2 DELETED
4.2.3 DELETED

TABLE 1 Standard Dimensions, Weights, and Tolerances

Note 1—All tolerances are plus and minus except as otherwise indicated.

Nominal or Average Outside Diameter

Outside - Wall Tolerance,? Theoretical Weight,
Standard . : Tolerances,” in. (mm) f ; 1 ’
Pipe Size, in. Diameter, in. (mm) All Minus Thickness, in. (mm) in. (mm) Ib/ft (kg/m)
Regular

% 0.405 (10.3) 0.004 (0.10) 0.062 (1.57) 0.004 (0.10) 0.253 (0.376)

Ya 0.540 (13.7) 0.004 (0.10) 0.082 (2.08) 0.005 (0.13) 0.447 (0.665)

% 0.675 (17.1) 0.005 (0.13) 0.090 (2.29) 0.005 (0.13) 0.627 (0.933)
Yo 0.840 (21.3) 0.005 (0.13) 0.107 (2.72) 0.006 (0.15) 0.934 (1.39)
A 1.050 (26.7) 0.006 (0.15) 0474,(2.90) 0.006 (0.15) 1.27 (1.89)
1 1.315 (33.4) 0.006 (0.15) 0.126 (3.20) 0.007 (0.18) 1.78 (2.65)
14 1.660 (42.2) 0.006 (0.15) 0.146 (3.71) 0.008 (0.20) 2.63 (3.91)
11 1.900 (48.3) 0.006 (0.15) 0.150 (3.81) 0.008 (0.20) 3.13 (4.66)
2 2.375 (60.3) 0.008 (0.20) 0.156 (3.96) 0.009 (0.23) 412 (6.13)
21 2.875 (73.0) 0.008 (0.20) 0.187 (4.75) 0.010 (0.25) 5.99 (8.91)
3 3.500 (88.9) 0.010 (@(25) 0.219 (5.56) 0.012 (0.30) 8.56 (12.7)
31 4.000 (102) 0.0107(0,25) 0.250 (6.35) 0.013 (0.33) 11.2 (16.7)
4 4.500 (114) 0.042 (0.30) 0.250 (6.35) 0.014 (0.36) 12.7 (18.9)
5 5.562 (141) 01014 (0.36) 0.250 (6.35) 0.014 (0.36) 15.8 (23.5)
6 6.625 (168) 0.016 (0.41) 0.250 (6.35) 0.014 (0.36) 19.0 (28.3)
8 8.625 (219) 0.020 (0.51) 0.312 (7.92) 0.022 (0.56) 30.9 (46.0)
10 10.750 (273) 0.022 (0.56) 0.365 (9.27) 0.030 (0.76) 45.2 (67.3)
12 12.750 (324) 0.024 (0.61) 0.375 (9.52) 0.030 (0.76) 55.3 (82.3)

Extra Strong

A 0.405 (10.3) 0.004 (0.10) 0.100 (2.54) 0.006 (0.15) 0.363 (0.540)

V4 0.540 (13.2) 0.004 (0.10) 0.123 (3.12) 0.007 (0.18) 0.611 (0.909)
Ys 0.675 (171) 0.005 (0.13) 0.127 (3.23) 0.007 (0.18) 0.829 (1.23)
A 0:840 (21.3) 0.005 (0.13) 0.149 (3.78) 0.008 (0.20) 1.23 (1.83)
Ya 1,050 (26.7) 0.006 (0.15) 0.157 (3.99) 0.009 (0.23) 1.67 (2.48)
1 14315 (33.4) 0.006 (0.15) 0.182 (4.62) 0.010 (0.25) 2.46 (3.66)
14 1.660 (42.2) 0.006 (0.15) 0.194 (4.93) 0.010 (0.25) 3.39 (5.04)
11 1.900 (48.3) 0.006 (0.15) 0.203 (5.16) 0.011 (0.28) 4.10 (6.10)
2 2.375 (60.3) 0.008 (0.20) 0.221 (5.61) 0.012 (0.30) 5.67 (8.44)
21s 2.875 (73.0) 0.008 (0.20) 0.280 (7.11) 0.015 (0.38) 8.66 (12.9)
3 3.500 (88.9) 0.010 (0.25) 0.304 (7.72) 0.016 (0.41) 11.6 (17.3)
31 4.000 (102) 0.010 (0.25) 0.321 (8.15) 0.017 (0.43) 14.1 (21.0)
4 4.500 (114) 0.012 (0.30) 0.341 (8.66) 0.018 (0.46) 16.9 (25.1)
5 5.562 (141) 0.014 (0.36) 0.375 (9.52) 0.019 (0.48) 23.2 (34.5)
6 6.625 (168) 0.016 (0.41) 0.437 (11.1) 0.027 (0.69) 32.2 (47.9)
8 8.625 (219) 0.020 (0.51) 0.500 (12.7) 0.035 (0.89) 48.4 (72.0)
10 10.750 (273) 0.022 (0.56) 0.500 (12.7) 0.040 (1.0) 61.1(90.9)

A The average outside diameter of a tube is the average of the maximum and minimum outside diameters as determined at any one cross section of the pipe.
B Maximum deviation at any one point.

27


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SB-43

4.2.4 Hydrostatic test, if required (see 10.3);

ASME BPVC.I1.B-2025

7.3 In the O61 (annealed) temper, the degree of annealing

4.2.5 Pneumatic test, 1f required (see 10.4);

4.2.6 Residual stress test, if required (Performance Require-
ments section);

4.2.6.1 Ammonia Vapor Test or Mercurous Nitrate Test;

4.2.6.2 For Ammonia Vapor Test, pH value other than 10;

4.2.7 Inclusion of the specification number on the packag-
ing unit (see 19.2); and

4.2.8 If product is purchased for agencies of the U.S.
Government (see the Supplementary Requirements section of
this specification) for additional requirements, if specified.

5. Chemical Composition

5.1 The material shall conform to the following chemical
composition requirements:

Copper, % 84.0 to 86.0
Lead, max, % 0.05

Iron, max, % 0.05

Zinc remainder

5.1.1 Results of analysis on a product (check) sample shall
conform to the composition requirements within the permitted
analytical variance specified above.

5.2 These composition limits do not preclude the presence
of other elements. By agreement between the manufacturer or
supplier and purchaser, limits may be established and analysis
required for unnamed elements.

5.2.1 For copper alloys in which zinc is listed as
“remainder,” either copper or zinc may be taken as the
difference between the sum of results of all other elements
determined and 100 %.

5.2.1.1 When all the elements in the table in 5.1 are
determined, the sum of the results shall be 99.8 % minimum:.

6. Temper

6.1 All pipe shall normally be furnished in the ©61" (an-
nealed) (see Classification B601) temper.

6.2 The pipe is permitted to be furnished in the¢/H58 (drawn
general purpose) temper, if agreed upon between the manufac-
turer and the purchaser. (See Table 2.)

7. Grain Size for Annealed Temper

7.1 Grain size shall be the ;standard requirement for all
product in the annealed tempét.

7.2 Acceptance or rejection based upon grain size shall
depend only on the average grain size of a test specimen taken
from each of two sample portions, and each specimen shall be
within the limits- prescribed in 7.3 when determined in accor-
dance with Test-Methods E112.

TABLE 2 Tensile Requirements

Temper Designation Tensile
p 9 Strength, Yield Strength”  Elongation in
min. min. ksi (MPa) 2-in. min. %
Code Name ksi (MPa)
061 Annealed 40.0 (275) 12.0 (85) 35
H58 Drawn general 44.0 (300) 18.0 (125) .
purpose

A At 0.5 % extension under load.

shall be sufficient to produce complete recrystallization with an
average grain size not in excess of 0.050 mm.

8. Mechanical Property Requirements

8.1 Product furnished under this specification shall conform
to the tensile, yield, and elongation requirements (where
required) prescribed in Table 2, when tested in accordance with
Test Methods ES/ESM’

9. Performance Requirements

9.1 Expansion Test:

9.1.1 Specimens in the O61 (annealed) temped shall with-
stand an expansion of 25 % of the outside diameter when
expanded in accordance with Test Method:B153. The expanded
pipe shall show no cracking or rupture Visible to the unaided
eye. Pipe ordered in the drawn (H)’condition is not subject to
this test.

Note 1—The term “unaided ey€,/as used herein, permits the use of
corrective spectacles necessary, t9yebtain normal vision.

9.1.2 As an alternative, to-the expansion test for pipe over
4 in. (102 mm) in diameter in the O61 (annealed) condition, a
flattening test in accordance with Test Method B968/B968M
shall be performed:

9.2 Residual Stress Test:

9.2.1/Wheén specified in the contract or purchase order,
product.of the O61 (annealed) shall be tested for residual stress
according to the requirements of Test Method B154 or Test
Method B858, and show no signs of cracking.

Warning—Mercury is a definite health hazard. With the
Mercurous Nitrate Test, equipment for the detection and
removal of mercury vapor produced in volatilization, and the
use of protective gloves is recommended.

Note 2—A residual stress test provides information about the adequacy
of the stress relief of the material. Tube straightening is a method of

mechanical stress relief. Stress relief annealing is a method of thermal
stress relief.

10. Other Requirements

10.1 Nondestructive Testing—The material shall be tested in
the final size but is permitted to be tested prior to the final
anneal or heat treatment, when these thermal treatments are
required, unless otherwise agreed upon by the manufacturer or
supplier and purchaser.

10.1.1 Either the eddy current, hydrostatic, or pneumatic
test shall be conducted on each tube at the manufacturer’s
option. The sampling requirements of Section 13 do not apply.

10.2 Eddy-Current Test—Testing shall follow the procedures
of Practice E243 except for determination of “end effect.”
The material shall be passed through an eddy-current testing
unit adjusted to provide information on the suitability of the
material for the intended application.

10.2.1 Notch-depth standards rounded to the nearest
0.001 in. (0.025 mm) shall be 10 % of the nominal wall
thickness. The notch depth tolerances shall be *0.0005 in.
(0.013 mm). Alternatively, when a manufacturer uses speed
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insensitive equipment that allows the selection of a maximum
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QOutside Diameter,

Tolerance.

1mbalance signal, a maximum imbalance signal of 0.3 % 1s
permitted to be used.

10.2.2 Material that does not actuate the signaling device of
the eddy-current test shall be considered as conforming to the
requirements of this test. Material with discontinuities indi-
cated by the testing unit is permitted to be reexamined or
retested, at the option of the manufacturer, to determine
whether the discontinuity is cause for rejection. Signals that are
found to have been caused by minor mechanical damage, soil
or moisture shall not be cause for rejection of the material
provided the dimensions of the material are still within
prescribed limits and the material is suitable for its intended
application.

10.3 Hydrostatic Test—The material shall stand, without
showing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 6000 psi
(41 MPa), determined by the following equation for thin
hollow cylinders under tension. The material need not be tested
at a hydrostatic pressure of over 1000 psi (6.9 MPa) unless
so specified.

P =2S8t/(D — 0.8t)

where:

P = hydrostatic pressure, psi (or MPa);

t wall thickness of the material, in. (or mm);

D outside diameter of the material in. (or mm); and
S = allowable stress of the material, psi (or MPa).

10.3.1 For material less than %2 in. (12.7 mm) in outside
diameter and less than 0.060 in. (1.5 mm) in wall thickness, the
test is permitted to be made at the option of the manufacturer
by pneumatically testing to the requirements of 10.4.

10.4 Pneumatic Test—The material shall be subjected to an
internal air pressure of 60 psi (415 kPa) miinimum for
5 s without showing evidence of leakage. Theitest'method used
shall permit easy visual detection of any leakage, such as by
having the material under water or by the(pressure-differential
method. Any evidence of leakage shall'be cause for rejection.

11. Dimensions and Permissible Variations

11.1 For the purpose ofldetermining conformance with the
dimensional requirements-prescribed in this specification, any
measured value outside/the limiting values for any dimensions
may be cause for rejection.

11.2 Standard Dimensions, Wall Thickness, and Diameter
Tolerance§—The standard dimensions, wall thickness, and
diametet tolerances shall be in accordance with Table 1.

11.3) Length and Length Tolerances—The standard length of
red brass pipe is 12 ft (3.66 m) with a tolerance of *V%in.
(13 mm).

11.4 Squareness of Cut—The departure from squareness of
the end of any pipe shall not exceed the following:

in. (mm)

Up to % (15.9), incl
Over %s (15.9)

0.010 in. (0.25 mm)
0.016 in./in. (0.016 mm/mm)

of diameter

11.5 Roundness—The roundness tolerance for straight
length tubes with a wall thickness to outside diameter ratio of
0.01 to 0.05 (inclusive) shall be 6 % of the nominal outside
diameter. For tubes with a wall thickness to outside diameter
ratio over 0.05, the roundness tolerance shall be 3,% of the
nominal outside diameter.

11.5.1 The measurement for roundness shall-be 'made from
the outside diameter. The deviation from soundness is mea-
sured as the difference between the major and minor diameters
as determined at any one cross section of/the tube. The major
and minor diameters are the diameters of two concentric circles
just enclosing the outside surfage)'of the tube at the cross
section.

11.6 Straightness Tolerarnce—For pipe of H58 (drawn gen-
eral purpose) temper of - Neminal Pipe Sizes from Y4 to 12 in.
inclusive, the maximum curvature (depth of arc) shall not
exceed Y2 in. (13 mim) in any 10 ft (3048 mm) portion of the
total length. For H58 temper pipe of other sizes, and for the
061 (annealed) ‘temper, no numerical values are established;
howeverythe straightness of the pipe shall be suitable for the
intended application.

12:{ Workmanship, Finish, and Appearance

12.1 The product shall be free of defects, but blemishes of
a nature that do not interfere with normal commercial appli-
cations are acceptable. It shall be well cleaned and free of dirt.

13. Sampling

13.1 Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:
13.1.1 Lot Size—The lot size shall be as follows:

Pipe Size, in. Lot Weight, Ib (kg)
Up to 1%, incl 5000 (2270) or fraction thereof
Over 12 to 4, incl 10 000 (4550) or fraction thereof
Over 4 40 000 (18 100) or fraction thereof

13.1.2 Portion Size—Sample pieces shall be taken for test
purposes from each lot according to the following schedule:

Number of Pieces Number of Sample Pieces

in Lot to be Taken”
1to 50 1
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of total number of pieces

in the lot, but not to exceed
10 sample pieces

A Each sample piece shall be taken from a separate tube.

13.1.3 Sampling for Visual and Dimensional Examination—
Minimum sampling for visual and dimensional examination
shall be as follows:
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14.2.4 If the chemical analysis fails to conform to the

Lot size (Pieces/lot) Sample size
2t08 Entire lot

9 to 90 8
91 to 150 12
151 to 280 19
281 to 500 21
501 to 1200 27
1201 to 3200 35
3201 to 100 000 38
10 001 to 350 000 46

In all cases, the acceptance number is zero and the rejection
number is one. Rejected lots are permitted to be screened and
resubmitted for visual and dimensional examination. All de-
fective items shall be replaced with acceptable items prior to
lot acceptance.

14. Number of Tests and Retests

14.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E255. Drillings,
millings, etc., shall be taken in approximately equal weight
from each of the sample pieces selected in accordance with
13.1.2 and combined into one composite sample. The mini-
mum weight of the composite sample that is to be divided into
three equal parts shall be 150 g.

14.1.1 Instead of sampling in accordance with Practice
E255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Confor-
mance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semi-finished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

14.1.1.1 When samples are taken at the time the castings.are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same .Source of
molten metal.

14.1.1.2 When samples are taken from the.semi-finished
product, a sample shall be taken to represent’each 10 000 1b
(4550 kg) or fraction thereof, except that*not more than one
sample shall be required per piece.

14.1.1.3 Due to the discontinuoty nature of the processing
of castings into wrought products, it is not practical to identify
specific casting analysis with_a" specific quantity of finished
material.

14.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

14.2 Retestss

14.2.1 Whenrequested by the manufacturer or supplier, a
retest shathbe’ permitted when results of tests obtained by the
purchaserfail to conform to the requirements of the product
specification.

14:2.2 The retest shall be as directed in the product speci-
fication for the initial test, except the number of test specimens
shall be twice that normally required for the specified test.

14.2.3 All test specimens shall conform to the product
specification requirement(s) in retest. Failure to conform shall
be cause for rejection.

specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accordance
with 13.1. The results of this retest shall comply with the
specified requirements.

15. Test Methods

15.1 Chemical Analysis:

15.1.1 In cases of disagreement, test methods for chemical
analysis shall be subject to agreement between the manufac-
turer or supplier and the purchaser.

15.1.2 The test methods listed below and others ot listed
may be used, subject to agreement to determine~the composi-
tion:

Element Method

Copper E478
Lead E478
Iron E478
Zinc E478

15.1.3 Test methods to befellowed for the determination of
elements resulting fropmcontractual or purchase order agree-
ment shall be as agreed” upon between the manufacturer or
supplier and purchaser.

15.2 Residual\Stress Tests:

15.2.1 Unless otherwise agreed upon between the manufac-
turer orsupplier and the purchaser, the manufacturer shall have
the ofitien of using either the mercurous nitrate test or the
animonia vapor test.

15.2.2 Mercurous Nitrate Test—The material shall be sub-
jected to test in accordance with Test Method B154.

15.2.3 Ammonia Vapor Test—The material shall be sub-
jected to test in accordance with Test Method B858. If the pH
value is not specified in the product specification, it shall be
established in accordance with agreement between the supplier
and purchaser.

15.3 Other Tests:

15.3.1 The product furnished shall conform to specified
requirements when subjected to test in accordance with the
following table:

Test ASTM Designation

(Section 2)
Grain Size E112
Tension E8/E8M
Expansion (pin test) B153

15.4 Tensile Test—Tensile test specimens shall be of the full
section of the pipe and shall conform to the requirements of the
section, Specimens for Pipe and Tube, of Test Methods
E8/E8M, unless the limitations of the testing machine preclude
the use of such a specimen. Test specimens conforming to Type
No. 1 of Fig. 13, Tension Test Specimens for Large-Diameter
Tubular Products, of Test Methods E8/E8M is permitted to be
used when a full section specimen cannot be tested.

15.4.1 Whenever tensile test results are obtained from both
full size and from machined test specimens and they differ, the
results obtained from full size test specimens shall be used to
determine conformance to the specification requirements.
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15.4.2 Tensile test results on material covered by this
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18.1.2 Rejection shall be reported to the manufacturer or

specification are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, it is recommended that the rate of stressing to the
yield strength not exceed 100 ksi (690 MPa)/min. Above the
yield strength it is recommended that the movement per minute
of the testing machine head under load not exceed 0.5 in./in.
(0.5 mm/mm) of gage length (or distance between grips for
full-section specimens).

16. Significance of Numerical Limits

16.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E29.

Propert Rounded Unit for
perty Observed or Calculated Value
nearest unit in the last

right-hand place of figures
of the specified limit

Chemical composition

Tensile Strength
Yield Strength

nearest ksi (nearest 5 MPa)

Elongation nearest 1 %

Grain size under 0.060 mm nearest multiple of 0.005 mm

0.060 mm and over nearest 0.01 mm

17. Inspection

17.1 The manufacturer or supplier shall inspect and maké
tests necessary to verify that the furnished product conforms to
specification requirements.

17.2 Source inspection of the product by the purchasér may
be agreed upon between the manufacturer or supplier and the
purchaser as part of the purchase order. In such‘ease, the nature
of the facilities needed to satisfy the inspectdr’that the product
is being furnished in accordance with the $pecification shall be
included in the agreement.

17.3 When mutually agreed upen, the manufacturer or
supplier and the purchaser shallyconduct the final inspection
simultaneously.

18. Rejection and Reheéaring

18.1 Rejection:.

18.1.1 Produet-that fails to conform to the specification
requirements.when tested by the purchaser or purchaser’s agent
shall be subject to rejection.

supplier promptly. In addition, a written notification of rejec-
tion shall follow.

18.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer or supplier shall
have the option to make claim for a rehearing.

18.2 Rehearing:

18.2.1 As a result of product rejection, the manufacturer(of
supplier shall have the option to make claim for a retest\te be
conducted by the manufacturer or supplier and the purehaser.
Samples of the rejected product shall be taken in;ae¢ordance
with the product specification, and subjected to.test by both
parties using the test method(s) specified by the product
specification or, alternately, upon agreemeht of both parties, an
independent laboratory may be selected.forthe test(s) using the
test method(s) specified in the prodiet specification.

19. Packaging and Package Marking

19.1 Packaging:

19.1.1 The product shall-be separated by size and temper,
and prepared for shipment by common carrier, in such a
manner to afford ‘protection from the normal hazards of
transportation.

19.2 Package Marking:

19.2.1Bach package shall be legibly marked with the metal
or alloy/designation, temper, size, gross and net weights, total
length ,or piece count, or both, and name of supplier. Upon
agreement between the purchaser and supplier, the purchase
order number shall be indicated on each package or on the
shipping documents.

19.2.2 When specified in the contract or purchaser order, the
specification number shall be shown.

20. Certification

20.1 The purchaser shall be furnished certification that
samples representing each lot have been tested and inspected
as directed in this specification and requirements have been met.

20.2 DELETED
21. Test Report
21.1 A report of test results shall be furnished.

22. Keywords
22.1 copper alloy UNS No. C23000; red brass pipe
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standard:

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

S1.1.2 Military Standards:

MIL-STD-129 Marking for Shipment and Storage

MIL-STD-2073/1 Standard Practice for Military Packaging

S1.1.3 ASTM Standard:

B900 Practice for Packaging of Copper and Copper-Base
Alloy Mill Products for U.S. Government Agencies

S1.1.4 SAE Standard:

AMS-STD-185 Identification Marking of Copper and
Copper-Base Alloy Mill Products

S2. Quality Assurance

S2.1 Responsibility for Inspection:

S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer shall use his own or any other suitable facilities
for the performance of the inspection and test requirements

unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms ‘to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for-identification
in accordance with AMS-STD-185 except that the ASTM
specification number and the alloy numbershall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging\Packing:

S4.1.1 Military Agencies—The material shall be separated
by size, composition, gradeforclass and shall be preserved and
packaged, Level A or C, ‘and packed, Level A, B, or C, as
specified in the contract\er purchase order, in accordance with
the requirements of Practice B90O.

S4.1.2 Civil \Agéncies—The requirements of MIL-STD-
2073/1 shallbe referenced for definitions of the various levels
of packaging protection.

S4.2{ Marking:

S4.2N" Military Agencies—In addition to any special mark-
ing~pequired by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S54.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength. properties now shown is in
accordance with the Internatiohal System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it.ansacceleration of one metre per second
squared (N =kg'mA?). The derived SI unit for pressure or

stress is the newton per square metre (N/m?), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi =6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same as
MN/m” and N/mm®.
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SPECIFICATION FOR STEAM OR VALVE BRONZE
CASTINGS

@g@ 4Dy

INTERNATIONAL
® Standards Worldwide

(Identical with ASTM Specification B61-15(2021) éXcept certification and test reports have been made mandatory.)
ASME SB-61 replaces 5.1.7, 5.1.8, 5.1.10, 10,,and/10.1 of ASTM B61 with the following:
5.1.7 Certification (Specification B824),
5.1.8 Foundry test report (Specification B824),
5.1.10 DELETED

10. Certification and Test Report
10.1 The certification and test report requirements of Specification B824 shall apply.
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S’

INTERNATIONAL

Standard Specification for

Designation: B61 - 15 (Reapproved 2021)

Steam or Valve Bronze Castings’

This standard is issued under the fixed designation B61; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (&) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This specification” establishes requirements for a high-
grade steam-metal or valve-bronze alloy (Copper Alloy UNS
No. €92200%) used for component castings of valves, flanges,
and fittings.

1.2 The castings covered are used in products that may be
manufactured in advance and supplied from stock by the
manufacturer or other dealer.

1.3 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recofi-
mendations issued by the World Trade Organization Techical
Barriers to Trade (TBT) Commiittee.

2. Referenced Documents

2.1 ASTM Standards:*

B208 Practice for Preparing Tension Test*Specimens for
Copper Alloy Sand, Permanent M¢ld, Centrifugal, and
Continuous Castings

B824 Specification for General(Requirements for Copper
Alloy Castings

B846 Terminology for Copper and Copper Alloys

! This practice is underthejurisdiction of ASTM Committee BO5 on Copper and
Copper Alloys and is the™direct responsibility of Subcommittee B05.05 on Castings
and Ingots for Remelting-

Current edition ‘approved Oct. 1, 2021. Published October 2021. Originally
approved in 1927y Last previous edition approved in 2015 as B61 - 15. DOI:
10.1520/BO06 I3 I5R21.

2 For ASMIE Boiler and Pressure Vessel Code applications, see related Specifi-
cation §B*61 of that Code.

3 The' UNS system for copper and copper alloys (see Practice E527) is a simple
eXpansion of the former standard designation system accomplished by the addition
off a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

4 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

E527 Practice for Numbering Metaly and Alloys in the
Unified Numbering System (UNS)

2.2 ASME Code:’

ASME Boiler and Pressure Vessel Code

2.3 MSS Standard:®

SP-25 Standard Marking System for Valves, Fittings,
Flanges and Unions

3. General Requirements

3.1 The fellowing sections of Specification B824 form a
part of thig"specification. In the event of a conflict between this
specifigatiorl and Specification B824, the requirements of this
specification shall take precedence.

3+ Terminology (Section 3),

371.2 Other Requirements (Section 7),

3.1.3 Dimensions, Mass, and Permissible Variations (Sec-
tion 8),

3.1.4 Workmanship, Finish, and Appearance (Section 9),

3.1.5 Sampling (Section 10),

3.1.6 Number of Tests and Retests (Section 11),

3.1.7 Specimen Preparation (Section 12),

3.1.8 Test Methods (Section 13),

3.1.9 Significance of Numerical Limits (Section 14),

3.1.10 Inspection (Section 15),

3.1.11 Rejection and Rehearing (Section 16),

3.1.12 Certification (Section 17),

3.1.13 Test Report (Section 18),

3.1.14 Product Marking (Section 19), and

3.1.15 Packaging and Package Marking (Section 20).

4. Terminology

4.1 For definitions of terms relating to copper and copper
alloys, refer to Terminology B846.

5. Ordering Information

5.1 Include the following information when placing orders
for castings under this specification:

> Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Two Park Ave., New York, NY 10016-5990, http://
WWW.asme.org.

© Available from Manufacturers Standardization Society (MSS) of the Valve and
Fittings Industry, 127 Park St., NE, Vienna, VA 22180-4602, http://www.msshq.org.

*A Summary of Changes section appears at the end of this standard
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5.1.1 Quantity of castings required,

SB-61 (ASTM B61)

purchaser. Copper or zinc may be given as remainder and may

5.1.2 Copper Alloy UNS No. (Table 1),

5.1.3 Specification title, number, and year of issue,

5.1.4 Pattern or drawing number and condition (as-cast,
machined),

5.1.5 Pressure test requirements, if specified in the purchase
order (Specification B824),

5.1.6 Soundness requirements, if specified in the purchase
order (Specification B824),

5.1.7 Certification, if specified in the purchase order (Speci-
fication B824),

5.1.8 Foundry test report, if specified in the purchase order
(Specification B824),

5.1.9 Witness inspection, if specified in the purchase order
(Specification B824),

5.1.10 ASME Boiler and Pressure Vessel Code application
(Section 10), and

5.1.11 Product marking, if specified in the purchase order
(Specification B824 and Section 11).

5.2 When material is purchased for agencies of the U.S.
government, specify the Supplementary Requirements in
Specification B824.

6. Chemical Composition

6.1 The alloy shall conform to the chemical requirements
specified in Table 1.

6.2 These specification limits do not preclude the presence
of other elements. Limits may be established for unnamed
elements by agreement between manufacturer or supplier and,

TABLE 1 Chemical Requirements, Copper Alloy UNS No. C92200

Composition, % max:

Elements (Except as indicated)
Copper 86.0-90.0
Tin 5.5-6.5
Lead 1.0-2.0
Zinc 3.0-5.0
Nickel including Cobalt .04
Iron 0.25
Antimony 0.25
Sulfur 0.05
Phosphorus?® 0.05
Aluminum 0.005
Silicon 0.005

A In determining copper minimumg-cepper may be calculated as copper plus nickel.
B For continuous castings, phesphorus shall be 1.5 % max.

be taken as the difference between the sum of all elements
analyzed and 100 %. When all named elements in Table 1 are
analyzed, their sum shall be as follows:

(D

Copper plus named elements, 99.3 % minimum.

7. Mechanical Property Requirements

7.1 Mechanical properties shall be determined from sep&*
rately cast test bars and shall meet the requirements showin
Table 2.

8. Casting Repair

8.1 Castings shall not be plugged, weldéd) burned-in, or
impregnated.

9. Sampling

9.1 Copper Alloy UNS No. C92200 test bar castings shall be
cast to the form and dimensigns shown in Figs. 2, 3, or 4 of
Practice B208.

10. Certification

10.1 When matesialis specified to meet the requirements of
ASME Boiler apdvPressure Vessel Code, the certification
requirements-of Specification B824 are mandatory.

11. Product Marking

114)Valves, flanges, and fittings shall be marked in accor-
danee with the latest revision of the Standard Marking System
for Valves, Fittings, Flanges, and Unions (No. SP-25) of the
Manufacturers Standardization Society of the Valve and Fit-
tings Industry, and in such position as not to injure the
usefulness of the casting.

12. Keywords

12.1 Copper Alloy UNS No. C92200 valves; fittings;
flanges; Navy M castings; steam bronze castings; valve cast-
ings; valve bronze

TABLE 2 Tensile Properties

Tensile strength, min, ksi* (MPa®) 34 (235)
Yield strength,® min, ksi® (MPaZ) 16 (110)
Elongation in 2 in. (50.8 mm), min % 24

A ksi = 1000 psi.

B See Appendix.

€ Yield strength shall be determined as the stress producing an elongation under
load of 0.5 % that is, 0.01 in. (0.25 mm) in a gage length of 2 in. (51 mm).
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force which when applied to a body having a mass of one
kilogram gives it an acceleration of one metre per second
squared (N =kg-m/?). The derived SI unit for pressure or

stress is the newton per square metre (N/m?), which has been
named the pascal (Pa) by the General Conference on Weights
and Measures. Since 1 ksi =6 894 757 Pa the metric equiva-
lents are expressed as megapascal (MPa), which is the same ds
MN/m? and N/mm?,

SUMMARY OF CHANGES

Committee BO5 has identified the location of selected changes to this standard_S$itic€ the last issue
(B61-08(2013)) that may impact the use of this standard. (Approved May 1, 2015.)

(1) Table 1 was revised.

(2) Sections 5.1.5 and 633 were deleted.

ASTM International takes no position respecting the validity of any patent rights assertea-in connection with any item mentioned

in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either.for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments Will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that’'your. comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 BarriHarbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies)of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the’standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
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OUNCE METAL CASTINGS
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INTERNATIONAL
® Standards Worldwide

(Identical with ASTM Specification B62-17 except that certification and foundry test reports have been made
mandatory.)

ASME SB-62 replaces 5.1.7, 5.1.8, 5.1.10, 10,"and 10.1 of ASTM B62 with the following:
5.1.7 Certification (Specification B824);
5.1.8 Foundry test report (Specification B824);

5.1.10 DELETED

10. Certification and Foundry Test Report

10.1 The certification and foundry test report requirements of Specification B824 are mandatory.
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ar
Cﬂ}l M’) Designation: B62 - 17
ull

INTERNATIONAL

Standard Specification for

Composition Bronze or Ounce Metal Castings’

This standard is issued under the fixed designation B62; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (&) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This specification” establishes requirements for an alloy
having a composition of copper, tin, lead, and zinc, used for
component castings of valves, flanges, and fittings. The com-
mon trade name of this alloy is 85-5-5-5; the correct identifi-
cation is Copper Alloy UNS No. C83600.°

1.2 The castings covered are used in products that may be
manufactured in advance and supplied from stock from the
manufacturer or other dealer.

1.3 Units—The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses are
mathematical conversions to SI units, which are provided for
information only and are not considered standard.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Commiittee.

2. Referenced Documents

2.1 ASTM Standards:*

B208 Practice for Preparing Tension-Test Specimens for
Copper Alloy Sand, Permanent Mold, Centrifugal, and
Continuous Castings

B824 Specification for GeneralvRequirements for Copper
Alloy Castings

! This specification is undenthe jurisdiction of ASTM Committee BO5 on Copper
and Copper Alloys and™is“the direct responsibility of Subcommittee B05.05 on
Castings and Ingots/for\Rémelting.

Current edition “approved April 1, 2017. Published May 2017. Originally
approved in 1926y Last previous edition approved in 2015 as B62-15. DOI:
10.1520/B0062%17.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB*61 of that Code.

3 The' UNS system for copper and copper alloys (see Practice E527) is a simple
eXpansion of the former standard designation system accomplished by the addition
off a prefix “C” and a suffix “00”. The suffix can be used to accommodate
composition variations of the base alloy.

4 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

B846 Terminology for Copper and Copper Alloys

E8/E8M Test Methods for Tension‘Testing of Metallic Ma-
terials

E527 Practice for Numbering\Metals and Alloys in the
Unified Numbering Systetm (UNS)

2.2 MSS Standard:’

SP-25 Standard MarKing System for Valves, Fittings,
Flanges and Uhions

3. General Requirements

3.1 Thefolowing sections of Specification B824 constitute
a part of, this specification. In the event of a conflict between
this specification and Specification B824, the requirements of
this-specification shall take precedence.

3.1.1 Other Requirements (Section 7),

3.1.2 Dimensions, Mass, and Permissible Variations (Sec-
tion 8),

3.1.3 Workmanship, Finish, and Appearance (Section 9),

3.1.4 Sampling (Section 10),

3.1.5 Number of Tests and Retests (Section 11),

3.1.6 Specimen Preparation (Section 12),

3.1.7 Test Methods (Section 13),

3.1.8 Significance of Numerical Limits (Section 14),

3.1.9 Inspection (Section 15),

3.1.10 Rejection and Rehearing (Section 16),

3.1.11 Certification (Section 17),

3.1.12 Test Report (Section 18),

3.1.13 Product Marking (Section 19), and

3.1.14 Packaging and Package Marking (Section 20).

4. Terminology

4.1 For definitions of terms relating to copper and copper
alloys, refer to Terminology B846.

5. Ordering Information

5.1 Include the following information when placing orders
for castings under this specification:

5.1.1 Quantity of castings required;

5.1.2 Copper Alloy UNS No. (Table 1);

3 Available from Manufacturers Standardization Society (MSS) of the Valve and
Fittings Industry, 127 Park St., NE, Vienna, VA 22180-4602, http://www.msshq.org.

*A Summary of Changes section appears at the end of this standard
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TABLE 1 Chemical Requirements Copper Alloy UNS No. C83600

TABLE 2 Tensile Properties

Composition, % max

Elements (Except as Indicated)
Copper 84.0-86.0
Tin 4.0-6.0
Lead 4.0-6.0
Zinc 4.0-6.0
Nickel including Cobalt 1.01
Iron 0.30
Antimony 0.25
Sulfur 0.08
Phosphorus?® 0.05
Aluminum 0.005
Silicon 0.005

A |n determining copper minimum, copper may be calculated as copper plus nickel.
B For continuous castings, Phosphorus shall be 1.5 % max.

5.1.3 Specification title, number, and year of issue;

5.1.4 Pattern or drawing number and condition (as-cast,
machined);

5.1.5 Pressure test requirements, if specified in the purchase
order (Specification B824);

5.1.6 Soundness requirements, if specified in the purchase
order (Specification B824);

5.1.7 Certification, if specified in the purchase order (Speci-
fication B824);

5.1.8 Foundry test report, if specified in the purchase order
(Specification B824);

5.1.9 Witness inspection, if specified in the purchase order
(Specification B824);

5.1.10 ASME Boiler and Pressure Vessel application (Sec-
tion 10); and

5.1.11 Product marking, if specified in the purchéasg ‘order
(Specification B824 and Section 11).

5.2 When material is purchased for agenciés:of the U.S.
Government, specify the Supplementary. Requirements in
Specification B824.

6. Materials and Manufacture

6.1 Material(s):

6.1.1 The material of manufacture shall be a casting of
Copper Alloy UNS No. C83600 of such purity and soundness
as to be suitable for proeéssing into the products prescribed
herein.

6.1.2 When specified in the contract or purchase order that
heat identificafion” or traceability is required, the purchaser
shall specify\the details desired.

6.2 Maniifacture:

6.2°1~The product shall be manufactured by such casting
m¢thods as to produce a uniform finished product.

6.2.2 Castings shall not be repaired, plugged, welded, or
burned-in.

Tensile strength, min, ksi* (MPa®) 30 (205)
Yield strength,€ min, ksi® (MPaZ) 14 (95)
Elongation in 2 in. or 50 mm, min, % 20

A ksi = 1000 psi.

B See Appendix X1.

€ Yield strength shall be determined as the stress producing an elongation under
load of 0.5 %; that is, 0.01 in. (0.25 mm) in a gage length of 2 in. (51 mm),

7. Chemical Composition

7.1 The material shall conform to the chemidal composition
requirements specified in Table 1 for the Cepper Alloy UNS
No. C83600.

7.2 These composition limits do-itet preclude the presence
of other elements. By agreement betWween the manufacturer and
purchaser, limits may be established and analysis required for
unnamed elements.

7.3 Copper or zinc may be given as remainder and may be
taken as the differencé between the sum of all elements
analyzed and 100+ When all named elements in Table 1 are
analyzed, their«sum shall be as follows:

Caopper Plus Named Elements, 99.3 % Minimum @)

8. Mechanical Property Requirements
8.1 Mechanical properties shall be determined from sepa-
rately cast test bars and shall meet the requirements shown in

TFable 2, when tested in accordance with Test Methods E8/
E8M.

9. Specimen Preparation

9.1 Copper Alloy UNS No. C83600 test bar castings for
tensile testing shall be cast to the form and dimensions shown
in Fig. 2, Fig. 3, or Fig. 4 of Practice B208.

10. Certification

10.1 When material is specified to meet the requirements of
ASME Boiler and Pressure Vessel Code, the certification
requirements of Specification B824 are mandatory.

11. Packaging and Package Marking

11.1 Valves, flanges, and fittings shall be marked in accor-
dance with the latest revision of the Standard Marking System
for Valves, Fittings, Flanges, and Unions (ANSI/MSS SP-25)
of the Manufacturers Standardization Society of the Valve and
Fittings Industry, and in such position as not to injure the
usefulness of the casting.

12. Keywords

12.1 copper-alloy castings; Copper Alloy UNS No. C83600;
fittings; flanges; ounce metal castings; red brass castings;
valves

39


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SB-62 (ASTM B62) ASME BPVC.I1.B-2025

APPENDIX
(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in stress is the newton per square metre (N/m?), which has been
accordance with the International System of Units (SI). The = named the pascal (Pa) by the General Conference on Weights
derived SI unit for force is the newton (N), which is defined as and Measures. Since 1 ksi =6 894 757 Pa the metric equiva-
that force which when applied to a body having a mass of one lents are expressed as megapascal (MPa), which is the 'same as
kilogram gives it an acceleration of one metre per second MN/m? and N/mm?Z.
squared (N =kg-m/?). The derived SI unit for pressure or

SUMMARY OF CHANGES

Committee BO5 has identified the location of selected changes to this standard sincé-the last issue (B62-15)
that may impact the use of this standard. (Approved April 1, 2017.)

(1) A comprehensive review was made, incorporating current (3) Relocated requirements of Section 8 into new Section 6.
proper form and style practices. (4) Renamed and revised Section 9 to align with referenced
(2) Added Section 6 and renumbered sections that follow. requirements_in.Specification B824.

ASTM International takes no position respecting the validity of any patent rights‘asSserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determinatiod of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are_iAvited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If yot feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Stdndards, at the address shown below.

This standard is copyrighted by ASTM Internatiofial, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-882-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photoCopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, ek, (978) 646-2600; http://www.copyright.com/
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SPECIFICATION FOR SEAMLESS COPPER“TUBE

@Z@ SB-75/SB-75M

(Identical with ASTM Specification B75/B75M-19 except-fordeletion of 11.1.3, footnote G in Table 2, footnote F in Table
3; certification and test{report have been made mandatory.)
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Specification for

ASME BPVC.I1.B-2025

Seamless Copper Tube

1. Scope

1.1 This specification establishes the requirements for
seamless round, rectangular, and square copper tube suitable
for general engineering applications.

1.1.1 Tubes made from any of the following Copper UNS
No. designations shall be supplied unless otherwise specified in
the contract or purchase order:

Copper UNS No. Type of Copper

C10100 Oxygen-free electronic

C10200 Oxygen-free without residual deoxidants

C10300 Oxygen-free, extra low phosphorus

C10800 Oxygen-free, low phosphorus

C12000 Phosphorus deoxidized, low residual phosphorus
C12200 Phosphorus deoxidized, high residual phosphorus

1.2 Units—The values stated in either inch-pound units or
ST units are to be regarded separately as standard. Within the
text, SI units are shown in brackets. The values stated in each
system are not necessarily exact equivalents; therefore, to
ensure conformance with the standard, each system shall be
used independently of the other, and values from the two
systems shall not be combined.

1.3 The following safety hazard caveat pertains only to the
test methods described in this specification: This standard daes
not purport to address all of the safety concerns, if<any,
associated with its use. It is the responsibility of the userof this
standard to establish appropriate safety, health, and énviron-
mental practices and determine the applicability ofJegulatory
limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision\an’ Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World, Trdade Organization Technical
Barriers to Trade (TBT) Commiittee.

2. Referenced Documents

2.1 ASTM Standards:

B153 Test Method for Expansion (Pin Test) of £epper and
Copper-Alloy Pipe and Tubing

B170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes

B193 Test Method for Resistivity ,of<Electrical Conductor
Materials

B251/B251M Specification fot\'General Requirements for
Wrought Seamless Copper.and Copper-Alloy Tube

B577 Test Methods for Detection of Cuprous Oxide (Hydro-
gen Embrittlement-Susceptibility) in Copper

B601 Classification for'Temper Designations for Copper and
Copper Alloys—Wrought and Cast

B846 Terminglogy for Copper and Copper Alloys

E8/E8M Test Methods for Tension Testing of Metallic Ma-
terial§

E18est Methods for Rockwell Hardness of Metallic Ma-
teridls

E353 Test Method for Determination of Copper in Unalloyed
Copper by Gravimetry

E62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods) (Withdrawn 2010)

E112 Test Methods for Determining Average Grain Size

E243 Practice for Electromagnetic (Eddy Current) Examina-
tion of Copper and Copper-Alloy Tubes

E255 Practice for Sampling Copper and Copper Alloys for
the Determination of Chemical Composition

2.2 ASME Standard:

ASME Boiler and Pressure Vessel Code

3. General Requirements

3.1 The following sections of Specification B251/B251M
are a part of this specification.
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3.1.1 Terminology, General;

SB-75/SB-75M

6. Material and Manufacture

3.1.2
3.1.3
3.14
3.1.5
3.1.6
3.1.7

Material and Manutacture;
Workmanship, Finish, and Appearance;
Significance of Numerical Limits;
Inspection;

Rejection and Rehearing;

Certification;

3.1.8 Mill Test Reports;

3.1.9 Packaging and Package Marking; and
3.1.10 Supplementary Requirements.

3.2 In addition, when a section with an identical title to
those referenced in section 3.1 appears in this specification, and
is in conflict with the section appearing in Specification
B251/B251M, the section in this specification shall prevail.

4. Terminology

4.1 Definitions—For definitions of terms related to copper
and copper alloys, refer to Terminology B846.

5. Ordering Information

5.1 Include the following specific choices when placing
orders for product under this specification, as applicable.

5.1.1 ASME designation

5.1.2 Copper UNS No. (for example, C10100);

5.1.3 Temper (Section 8);

5.1.4 Dimensions; diameter or distance between parallel
surfaces, and wall thickness (Section 17);

5.1.5 How furnished; coils or straight lengths;

5.1.6 Number of pieces or footage; each size and type;

5.1.7 Total weight.

5.2 The following options are available but may not\be
included unless specified at the time of placing the order{when
required:

5.2.1 Electrical mass resistivity test,

5.2.2 Hydrogen embrittlement test,

5.2.3 Hydrostatic test for pressures less»than or equal to
1000 psi (21.2.8),

5.2.4 Hydrostatic test for pressuresOoyer 1000 psi (21.2.8.1),

5.2.5 Pneumatic test,

5.2.6 DELETED

5.2.7 DELETED

5.2.8 Expansion test,

5.2.9 DELETED

5.2.10 When product is purchased for agencies of the U.S.
Government.

6.1 Material—The material of manufacture shall be billets,
bars, or tube of Copper UNS No. C10100, C10200, C10300,
C10800, C12000, or C12200, and shall be of such soundness as
to be suitable for processing into the tubular products de-
scribed.

6.2 Manufacture:

6.2.1 The tube shall be manufactured by such hat-“ahd
cold-working processes as to produce a uniform_ wzOught
structure in the finished product. It shall be cold drawn to the
finished size and wall thickness.

6.2.2 When cold-drawn temper is requiredythe final draw-
ing operation shall be such as to meet the specified temper.
When annealed temper is required, the(tube shall be annealed
subsequent to the final cold draw.

7. Chemical Composition

7.1 The material shall cenform to the requirements in Table
1 for the specified Coppef UNS No. designation.

7.1.1 These compdsition limits do not preclude the presence
of other elements<By agreement between the manufacturer or
supplier and the, purchaser, limits may be established and
analysis reqgiired for unnamed elements.

8. Temper

8.1 The requirements and size availability of tube in the
cold-drawn tempers H55, H58, and H80, as defined in Classi-
fication B601, are specified in Table 2 or Table 3.

8.1.1 Rectangular, including square, tube shall normally be
supplied only in H58 temper. When requested by the manu-
facturer or supplier, and upon agreement with the purchaser,
tube may be supplied in H55 temper.

8.1.1.1 For any combination of diameter and wall thickness
not listed under H80 temper, the requirements specified for
H58 temper shall apply.

8.2 The requirements and size availability of tube in the
annealed tempers 050, 060, and 062 as defined in Classifi-
cation B601, are specified in Table 2 or Table 3.

Note 1—The purchaser shall confer with the manufacturer or supplier
for the availability of product in a specific temper.

Note 2—Refer to Appendix X1 for recommended applications based
on temper.

9. Grain Size Requirements

9.1 Tube in the annealed temper shall conform to the grain
size specified in Table 2 or Table 3.

TABLE 1 Chemical Requirements

Composition, %

Element Copper UNS No.
C10100% C10200° C10300 C10800 C12000 C12200
Copper, min 99.99 99.95 99.90 99.9
Copper + 99.95 99.95
phosphorus, min
Phosphorus 0.001-0.005 0.005-0.012 0.004-0.012 0.015-0.040

A Refer to Table 1, Chemical Requirements, Grade 1, of Specification B170 for impurity limits for Copper UNS No. C10100.

B Refer to Table 1, Chemical Requirements, Grade 2, of Specification B170 for impurity limits for Copper UNS No. C10200.
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TABLE 2 Mechanical Property Requirements of Drawn-Temper and Annealed-Temper Tube (inch-pound values)

Outside Diameter,

Temper Designation ; Rockwell Hardness* Yield
o Major Wall Avergge Tensile Strength, Strength,©
Distance Between . . _— Grain B LI
Outside Parallel Thickness, in. Size, mm ksi Ml
Code Name u h Scale Hardness g ksi
Surfaces, in.
H55 light-drawn® all all 30T 30 to 60 36-47 30
H58 drawn (general all all 30T 30 min 36 min 30
purpose)
H80 hard-drawn® up to 4 0.020 to 0.250, incl 30T 55 min 45 min 40
062 heavy anneal all 0.015 to 0.035 151’:25 60 max 0.050 max 30 min 6.5£ g
0.035 and over F 55 max 0.050 max 30 min 6567
060 soft anneal all 0.015 to 0.035 15T 60 max 0.040 min 30 min 9
0.035 and over F 50 max 0.040 min 30 min 9
050 light anneal all 0.015 to 0.035 15T 65 max 0.040 max 30 min 9
0.035 and over F 55 max 0.040 max 80’min 9

A Rockwell hardness tests shall be made on the inside surface of the tube. When suitable equipment is not available for determinifigthe specified Rockwell hardness, other
Rockwell scales and values shall be specified subject to agreement between the purchaser and supplier.

B ksi = 1000 psi.

€ Yield strength to be determined at 0.5 % extension under load.

P Light-drawn and hard-drawn tempers are normally available in round tubes only.

E Rockwell hardness values shall apply only to tubes having a wall thickness of 0.015 in. or over, to round tubés hating an inside diameter of %s in. or over, and to
rectangular, including square, tubes having an inside major distance between parallel surfaces of % in. or over_For'all other tube, no Rockwell values shall apply. Rockwell
hardness tests shall be made on the inside surface of the tube. When suitable equipment is not available for,determining the specified Rockwell hardness, other Rockwell
scales and values shall be specified subject to agreement between the purchaser and supplier.

F Light-straightening operation is acceptable.

G DELETED
TABLE 3 Mechanical Property Requirements of Drawn-Temper and Annealed-Temper Tube (Sl Values)
Outside
Temper Designation Diameter, Rockwell Hardness” )
or Major Average Tensile Yield 5
Distance Wall Thicknes§,/mm Grain Strength,? Str?nr}gth,
Between Size, mm MPa MPa
Standard Former Outside Parallel Scale Hardness
Surfaces, mm
H55 light-drawn® all alt 30T 30 to 60 250-325 205
H58 drawn (general all all 30T 30 min 250 min 205
purpose)
H80 hard-drawn® up to 102 0.508 to 6.35, incl 30T 55 min 310 min 275
062 heavy anneal all 0.381 to 0.889 15TP 60 max 0.050 max 205 min 455 F
0.889 and over FP 55 max 0.050 max 205 min 455 F
060 soft anneal all 0.381 to 0.889 15T 60 max 0.040 min 205 min 62
0.889 and over F 50 max 0.040 min 205 min 62
050 light anneal all 0.381 to 0.889 15T 65 max 0.040 max 205 min 62
0.889 and over F 55 max 0.040 max 205 min 62

A Rockwell hardness tests shall be madeon the inside surface of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, other
Rockwell scales and values shal"besspecified subject to agreement between the purchaser and supplier.

B Yield strength to be determinedat 0.5 % extension under load.

€ Light-drawn and hard-drawn tempers are normally available in round tubes only.

P Rockwell hardness values ‘shall apply only to tubes having a wall thickness of 0.040 mm or over, to round tubes having an inside diameter of 8.0 or over, and to
rectangular, including quare, tubes having an inside major distance between parallel surfaces of 5.0 mm or over. For all other tube, no Rockwell values shall apply.
Rockwell hardnesstests-shall be made on the inside surface of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, other
Rockwell scales and.values shall be specified subject to agreement between the purchaser and supplier.

E Light-straighfening operation shall be permitted.

F DELETED

9.2 Acceptance or rejection based upon grain size shall 10. Physical Property Requirements
depend only on the average grain size of a test specimen taken
from each of two sample portions, and each specimen shall be
within the limits prescribed in Table 2 or Table 3 when
determined in accordance with Test Methods E112.

10.1 Electrical Resistivity—When specified in the contract
or purchase order, tube ordered for electrical conductor appli-
cation produced from Copper UNS No. C10100, C10200,
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C10300, or C12000 shall have an electrical mass resistivity,

SB-75/SB-75M

12.1.2 The expanded tube shall show no cracking or rupture

Q-g/m”, not to exceed the following limit for the specified
copper and temper when tested in accordance with Test
Method B193:

Copper UNS No.

Temper ©10100 ©10200 ©10300 ©12000
060, 050 0.15176 0.153 28 0.156 14 0.170 31
H55, H58, H80  0.156 14 0.157 37 0.159 40 0.174 18

Note 3—Refer to Appendix X2 for the International Annealed Copper
Standard (IACS) electrical conductivity equivalents.

11. Mechanical Property Requirements

11.1 Tensile and Yield Strength Requirements:

11.1.1 The tube furnished under this specification shall
conform to the requirements of Table 2 or Table 3 for the
specified temper and wall thickness when tested in accordance
with Test Methods ES/E8M.

11.1.2 For any combination of diameter and wall thickness
not listed under H80, the requirements for H58 shall apply.

11.1.3 DELETED

11.2 Rockwell Hardness Requirements:

11.2.1 The tube shall conform to the Rockwell hardness
requirements of Table 2 or Table 3 for the specified temper and
wall thickness when tested in accordance with Test Methods
E18.

11.2.1.1 The Rockwell Hardness values for tube in the H55,
H58, and H80 temper shall apply only to the following:

(a) Tubes having a wall thickness of 0.020 in. [0.508 mm]
and over,

(b) Round tubes having an inside diameter of %16 in. [80
mm] and over,

(c) Rectangular and square tubes having majordistances
between parallel surfaces of ¥i¢ in. [5 mm] and o¥er.

11.2.1.2 The Rockwell Hardness values for tabe in the O60
and O50 temper shall apply only to the following:

(a) Tubes having a wall thickness of Q@15 in. [0.38 mm]
and over;

(b) Round tubes having an insidé~diameter of ¥is in. [8
mm] and over;

(c) Rectangular and square tubes having inside major
distances between parallel sutfaces of %16 in. [5 mm] and over.

11.3 Straightening—It(shall not be prohibited to use light
straightening for tubg¢ in*the O60 and O50 temper.

11.4 When atdiscrepancy between tensile and Rockwell
hardness exists,tensile always takes precedence for acceptance
or rejectiomr Criteria.

12. Performance Requirements

12.1 Expansion Test for Round Tube:

12.1.1 When specified in the contract or purchase order,
annealed tubes shall be capable of withstanding an expansion
of the outside diameter of 40 % for tube ¥ in. [19.0 mm] and
under and 30 % for tube over % in. [19.0 mm] when tested in
accordance with Test Method B153.

visible to the unaided eye.

13. Microscopical Examination

13.1 Tubes furnished in Copper UNS No. C10100, C10200,
C10300, and C12000 shall be essentially free of cuprous oxide
as determined by Procedure A of Test Methods B577.

14. Hydrogen Embrittlement

14.1 When specified in the contract or purchase order, tubes
produced in all designated copper material shall,bé.¢apable of
conforming to the requirements of Procedure” B of Test
Methods B577.

15. Nondestructive Test

15.1 The tubes shall be tested in‘drawn tempers or as drawn
before the final-annealed temper tnless otherwise agreed upon
between the manufacturer and<the purchaser.

15.2 Electromagnetic (Eddy-Current) Test:

15.2.1 Each tube ypcto and including 3% in. [79 mm] in
outside diameter shall be subjected to test.

15.2.2 Whentestéd in accordance with Practice E243, tubes
which do not actuate the signaling device of the testing unit
shall be considered as conforming to the requirements of the
test.

¥5.3VHydrostatic Pressure Test—When specified in the con-
tfact”or purchase order, each tube shall be capable of with-
standing an internal hydrostatic pressure sufficient to produce a
fiber stress of 6000 psi [41 MPa] without leakage. The tube
need not be subjected to a pressure gauge reading over 1000 psi
[6.9 MPa] unless specifically stipulated in the contract or
purchase order.

15.4 Pneumatic Pressure Test—When specified in the con-
tract or purchase order, each tube shall be capable of with-
standing an internal air pressure of 60 psi [400 kPa], minimum,
for 5 s without leakage.

16. Purchases for U.S. Government Agencies

16.1 When the contract or purchase order stipulates that the
purchase is for an agency of the U.S. Government, the tubes
furnished shall conform to the conditions specified in the
Supplementary Requirements of Specification B251/B251M.

17. Dimensions, Mass, and Permissible Variations

17.1 The dimensions and tolerances for product described
by this specification shall be as specified in the following tables
and related sections of the current edition of Specification
B251/B251M:

17.1.1 Wall Thickness Tolerances—Refer to Tables 1 and 2.

17.1.2 Tolerances for Diameter or Distance Between Par-
allel Surfaces—Refer to Tables 3 and 4.

17.1.3 Length Tolerances—Refer to Tables 5 and 6.

17.1.4 Straightness Tolerance—Refer to Table 7.

17.1.5 Corner Radius for Rectangular, including Square,
Tube—Refer to Table 8.

17.1.6 Roundness, Squareness of Cut and Twist Tolerances
for Rectangular and Square Tubes—Refer to titled sections
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17.2 Length Tolerances for Tube in Coils—Refer to Table 4,

ASME BPVC.I1.B-2025

TABLE 5 Coil Length Tolerances (Specific Lengths) Sl Values

Table 5, Table 6, Table 7, Table 8 and Table 9 of this
specification.

18. Sampling

18.1 The lot size, portion size, and selection of sample
portions shall be as follows:

18.1.1 Lot Size—An inspection lot shall be 10 000 1b [5000
kg] or fraction thereof,

18.1.2 Portion Size—Sample pieces shall be selected to be
represented of the lot as follows:

Number of Pieces in Lot Number of Portions to Be Taken”

1 to 50 1
51 to 200 2
201 to 1500 3

A Each test portion shall be taken from a separate tube.

18.2 Chemical Composition:

18.2.1 The composite sample shall be taken in approximate
equal weights from each portion piece selected in 18.1.2 and in
accordance with Practice E255. The minimum weight of the
composite shall be 150 g.

18.2.2 The manufacturer shall have the option of sampling
at the time the castings are poured or taken from the semifin-
ished product. The number of samples taken during the course
of manufacture shall be as follows:

18.2.2.1 When sampled at the time castings are poured, at
least two samples shall be taken, one after the start and one
near the end of the pour, for each group of castings poured
simultaneously from the same source of molten metal.

18.2.2.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 0Q0\b
[5000 kg] or fraction thereof, except that not more than One
sample per piece shall be required.

18.2.2.3 When composition is determined during'the course
of manufacture, sampling and analyses of the fifiished product
is not required.

18.3 Other Tests—Specimens for allsether tests shall be
taken from two of the sample portions ‘taken in 18.1.2. In the
event only one sample portion is taken, all specimens shall be
taken from the portion selected,

19. Number of Tests and” Retests

19.1 Tests:

19.1.1 Chemical*Analysis—Chemical composition shall be
determined in accordance with the element mean of the results
from at least two’replicate analyses of the sample(s).

19.1.2 Grain Size, Electrical Resistivity, Tensile and Yield
Strength,\and Rockwell Hardness—Results shall be reported as

TABLE 4 Coil Length Tolerances (Specific Lengths) Inch-Pound
Values

Tolerances, in., All Plus, for
Nominal Lengths, ft
Up to 50, incl  Over 50 to 100, incl
12 24

Outside Diameter or Major Distance
Between Parallel Surfaces, in.

Up to 2, incl

Tolerances, mm, All Plus, for
Nominal Lengths, m
Up to 15, incl Over 15 to 30, incl
300 610

Outside Diameter or Major Distance
Between Parallel Surfaces, mm

Up to 50.8, incl

the average obtained from two test specimens, each taken from
a separate test piece, where possible.

19.1.3 Other Tests—At least two specimens shall be\pre-
pared for each of the other tests and each shall conform-fo test
requirements.

19.2 Retests:

19.2.1 When requested by the manufacturer or supplier, a
retest shall be permitted when results of tests obtained by the
purchaser fail to conform to the requifements of the product
specification.

19.2.2 The retest shall be assdirected in the product speci-
fication for the initial test, €xcept for the number of test
specimens shall be twice (that normally required for the
specified test.

19.2.3 All test specimens shall conform to the product
specification reqdirgment(s) in retest. Failure to conform shall
be cause for rejection.

20. Specimen Preparation

2Q0.8\Chemical Analysis—Preparation of the analytical
speeimens shall be the responsibility of the reporting labora-
tory.

20.2 Tensile and Yield Strength Test—The test specimens
shall be of the full section of the tube and shall conform with
the requirements of the Test Specimen section of Test Methods
E8/E8M, unless the limitation of the testing machine precludes
the use of such specimens in which case test specimens
conforming to Type No. 1 of Fig. 13 in Test Methods ES/ESM
shall be used.

20.3 Rockwell Hardness:

20.3.1 The test specimen shall be of a size and shape to
permit testing by the available test equipment.

20.3.2 The surface of the test specimen shall be sufficiently
flat and smooth so as to permit the accurate determination of
hardness.

20.3.3 The test specimen shall be free from scale and
foreign matter and care shall be taken to avoid any change in
condition (for example, heating or cold working).

20.4 Grain Size—Test specimens shall be prepared in ac-
cordance with the appropriate procedure in Test Methods E112

20.5 Electrical Resistivity:

20.5.1 The test specimen shall be full size and shall be the
full cross section of the material it represents when possible.

20.5.2 When the test specimen is taken from material in
bulk, care shall be taken that the properties are not appreciably
altered in the preparation.

Note 4—Plastic deformation tends to work harden a material and raise
its resistivity, while heating tends to anneal the material with a subsequent

reductionin-resistivity
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TABLE 6 Coil Length Tolerances (Mill Lengths) Inch-Pound Values

(AppiicableOnty to Fult-tengthrPieces)

Tube Outside Diameter or Major Distance

Tolerances, %, for Nominal Lengths, ft [mm]

Between Parallel Surfaces, in. [mm]

Up to 100 [30 480], incl

Over 100 to 2000 [30 480 to 609 600], incl

Up to 1 [25], incl
Over 1 to 2 [25 to 51], incl

54 or 2 ft, whichever is greater
54 or 2 ft, whichever is greater

104
no tolerances established

A Expressed to the nearest 1 ft.

TABLE 7 Coil Length Tolerances (Mill Lengths) Sl Values
(Applicable Only to Full-Length Pieces)

Tube Outside Diameter or Major Distance

Tolerances, %, for Nominal Lengths in mm

Between Parallel Surfaces, mm

Up to 30 000, incl

Over 30 000 to 600 000, iAc!

Up to 25, incl
25 to 50, incl

54 or 600, whichever is greater
54 or 600, whichever is greater

104
no tolerances established

A Expressed to the nearest 300 mm.

TABLE 8 Coil Schedule of Mill Lengths with Ends, Inch-Pound Values

Tube Outside Diameter or Major Distance

Between Parallel Surfaces, in. Nominal Length, ft

Shortest Permissible
Length, % of
Nominal Length

Maximum Permissible Weights of
Ends, % of Lot Weight

Up to 1, incl up to 100, incl
Over 1 to 2, incl up to 100, incl
Up to 1, incl over 100 to 2000, incl

704 10
602 20
50Q 508

A Expressed to the nearest 1 ft.

B Short pieces of lengths between 50 ft and one-quarter of full length shall not exceed 10 % of lot weight. Short pieces of lengths between one-quarter of a full length and

full length shall not exceed 40 % of lot weight.

TABLE 9 Coil Schedule of Mill Lengths with Ends, Sl Values

Tube Outside Diameter or Major Distance

Between Parallel Surfaces, mm Nominal Length, mm

Shortest Permissible
Length, % of
Nominal Length

Maximum Permissible Mass of Ends,
% of Lot Weight

Up to 25, incl up to 30 000, incl 704 10
Over 25 to 50, incl up to 30 000, incl 604 20
Up to 25, incl over 30 000_te600 000, incl 50 508

A Expressed to the nearest 300.

B Short pieces are permitted to be included as follows: up to 10, %"6f lot weight between 15 200 and one quarter of full length and up to 40 % between one quarter and

full length.

20.6 Expansion (Pin) Test—Test specimens shall conform to
the requirements of the Specimen.Preparation section of Test
Method B153.

20.7 Microscopical Examination—The test specimen shall
be prepared in accordance with Procedure A of Test Methods
B577 and the specimen® surface shall approximate a radial
longitudinal section of‘round tube or a longitudinal section of
rectangular and square tube perpendicular to, and bisecting, the
major dimengional surface.

20.8 Hydrogen Embrittlement—The test specimen shall
conform to'the appropriate requirements of Procedure B of Test
Methods B577.

21. Test Methods

21.1 Chemical Analyses—In case of disagreement, test
methods for chemical analysis shall be subject to agreement
between the manufacturer or supplier and the purchaser. The
following table is a list of published methods, some of which
may no longer be viable, which, along with others not listed,

Element Test Method
Copper E53
Phosphorus E62

21.1.1 The test methods for the determination of composi-
tion for Coppers C10100 and C10200 shall be as described in
Annex of Specification B170.

21.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be as
agreed upon between the manufacturer and the purchaser.

21.2 The tubes furnished shall conform to the physical and
mechanical properties and other requirements of this specifi-
cation when tested or examined in accordance with the
following appropriate test method or practice:

Test Test Method

Tensile strength E8/E8M
Yield strength E8/E8M
Rockwell Hardness E18
Grain size E112
Electrical resistivity B193
Expansion (pin test) B153

mayv be used sublect to agreement
J (=
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21.2.7.3 Tubes that do not activate the signaling device of

Electromagnetic examination (eddy current) E243
Microscopical examination, Procedure A B577
Hydrogen embrittlement, Procedure B B577

B75/B75M, 21.2.8
B75/B75M, 21.2.9

21.2.1 Whenever test results are obtained from both full-
size and machined specimens and they differ, the test results
from the full-size specimens shall prevail.

21.2.2 Rockwell hardness shall be determined on the inside
surface of the tube and a minimum of three readings shall be
taken on each specimen, each at a different location.

21.2.2.1 When suitable equipment is not available for de-
termining the specified Rockwell hardness, other Rockwell
scales and values shall be specified by agreement between the
manufacturer and the purchaser.

21.2.3 Grain size shall be determined, in case of dispute, by
the intercept method.

21.2.4 Electrical Resistivity—The limit of measurement un-
certainty shall be =0.30 % as a process control method and
*0.15 % as an umpire method.

21.2.5 Microscopical Examination—Cuprous oxide content
shall be determined in accordance with Procedure A, or, in case
of dispute, Procedure C, Closed Bend Test, of Test Methods
B577 shall be followed.

21.2.6 Hydrogen Embrittlement—Procedure B shall be
followed, or, in case of dispute, Procedure C, Closed Bend
Test, of Test Methods B577 shall be followed.

21.2.7 Electromagnetic (Eddy-Current) Test—Each tube up
to and including 3%% in. [79 mm] in outside diameter shall be
subjected to an eddy-current test. Testing shall follow the
procedures in Practice E243.

21.2.7.1 Either notch depth or drilled hole standards shall be
used.

(a) Notch depth standards, rounded to the nearest 0.001\in!
[0.025 mm] shall be 22 % maximum of the wall thicknessThe
notch depth tolerance shall be £0.0005 in. [#0.013 mm].

(b) Drilled holes shall be drilled radially through the wall
using a suitable drill jig that has a bushing tosguide the drill,
care being taken to avoid distortion of the tube-while drilling.
The diameter of the drilled hole shall be in-aecordance with the
following and shall not vary by more than +0.001, —0.000 in.
[+0.025 mm, —0.000 mm] of the hole,diameter specified.

Diameter of Drilled

Hydrostatic pressure
Pneumatic pressure

Tube Outside Diameter, Drill

- Holes,

in. [mm] . Number

in. [mm]
4 to %4, incl [6.0 to 19, incl,] 0.025 [0.635] 72
Over % to 1, incl [Over 19.0to 25, incl] 0.031 [0.787] 68
Over 1 to 1Y4, incl [Oyeres to 32, incl] 0.036 [0.915] 64
Over 14 to 12, ingt{Owver 32 to 38, incl] 0.042 [1.07] 58
Over 1'% to 1%4, inel[Over 38 to 45, incl] 0.046 [1.17] 56
Over 1%4 to 2,(inch[Over 45 to 50, incl] 0.052 [1.32] 55

21.2.7.2\ Alternatively, at the option of the manufacturer,
using speed-insensitive eddy-current units that are equipped to
selegtva fraction of the maximum imbalance signal, the
following percent maximum imbalance signals shall be used:

Maximum Percent Imbalance

Standard Tube Size, in. [mm] Signal Magnitude

Up to %, incl [Up to 9, incl] 0.2
Over 3 to 2, incl [Over 13 to 50, incl] 0.3
Over 2 to 3, incl [Over 50 to 76, incl] 0.4

the eddy-current tester shall be considered as conforming to the
requirements of this test. Tubes with discontinuities indicated
by the testing unit are not prohibited, at the option of the
manufacturer, from being reexamined or retested to determine
whether the discontinuity is cause for rejection. Signals that are
found to have been caused by minor mechanical damage, soil
or moisture, shall not be cause for rejection of the tubes
provided the tube dimensions are still within prescribed limits
and the tube is suitable for its intended application.

21.2.8 Hydrostatic Test—The internal hydrostatic preSsure
necessary to produce the required fiber stress shall be deter-
mined by the following equation for thin hollewicylinders
under tension.

P =25t/(D — 0.8t) (1)

> =
=
o
(¢}

hydrostatic pressure, psi [or dMPa];

thickness of tube wall, insJOr mm];

outside diameter of tubé~n. [or mm]; and
allowable fiber stress of-the material, psi [MPal].

S

~
I mn

95}

21.2.8.1 The tube need)not be tested at a pressure gauge
reading over 1000 psi[6:9 MPa] unless so specified.

21.2.9 Pneumaftic {Test—The test method shall permit easy
visual detection-ef leakage, such as having the material under
water or by the€ pressure differential method.

22. Rejection and Rehearing

22, I\Rejection:

221.1 Product that fails to conform to the specification
tequirements when tested by the purchaser or purchaser’s agent
shall be subject to rejection.

22.1.2 Rejection shall be reported to the manufacturer or
supplier promptly. In addition, a written notification of rejec-
tion shall follow.

22.1.3 In case of dissatisfaction with results of the test upon
which rejection is based, the manufacturer or supplier shall
have the option to make claim for a rehearing.

22.2 Rehearing:

22.2.1 As a result of product rejection, the manufacturer or
supplier shall have the option to make claim for a retest to be
conducted by the manufacturer or supplier and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification, or alternately, upon agreement of both parties, an
independent laboratory may be selected for the test(s) using the
test method(s) specified in the product specification.

23. Certification

23.1 The purchaser shall be furnished certification that
samples representing each lot have been tested and inspected

as directed in this specification and requirements have been met.

23.2 DELETED
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24. Test Report 25. Keywords

24.1 A report of test results shall be furnished. 25.1 seamless copper tube; seamless tube; tube; C10100;
C10200; C10300; C10800; C12000; C12200

APPENDIXES
(Nonmandatory Information)

X1. RECOMMENDED APPLICATIONS

X1.1 Tube in the H55 temper is recommended when a tube X1.3 Tube in the H80 temper is recommended for applica-
of some stiffness is required yet capable of being bent when tions in which there is a need for a tube as stfong as technically
necessary. feasible for the size indicated.

X1.2 Tube in the H58 temper is recommended for general
applications in which there is no specific need for high strength
or bending qualities.

X2. INTERNATIONAL ANNEALED COPPER STANDARD (ELECTRICAL CONDUCTIVITY EQUIVALENTS)

Electrical Resistivity, Q-g/m? Conductivity, %

0.151 76 101.00
0.153 28 100.00
0.156 14 98.16
0.157 37 97.40
0.159 40 96.16
0.170 31 90

0.174 18 88
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SPECIFICATION FOR COPPER-SILICON ALLOY PLATE,
SHEET, STRIP, AND ROLLED BAR FOR GENERAL
PURPOSES AND PRESSURE VESSELS

@Z@ SB-96/SB-96M

(Identical with ASTM Specification B96/B96M-20 except yield strength is required.)
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Specification for

ASME BPVC.I1.B-2025

Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled Bar for
General Purposes and Pressure Vessels

1. Scope

1.1 This specification establishes the requirements for
copper-silicon alloy plate, sheet, strip, and rolled bar for
drawing, forming, stamping, bending, and general engineering
applications, and for pressure vessel applications. The alloys
involved are copper alloys UNS Nos. C65100, C65400, and
C65500.

1.2 When product is ordered for ASME Boiler and Pressure
Vessel Code applications, consult the Code for applicable
alloys.

1.3 Units—The values stated in either inch-pound units or
SI units are to be regarded separately as standard. Within the
text, SI units are shown in brackets. The values stated in each
system are not necessarily exact equivalents; therefore, to
ensure conformance with the standard, each system shall be
used independently of the other, and values from the two
systems shall not be combined.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Regein-
mendations issued by the World Trade Organization Te¢hmnical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

B248 Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B248M Specification for General Requirements forWrought
Copper and Copper-Alloy Plate, Sheet, Strip-and Rolled
Bar (Metric)

B846 Terminology for Copper and Coppér Alloys

E8/E8M Test Methods for Tension Testing of Metallic Ma-
terials

E54 Test Methods for Chemical Analysis of Special Brasses
and Bronzes (Withdrawn 2002)

E62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photomettic Methods) (Withdrawn 2010)

E118 Test Methods ~for~-Chemical Analysis of Copper-
Chromium Alloys (Withdrawn 2010)

E478 Test Methods.for Chemical Analysis of Copper Alloys

2.2 ASME Code:
ASME Boiler and Pressure Vessel Code

3. Genetal Requirements

3.1 The following sections of Specification B248 or Speci-
fication B248M constitute a part of this specification:

3.1.1 Terminology

3.1.2 Materials and Manufacture

3.1.3 Dimensions, Mass, and Permissible Variations

3.1.4 Workmanship, Finish, and Appearance

3.1.5 Sampling

3.1.6 Number of Tests and Retests

3.1.7 Test Specimens

3.1.8 Test Methods

3.1.9 Significance of Numerical Limits

3.1.10 Inspection

3.1.11 Rejection and Rehearing

3.1.12 Certification

3.1.13 Test Reports

3.1.14 Product Identification

3.1.15 Packing and Package Marking

3.1.16 Supplementary Requirements
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3.2 In addition, when a section with a title identical to that

SB-96/SB-96M

6.3 For alloys in which copper is listed as ‘“remainder,”

referenced 1n 3.1 above appears 1n this specification, it contains
additional requirements which supplement those appearing in
Specification B248 or Specification B248M.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B846.

5. Ordering Information

5.1 Include the following specified choices when placing
orders for product under this specification, as applicable:

5.1.1 ASTM designation and year of issue;

5.1.2 Copper [Alloy] UNS No. designation (Section 1);

5.1.3 Temper (Section 7);

5.1.4 Dimensions, Thickness, Width, and Length (Section
10);

5.1.5 How furnished: straight lengths or coils;

5.1.6 Quantity—total weight or total length or number of
pieces of each size (10.7);

5.1.7 Intended application;

5.1.8 Finish (11.2); and

5.1.9 Type of edge, if required (slit, sheared, sawed, square
corners, round corners, rounded edges, or full rounded edges)
(10.6).

5.2 The following options are available but may not be
included unless specified at the time of placing of the order
when required.

5.2.1 DELETED

5.2.2 DELETED

5.2.3 If product is purchased for agencies of the U=S:
government (see the Supplementary Requirements section of
Specification B248 or Specification B248M for _additional
requirements, if specified);

5.2.4 DELETED

5.2.5 DELETED

5.2.6 Whether 0.2 % yield strength is required (Tables 1 and
2); and

5.2.7 If specification number must be shown on package
marking.

6. Chemical Composition

6.1 The material shall conform to the chemical composition
requirements in TableN3 for the copper [alloy] UNS No.
designation specified in the ordering information.

6.2 These composition limits do not preclude the presence
of other eleménts: By agreement between the manufacturer and
purchaser, (limits may be established and analysis required for
unnamed elements.

copper is the difference between the sum of results of all
elements determined and 100 %. When all elements in Table 3
are determined, the sum of results shall be 99.5 % min.

7. Temper

7.1 The standard tempers for products described in this
specification are in Tables 1 and 2 and Tables 4 and 5.

7.1.1 Hot rolled temper M20.

7.1.2 Hot rolled and rerolled temper M25.

7.1.3 Cold rolled tempers HO1 to H14.

7.1.4 Annealed tempers O50 or O61.

8. Grain Size for Annealed Tempers

8.1 The approximate grain size-values for annealed tempers
given in Tables 1 and 2 and Tables 4 and 5 are for general
information and shall not ®& ased as a basis for product
rejection.

9. Mechanical Propérty Requirements

9.1 Tensile Strength Requirements:

9.1.1 Product- furnished under this specification shall con-
form to the tefisile requirements prescribed in Table 1, Table 2,
Table 4y/or Table 5, when tested in accordance with Test
Methods E8/ESM.

9.¥2 DELETED

9.1.3 The tension test specimens shall be taken so the
longitudinal axis of the specimens is parallel to the direction of
rolling.

9.2 Yield Strength Requirements:

9.2.1 Product furnished under this specification shall
conform to the yield strength requirements prescribed in
Tables 1 and 2 when tested in accordance with Test Methods
E8/E8M. The purchaser must specify at the time of ordering
which yield strength method shall be used.

9.3 Elongation Requirements:

9.3.1 Product furnished under this specification shall be
capable of conforming to the elongation requirements pre-
scribed in Tables 1 and 2 when tested in accordance with Test
Methods E8/E8M.

TABLE 1 Tensile Strength Requirements and Approximate Rockwell Hardness and Grain Size Values
for Pressure Vessel Applications (Inch-Pound Units)

Temper Designation Tensile Strength,

Yield Strength at 0.5 %

Yield Strength” at Approximate Approximate Grain

Ksi Extension Under Load, 0.2 % offset, min,  Elongation, min %P Rockwell F Size. mm
Code Name ksi min ksi Hardness '
Copper Alloy UNS No. C65500
061 Annealed 50-67 18 18 40 70-82 0.110 max®
A See 5.2.6.

B Elongation in 2 in.

€ No minimum grain size requirement is specified, but all annealed material shall be fully recrystallized.
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TABLE 2 Tensile Strength Requirements and Approximate Rockwell Hardness and Grain Size Values

toT PTeSSUTe Vesser Appiicattons (StHumits)y

Yield Strength

Temper Designation Tensile at0.5 % Yield Strength? at Approximate Approximate
Strength, Extension 0.2 % offset, min, Elongation, min %~ Rockwell F Grapig Size. mm
Code Name MPa Under Load, MPa Hardness '
MPa min
Copper Alloy UNS No. C65500
061 Annealed 345-460 125 125 40 70-82 0.110 max®
A See 5.2.6.

B Elongation in 50 mm.
€ No minimum grain size requirement is specified, but all annealed material shall be fully recrystallized.

TABLE 3 Chemical Requirements 10.5.3 Sawed Metal—Table 13.
Composition, % .
Element Copper Alloy UNS No. 10.6 Edges Contours:
C65100 C65400 C65500 10.6.1 Square Corners—Table 14.
Copper, incl silver remainder remainder remainder 10.6.2 Rounded Corners—Table 15.
Silicon 0.8-2.0 2.7-3.4 2.8-3.8
Manganese 0.7 max - 0504 3 10.6.3 Rounded Edges—Table 16.
Tin o 12-1.9 o 10.6.4 Full-Rounded Edges—Table 17.
Chromium L 0.01-0.12 L ,
Zinc, max 15 0.50 15 10.7 Weight:
Iron, max 0.8 e 0.8 10.7.1 Lot Weight Tolekgnres for Hot-Rolled Sheet and
Nickel, max” L. L. 0.6 Plate—Table 18.
Lead, max 0.05 0.05 0.05

A . . .
Incl cobalt. of this specification.

11. Workmamnship, Finish, and Appearance

9.4 Rockwell Hardness Requirement:
9.4.1 The approximate Rockwell hardness values given in
Tables 1 and 2 and Tables 4 and 5 are for general information o ) ]
and assistance in testing, and shall not be used as a basis for 11:2" Finish—The material is supplied regularly in the fol-

product rejection. lowing finishes:
11.2.1 Black—After hot rolling retains all of the oxides.

to Spetification B248 or Specification B248M.

10.7.2 ASME Pressuieé Vessel Code Applications—Table 6

11.1 Fox_workmanship and appearance requirements, refer

10. Dimensions, Mass, and Permissible Variation 11.2.2 Plain Pickled—Sulfuric acid pickle only, brick red

10.1 The dimensions and tolerances for product described oxide; has cuprous and silicon oxides still adherent.

by this specification shall be as specified in Specification{B248
or Specification B248M with particular reference tosthe fol-
lowing tables and related paragraphs (exceptions\for ASME
Pressure Vessel Code applications are noted):

has the golden color of the alloy.

dull gray color.

10.2 Thickness—Table 2. 12. Sampling

10.2.1 Pressure Vessel Code Applications—The thickness of
any plate or sheet shall not be more-than 0.01 in. under the
thickness specified.

10.3 Width: 13. Test Methods
10.3.1 Slit Metal and Slit\Weétal with Rolled Edges—Table 4.

10.3.2 Square Sheared"Metal—Table 5.

Specification B248M.

13.1 Chemical Analyses:

103.3 Sawed Mettl—Table 6. 13.1..1 In cases of ‘disagreement, test methods for chemical

analysis shall be subject to agreement between the manufac-
10.4 Length: ' turer or supplier and the purchaser. The following table is a list
10.4.1 Length flolerance for Straight Lengths—Table 7. of published test methods, some of which may no longer be

10.4.2 Sthedule for Minimum Lengths and Maximum viable, which along with others not listed, may be used subject
Weights of )Ends for Specific Lengths with Ends, and Stock o agreement.

Lengths with Ends—Table 8.

Element ASTM Test Method
10:4.3 Length Tolerances for Square Sheared Metal— Copper E478
Table 9. Silicon E54; Perchloric acid dehydration
Manganese E62
10.4.4 Length Tolerances for Sawed Metal—Table 10. Tin E478: Titrimetric
10.5 Straightness: ghmm'“m 51172 Atomic absoroi
. . . . Inc , Atomic absorption
10.5.1 Slit Metal or Slit Metal Either Straightened or Edge ron E478 P
Rolled—Table 11. Nickel E478; Photometric
1052 Q/}unrp Sheared Metal _Table 12 Lead E478; Atomic absorption

54

11.2.3 Specially Cleaned—Commercially free of all oxides;

11.2.4 Sand Blasted—Commercially free of all oxides; has a

12.1 Refer to sampling section in Specification B248 or
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TABLE 4 Tensile Strength Requirements and Approximate Rockwell Hardness and Grain Size Values (Inch-Pound Units)

Temper Designation Tensile Strength, Approximate Rockwell Hardness Approximate Grain
Code Name ksi F Scale B Scale Size, mm
Copper Alloy UNS No. C65100
061 Annealed 38-45 45-55 L 0.050-0.120
050 Light anneal 40-50 50-75 L. 0.060 max*
HO1 Quarter-hard 42-52 S 48-63
HOo2 Half-hard 47-57 S 64-73
HO4 Hard 60-70 L 74-82
HO06 Extra-hard 67-76 L 78-85
HO08 Spring 71-79 L. 81-86
Copper Alloy UNS Nos. C65500

061 Annealed 52-58 70-82 L 0.110 njax”
050 Light anneal 55-64 76-93 L 0.055 max®?
HO1 Quarter-hard 60-74 L. 65-80
Ho2 Half-hard® 72-86 S 79-91
HOo4 Hard?® 85-99 L 88-96
HOo6 Extra-hard® 95-109 L 93-98
H08 Spring® 102-116 L 94-99
M20 As hot-rolled 55-72 72 min L
M25 As hot-rolled and rerolled 58-72 L 60-80.

C°ppero‘\ég’zolé“s No. Superficial 30T B Scalé
061 Annealed 65-80 o V 0.040% max
HO1 Quarter hard® 75-90 64-77 72-91
Ho2 Half hard® 86-101 75-79 89-95
HO3 Three-quarter hard® 97-112 77-81 94-97
Ho4 Hard?® 108-120 80-81 96-98
HO06 Extra hard® 116-126 81-82 97-100
Ho8 Spring® 124-133 81-82 99-101
H10 Extra spring® 131-140 81-min 100-102
H14 Super spring® 137 min 81lmin 101 min

A No minimum grain size requirement is specified, but all annealed material shall be fully recrystéllized.
B Commercially supplied only as strip. The manufacturer should be consulted where these tempers are desired in sheet or plate.

TABLE 5 Tensile Strength Requirements and Approximate\Rockwell Hardness and Grain Size Values (S| Units)

Temper Designation Tensile Strength, Approximate Rockwell Hardness Approximate Grain
Code Name MPa F Scale B Scale Size, mm
Copper Alloy UNS No. C65100
061 Annealed 260310 45-55 L 0.050-0.120
050 Light anneal 275+345 50-75 L 0.060 max*
HO1 Quarter-hard 290-360 L. 48-63
HOo2 Half-hard 325-395 L 64-73
HOo4 Hard 415-485 L 74-82
HO06 Extra-hard 460-525 L 78-85
H08 Spring 490-545 L. 81-86
Copper Alloy UNS Nos. C65500

061 Annealed 360-400 70-82 S 0.110 max”
050 Light anneal 380-440 76-93 L 0.055 max®
HO1 Quarter-hard 415-510 L. 65-80
HOo2 Half-hard?® 495-595 L. 79-91
HOo4 Hard?® 585-685 L 88-96
HO06 Extra-hard® 655-750 o 93-98
H08 Spring® 705-800 L 94-99
M20 As hot-rolled 380-495 72 min L
M25 As hot-relted and rerolled 400-495 L. 60-80

C°ppe’£é§’zog“s No. Superficial 30T B Scale
061 Annealed 450-550 o o 0.040% max
HO1 Quarter hard® 515-620 64-77 72-91
HOo2 Half hard® 595-695 75-79 89-95
HO3 Three-quarter hard® 670-770 77-81 94-97
HOo4 Hard?® 745-825 80-81 96-98
HO06 Extra hard® 800-870 81-82 97-100
HO8 Spring® 855-915 81-82 99-101
H10 Extra spring® 905-965 81 min 100-102
H14 Super spring?® 945 min 81 min 101 min

A No minimum grain size requirement is specified, but all annealed material shall be fully recrystallized.
B Commercially supplied only as strip. The manufacturer should be consulted where these tempers are desired in sheet or plate.

13.1.2 Test method(s) to be followed for the determination agreement shall be as agreed upon between the manufacturer or
of element(s) rPcn]ﬁng from contractual or pnrr‘haqp order cupp]ipr and pnrnl’mcpr

55


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SB-96/SB-96M ASME BPVC.I1.B-2025

TABLE 6 Lot Weight Tolerances in Percentage of Theoretical Weight for Pressure Vessel Applications—All Plus

Permissible Excess in Average Weight of Lots, Expressed in Percentage of Normal Weight
48 in. [1200 mm]  Over 48 to 60 in. Over 60 to 72 in. Over 72 to 96 in. Over 96 to 120 in. Over 120 to 132 in.
and Under [1200 to 1500 mm] [1500 to 1800 mm] [1800 to 2500 mm] [2500 to 3000 mm] [3000 to 3500 mm]

Thickness, in. [mm]

in Width in Width in Width in Width in Width incl in Width
s to %4s, incl [3.0 to 5.0] 6.5 8 9 1 L
Over %6 to V4, incl [6.0 to 8.0] 6.5 8 9 1 12 L
Over 4 to %, incl [8.0 to 10] 6.5 7.75 8.75 1 12 13
Over %6 to %, incl [9.0 to 10] 6.25 7.5 8.5 1 12 13
Over % to 7As, incl [10 to 12] 6 7.25 8.25 1 12 13
Over 76 to 4, incl [12 to 14] 6 7 8 10 11 12
Over 2 to %, incl [14 to 16] 5.75 6.5 7.5 9 10 1
Over %3 to %4, incl [16 to 20] 5.5 6 7 8 9 10
Over % to 1, incl [20 to 25] 5 5 6.25 7 8 9
Over 1 to 2, incl [25 to 50] 3.5 4 5 6 7 8
13.2 Other Tests: 14. Keywords
13.2.1 Mechanical Properties (Tensile Strength, Yield 14.1 copper-silicon alloy plate{ copper-silicon alloy pres-
Strength, Elongation, Rockwell Hardness, and Grain Size)—  sure vessels; copper-silicon alley*rolled bar; copper-silicon
Refer to the appropriate test method in Specification B248 or  alloy sheet; copper-silicon allogstrip; UNS No. C65100; UNS
Specification B248M. No. C65400; UNS No. C65500
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SPECIFICATION FOR COPPER-SILICON ALLOY ROD,
BAR AND SHAPES

@Z@ SB-98/SB-98M

(Identical with ASTM Specification B98/B98M-13(2019) except that paras. 4.2.3 and 8.1.1.1 were deleted so that tensile
testing rather than Rockwell hardness testing is required to show conformance with mechanical properties.)
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Specification for

ASME BPVC.I1.B-2025

Copper-Silicon Alloy Rod, Bar and Shapes

1. Scope

1.1 This specification establishes requirements for copper-
silicon rod, bar, and shapes for UNS Copper Alloys C65100,
C65500, and C66100.

Note 1—Material for hot forging is covered by Specification B124/
B124M.
Note 2—DELETED

1.2 Units—The values stated in either SI units or inch-
pound units are to be regarded separately as standard. Within
the text, SI units are shown in brackets. The values stated in
each system are not necessarily exact equivalents; therefore, to
ensure conformance with the standard, each system shall be
used independently of the other and values from the two
systems shall not be combined.

1.3 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

B124/B124M Specification for Copper and Copper<Alloy
Forging Rod, Bar, and Shapes

B249/B249M Specification for General Requirements for
Wrought Copper and Copper-Alloy RodyBar, Shapes and
Forgings

B950 Guide for Editorial Procedures and Form of Product
Specifications for Copper and Copper Alloys

B601 Classification for Temper, Designations for Copper and

Copper Alloys—Wrought and Cast

E8/E8M Test Methods for Tension Testing of Metallic Ma-
terials

E18 Test Methods for Rockwell Hardness of Metallic Ma-
terials

E62 Test Methods for Chemical Analysis“of Copper and
Copper Alloys (Photometric Methods) (Withdrawn 2010)

E478 Test Methods for Chemical Analysis of Copper Alloys

2.2 ASME Standard:

ASME Boiler and Pressure Vessel Code

3. General Requirements

3.1 The following Sections of Specification B249/B249M
constitute a part of this’specification:

3.1.1 Terminology;

3.1.2 Mateiials and Manufacture;

3.1.3 Workmanship, Finish, and Appearance;

3.1.47 Sampling;

3,15, Number of Tests and Retests;

3-%6 Specimen Preparation;

3.1.7 Test Methods;

3.1.8 Significance of Numerical Limits;

3.1.9 Inspection;

3.1.10 Rejection and Rehearing;

3.1.11 Certification;

3.1.12 Test Reports;

3.1.13 Packaging and Package Marking; and

3.1.14 Supplementary Requirements.

3.2 In addition, when a section with a title identical to one
of those referenced in 3.1 appears in this specification, it
contains additional requirements that supplement those which
appear in Specification B249/B249M.

4. Ordering Information

4.1 Include the following specified choices when placing
orders for product under this specification, as applicable:
4.1.1 ASTM Designation and year of issue;
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4.1.2 Copper Alloy UNS No. designation;

SB-98/SB-98M

6.2 These composition limits do not preclude the presence

4.1.3 "lemper designation (see Temper Section 7);

4.1.4 Quantity; total weight or length, or number of pieces
of each temper, form, or alloy;

4.1.5 Dimensions; diameter or distance between parallel
surfaces;

4.1.6 Type of edge; edge contours;

4.1.7 How furnished; specific lengths with or without ends;
and

4.1.8 Intended application.

4.2 The following options are available but may not be
included unless specified at the time of placing of the order
when required:

4.2.1 DELETED

4.2.2 DELETED

4.2.3 DELETED

4.2.4 If product is purchased for agencies of the U.S.
Government (see Supplementary Requirements in Specifica-
tion B249/B249M).

5. Material and Manufacture

5.1 Materials—The starting material shall be cast billets or
rods of Copper Alloy UNS Nos. C65100, C65500, or C66100,
and shall be of such soundness and structure as to enable them
to be processed into the product specified in the contract or
purchase order.

5.2 Manufacture—The product shall be manufactured by
such hot-working, cold-working, straightening, and annealing
processing as to produce a uniform wrought structure and
obtain the required finish properties.

6. Chemical Composition

6.1 The material shall conform to the chemical requirements
specified in Table 1 for the Copper Alloy UNS No: designated
in the ordering information.

6.1.1 For alloys in which copper is listéd as “remainder,”
copper is the difference between the sum-of the results of all
elements determined and 100 %.

6.1.2 When all elements listed ih-Table 1 are determined for
the designated alloy, the sum eof results shall be 99.5 % min.

TABLE1 Chemical Requirements

Composition, % Maximum
(Unless Shown as a Range or Minimum)

Copper Alloy UNS No.

C65100 C65500 C66100

Copper)(Includes remainder remainder remainder
silyer)

head 0.05 0.05 0.20-0.8
fron 0.8 0.8 0.25
Zinc 1.5 1.5 1.5
Manganese 0.7 0.50-1.3 1.5
Silicon 0.8-2.0 2.8-3.8 2.8-35
Nickel S 0.6 o

(includes cobalt)

of other elements. Limits may be established and analysis
required for unnamed elements by agreement between the
manufacturer and the purchaser.

7. Temper

7.1 The standard tempers, as defined in Classification B601¢
for products described in this specification are given in Tables
2-5.

7.1.1

7.1.2

7.1.3

7.14

7.1.5

Soft annealed 060,
Vi-hard HO1,

l»-hard HO2,

Hard HO4,

Extra-hard HOG6,

7.1.6 As hot rolled M20, and
7.1.7 As hot extruded M30.

7.2 Product of bars and shapes in the temper HO6 is
normally not produced.

8. Mechanical Property-Requirements

8.1 Product furnished under this specification shall conform
to the tensile and‘hdrdness requirements prescribed in Tables
2-5 for the Copper Alloy UNS No. designation specified in the
ordering information.

8.1.1 ,Rockwell Hardness Requirement—For the alloys and
tempers listed, product 0.5 in. [12 mm] and over in diameter or
in the distance between parallel surfaces shall conform with the
réquirements given in Table 4 and Table 5, when tested in
accordance with Test Methods E18.

8.1.1.1 DELETED

8.1.2 Tensile Strength Requirements—The product shall
conform with the requirements of Table 2 and Table 3 when
tested in accordance with Test Methods ES/ESM.

8.1.2.1 The tensile requirements for all alloys and forms of
M20 and M30 tempers shall be as agreed upon between the
manufacturer and purchaser at the time of order.

9. Dimensions, Mass and Permissible Variations

9.1 Refer to the appropriate paragraphs in Specification
B249/B249M with particular reference to the following tables:

9.2 Diameter or Distance Between Parallel Surfaces:

9.2.1 Rod: Round, Hexagonal, Octagonal—Refer to Table 1
for Alloy C65100 and to Table 2 for Alloys C65500 and
C66100.

9.2.2 Rod: Round M20 Temper—Refer to Table 6.

9.2.3 Rod: Round, Hexagonal, Octagonal, M30 Temper—
Refer to Table 5.

9.2.4 Bar: Rectangular and Square—Refer to Tables 8 and
10 for Alloy C65100, and Tables 9 and 11 for Alloys C65500
and C66100.

9.2.5 Bar: M30 Temper—Refer to Table 5 for thickness and
width tolerances.

9.3 Shapes—The dimensional tolerance for shapes shall be
as agreed upon between the manufacturer and the purchaser,
and shall be specified in the order.
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TABLE 2 Tensile Requirements, Inch-Pound (see Table 3 for Sl)

Temper Designation Diameter or Distance Between Parallel

Surfaces,” in.

Code Name

Tensile Strength min,

ksi

Yield Strength at 0.5 %
Extension Under Load,
min, ksi

Elongation in 4 x
Diameter or Thickness of
Specimen, min, %2

Copper Alloy UNS No. C65100 Rods, Bars, and Shapes

060 Soft anneal All forms, all sizes 40 12 30
HO02 Half-hard Rods:
Up to %, incl 55 20 1
Over 2 to 2, incl 55 20 12
Bars and shapes c c c
HO04 Hard Rods:
Up to %, incl 65 35 8
Over 2 to 2, incl 65 35 10
Bars and shapes c ¢ ¢
HO06 Extra-hard Rods:
Up to %, incl 85 55 6
Over 2 to 1, incl 75 45 8
QOver 1 to 174, incl 75 40 8
Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars
060 Soft anneal All sizes 52 15 35
HO4 Hard Up to 1, incl 65 38 20
Over 1 to 1%, incl 60 30 25
Over 1% to 3, incl 55 24 27
Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapes
060 Soft anneal All forms, all sizes 52 15 35
HO1 Quarter-hard All forms, all sizes 55 24 25
HO02 Half-hard Rods and square bars:
Up to 2, incl 70 38 20
Shapes c c c
H04 Hard Rods and square bars:
Up to ¥4, incl 90 55 8
Over V4 to 1, incl 90 52 13
Over 1 to 1%, incl 80 43 15
Over 174 to 3, incl 70 38 17
Over 3 c c c
Shapes c c c
HO6 Extra-hard Rods: up to 2, incl 100 55 7

A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
Bn any case a minimum gage length of 1 in. shall be used.
€ As agreed upon between manufacturer and purchaser.

9.4 Length:
9.4.1 Rod, Bar and Shapes—Refer to Tables 13 and 5.

9.5 Straightness:
9.5.1 Rod and Bar—Refer to Table 16.

9.6 Edge Contours:
9.6.1 Rod and Bar—Refer to the se¢tion entitled, “Edge
Contours” and to Figs. 1, 2, and 3.

10. Test Methods

10.1 In cases of disagreerient, test methods for chemical
composition shall be subject‘to agreement between the manu-
facturer or supplier and‘the purchaser. The following table is a
list of published testmethods some of which are considered by
ASTM as no longer yiable. These, and others not listed, may be
used subject to.agreement.

Element Test Methods
Copper E478
Lead E478, Atomic absorption
Manganese E62
Nickel E478, Photometric
Silicon E62
Zinc E478, Atomic absorption

10.1.1 Test Method(s) to be followed for the determination
of elements required by contractual or purchase order agree-
ment shall be as agreed upon between the supplier and
purchaser.

10.2 Refer to Specification B249/B249M for other appro-
priate test methods.

11. Keywords

11.1 copper—rod, bar, shapes; copper-silicon alloy; high
silicon bronze A; low silicon bronze B; silicon bronze; UNS
No. C65100; UNS No. C65500; UNS No. C66100
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TABLE 3 Tensile Requirements, Sl (see Table 2 for Inch-Pound)

Temper Designation

Yield Strength at 0.5 %

Diameter or Distance Between Parallel Tensile Strength min, ] Elongation,
A Extension Under Load, VB
Code Name Surfaces,” mm MPa min, MPa min, %
Copper Alloy UNS No. C65100 Rods, Bars, and Shapes
060 Soft anneal All forms, all sizes 275 85 30
H02 Half-hard Rods:
Up to 12, incl 380 140 1
Over 12 to 50, incl 380 140 12
Bars and shapes c c c
HO04 Hard Rods:
Up to 12, incl 450 240 8
Over 12 to 50, incl 450 240 10
Bars and shapes c c c
HO06 Extra-hard Rods:
Up to 12, incl 585 380 6
Over 12 to 25, incl 515 310 8
Over 25 to 38, incl 515 275 8
Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars
060 Soft anneal All sizes 360 105 35
HO04 Hard Up to 25, incl 450 260 20
Over 25 to 38, incl 415 205 25
Over 38 to 75, incl 380 165 27
Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapges
060 Soft anneal All forms, all sizes 360 105 35
HO1  Quarter-hard All forms, all sizes 380 165 25
HO02 Half-hard Rods and square bars:
Up to 50, incl 485 260 20
Shapes ¢ < ¢
HO04 Hard Rods and square bars:
Up to 6, incl 615 380 8
Over 6 to 25, incl 615 360 13
Over 25 to 38, incl 545 295 15
Over 38 to 75, incl 485 260 17
Over 75 c c c
Shapes c c c
HO06 Extra-hard Rods: up to 12, incl 690 380 7

A For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
B Elongation values are based on a gage length of 5.65 times the square root of\tfie area for dimensions greater than 2.5 mm.
€ As agreed upon between manufacturer and purchaser.

TABLE 4 Rockwell Hardness Requirements, Inch-Pound” (see Table 5 for SI)

Temper Designation

Diameter or Distance Between Parallel

Rockwell B Hardness Determined on the
Cross Section Midway Between Surface

Code Name Surfaces,? in. and Center
Copper Alloy UNS No. C65100 Rods, Bars, and Shapes

HO02 Half-hard 0.5t0 2.0, incl 60-85

HO4 Hard 0.5 to 2.0, incl 65-90

H06 Extra-hard® 0.5 to 1.5, incl 75-95

Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars
Ho4 Hard 0.5 to 3.0, incl 60-95
Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapes

HO2 Half*hard 0.5 to 1.0, incl 75-95
over 1.0 to 1.5, incl 75-95
over 1.5 to 3.0, incl 75-95

H04 Hard 0.5to0 1.0, incl 85—-100
over 1.0 to 1.5, incl 80-95
over 1.5 to 3.0, incl 75-95

A Rockwell hardness.féquirements are not established for diameters less than 0.5 in.
B For rectangular.bar, the Distance Between Parallel Surfaces refers to thickness.
€ Bars and shapes are not produced in the HO6 temper.
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TABLE 5 Rockwell Hardness Requirements, SI* (see Table 4 for Inch-Pound)

Temper Designation

Diameter or Distance Between Parallel

Rockwell B Hardness Determined on the
Cross Section Midway Between Surface

Code Name Surfaces,? mm and Center
Copper Alloy UNS No. C65100 Rods, Bars, and Shapes
Ho2 Half-hard 12 to 50, incl 60-85
HO04 Hard 12 to 50, incl 65-90
HO6 Extra-hard® 12 to 50, incl 75-95
Copper Alloy UNS Nos. C65500 and C66100 Rectangular Bars
HO4 Hard 12 to 75, incl 60-95
Copper Alloy UNS Nos. C65500 and C66100 Rods, Square Bars, and Shapes N

HO02 Half-hard 12 to 25, incl 75-95 \\

over 25 to 38, incl 75-95 (\

over 38 to 75, incl 75-95 . O
Ho4 Hard 12 to 25, incl 85-100 LA

over 25 to 38, incl 80-95 CJ

over 38 to 75, incl 75-95 O‘Q

A Rockwell hardness requirements are not established for diameters less than 12 mm.
B For rectangular bar, the Distance Between Parallel Surfaces refers to thickness.
€ Bars and shapes are not produced in the HO6 temper.
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SPECIFICATION FOR ALUMINUM-ALLOY PERMANENT
MOLD CASTINGS

&Z@ SB-108/SB-108M

®

(Identical with ASTM Specification B108/B108M-12% ‘except that certification and test reports have been made man-
datory, and ASME welding’ requirements are invoked for repair welding.)
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Specification for

ASME BPVC.I1.B-2025

Aluminum-Alloy Permanent Mold Castings

1. Scope

1.1 This specification covers aluminum-alloy permanent
mold castings designated as shown in Table 1.

1.2 This specification is for aluminum-alloy permanent
mold castings used in general purpose applications. It may not
address the mechanical properties, integrity testing, and veri-
fication required for highly loaded or safety critical applica-
tions.

1.3 Alloy and temper designations are in accordance with
ANSI H35.1/H35.1(M). The equivalent unified numbering
system alloy designations are in accordance with Practice
E527.

1.4 Unless the order specifies the “M” specification
designation, the material shall be furnished to the inch-pound
units.

1.5 For acceptance criteria for inclusion of new aluminum
and aluminum alloys and their properties in this specification,
see Annex Al and Annex A2.

1.6 Units—The values stated in either SI units or-inch-
pound units are to be regarded separately as standard, The
values stated in each system may not be exact equivalents;
therefore, each system shall be used independently of the other.
Combining values from the two systems may~result in non-
conformance with the standard.

1.7 This standard does not purport'do address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue i effect on the
date of casting purchase form a part of this gpecification to the
extent referenced herein:

2.2 ASTM Standards:

B179 Specification for Aluminum AHoys in Ingot and Mol-
ten Forms for Castings fromMAHl Casting Processes

B275 Practice for Codification of Certain Nonferrous Metals
and Alloys, Cast and, Wreught

B557 Test Methods for Tension Testing Wrought and Cast
Aluminum- and\Magnesium-Alloy Products

B557M Test Methods for Tension Testing Wrought and Cast
Aluminum4 'and Magnesium-Alloy Products (Metric)

B660 Practices for Packaging/Packing of Aluminum and
Magnesium Products

B884 Terminology Relating to Aluminum- and Magnesium-
Alloy Products

B917/B917M Practice for Heat Treatment of Aluminum-
Alloy Castings from All Processes

D3951 Practice for Commercial Packaging

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E34 Test Methods for Chemical Analysis of Aluminum and
Aluminum-Base Alloys

E94 Guide for Radiographic Examination

E155 Reference Radiographs for Inspection of Aluminum
and Magnesium Castings

E165 Practice for Liquid Penetrant Examination for General
Industry

ES527 Practice for Numbering Metals and Alloys in the
Unified Numbering System (UNS)

E607 Test Method for Atomic Emission Spectrometric
Analysis Aluminum Alloys by the Point to Plane Tech-
nique Nitrogen Atmosphere (Withdrawn 2011)
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TABLE 1 Chemical Composition Limits*5¢

Alloy Composition, %
Other

ANSI? | UNS | Awminum | Silicon [ Iron | Copper M::SQ:' M;Sr’;e' Chromium | Nickel Zinc | Titanium Tin Elements®

Each | Total”™
204.0 | A02040 | remainder | 0.20 035 [42-50 [o.10 0.15-0.35 | ... 0.05 0.10 0.15-0.30 [ 0.05 005 | 0.15
2420 | A02420 | remainder | 0.7 1.0 35-45 [0.35 12-18 |0.25 1.7-23 | 0.35 0.25 0.05 | 0.15
296.0 remainder | 2.0-3.0 | 1.2 4.0-50 [0.35 0.05 0.35 0.50 0.25 .. |oss
308.0 remainder | 5.0-6.0 | 1.0 4.0-5.0 |0.50 0.10 1.0 0.25 0.50
319.0 | A03190 | remainder | 5.5-6.5 | 1.0 3.0-40 [0.50 0.10 0.35 1.0 0.25 .. «|‘e50
332,06 | A03320 | remainder | 8.5-10.5| 1.2 2.0-4.0 050 0.50-1.5 | .. 0.50 1.0 0.25 SN} os0
333.0 | A03330 | remainder | 8.0-10.0| 1.0 3.0-40 [0.50 0.05-0.50 | ... 0.50 1.0 0.25 . | 050
336.0¢ | A03360 | remainder [11.0-13.0| 1.2 0.50-1.5 [0.35 0.7-13 20-30 | 0.35 0.25 005 | ..
354.0 | A03540 | remainder | 8.6-9.4 | 020 |1.6-20 [0.10 0.40-06 | .. 0.10 0.20 0.05 | 0.15
355.0 | A03550 | remainder | 45-55 | 067 |1.0-15 [0507 | 0.40-06 |0.25 0.35 0.25 005 | 0.15
©355.0 | A33550 | remainder | 4.5-55 | 020 [1.0-1.5 [o.10 0.40-0.6 | ... 0.10 0.20 0.05 | 0.15
356.0 | A03560 | remainder | 6.5-7.5 | 067 |0.25 035" | 0.20-045]| .. 0.35 0.25 0.05 | 0.15
A356.0 | A13560 | remainder | 6.5-7.5 [ 0.20 | 0.20 0.10 0.25-0.45 | ... 0.10 0.20 0.05 | 0.15
357.0 remainder | 6.5-7.5 [ 0.15 | 0.05 0.03 045-0.6 | .. 0.05 0.20 0.05 | 0.15
A357.0 | A13570 | remainder | 65-7.5 [ 020 | 0.20 0.10 0.40-07 | .. 0.10 0.0420.20( .. 0.05' | 0.15
E357.0 remainder | 6.5-7.5 | 0.10 0.10 0.55-06 | .. 0402020 .. 0.05” | 0.15
F357.0 remainder | 65-7.5 | 0.10  [0.20 0.10 0.40-07 | .. 0.10 004-020( .. 0.05” | 0.15
359.0 | A03590 | remainder | 8.5-95 | 020 |0.20 0.10 0.50-07 | .. 0.10 0.20 005 | 0.15
4430 | A04430 | remainder | 4.5-6.0 | 0.8 06 0.50 0.05 0.25 0.50 0.25 .. | o35
B443.0 | A24430 | remainder | 4.5-6.0 | 0.8 0.15 0.35 0.05 035 0.25 0.05 | 0.15
A444.0 | A14440 | remainder | 6.5-7.5 [ 0.20 | o0.10 0.10 0.05 0:10 0.20 0.05 | 0.15
513.0¢ | A05130 | remainder | 0.30 040 |0.10 0.30 3.5-4.5 1422 [0.20 0.05 | 0.15
5350 | A05350 | remainder | 0.15 0.15 |0.05 0.10-0.25| 6.2-7.5 0.10-025| ... 0.05% | 0.15
705.0 | A07050 | remainder | 0.20 0.8 0.20 0.40-06 | 1.4-18 | 0.20-0.40 [ 27-33 |0.25 005 | 0.15
707.0 | A07070 | remainder | 0.20 0.8 0.20 0.40-06 | 1.8-24 |020-0404 40-45 |0.25 005 | 0.15
711.06 | A07110 | remainder | 0.30 0.7-1.4 | 0.35-0.65 [0.05 0.25-0.45 | ... 6.0-7.0 |0.20 005 | 0.15
7130 | A07130 | remainder | 0.25 1.1 0.40-1.0 [0.6 0.20-0.50 | 0.35 0.15 7.0-80 |0.25 010 | 0.25
850.0 | A08500 | remainder | 0.7 07 07-13 |o.10 0.10 07-13 | .. 0.20 5570 | .. | o030
851.06 | A08510 | remainder | 2.0-3.0 | 0.7 07-1.3 [0.10 0.10 03-07 | .. 0.20 55-7.0 | .. | 0.30
852.0° | A08520 | remainder | 0.40 0.7 17-23  |0.10 0.6-0.9 09-15 | .. 0.20 55-7.0 | .. | 0.30

A When single units are shown, these indicate the maximum amounts permitted.

B Analysis shall be made for the elements for which limits are shown in this table.

€ The following applies to all specified limits in this table: For purposes of determining.eonformance to these limits, an observed value or a calculated value obtained from
analysis shall be rounded to the nearest unit in the last right-hand place of figures used in expressing the specified limit in accordance with the rounding method of Practice
E29.

D ASTM alloy designations are recorded in Practice B275.

E Others includes listed elements for which no specific limit is shown,as,Well as unlisted metallic elements. The producer may analyze samples for trace elements not
specified in the specification. However, such analysis is not required-and may not cover all metallic Others elements. Should any analysis by the producer or the purchaser
establish that an Others element exceeds the limit of Each or that tHe aggregate of several Others elements exceeds the limit of Total, the material shall be considered
nonconforming.

F Other Elements—Total shall be the sum of unspecified nigtallic elements 0.010 % or more, rounded to the second decimal before determining the sum.

G 336.0 formerly A332.0, 332.0 formerly F332.0, 513.0 formetly A514.0, 711.0 formerly C712.0, 851.0 formerly A850.0, 852.0 formerly B850.0.

H1f the iron content exceeds 0.45 %, manganese content-§hall not be less than one half of the iron.

! Beryllium 0.04-0.07.

J Beryllium 0.002 max

K Beryllium 0.003-0.007, boron 0.005 max.

E716 Practices for_Sampling and Sample Preparation of 2.4 Military Standards:
Aluminum and ‘Aliminum Alloys for Determination of MIL-STD-129 Marking for Shipment and Storage
Chemical Cemposition by Spectrochemical Analysis MIL-STD-276 Impregnation of Porous Nonferrous Metal
E1251 Test Method for Analysis of Aluminum and Alumi- Castings
num Adloys by Spark Atomic Emission Spectrometry NAVSEA S9074-AR-GIB-010/278 Requirements for Fabri-
E2422 Digital Reference Images for Inspection of Alumi- cation Welding and Inspection, and Casting Inspection and
num_Castings Repair for Machinery, Piping, and Pressure Vessels

JIEEE/ASTM SI 10 Standard for Use of the International
System of Units (SI): The Modern Metric System

2.3 ANSI Standard:

H35.1/H35.1M Alloy and Temper Designation Systems for
Aluminum

2.5 AMS Specification:
AMS 2771 Heat Treatment of Aluminum Alloy Castings
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2.6 Federal Standard: 4. Ordering Information

Fed Std. No. 123 Marking for Shipment (Civil Agencies)
2.7 Other Standards: . .
CEN EN 14242 Aluminum and Aluminum Alloys, Chemical ~ the following information (see 1.4 and 1.5):

4.1 Orders for material under this specification shall include

Analysis, Inductively Coupled Plasma Optical Emission 4.1.1 This specification designation (which includes the
Spectral Analysis number, the year, and the revision letter, if applicable),
3. Terminology Note 1—For inch-pound application, specify Specification B108 and

L. . . for metric application specify Specification B108M. Do not mix units.
3.1 Definitions—Refer to Terminology B881 for definitions

of product terms used in this specification. 4.1.2 Alloy (see Section 7 and Table 1),
4.1.3 Temper (see Section 10 and Table 2 [Table 3]);

TABLE 2 Tensile Requirements” (Inch-Pound Units)

Norte 1—For purposes of determining conformance with this specification, each value for tensile strength and yield strength shall be rounded to the
nearest 0.1 ksi, and each value for elongation shall be rounded to the nearest 0.5 %, both in accordance with the rounding{method of Practice E29.

Alloy Tensile Yield Strength®_ \\Elofgation in Typical Brln;ell
Temper? Strength, min, (0.2 % offset), 2in. or 4 x Sgg-rlggfeﬁ)sad
ANSIE UNS ksi min, ksi Diameter, min, % 10-mm ball
204.0 A02040 T4 separately cast specimens 48.0 29.0, 8.0
242.0 A02420 T571 34.0 F 105
T61 40.0 F 110
296.0 A02960 T4 33.0 15.0 4.5 75
T6 35.0 2.0 90
T7 33.0 16.0 3.0
308.0 A03080 F 24.0 70
319.0 A03190 F 2740 14.0 25 95
332.0¢ A03320 T5 31.0 F 105
333.0 A03330 F 280 F 90
T5 30.0 F 100
T6 35.0 F 105
T7 31.0 F 90
336.0¢ A03360 T551 31.0 F 105
T65 40.0 F 125
354.0 A03540 T61
separately cast specimens 48.0 37.0 3.0
casting, designated area” 47.0 36.0 3.0
castings, no location designated”’ 43.0 33.0 2.0
T62
separately cast specirmigns 52.0 42.0 2.0
castings, designatedrarea’” 50.0 42.0 2.0
castings, no location-designated’” 43.0 33.0 2.0
355.0 A03550 T51 27.0 F 75
T62 42.0 F 105
T7 36.0 F 90
T71 34.0 27.0 F 80
C355.0 A33550 T61
Separately cast specimens 40.0 30.0 3.0 85-90
castings, designated area' 40.0 30.0 3.0
castings, no location designated’” 37.0 30.0 1.0 85
356.0 A03560 F 21.0 10.0 3.0
T6 33.0 22.0 3.0 85
T71 25.0 3.0 70
A356.0 A13560 T61
separately cast specimens 38.0 26.0 5.0 80-90
castings, designated area” 33.0 26.0 5.0
castings, no location designated’” 28.0 26.0 3.0
357.0 T6 45.0 3.0
A357.Q A13570 T61
separately cast specimens 45.0 36.0 3.0 100
castings, designated area”’ 46.0 36.0 3.0
castings, no location designated’” 41.0 31.0 3.0
E357.0’ T61
separately cast specimens 45.0 36.0 3.0 100
castings, designated area” 46.0 36.0 3.0
castings, no location designated’” 41.0 31.0 3.0
F357.07 T6 45.0 3.0
359.0 A03590 T61
separately cast specimens 45.0 34.0 4.0 90
castings, designated area”’ 45.0 34.0 4.0
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TABLE 2 Continued

Alloy Tensile Yield Strength®  Elongation in Typical BnnE()aII
Temper® Strength, min, (0.2 % offset), 2in. or 4 x sl(—)ig-rl((jgfe%sad
ANSI® UNS ksi min, ksi Diameter, min, % “10_mm ball
castings, no location designated’” 40.0 30.0 3.0
T62
separately cast specimens 47.0 38.0 3.0 100
castings, designated area” 47.0 38.0 3.0
castings, no location designated’” 40.0 30.0 3.0
443.0 A04430 F 21.0 7.0 2.0 45
B443.0 A24430 F 21.0 6.0 25 45,
A444.0 A14440 T4
separately cast specimens 20.0 20
castings, designated area”’ 20.0 20
513.0¢ A05130 F 22.0 12.0 25 60
535.0 A05350 F 35.0 18.0 8.0
705.0 A07050 T1orT5 37.0 17.0 10.0
707.0 A07070 T 42.0 25.0 40
T7 45.0 35.0 3.0
711.0¢ A07110 T 28.0 18.0 7.0 70
713.0 A07130 T1orT5 32.0 22.0 4.0
850.0 A08500 T5 18.0 8.0
851.0¢ A08510 T5 17.0 3.0
T6 18.0 8.0
852.0¢ A08520 T5 27.0 3.0

A If agreed upon by manufacturer and the purchaser, other mechanical properties may be obtained by other heat tre&tnients such as annealing, aging, or stress relieving.
B Refer to ANSI H 35.1/H35.1(M) for description of tempers.

€ Yield strength to be evaluated only when specified in contract or purchase order.

P Hardness values given for information only, not required for acceptance.

E ASTM alloy designations are recorded in Practice B275.

F Not required.

G 332.0 formerly F332.0, 336.0 formerly A332.0, 513.0 formerly A514.0, 711.0 formerly C712.0, 851.0 formerly A850.0, 852.0 formerly B850.0.

" These properties apply only to castings having section thicknesses not greater than 2 in. extgpt that section thicknesses of % in., max, shall apply to Alloy A444.0.
'Properties copied from A357.0-T61.

JProperties copied from 357.0-T6.

TABLE 3 Tensile Requirements (SI Units) — [Metric]*?

Norte 1—For purposes of determining conformance with this specifiation, each value for tensile strength and yield strength shall be rounded to the
nearest 1 MPa and each value for elongation shall be rounded tosthe'nearest 0.5 %, both in accordance with the rounding method of Practice E29.

Tensile i E . i i
Allo Yield Strength El t Typical Brinell
Y TemperC Strength, (0.2 % offset), engation Hardness”
per ) f in
e min, min, | 5D. min. % 500-kgf load,
ANSI UNS MPaP MPal » min, 7o 10-mm ball
204.0 A02040 T4 separately castspecimens 330 200 7.0
242.0 A02420 T571 235 H 105
T61 275 H 110
296.0 A02960 T4 230 105 4.5 75
T6 240 2.0 90
T7 230 110 3.0
308.0 A03080 F 165 70
319.0 A03190 F 185 95 25 95
332.0/ A03320 T5 215 H 105
333.0 A03330 F 195 H 90
T5 205 H 100
T6 240 H 105
T7 215 H 90
336.0’ A03360 T551 215 H 105
T65 275 H 125
354.0 A03540 T61
separately cast specimens 330 255 3.0
casting, designated area’ 325 250 3.0
castings, no location designated” 295 230 2.0
T62
separately cast specimens 360 290 2.0
castings, designated area’ 345 290 2.0
castings, no location designated” 295 230 2.0
355.0 A03550 T51 185 H 75
T62 290 H 105
T7 250 H 90
T71 235 185 H 80
C355.0 A33550 T61
separately cast specimens 275 205 3.0 85-90
castings, designated area’ 275 205 3.0
castings, no location designated- 255 205 1.0 85
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TABLE 3 Continued

Allo Tensile Yield Strength } Typical Brinell
v Temper© Strellwgth, (0.2% Of'fsget), EIonig';']atlon Hardness”
& min, min, Lo 500-kgf load,
ANSI UNS MPa® MPa® 5D, min, % 10-mm ball
356.0 A03560 F 145 70 3.0
T6 230 150 3.0 85
T71 170 3.0 70
A356.0 A13560 T61
separately cast specimens 260 180 4.0 80-90
castings, designated area”’ 230 180 4.0
castings, no location designated” 195 180 3.0
357.0 T6 310 3.0
A357.0 A13570 T61
separately cast specimens 310 250 3.0 100
castings, designated area”’ 315 250 3.0
castings, no location designated” 285 215 3.0
E357.0% T61
separately cast specimens 310 250 3.0 100
castings, designated area”’ 315 250 3.0
castings, no location designated” 285 215 3.0
F357.0" T6 310 3.0
359.0 A03590 T61
separately cast specimens 310 235 40 90
castings, designated area”’ 310 235 4.0
castings, no location designated- 275 205 3.0
T62
separately cast specimens 325 260 3.0 100
castings, designated area”’ 325 260 3.0
castings, no location designated” 275 205 3.0
443.0 A04430 F 145 5Q 2.0 45
B443.0 A24430 F 145 40 25 45
A444.0 A14440 T4
separately cast specimens 140 18.0
castings, designated area”’ 140 18.0
513.0/ A05130 F 150 80 25 60
535.0 A05350 F 240 125 7.0
705.0 A07050 T1orT5 255 115 9.0
707.0 A07070 T 290 170 4.0
T7 310 240 3.0
711.0/ A07110 T 195 125 6.0 70
713.0 A07130 T1 or T5 220 150 4.0
850.0 A08500 T5 125 7.0
851.0' A08510 T5 115 3.0
T6 125 7.0
852.0’ A08520 T5 185 3.0

A If agreed upon by manufacturer and the purchaser, other mechanieal properties may be obtained by other heat treatments such as annealing, aging, or stress relieving.
BGuidelines for metric conversion from the “Tempers for Aluminum and Aluminum Alloys, Metric Edition” (Tan Sheets) Appendix A, were used to convert the tensile and

yield values to Sl units.®

€ Refer to ANSI H 35.1/H35.1(M) for description of tempers.

P For explanation of the SI Unit “MPa” see Appendix X2.

EYield strength to be evaluated only when specified;in contract or purchase order.
F Hardness values given for information only, not ¥equired for acceptance.

G ASTM alloy designations are recorded in Practice B275.

H Not required.

! 332.0 formerly F332.0, 336.0 formerlyA332.0,513.0 formerly A514.0, 711.0 formerly C712.0, 851.0 formerly A850.0, 852.0 formerly B850.0.
J These properties apply only to castings having section thicknesses not greater than 2 in. except that section thicknesses of 19-mm max, shall apply to Alloy A444.0.

KProperties copied from A357.0-F6™M
LProperties copied from 357.0-T6.

4.1.4 Applicable drawing or part number,
4.1.5 The quantity in either pieces or pounds [kilograms],

4.2 Additionally, orders for material to this specification
shall iaclude the following information when required by the
purehaser.

4:2.1 Whether foundry control is required (see Section 9),

4.2.2 Whether yield strength tests are required (see 10.1 and
Table 2, Footnote C, [Table 4], [, Footnote D]),

4.2.3 Whether castings or test bars, or both, are to be
artificially aged for Alloys 705.0-T5, 707.0-T5, and 713.0-T5
(see 10.3)

4.2.4 Whether test specimens cut from castings are required
in addition to or instead of separately cast specimens (see
Sections 10, 12.2, 13.2, and 15),

4.2.5 Whether heat treatment is to be performed in accor-
dance with AMS 2771 (see Section 16),

4.2.6 Whether repairs are permissible (see Section 17),

4.2.77 Whether inspection is required at the producer’s
works (see Section 18),

4.2.8 DELETED

4.2.9 Whether surface requirements will be checked visu-
ally or by observational standards where such standards are
established (see 19.1)
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TABLE 4 Discontinuity—Level Requirements for Aluminum Castings in Accordance with Film Reference Radiographs E155 or Digital

Reference Radiographs £2422
Grade A* Grade B Grade C Grade D
Discontinuity Section Thickness, in. (mm
Vat0 ¥a Va Y Va Ya Va Ya
(6.4 to 19.0) (6.4) (19.0) (6.4) (19.0) (6.4) (19.0)

Gas holes none 1 1 2 2 5 5
Gas porosity (round) none 1 1 3 3 7 7
Gas porosity (elongated) none 1 1 3 4 5 5
Shrinkage cavity none 1 B 2 B 3 3
Shrinkage porosity or sponge none 1 1 2 2 4 8
Foreign material (less dense material) none 1 1 2 2 4 4
Foreign material (more dense material) none 1 1 2 1 4 3
Segregation none none none none
Cracks none none none none
Cold shuts none none none none
Surface irregularity not to exceed drawing tolerance
Core shaft not to exceed drawing tolerance

A Caution should be exercised in requesting grade A because of the difficulty in obtaining this level.

B No radiographs available. Use Va-in. [6-mm] for all thicknesses.

4.2.10 Whether liquid penetrant inspection is required (see
19.2),

4.2.11 Whether radiographic inspection is required and, if
so, the radiographic grade of casting required (19.3, Table 4),
and

4.2.12 Whether Practices B660 applies and, if so, the levels
of preservation, packaging and packing required (see 23.4).

5. Responsibility for Quality Assurance

5.1 Unless otherwise specified in the contract or purchase
order, the producer shall be responsible for the performance of
all inspections and test requirements specified herein. Unless
otherwise agreed upon, the producer may use his own/Or any
other suitable facilities for the performance of the ifispection
and test requirements specified herein. The purGhaser shall
have the right to perform any of the inspections.and tests set
forth in the specification where such inspections are deemed
necessary to confirm that the material conforms to prescribed
requirements.

6. Manufacture

6.1 The responsibility of furaishing castings that can be laid
out and machined to the fifished dimensions within the
permissible variations specified, as shown on the blueprints or
drawings, shall restywith the producer, except where mold
equipment is furnisheéd by the purchaser.

7. Chemical"€emposition

7.1 Thé product shall conform to the chemical composition
limits prescribed in Table 1. Conformance shall be determined
by_the)producer by taking samples at the time castings are
poured in accordance with E716 and analyzed in accordance
with E607, E1251, E34, or CEN EN 14242. If the producer has
determined the composition of the material during casting, they
shall not be required to sample and analyze the finished
product.

7.2 1f it becomes necessary to analyze castings for confor-
mance to chemical composition limits, the method used to
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shall be by agreement betiween the producer and the purchaser.
Analysis shall be performed in accordance with E716, E607,
E1251, E34, or CEN EN 14242 (ICP method).

7.3 Other methods of analysis or in the case of a dispute the
method of @nalysis shall be agreed upon by the producer and
the purchaser.

7.4¥A sample for determination of chemical composition
shallbe taken to represent one of the following:

7.4.1 Not more than 4000 1b [2000 kg] of clean castings or
a single casting poured from one furnace. The maximum
elapsed time between determinations shall be established for
each alloy, but in any case the maximum elapsed time shall not
exceed 8 hours.

8. Material Requirements—Castings Produced for
Governmental and Military Agencies

8.1 Unless otherwise specified, only aluminum alloy con-
forming to the requirements of Specification B179 or producers
foundry scrap, identified as being made from alloy conforming
to Specification B179, shall be used in the remelting furnace
from which molten metal is taken for pouring directly into
castings. Additions of small amounts of modifying and grain
refining elements or alloys are permitted.

8.2 Pure materials, recycled materials, and master alloys
may be used to make alloys conforming to this specification,
provided chemical analysis can be taken and adjusted to
conform to Table 1 prior to pouring any castings.

9. Foundry Control—Castings Produced for
Governmental or Military Agencies, or Both

9.1 When specified, castings shall be produced under
foundry control approved by the purchaser. Foundry control
shall consist of examination of castings by radiographic or
other approved methods for determining internal discontinui-
ties until the gating, pouring, and other foundry practices have
been established to produce castings meeting the quality
standards furnished by the purchaser or agreed upon between

he D nase he prod Ahen tound DI s-have
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significantly changed without demonstrating to the satisfaction
of the purchaser that the change does not adversely affect the
quality of the castings. Minor changes in pouring temperature
of £ 50°F [£ 28°C] from the established nominal temperature
are permissible.

10. Tensile Requirements

10.1 The separately cast tension test specimens representing
the castings shall meet the mechanical properties prescribed in
Table 2 [Table 3].

10.2 When specified, the tensile strength and elongation of
test specimens cut from castings shall be in accordance with
Table 2 [Table 3] for Alloys 354.0, C355.0, A356.0, A357.0,
E357.0, 359.0, and A444.0. For other alloys a minimum of
75 % of the tensile and yield strength values and not less than
25 % of the elongation values specified in Table 2 [Table 3] are
required. The measurement of elongation is not required for
test specimens cut from castings if 25% of the specified
minimum elongation value published in Table 2 [Table 3] is 0.5
% or less. If grade D quality castings as described in Table 4
are specified, no tensile tests shall be specified nor tensile
requirements be met on specimens cut from castings.

10.3 Although Alloys 705.0, 707.0, and 713.0 are most
frequently used in the naturally aged condition, by agreement
of the producer and the purchaser, the castings may be
artificially aged. The producer and the purchaser may also
agree to base the acceptance of castings on artificially aged test
bars. The conditions of artificial aging shown in Practice
B917/B917M or AMS 2771 shall be employed unless other
conditions are accepted by mutual consent.

11. Workmanship, Finish, and Appearance

11.1 The finished castings shall be uniform in copposition
and free of blowholes, cracks, shrinks, and other*discontinui-
ties in accordance with standards designated and agreed upon
as acceptable by the purchaser.

12. Test Specimens

12.1 Separately cast test specimens shall be cast in iron
molds. A recommended gating method is shown in Fig. 1 [Fig.
2]. The test section of the tension test specimen shall be cast to
size in accordance with the dithensions shown in Fig. 1 [Fig. 2]
and not machined prior-to test. Grip ends may be machined to
adapt them in such<a‘manner as to ensure axial loading.

12.2 When preperties of castings are to be determined,
tension test_speeimens shall be cut from the locations desig-
nated on.the)drawings, unless otherwise negotiated. If no
locationsare designated, one or more specimens shall be taken
to indlude locations having significant variation in casting
thickness, except that specimens shall not be taken from areas
directly under risers. The tension test specimens shall be the
Standard 0.500-in. [12.5-mm] diameter specimens shown in
Fig. 9 of Test Methods B557 [BS57M] or a round specimen of
smaller size proportional to the standard specimens. In no case
shall the dimensions of the smallest specimen be less than the
following:

in. mm

Diameter of reduced 0.250 16.00]
section.
Length of reduced section 1Va [32]
Radius of fillet %6 [5]
Diameter of end section Y8 [10]
Overall length:

With shouldered ends 2% [60]

With threaded ends 3 [75]

With plain cylindical ends 4 [100]

12.3 When necessary, a rectangular specimen may be uséd
proportional to that shown for the 0.500 in. [12.5-mm] wide
specimen in Fig. 6 of Test Methods B557 [BS57M], buit in no
case shall its dimensions be less than the followingg

in. mm
Width of reduced section, Va [6]
Length of reduced section, 1V [32]
Radius of fillet, 7 [6]
Overall length, 4 [100]

The specified elongation valuessshall not apply to tests of
rectangular specimens.

12.4 If the castings are tQ be’heat treated and separately cast
specimens are to be used, \the specimens representing such
castings shall be heat tféated with the castings they represent.
If castings are to be-heat treated and tests are to be obtained on
the castings, the t€st specimens shall be taken from the castings
after heat treatment.

13. Number of Tests

13.1\\Unless otherwise agreed upon by the purchaser and
preducer, two tension test specimens shall be separately cast
and tested to represent the following:

13.1.1 Not more than 4000 1b [2000 kg] of clean castings
(gates and risers removed) or a single casting poured from one
furnace.

13.1.2 The castings poured continuously from one furnace
in not more than eight consecutive hours.

13.2 When tensile properties of castings are to be
determined, one per melt-heat combination shall be tested
unless otherwise shown on the drawing or specified in the
purchase order.

13.3 If any test specimen shows defective machining or
flaws, it may be discarded, in which case the purchaser and the
producer shall agree upon the selection of a replacement
specimen.

14. Test Methods

14.1 The tensile properties shall be determined in accor-
dance with Test Methods B557 [B5S57M].

15. Retests

15.1 If the results of the tension test do not conform to the
requirements prescribed in Table 2 [Table 4], test bars repre-
sentative of the castings may be retested in accordance with the
replacement tests and retest provisions of Test Methods B557
[BS57M] and the results of retests shall conform to the

requirements as to mechanical properties specified in Table 2
[Table 4]
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Note 1—Test section of test bar: this section to be gradually tapered from the ends towards the center.
FIG. 1 Tension Test Specimen Casting — (Inch Pounds)

16. Heat Treatment welding, impregnation, peening, blending, soldering, and so
16.1 Heat treatment of castings shall be performed in forth. Limitations on the extent and frequency of such repairs,
accordance with.Practice B917/B917M. and methods of inspection of repaired areas should also be

) ) agreed upon.
16.2 When-specified, heat treatment shall be in accordance

with AMS 9771 17.1.1 The welding procedure and welders shall be qualified

in accordance with Section IX of the ASME BPVC.

17.-Repair of Castings 17.2 Repairing of Castings Produced for Governmental and

1.1 Castings may be repaired only by processes approved ~ Military Agencies:

and agreed upon by the producer and purchaser, such as, 17.2.1 Welding:
17.2.1.1 When welding is permitted, it shall be done by
methods suitable for the particular alloy. Welding methods
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FIG. 2 Tension Test Specimen Casting — [Metric]

shall be in accordance with ‘such specifications as are refer-
enced on the applicable .drawings, or as are required by the
contract or order.

17.2.1.2 All welding shall be done by qualified welders and
by methods approved by the purchaser.

17.2.1.3.When castings are to be supplied in the heat treated
conditieny.they shall be heat treated to the required temper after
weldingy/except that small arc welds may be performed without
subsequent heat treatment upon approval of the purchaser.

17.2.1.4 Unless otherwise specified, castings that have been
fepaired by welding shall have the welded areas examined
radiographically after all reworking and heat treatment have
been completed.

17.2.1.5 All welds shall be free from cracks, 1

ack of fusion,
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17.2.1.6 Welded castings shall be marked with a symbol of
three concentric circles with a letter or number designating the
welder adjacent to the symbol. The outer circle of the symbol
shall be no larger than "4 in. (6 mm) in outside diameter. All
welded areas shall be encircled with a ring or white paint prior
to submission for final inspection.

17.2.1.7 Repair welding of castings used in naval shipboard
pressure vessels, piping systems, and machinery shall be
performed in accordance with requirements for repair of
castings specified in NAVSEA Technical Publication S9074-
AR-GIB-010/278.

17.3 Impregnation—When impregnation is permitted, it
shall be to correct general seepage leaks only and shall not be
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FIG. 38 ,Tension Test Specimen Casting (Cross Section) — (Inch Pounds)

accepted standards. It shall*be’ accomplished in accordance
with MIL-STD-276. Unless otherwise authorized by the
purchaser, castings whieh have been impregnated shall be
marked “IMP”.

17.4 Peening—~When peening is permitted, it shall be to
correct localized 'minor seepage leaks and small surface imper-
fections only) or to disclose subsurface voids for the purpose of
inspection.-Peening will not be permitted to repair cracks, cold
shut§, shrinks, misruns, defects due to careless handling, or
other similar major defects. Peening may be accomplished
either hot or cold and shall be performed by methods which are
acceptable to the purchaser. Peened castings shall be marked
with a Maltese cross approximately % in. [6-mm] high.

17.5 Blending—Blending with suitable grinders or other
tools will be permitted for the removal of surface imperfections
only, and shall not result in dimensions outside the tolerances
shown on the applicable drawings

)

SEC. D'D

18. Source Inspection

18.1 If the purchaser elects to make an inspection of the
castings at the producer’s works, it shall be so stated in the
contract or order.

18.2 If the purchaser elects to have an inspection made at
the producer’s works, the producer shall afford the inspector all
reasonable facilities to satisfy him that the material is being
furnished in accordance with this specification. All tests and
inspections shall be so conducted as not to interfere unneces-
sarily with the operation of the works.

19. Foundry Inspection

19.1 Requirements such as surface finish, parting line
projections, snagging projections where gates and risers were
removed, and so forth, may be checked visually. It is advisable
to have agreed upon observational standards representing both
acceptable and unacceptable material

73


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SB-108/SB-108M

ASME BPVC.I1.B-2025

Z0mm 70mm——

TAPER
4 mm/m
Smm
N
E EEITURINNS
N
-—H~—‘3.G mm

200 TYR

sec A=A

FIG. 4 Tension Test Specimen Casting Cross Section — [Metric]

19.2 Liquid Penetrant Inspectign:

19.2.1 When specified, liquid-penetrant inspection shall be
in accordance with Test.‘Method E165, and the required
sensitivity shall be specified.

19.2.2 Acceptancey standards for discontinuities shall be
agreed upon, including size and frequency per unit area and
location.

19.3 Radiographic Inspection:

19.3.1(Radiographic inspection shall be in accordance with
Guide<E94 and Film Reference Radiographs E155.

19.32 When agreed upon between the manufacturer and
puschaser, digital radiographic inspection shall be in accor-
dance with Guide E94 and Digital Reference Radiographs
E2422.

& AN

32wmmR.

l~ 38 mm

sec.D-D

19.3.3 Radiographic acceptance shall be in accordance with
the requirements selected from Table 4. Any modifications of
the table and the frequency per unit area and location of
discontinuities should also be agreed upon.

19.3.4 The number, film size and orientation of radiographs,
and the number of castings radiographically inspected shall be
agreed upon by the producer and purchaser.

20. Identification and Repair Marking for Castings
Produced for Government and Military Agencies

20.1 Identification—Unless otherwise specified, each cast-
ing shall be marked with the applicable drawing or part
number. The marking shall consist of raised Arabic numbers,
and when applicable upper-case letters, cast integral. The
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location of the identification marking shall be as specified on

SB-108/SB-108M

inspected in accordance with this specification, and has met the

the applicable drawing. When the location 1s not specified on
the drawing, the drawing or part number, or both, shall be
placed in a location mutually agreeable to the purchaser and
producer.

20.2 Lot Identification—When practical, each casting shall
also be marked with the melt or inspection lot number.

20.3 Lot—A lot shall consist of all of the cleaned castings
poured from the same heat or melt when subsequent heat
treatment is not required.

20.3.1 When the castings consist of alloys that require heat
treatment, the lot shall consist of all castings from the same
melt or heat that have been heat treated in the same furnace
charge, or if heat treated in a continuous furnace, all castings
from the same melt or heat that are discharged from the furnace
during a 4-hour period.

20.4 Repair Marking—All identification markings indicat-
ing repairs as specified in 19.1, 19.2, and 19.3 shall be made
with a waterproof marking fluid.

21. Rejection and Rehearing

21.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer promptly and in writing. In case of dissatisfac-
tion with the results of the test, the producer may make claim
for a rehearing.

22. Certification

22.1 The producer shall furnish to the purchaser a
certificate stating that each lot has been sampled, tested, @nd

requirements. In addition, all test reports required by this
specification shall be supplied with the certification.

23. Packaging, Marking, and Shipping

23.1 The material shall be packaged in such a manner as to
prevent damage in ordinary handling and transportation. The
type of packaging and gross weight of individual containérs
shall be left to the discretion of the producer unless otherwise
agreed upon. Packaging methods and containers shall“be so
selected as to permit maximum utility of mechanical equip-
ment in unloading and subsequent handling. Ea¢hpackage or
container shall contain only one part number, 4ll6y, and temper
of material when packaged for shipment.unless otherwise
agreed upon.

23.2 Each package or container shall be marked with the
purchase order number, part number, quantity, specification
number, alloy and temper, grdss and net weights, and the name
of the producer.

23.3 Packages or coatdiners shall be such as to ensure
acceptance by common.or other carriers for safe transportation
at the lowest rate to/the point of delivery.

23.4 When specified in the contract or purchase order,
material shall*be preserved, packaged, and packed in accor-
dance with the requirement of Practices B660. The applicable
levelsshall be as specified in the contract or order. Marking for
shipiment of such material shall be in accordance with Fed. Std.
No: 123 or Practice D3951 for civil agencies and MIL-STD-
129 for military agencies.

24. Keywords

24.1 aluminum; permanent mold castings

ANNEXES

(Mandatory Information)

A1. BASIS FOR INCLUSION OF PROPERTY LIMITS

Al.1 Limits are established.at a level at which a statistical
evaluation of the data indicates that 99 % of the population
obtained from all standard’material meets the limit with 95 %
confidence. For the ‘products described, mechanical property
limits for the respective size ranges are based on the analyses
of at least 100-data from standard production material with no

more than ten data from a given lot. All tests are performed in
accordance with the appropriate ASTM test methods. For
informational purposes, refer to “Statistical Aspects of Me-
chanical Property Assurance” in the Related Material section of
the Annual Book of ASTM Standards, Vol 02.02.
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A2. ACCEPTANCE CRITERIA FOR INCLUSION OF NEW ALUMINUM AND ALUMINUM ALLOYS IN THIS SPECIFICA-

TTON

A2.1 Prior to acceptance for inclusion in this specification,
the composition of wrought or cast aluminum or aluminum
alloy shall be registered in accordance with ANSI H35.1/
H35.1(M). The Aluminum Association holds the Secretariat of
ANSI H35 Committee and administers the criteria and proce-
dures for registration.

A2.2 If it is documented that the Aluminum Association
could not or would not register a given composition, an
alternative procedure and the criteria for acceptance shall be as
follows:

A2.2.1 The designation submitted for inclusion does not
utilize the same designation system as described in ANSI
H35.1/H35.1(M). A designation not in conflict with other
designation systems or a trade name is acceptable.

A2.2.2 The aluminum or aluminum alloy has been offered
for sale in commercial quantities within the prior twelve
months to at least three identifiable users.

A2.2.3 The complete chemical composition limits are sub-
mitted.

A2.2.4 The composition is, in the judgement of the respon-
sible subcommittee, significantly different from that of any
other aluminum or aluminum alloy already in this specifica-
tion.

A2.2.5 For codification purposes, an alloying element is any
element intentionally added for any purpose other than grain
refinement and for which minimum and maximum limits are
specified. Unalloyed aluminum contains a minimum of
99.00 % aluminum.

A2.2.6 Standard limits for alloying elements and impurities
are expressed to the following decimal places:

Less than 0.001 % 0:000X
0.001 to but less than 0.01 % 0:00X
0.01 to but less than 0.10 %
Unalloyed aluminum made by a refining process 0.0XX
Alloys and unalloyed aluminum not made by a refining
process 0.0X
0.10 through 0.55 % 0.XX
(It is customary to express limits of 0.30 through 0.55 % as
0.X0 or 0.X5)
Over 0.55 % 0.X, X.X, etc.

(Except that combined Si + Fe limits£or99.00 % minimum
aluminum must be expressed as0.XX or 1.XX)

A2.2.7 Standard limits for alloying elements and impurities
are expressed in the following sequence: Silicon; Iron; Copper;
Manganese; Magnesium; Chromium; Nickel; Zinc; Titanium;
(Note A2.1); Other Elements, Each; Other Elements, Total:
Aluminum (Note A2.2).

Note A2.[%£Additional specified elements having limits are inserted in
alphabeti€al order of their chemical symbols between Titanium and Other
Elemeénts, Each, or are specified in footnotes.

Note A2.2—Aluminum is specified as minimum for unalloyed alumi-
ntm and as a remainder for aluminum alloys.

APPENDIXES

(Nonmandatory Information)

X1..PROPERTIES AND CHARACTERISTICS

X1.1 Data in Table X1.1 are approximate and are supplied
for general information only.
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TABLE X1.1 Properties and Characteristics — (Inch-Pound Units) — (Sl Units) — [Metric]

Note 1—indicates best’gf group; 5 indicates poorest of group.

LL

1120 to 1190 [604-
643]

Alloy Foundary Characteristics Other Characteristics
Approximate Resistance  Pressure So".diﬁ- Normall Resistance . . Anodizin Chemical Strength at Suitability  Suitab)
ANSH UNs  Melting Range “= 7oy Tight-  Fluidiy? . c&ton Hot to Machin-  Polish- Electro- (Appear? Oxide  Sgrg ] ST S
°F? Cracking® ness Shrinkage  2ied  Corrosion” ing ing plating ance)’ Coating Tempt  Welding” Brazin
[°C] aeng Tendency® ) (Protection)< P 9
P04.0 A02040 985 to 1200 4 3 3 4 yes 4 1 2 1 3 4 1 4 no
[529-649]
P42.0 A02420 990 to 1175 4 4 3 4 yes 4 2 2 1 2 3 1 4 no
[532-635]
£96.0 A02960 970 to 1170 4 3 3 4 yes 4 1 2 1 3 4 1 4 no
[521-632]
308.0 A03080 970 to 1135 2 2 2 3 yes 4 3 3 2 4 3 3 2 no
[521-613]
319.0 A03190 950 to 1125 2 2 2 3 yes 3 3 3 2 4 3 3 2 no
[510-607]
336.0° A03360 1080 to 1050 1 2 1 3 yes 3 4 5 4 5 2 2 2 no
[538-566]
332.0° A03320 970 to 1080 1 2 1 2 aged only 3 3 4 3 5 3 3 2 no
[521-582]
333.0 A03330 960 to 1085 2 2 2 3 no 3 3 3 3 5 3 3 2 no
[516-585]
354.0 A03540 1015 to 1150 1 1 2 2 yes 3 3 3 2 4 2 2 2 no
[546-621]
355.0 A03550 1015 to 1150 1 1 2 2 yes 3 3 3 2 4 2 2 2 no
[546-621]
C355.0 A33550 1015 to 1150 1 1 2 2 yes 3 3 3 2 4 2 2 2 no
[546-621]
356.0 A03560 1035 to 1135 1 1 2 1 yes 2 3 3 1 4 2 3 2 no
[557-613]
A356.0 A13560 1035 to 1135 1 1 2 1 yes 2 3 3 1 4 2 3 2 no
[557-613]
357.0 1035 to 1135 1 1 2 1 yes 2 3 3 1 4 2 3 2 no
[5657-613]
A357.0 A13570 1035 to 1135 1 1 2 1 yes 2 3 3 1 4 2 3 2 no
[557-613]
E357.0 1035 to 1135 1 1 2 1 yes 2 3 3 1 4 2 3 2 no
[557-613]
F357.0 1035 to 1135 1 1 2 1 yes 2 3 3 1 4 2 3 2 no
[557-613]
359.0 A03590 1035 to 1135 1 1 2 1 yes 2 3 3 1 4 2 3 2 no
[557-613]
143.0 A04430 1065 to 1170 1 1 1 2 no 3 5 4 2 4 2 4 1 Itd
[574-632]
B443.0 A24430 1065 to 1170 1 1 1 2 no 2 5 4 2 4 2 4 1 Itd
[574-632]
A444.0 A14440 1065 to 1145 1 1 1 1 yes 2 5 4 2 4 2 4 1 Itd
[574-618]
513.0°  A05130 1075 to 1180 4 5 5 4 no 1 1 1 4 1 1 3 5 no
[579-638]
535.0 A05350 1020 to 1165 4 5 5 5 no 1 1 1 5 1 1 3 4 no
[549-629]
705.0 A07050 1105 to 1180 [596- 5 4 4 5 aged only 2 1 1 3 1 2 5 4 yes
638]
707.0 A07070 1085 to 1165 5 4 4 5 yes 2 1 1 3 1 2 5 5 yes
711.0°  A07110 [585-629] 5 4 4 5 aged only 2 1 1 2 1 2 5 4 yes

S20Z-9'II'DAdI JNSV
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TABLE X1.1 Continued

Alloy Foundary Characteristics Other Characteristics
Approximate Resistance  Pressure Solidifi- Normall i izi Chemical itabili i
. ) y  Resistance . . ~ Anodizing ) Strength at Suitability ~ Suitable
AN§I*  UNS Melting Range to Hot Tight- Fluidity?: cgtlon Heat- to M.aCth P.OHS,E] Elec_trol (Appear- Oxuj,le Elevated for for
°Fo Cracking® ness Shrinkage o ateq Corrosion” g g plating ance)”’ Coating Tempt  Welding” Brazing"
[°C] 9 Tendency® (Protection)X P 9 9
713. A07130 1100 to 1185 [593- 5 4 4 5 aged only 2 1 1 2 1 2 5 4 yes
641]
850. A08500 435 to 1200 5 5 5 5 aged only 3 1 1 5 4 5 P 5 no
[224-649]
851.0° A08510 440 to 1165 4 4 5 4 yés 3 1 1 5 4 5 P 5 no
[227-629]
852.0° A08520 400 to 1175 5 5 5 5 aged 3 1 1 5 4 5 P 5 no
[204-635]

A ASTM alloy designations are recorded in Practice B275.

B Temiperatures of solidus and liquidus are indicated, pouring temperatures will be higher.

© Ability of alloy to withstand stresses from contraction while cooling through hot-short or brittle temperature fange.

P Ability of liquid alloy to flow readily in mold and fill thin sections.

E Ddcrease in volume accompanying freezing of alloy and measure of amount of compensating feed metal required insform of risers.
FBaded on resistance of alloy in standard type salt-spray test.

@ Cofnposite rating based on ease of cutting, chip characteristics, quality of finish, and tool life. Ratings, in the case of heat-treatable alloys, based on T6 temper. Other tempers, particularly the annealed temper, may

have|lower rating.

" Conposite rating based on ease and speed of polishing and quality of finish provided by typical polishing procedure.

! Abilty of casting to take and hold an electroplate applied by present standard methods.

J Ratps of lightness of color, brightness, and uniformity of clear anodized coating applied in sulfuric acid electrolyte.

K Rgted on combined resistance of coating and base alloy to corrosion.

L Ratlng based on tensile and yield strengths at temperatures up to 500°F [260°C], after prolonged heating at testing temperature.
M Baged on ability of material to be fusion-welded with filler rod or same alloy.

N Refers to suitability of alloy to withstanding brazing temperatures without excessive distortion or melting.

©334.0 formerly A332.0, 332.0 formerly F332.0, 513.0 formerly A514.0, 711.0 formerly C712.0, 851.0 formerly A850.0, 852.0 formerly B850.0!

P Nof recommended for service at elevated temperatures.

W80T-4S/801-9S
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X2. METRIC EQUIVALENTS

SB-108/SB-108M

X2.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI) (IEEE/
ASTM SI 10). The derived SI unit for force is the newton (N),
which is defined as that force which when applied to a body
having a mass of one kilogram gives it an acceleration of one
metre per second squared (N = kg-m/s?). The derived SI unit

X3.1 Alloys

listed as

inactive by

the Aluminum
Association—208.0 and 222.0. Listing the composition limits,
mechanical properties, and characteristics of the alloys is a

for pressure or stress is the newton per square metre (N/m?),
which has been named the pascal (Pa) by the General Confer-

ence on Weights and Measures. Since

1 ksi=6 894 757 Pa,

the metric equivalents are expressed as megapascal (MPa),
which is the same as MN/m? and N/mm?.

X3. INACTIVE ALLOYS

method of preserving this data should it beynieeded at some

future date.

TABLE X3.1 Chemical Composition Limits

Norte 1—All applicable notes and footnotes can be found in Table 1

Alloy . Composition, % Other Elements
Alumi- Man- |[Magne-| Chro-
ANSI UNS num | Silicon Iron Copper 19 . Nickel Zinc | Titanium Figy Each Total
ganese| sium | mium
2080 A02080 "% 2535 12 3545 050 0.0 035 10 028 0.50
remain-
222.0 A02220 der 2.0 15 9.2-10.7 0.50 0.15-0.35 0.50 0.8 0:25 0.35

ABeryllium 0.002 max

TABLE X3.2 Tensile Requirements (Inch-Pound Units)-Inactive Alloys

Note 1—All applicable notes and footnotes can be found in Table 2.

. Yield Strength Elongation in Typical Brinell Hard-
Alloy Temper Tensﬂe_ Stre_ngth, (0.2 % offset), 2in.or4 x ness, 500 kgf, 10
ANSI UNS mig, K min, ksi (MPa) diameter, min, % mm
208.0 A02080 T4 330 15.0 45 75
T6 35.0 22.0 2.0 90
T7 33.0 16.0 3.0 80
222.0 A02220 T551 30.0 A 115
T65 40.0 A 140

A Not required.

TABLE X3.3Jensile Requirements (S| Units)-[Metric]-Inactive Alloys

Note 1—All applicable notes and footnotés can be found in Table 3.

Yield Strength

Typical Brinell Hard-

Alloy Temper Ten5|lle Strength, (0.2 % offset), Elongaponom ness, 500 kgf, 10
ANSI UNS min, MPa min, MPa 5D, min, % mm
208.0 A02080 T4 230 105 45 75
T6 240 150 2.0 90
T7 230 110 3.0 80
222.0 A02220 T551 205 A 115
T65 275 A 140

A Not required.
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TABLE X3.4 Properties and Characteristics—(Inch-Pound Units) — (Sl Units) —-[Metric]—Inactive Alloys

Note 1—1 indicates best of group, 5 indicates poorest of group.
Note 2—AlI applicable notes and footnotes can be found in Table X1.1.
) ) Solidi- .
Alloy Pater hnate viet anee to fication f normaly.| Fesist Anodiz- | CTREE | ST | suitabi by
Shrinkage ) Pressure|  Fluid- Shrink- ¥, anceto | Machin- Polish- | Electro- | ing (Ap- - ity for .
Allowance,? ing Hot ) LB Heat D F -G Coating vated ity for
i/t IR f| crack Tightness ity age T d Caorro- ing ing plating pear- P T Weld- b razihg?
ANSIF UNS in./ft ange, rack- Tend- reate SlonC ance)” (Protec- empera- ing® razifg
[mm/m] [°C] ing® ency tion)” ture®
2(8.0 A02080 %2 [13] | 970-1160 2 2 2 2 yes 4 3 3 2 3 3 3 2 n
[521-627]
2400 | A02220 | 62[13] |965-1155| 3 3 3 3 yes 4 4 2 1 3 4 1 4 n
[518-624]

W80T-4S/801-9S
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SPECIFICATION FOR COPPER AND COPPER-ALLOY
SEAMLESS CONDENSER TUBES AND FERRULE STOCK

&Z@ SB-111/SB-111M

®

(Identical with ASTM Specification B111/B111M-18a except that certification and test reports have been made
mandatory.)
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Specification for

ASME BPVC.I1.B-2025

Copper and Copper-Alloy Seamless Condenser Tubes and

Ferrule Stock

1. Scope

1.1 This specification establishes the requirements for
seamless tube and ferrule stock of copper and various copper
alloys up to 3 in. [80 mm] inclusive, in diameter, for use in
surface condensers, evaporators, and heat exchangers. The
following coppers and copper alloys are specified:

Copper or Copper Previously Used

Alloy UNS No.  Designation Description
C10100 OFE Oxygen-free electronic
C10200 OF~ Oxygen-free without residual deoxidants
C10300 Oxygen-free, extra low phosphorus
C10800 S Oxygen-free, low phosphorus
C12000 DLPA Phosphorized, low residual phosphorus
C12200 DHPA Phosphorized, high residual phosphorus
C14200 DPAA Phosphorized, arsenical
C15630 Nickel Phosphorus
C19200 Phosphorized, 1 % iron
C23000 Red Brass
C28000 Muntz Metal
C44300 Admiralty Metals, B, C, and D
C44400 .
C44500 C.
C60800 Aluminum Bronze
C61300 S
C61400 Aluminum Bronze, D
C68700 Aluminum Brass, B
C70400 95-5 Copper-Nickel
C70600 90-10 Copper-Nickel
C70620 90-10 Copper-Nickel—Welding Grade
C71000 80-20 Copper-Nickel
C71500 70-30 Copper-Nickel
C71520 70-30 Copper-Nickel~Welding Grade

Copper or Copper Previously Used

Alloy UNS No. Designation Description
C71640 Copper-nickel-iron-manganese
C72200

A Designations listed in Classification B224.

1.2 Units—The values stated in” either SI units or inch-
pound units are to be regarded-separately as standard. The
values stated in each systemi™piay not be exact equivalents;
therefore, each system shall be used independently of the other.
Combining values frof/the two systems may result in non-
conformance with thé\standard.

1.3 The following safety hazards caveat pertains only to the
test methods~portion, Section 19, of this specification: This
standard doesnot purport to address all of the safety concerns,
if any, @ssociated with its use. It is the responsibility of the user
of this\standard to establish appropriate safety, health, and
environmental practices and determine the applicability of
regulatory limitations prior to use. (Warning—Mercury has
been designated by many regulatory agencies as a hazardous
substance that can cause serious medical issues. Mercury, or its
vapor, has been demonstrated to be hazardous to health and
corrosive to materials. Use caution when handling mercury and
mercury-containing products. See the applicable product
Safety Data Sheet (SDS) for additional information. The
potential exists that selling mercury or mercury-containing
products, or both, is prohibited by local or national law. Users
must determine legality of sales in their location.)

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Commiittee.

2. Referenced Documents

2.1 The following documents in the current issue of the
Annual Book of ASTM Standards form a part of this specifica-
tion to the extent referenced herein:
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2.2 ASTM Standards:

SB-111/SB-111M

4.1.3 Temper (Section 7);

B153 Test Method for Expansion (Pin Test) of Copper and
Copper-Alloy Pipe and Tubing

B154 Test Method for Mercurous Nitrate Test for Copper
Alloys

B170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes

B224 Classification of Coppers

B846 Terminology for Copper and Copper Alloys

B858 Test Method for Ammonia Vapor Test for Determining
Susceptibility to Stress Corrosion Cracking in Copper
Alloys

B968/B968M Test Method for Flattening of Copper and
Copper-Alloy Pipe and Tube

ES8/E8M Test Methods for Tension Testing of Metallic Ma-
terials

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

ES53 Test Method for Determination of Copper in Unalloyed
Copper by Gravimetry

E54 Test Methods for Chemical Analysis of Special Brasses
and Bronzes (Withdrawn 2002)

E62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods) (Withdrawn 2010)

E75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys (Withdrawn 2010)

E76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys (Withdrawn 2003)

E112 Test Methods for Determining Average Grain Size

E118 Test Methods for Chemical Analysis of Copper-
Chromium Alloys (Withdrawn 2010)

E243 Practice for Electromagnetic (Eddy Current) Examina-
tion of Copper and Copper-Alloy Tubes

E255 Practice for Sampling Copper and Copper” Alloys for
the Determination of Chemical Composition

E478 Test Methods for Chemical Analysis @f.Copper Alloys

E527 Practice for Numbering Metals and Alloys in the
Unified Numbering System (UNS)

E2575 Standard Test Method for Determination of Oxygen
in Copper and Copper Alloys, (Withdrawn 2017)

3. Terminology

3.1 Definitions:

3.1.1 For definitions\0f"terms relating to copper and copper
alloys, refer to Terminology B846.

4. Ordering Information

4.1 Include“the following specified choices when placing
orders for product under this specification, as applicable:

4.471ASTM Designation and year of issue;

442 Copper or Copper Alloy UNS No. Designation (see
Table 1);

4.1.4 Dimensions, outside diameter, and wall thickness,
whether minimum or nominal (Section 14);

4.1.5 How furnished (tube or ferrule stock);

4.1.6 Quantity—total weight or total length or number of
pieces of each size; and

4.1.7 Intended application.

4.2 The following options are available but may .not_be
included unless specified at the time of placing of the,order
when required:

4.2.1 DELETED

4.2.2 Hydrostatic or pneumatic test as an alternative to eddy
current test (Section 13).

4.2.3 If the cut ends of the tubes doynot/need to be deburred
(Section 15).

4.2.4 If the product is to be sbsequently welded (Table 1,
Footnotes G and H).

4.2.5 Residual Stress Tests~Ammonia Vapor Test or Mer-
curous Nitrate Test (Section '12).

4.2.6 For Ammonia Vapor Test, risk level (pH value) if other
than 10.

4.2.7 Heat identification or traceability details.

4.2.8 DELETED

4.2.9 DELETED

4.240If a subsequent thermal treatment after straightening
is yequited (Section 7).

42.11 If product is purchased for agencies of the U.S.
Government (see Supplementary Requirements section of this
specification for additional requirements, if required).

5. Materials and Manufacture

5.1 Materials:

5.1.1 The material of manufacture shall be a form of such
purity and soundness as to be suitable for processing into the
products prescribed herein.

5.1.2 When specified in the contract or purchase order that
heat identification or traceability is required, the purchaser
shall specify the details desired.

5.2 Manufacture:

5.2.1 The product shall be manufactured by such hot-
working, cold-working, annealing, straightening, trimming,
and other processes as to produce a uniform seamless tube in
the finished product.

5.2.2 The product shall be hot- or cold-worked to the
finished size, and subsequently annealed, when required, to
meet the temper properties specified.

6. Chemical Composition

6.1 The product shall conform to the chemical composition
requirements specified in Table 1.
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TABLE 1 Chemical Requirements
Cdpper or Composition, %
opper Nickel, Lead Othgr
Alloy UNS Copper Tin Aluminum incl cad, Iron Zinc Manganese Arsenic Antimony Phosphorus ~ Chromium  Namgd
No. Cobalt max Elemdnts
C10j00 99.99 minA 0.0002 max 0.0010 max? 0.0005 max 0.0010 max 0.0001 0.00005 max 0.0005 0.0004 max 0.0003 max 0.0001 max ¢
max max
C10p00¢ 99.95 min® L. c
C10800 99.95 minP 0.001-0.005
C10800 99.95 minP 0.005-0.012
C12000% 99.90 min? 0.004-0.012
C12p00 99.9 min? S 0.015-0.040
C14200 99.4 min®P R 0.15-0.50 0.015-0.040
C15630 remainder 0.60-0.905 . e o 0.015-0.040
C19200 98.5 min - 0.8-1.2 0.20 max 0.01-0.04
C23p00 84.0-86.0 0.05 0.05 max remainder L.
C28p00 59.0-63.0 ce 0.09 0.07 max remainder L
C44300 70.0-73.0 0.9-1.2 007 0.06 max remainder 0.02-0.06 L.
C44400 70.0-73.0 0.9-1.2 Q07 0.06 max remainder 0.02-0.10 .
C44500 70.0-73.0 0.9-1.2 L. 0.07 0.06 max remainder L. 0.02-0.10
C60800 remainder? S 5.0-6.5 ce 0.10 0.10 max Ce e 0.02-0.35 L. ..
C61800 remainder? 0.20-0.50 6.0-7.5 0.15 max 0.01 2.0-3.0 0.10 max 0.20 max e 0.015 max £ g
C61400 remainder?® e 6.0-8.0 0.01 1.5-3.5 0.20 max 1.0 max L. 0.015 max
C68Y00 76.0-79.0° 1.8-2.5 s 0.07 0,06 max remainder L. 0.02-0.06
C70400 remainder?® 4.8-6.2 0.05 8417 1.0 max 0.30-0.8
C70600 remainder? 9.0-11.0 0.05 1.0-18 1.0 max 1.0 max L ..
C70620 86.5 min® 9.0-11.0 0.02 1.0-1.8 0.50 max 1.0 max 0.02 max C.05 rpax
S.02 rhax
C71000 remainder? 19.0-23.0 0.05" 0.50-1.0 1.0"max" 1.0 max H H
C71%00 remainder? 29.0-33.0 0.05 0.40-1.0 .0 max 1.0 max s ..
C71%20 65.0 min®? 29.0-33.0 0.02 0.40-1.0 0.50¢max 1.0 max 0.02 max C.05 rpax
S.02 rhax
C71$40 remainder? 29.0-32.0 0.05" 1.7-2.3 1.0 max* 1.5-2.5 H C.06 max
S.0
max{’
C72p00 remainder? 15.0-18.0 0.05" 0.50-1.0 1.0 max" 1:0/max H 0.30-0.70 Si.oB
ma.
Ti.OB
max{’
A Thls value is exclusive of silver and shall be determined by difference of “impurity total” from 100 %. “Impurity total” is defined as the sum of sulfur/silVer, lead, tin, bismuth, arsenic, antimony, iron, nickel, mercury, Zinc,

phogphorus, selenium, tellurium, manganese, cadmium, and oxygen present in the sample.

B Ngt including Cobalt.
© Additional impurity maximums in percent for alloy C10100 shall be: bismuth 0.0001, cadmium 0.0001, oxygen 0.0005, selenium 0.0003, sulfur 0.0015, teffurium 0.0002, mercury 0.0001. For C10200, oxygen sh

be 0

0010 max.

D Cdpper (including silver).

E Thls includes oxygen-free Cu which contains P in an amount agreed upon.

F Sillcon shall be 0.10 % max.

en the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zinc 0.05 % max, and zirconium 0.05 % max.
en the product is for subsequent welding applications, and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 % max, sulfur'0.02 % max, and carbon 0.05 % max.

Gw
Hwi
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6.2 These composition limits do not preclude the presence
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Copper Plus Named

CoonerAlloy LUUNS N
Lt Y

of other elements. By agreement between the manufacturer and
purchaser, limits may be established and analysis required for
unnamed elements.

6.2.1 Copper Alloy UNS No. C19200—Copper is the differ-
ence between the sum results of all the elements determined
and 100 %. When all the elements in Table 1 are determined,
their sum shall be 99.8 % minimum.

6.2.2 For alloys in which copper is listed as “remainder,”
copper is the difference between the sum results of all the
elements determined and 100 %. When all elements in Table 1
are determined, the sum of the results shall be as follows:

Copper Plus Named

Copper Alloy UNS No. Elements, % min

C15630 99.5
C60800 99.5
C61300 99.8
C61400 99.5
C70400 99.5
C70600 & C70620 99.5
C71000 99.5
C71500 & C71520 99.5
C71640 99.5
C72200 99.8

6.2.3 For alloys in which zinc is listed as the remainder,
either copper or zinc may be taken as the difference between
the sum of all the elements determined and 100 %. When all
elements in Table 1 are determined, the sum of the results shall
be as follows:

Elements, % min

C23000 99.8
C28000 99.7
C44300 99.6
C44400 99.6
C44500 99.6
C68700 99.5

7. Temper

7.1 Tubes shall be furnished in the temper desighdtions
identified in Tables 2 and 3.

7.1.1 Drawn tempers H55 and H80.
7.1.2 Annealed temper O61.
7.1.3 Drawn and stress-relieved temper, HR50.

7.2 Tubes for ferrule stock shall’be~annealed sufficiently to
be fully recrystallized.

7.3 Optional Post-Straightening Thermal Treatment—Some
tubes, when subjected to~aggressive environments, may have
the potential for stress=eorrosion cracking failure due to the
residual stresses induced during straightening processing. For
such applications, it/is suggested that tubes of Copper Alloy
UNS Nos. 23000, C28000, C44300, C44400, C44500,
C60800, CG61300, C61400, and C68700 be subjected to a
stress-relieving thermal treatment subsequent to straightening.
If reduired, this must be specified on the purchase order or

TABLE 2 Tensile Requireméents—Inch-Pound Values

Note 1—See Table 3 for tensile requirements—SI values.

Temper-Designation ; ) B Elongation
Copper or Copper Alloy UNS No. Tensile Sktf?fgth, Ylel?nﬁtrfggth, in2in.
Code Name min ksi min %
C10100, C10200, C10300, C10800, C12000, C12200, H55 light-drawn 36 30
C14200
C10100, C10200, C10300, C10800, C12000, C12200, H80 hard-drawn 45 40
C14200
C15630 061 annealed 30 8 40
C19200 H55 light-drawn 40 35
C19200 H80 hard-drawn 48 43
C19200 061 annealed 38 12
C23000 061 annealed 40 12
C28000 061 annealed 50 20
C44300, C44400, C44500 061 annealed 45 15
C60800 061 annealed 50 19
C61300, C61400 061 annealed 70 30
C68700 061 annealed 50 18
C70400 061 annealed 38 12
C70400 H55 light-drawn 40 30
C70600, C70620 061 annealed 40 15
C70600, C70620 H55 light-drawn 45 35
C71000 061 annealed 45 16
C71500, C71520 061 annealed 52 18
C71500, C71520
Wall thicknesses up to 0.048 in., incl HR50 drawn and stress-relieved 72 50 12
Wall'thicknesses over 0.048 in. HR50 drawn and stress-relieved 72 50 15
C71640 061 annealed 63 25
€71640 HR50 drawn and stress relieved 81 58
Q72200 061 annealed 45 16
C72200 H55 light-drawn 50 45
Aksi = 1000 psi.

B At 0.5 % extension under load.
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TABLE 3 Tensile Requirements—SI Values

Norte 1—See Table 2 for tensile requirements—inch-pound values.

Temper Designation ; ) Elongation
Copper or Copper Alloy UNS No. P 9 Tensile Strength, Yield .Stﬁggtth in 50 mm,
Code Name min MPa min MFa min %
C10100, C10200, C10300, C10800, C12000, C12200, H55 light-drawn 250 205
C14200
C10100, C10200, C10300, C10800, C12000, C12200, H80 hard-drawn 310 275
C14200
C15630 061 annealed 205 55 40
C19200 H55 light-drawn 275 240
C19200 H80 hard-drawn 330 295
C19200 061 annealed 260 85
C23000 061 annealed 275 85
C28000 061 annealed 345 140
C44300, C44400, C44500 061 annealed 310 105
C60800 061 annealed 345 130
C61300, C61400 061 annealed 480 205,
C68700 061 annealed 345 125.
C70400 061 annealed 260 85
C70400 H55 light-drawn 275 205
C70600, C70620 061 annealed 275 105
C70600, C70620 H55 light-drawn 310 240
C71000 061 annealed 310 110
C71500, C71520 061 annealed 360 125
C71500, C71520:
Wall thicknesses up to 1.2 mm incl HR50 drawn and stress-relieved 495, 345 12
Wall thicknesses over 1.2 mm. HR50 drawn and stress-relieved 495 345 15
C71640 061 annealed 435 170
C71640 HR50 drawn and stress relieved 560 400
C72200 061 annealed 310 110
C72200 H55 light-drawn 345 310

A At 0.5 % extension under load.

contract. Tolerances for roundness and length, and the condi-
tion of straightness, for tube so ordered, shall meet the
requirements agreed upon by the manufacturer and the pur-
chaser.

8. Mechanical Properties

8.1 Material shall have tensile properties as preseibed in
Table 2 or Table 3.

9. Grain Size for Annealed Tempers

9.1 Grain size shall be the standard requirement for all
product in the annealed (O61) temper,

9.1.1 Other than Copper Alloy UNS Nos. C19200 and
C28000, acceptance or rejection forall annealed products shall
depend only on average grain size of the test specimen within
the limits of 0.010 to 0.045 mfnstaken from each of two sample
portions, and each specifnent shall be within the limits pre-
scribed herein when determined in accordance with Test
Methods E112.

10. Performarnce-Requirements

10.1 Expansion Test:

10.1.1(Tube specimens selected for test shall withstand the
expansion shown in Table 4 when expanded in accordance with
TesttMethod B153. The expanded tube shall show no cracking
or<rupture visible to the unaided eye.

10.2 Hard-drawn tubes not end annealed are not subject to
this test. When tubes are specified end annealed, this test is
required and shall be performed on the annealed ends of the
sampled tubes.

10:3* Tubes for ferrule stock are not subject to the expansion
test-

11. Flattening Test

11.1 Test Method—Each test specimen shall be inspected
per Test Method B968/B968M.

11.2 During inspection, the flattened areas of the test-
specimen shall be free of defects, but blemishes of a nature that
do not interfere with the intended application are acceptable.

11.3 Tubes for ferrule stock are not subject to flattening test.

12. Residual Stress Test

12.1 A residual stress test, when specified in the purchase
order, is required only for Copper Alloy UNS Nos. C23000,
C28000, C44300, C44400, C44500, C60800, C61300,
C61400, and C68700 and when not supplied in an annealed
temper.

12.2 Unless otherwise specified, the producer shall have the
option of testing the product to either the mercurous nitrate
test, Test Method B154, or the ammonia vapor test, Test
Method B858, as prescribed below.

12.2.1 Mercurous Nitrate Test:

12.2.1.1 Warning—Mercury is a definite health hazard and
therefore equipment for the detection and removal of mercury
vapor produced in volatilization is recommended. The use of
rubber gloves in testing is advisable.

12.2.1.2 The test specimens, cut 6 in. [150 mm] in length,
shall withstand without cracking, an immersion in the standard

mercurous nitrate solution prescribed in Test Method B154.
Thp test cpp{‘impn Q]’\Q]] inf‘]“{“P f]’\F‘ ﬁﬂiC]’lP(‘ fl1]’\P F‘I’\f‘
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TABLE 4 Expansion Requirements

Temper Designation

Expansion of Tube Outside

Copper or Copper Alloy UNS No. Diameter, in Percent of

Code Name Original Outside Diameter
061 annealed C15630 40
C19200 30
C23000 20
C28000 15
C44300, C44400, C44500 20
C60800 20
C61300, C61400 20
C68700 20
C70400 30
C70600, C70620 30
C71000 30
C71500, C71520 30
C71640 30
C72200 30
H55 light-drawn C10100, C10200, C10300, C10800, 20
C12000, C12200
C14200 20
C19200 20
C70400 20
C70600, C70620 20
C72200 20
HR50 drawn and stress relieved C71500, C71520 20
C71640 20
hard-drawn and end annealed C10100, C10200, C10309, Ct0800, 30

C12000, C12200, 614200

12.2.2 Ammonia Vapor Test:

12.2.2.1 The test specimens, cut 6 in. [150 mm] in length,
shall withstand without cracking, the ammonia vapor test as
prescribed in Test Method B858. For the purposes of this
specification, unless otherwise agreed between purchaser and
supplier, the risk level identified in the Annex of Method B858,
shall be specified as risk level (pH value) of 10.

13. Nondestructive Testing

13.1 Each tube shall be subjected to the eddy<eurrent test in
13.1.1. Tubes may be tested in the final dragwn) annealed, or
heat-treated temper or in the drawn temper, before the final
anneal or heat treatment unless otherwisg, agreed upon by the
supplier and the purchaser. The purchaser may specify either of
the tests in 13.1.2 or 13.1.3 as an altérnative to the eddy-current
test.

13.1.1 Eddy-Current Test’'=Each tube shall be passed
through an eddy-current\[testing unit adjusted to provide
information on the suitability of the tube for the intended
application. Testing \shall follow the procedures of Practice
E243.

13.1.1.1 Thé&wdepth of the round-bottom transverse notches
or the diameters of the drilled holes in the calibrating tube used
to adjust the’sensitivity of the test unit are shown in Tables 5
and 6,.and Tables 7 and 8, respectively. Notches of less depth
and\smaller diameter drilled holes are acceptable to meet this
fequirement.

13.1.1.2 Tubes that do not actuate the signaling device of
the eddy-current tester shall be considered to conform to the
requirements of this test. Tubes causing irrelevant signals
because of moisture, soil, and like effects may be reconditioned
and retested. Such tubes, when retested to the original test
parameters, shall be considered to conform if they do not cause

TABLE 5 Notch Depth—Inch-Pound Values
Nofe’—See Table 6 for notch depth—SI values.

Tube Outside Diameter, in.

Tube Wall Over 174
Thickness, Over /4 to ¥, Over 3 /4 to 14, ver 17
; . . to 34,
n. incl incl ;
incl
Over 0.017-0.032 0.005 0.006 0.007
Incl 0.032-0.049 0.006 0.006 0.0075
Incl 0.049-0.083 0.007 0.0075 0.008
Incl 0.083-0.109 0.0075 0.0085 0.0095
Incl 0.109-0.120 0.009 0.009 0.011
TABLE 6 Notch Depth—SI Values
Note 1—See Table 5 for notch depth—inch-pound values.
Tube Outside Diameter, mm
Tube Wall Over 32
Thickness, Over 6 1o 19, Over 19 to 32, ver 82 to
. . 80,
mm incl incl )
incl
Over 0.4-0.8 0.13 0.15 0.18
Incl 0.8-1.3 0.15 0.15 0.19
Incl 1.3-2.1 0.18 0.19 0.20
Incl 2.1-2.8 0.19 0.22 0.24
Incl 2.8-3.0 0.23 0.23 0.28

irrelevant signals because of visible and identifiable handling
marks may be retested by the hydrostatic test prescribed in
13.1.2, or the pneumatic test prescribed in 13.1.3. Tubes
meeting requirements of either test shall be considered to
conform if the tube dimensions are within the prescribed limits,
unless otherwise agreed upon between the manufacturer and
the purchaser.

13.1.2 Hydrostatic Test—Each tube shall stand, without
showing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 7000 psi

output sionals bevond the acceptable limits Tubes causing
T (= r (=
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TABLE 7 Diameter of Drilled Holes—Inch-Pound Values
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Alternatively, micrometers may be used to ensure outer diam-

Note 1—See Table 8 for diameter of drilled holes—SI values.

Tube Outside Diameter, Diameter of Drilled

in. Holes, in. Drill No.
Ya =¥a , incl 0.025 72
Over % -1, incl 0.031 68
Over 1-1%4, incl 0.036 64
Over 14 1'% , incl 0.042 58
Over 12 —1% , incl 0.046 56
QOver 1% -2, incl 0.052 55

TABLE 8 Diameter of Drilled Holes—SI Values

Note 1—See Table 7 for diameter of drilled holes—inch-pound values.

Tube Outside Diameter, Diameter of Drilled

mm Holes, mm Drill No.
6.0-19.0, incl 0.65 72
Over 19.0-25.4, incl 0.80 68
Over 25.4-31.8, incl 0.92 64
Over 31.8-38.1, incl 1.1 58
Over 38.1-44.4, incl 1.2 56
Over 44.4-50.8, incl 1.3 55

hollow cylinders under tension. The tube need not be tested at
a hydrostatic pressure of over 1000 psi [7.0 MPa] unless so
specified.

P =28t/(D - 0.8¢)

where:

P = hydrostatic pressure, psig [MPa];

t = thickness of tube wall, in. [mm];

D = outside diameter of the tube, in. [mm]; and
S = allowable stress of the material, psi [MPa].

13.1.3 Pneumatic Test—Each tube shall be subjected to af
internal air pressure of 60 psig [400 kPa], min, for 5 s without
showing evidence of leakage. The test method used“shall
permit easy visual detection of any leakage, such as by having
the tube under water or by the pressure differential method.
Any evidence of leakage shall be cause for rejection.

14. Dimensions and Permissible Variations

14.1 Diameter—The outside of the“tubes shall not vary
from that specified by more than,thé amounts shown in Table
9 or Table 10 as measured by, [‘g0” and “no-go” ring gages.

eter tolerance at any one point; however, in cases of dispute,
ring gauges shall be used for final determination.

14.2 Wall Thickness Tolerances:

14.2.1 Tubes Ordered to Minimum Wall—No tube wall at its
thinnest point shall be less than the specified wall thickness.
The maximum plus deviation from the specified wall at any
point shall not exceed twice the values shown in Tables 11 and
12.

14.2.2 Tubes Ordered to Nominal Wall—The maximuin plus
and minus deviation from the nominal wall at any point shall
not exceed the values shown in Tables 11 and 12!

14.3 Length—The length of the tubes shall pot be less than
that specified when measured at room temiperature, but may
exceed the specified value by the ameurnts given in Tables 13
and 14.

14.4 Squareness of Cut—The-departure from squareness of
the end of the tube shall not eXxteed the following:

Tube, Outside

Diameter, in. [mm] Tolerance, in. [mm]

Up to % [16], incl
Over % [16]

0.010 in. [0.25]
0.016 in./in. [mm/mm] of diameter

14.5 For the purpose of determining conformance with the
dimensiorial requirements prescribed in this specification, any
measured ,value outside the specified limiting values for any
dimensions may be cause for rejection.

15. Workmanship, Finish, and Appearance

15.1 Roundness, straightness, uniformity of the wall
thickness, and inner and outer surface of the tube shall be such
as to make it suitable for the intended application. Unless
otherwise specified on the purchase order, the cut ends of the
tubes shall be deburred by use of a rotating wire wheel or other
suitable tool.

15.2 Annealed-temper or thermally stress-relieved tubes
shall be clean and smooth but may have a superficial, dull
iridescent film on both the inside and the outside surface.
Drawn-temper tubes shall be clean and smooth, but may have
a superficial film of drawing lubricant on the surfaces.

TABLE 9 Diameter Tolerances—Inch-Pound Values

Note 1—See Table 10\for diameter tolerances—SI values.

Wall Thickness, in.

0.0204 0.032 0.035 0.042 0.049 and Over
Quitside Diameter, in. 0.022
0.025
0.028
Diameter Tolerance, Plus and Minus, in.

Up to ©:500, incl 0.003 0.0025 0.0025 0.0025 0.0025
Oyer0:500-0.740, incl 0.0040 0.004 0.004 0.0035 0.003
Over0.740-1.000, incl 0.0060 0.006 0.005 0.0045 0.004
Over 1.000-1.250, incl S 0.009 0.008 0.006 0.0045
Over 1.250-1.375, incl . . 0.008 0.005
Over 1.375-2.000, incl A 0.006
Over 2.000-3.125, incl 0.0065

A Tolerances in this column are applicable to light drawn and drawn tempers only. Tolerances for annealed tempers shall be as agreed upon between the manufacturer

and the purchaser.
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TABLE 10 Diameter Tolerances—SI Values

Norte 1—See Table 9 for diameter tolerances—inch-pound values.

Wall Thickness, mm

0.508% 0.813 0.889 1.07 1.24 and Over
Outside Diameter, mm 0.559
0.635
0.711
Diameter Tolerance, Plus and Minus, mm

Up to 12, incl 0.076 0.064 0.064 0.064 0.064
Over 12-18, incl 0.10 0.10 0.10 0.089 0.076
Over 18-25, incl 0.15 0.15 0.13 0.11 0.10
Over 25-35, incl L. 0.20 0.13
QOver 35-50, incl 0.15
Qver 50-79, incl O

A Tolerances in this column are applicable to light drawn and drawn tempers only. Tolerances for annealed tempers shall be as agreed upon betw&efT'the manufacturer

and the purchaser.

TABLE 11 Wall Thickness Tolerances, Plus and Minus—
Inch-Pound Values

Note 1—See Table 12 for SI values.

Qutside Diameter, in.

Wall Thickness, Over '/ Over s/ Over 1 Over 2
n. to %, to 1, to 2, to 3.125,
incl incl incl incl
0.020, incl to 0.032 0.003 0.003 L.
0.032, incl to 0.035 0.003 0.003 0.004 -
0.035, incl to 0.058 0.004 0.0045 0.0045 0.005
0.058, incl to 0.083 0.0045 0.005 0.005 0.0055
0.083, incl to 0.120 0.005 0.0065 0.0065 0.0065
0.120, incl to 0.134 0.007 0.007 0.0075 0.008

TABLE 12 Wall Thickness Tolerances, Plus and Minus—
Sl Values

Note 1—See Table 11 for inch-pound values.

Outside Diameter, mm
Over 25 to 50,

Wall Thickness,

Over 12 to 25, Oy€r 50'to 80,

mm
incl incl incl
0.50, incl to 0.80 0.08 C
0.80, incl to 0. 90 0.08 0.10 ce
0.90, incl to 1.5 0.1 0.1 0.13
1.5, incl to 2.1 0.13 04138, 0.14
2.1, incl to 3.0 0.17 Q.17 0.17
3.0, incl to 3.4 0.18 0119 0.20

TABLE 13 Length Tolerances—Inch-Pound Values

Note 1—See Table 14 for(SI*values.
Specified Length, ft

Tolerance, all Plus, in.

a2
e
%32
Y8
Vo

Up to 15

QOver 15-20, incl
Over 20-30, incl
Over 30-60y incl
Over 60-10Q0,}incl?

A Condensef tubes in lengths over 100 ft are not in demand at present. Tolerance
values for the lengths will be developed as experience dictates. Tolerance values
for’lengths in wall thicknesses of 0.020, incl. to 0.032 shall be as agreed upon
betwéen the manufacturer or supplier and the purchaser.

16. Sampling

16.1 Sampling—The lot size, portion size, and selection of

TABLE 14 Length Tolerances—SI Values

Note 1—See Table 13 for inch-pound values.

Specified Length, mm Tolerance, all Plus, mm

Up to 4500 2.4
Over 4500-6000, incl 3.2
Over 6000-10 000, incl 4.0
Over 10 000—18 000, jnel 9.5
Over 18 000-30,00Q0, irfcl? 13.0

A Condenser tupes_ in*lengths over 30 000 mm are not in demand at present.
Tolerance vallties.for the lengths will be developed as experience dictates.
Tolerance yalues for lengths in wall thicknesses of 0.5, inclusive to 0.8 shall be as
agreed upef between the manufacturer or supplier and the purchaser.

16.1.1 Lot Size—600 tubes or 10000 lb [4550 kg] or
fraction of either, whichever constitutes the greater weight.

16.1.2 Portion Size—Sample pieces from two individual
lengths of finished product.

16.2 Samples taken for the purpose of the tests prescribed in
the specification shall be selected in a manner that will
represent correctly the material furnished and avoid needless
destruction of finished material when samples representative of
the material are available from other sources.

16.3 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E255. Drillings,
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 16.1.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided
into three equal parts shall be 150 g.

16.3.1 Alternatively to sampling procedures in accordance
with Practice E255, the manufacturer shall have the option of
determining conformance to chemical composition as follows:
Conformance shall be determined by the manufacturer by
analyzing samples taken at the time the castings are poured or
samples taken from the semifinished product. If the manufac-
turer determines the chemical composition of the material
during the course of manufacture, he shall not be required to
sample and analyze the finished product. The number of
samples taken for determination of chemical composition shall

be_as follows:

cqmplp piphpc shall be as follows:

89


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SB-111/SB-111M

16.3.1.1 When samples are taken at the time the castings are

ASME BPVC.I1.B-2025

18.6.1 The surface of the test specimen for microscopical

poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

16.3.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 1b
[4550 kg] or fraction thereof, except that not more than one
sample shall be required per piece.

16.3.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

16.3.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired at the
time of order placement.

17. Number of Tests and Retests

17.1 Test:

17.1.1 Chemical Analysis—Chemical composition shall be
determined as per the element mean of the results from at least
two replicate analyses of the sample(s).

17.1.2 Other Tests—For tests specified in Sections 8 — 12
inclusive, specimens shall be taken from each of the pieces
selected in accordance with 16.1.2.

17.1.3 If any test specimen representing a lot fails to
conform to the requirements of Sections 6 — 12, two additional
specimens, at the option of the manufacturer, may be taken as
before, and submitted for check analysis or subjected to any
tests in which the original specimen failed, but each of these
specimens shall conform to the requirements specified.

17.2 Retest:

17.2.1 When requested by the manufacturer or suppli€ry a
retest shall be permitted when results of tests obtainedby the
purchaser fail to conform to the requirements of the product
specification.

17.2.2 The retest shall be as directed in the product speci-
fication for the initial test, except the number'ef test specimens
shall be twice that normally required for-the specified test.

17.2.3 All test specimens shall conform to the product
specification requirement(s) in retest. Failure to conform shall
be cause for rejection.

18. Specimen Preparation

18.1 Flattening Test—Prepare specimen as per Test Method
B968/B968M.

18.2 Expansion-Test—Prepare specimen as per Test Method
B153.

18.3 _Mercurous Nitrate Test—Prepare specimen as per Test
Methed B154.

184 Ammonia Vapor Test—Prepare specimen as per Test
Method B858.

18.5 Chemical Analysis—Prepare specimens as per Test
Method listed (see 19.1).

18.6 Grain Size—Prepare specimens per Test Methods
El112

examination shall approximate a radial longitudinal section of
the tube.

18.7 Tension Testing—Tubes selected for test shall be sub-
jected to the tension test which shall, in case of disagreement,
be performed in accordance with Test Methods E8/ESM.
Tension test specimen shall be of the full section of the tube
and shall conform to the requirements of the section, Speci-
mens for Pipe and Tube, of Test Methods ES8/ESM, unless the
limitations of the testing machine preclude the use of such a
specimen. Test specimens conforming to Type No. 1 of Fig. 13,
Tension Test Specimens for Large-Diameter Tubular Products,
of Test Methods E8/E8M may be used whena/full section
specimen cannot be tested.

19. Test Methods

19.1 Chemical Analyses:

19.1.1 In cases of disagreement, test methods for chemical
analysis shall be subject to\agreement between the manufac-
turer or supplier and the purchaser. The following published
methods, some of whichvmay no longer be viable, which along
with others not listedy may be used, subject to agreement:

Test ASTM Designation

B170,% E53, E54, E62, E75,
E76, E118, E478

Chemical @nalysis

A Reférence to Specification B170 is to the suggested chemical methods in the
anheX) thereof. When EO1 Committee has tested and published methods for
assaying the low-level impurities in copper, the Specification B170 annex will be
eliminated.

19.1.2 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

19.2 Other Tests:

19.2.1 The product furnished shall conform to specified
requirements when subjected to test in accordance with the
following table:

Test ASTM Designation
Grain size E112
Expansion (pin test) B153
Mercurous nitrate B154
Tension E8/E8M
Nondestructive test E243

19.2.2 Whenever tension test results are obtained from both
full-size and machined specimens and they differ, the results
obtained from full-size test specimens shall be used to deter-
mine conformance to the specification requirements.

19.2.3 Tension test results on material covered by this
specification are not seriously affected by variations in speed of
testing. A considerable range of testing speed is permissible;
however, the range of stressing to the yield strength should not
exceed 100 ksi/min [690 MPa/min]. Above this yield strength
the movement per minute of the testing machine head under
load should not exceed 0.5 in./in. [mm/mm] of gage length (or

distance between orips for full-section specimens)
=Lt +
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20. Significance of Numerical Limits

SB-111/SB-111M

22.2.1 As aresult of product rejection, the manufacturer, or

20.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, and for dimensional tolerances, an observed
value or a calculated value shall be rounded as indicated in
accordance with the rounding method of Practice E29:

Rounded Unit for

Property Observed or Calculated Value

Chemical composition nearest unit in the last right-hand significant

digit used in expressing the limiting value

Tensile strength
Yield strength

nearest ksi, for over 10 to 100 ksi, incl
[nearest 5 MPa]

nearest 1 %
nearest multiple of 0.005 mm
nearest 0.01 mm

Elongation
Grain size—under 0.060 mm
0.060 mm and over

21. Inspection

21.1 The manufacturer, or supplier, shall inspect and make
tests necessary to verify the furnished product conforms to
specification requirements.

21.2 Source inspection of the product by the purchaser may
be agreed upon between the manufacturer, or supplier, and the
purchaser as part of the purchase order. In such case, the nature
of the facilities needed to satisfy the inspector, representing the
purchaser, that the product is being furnished in accordance
with the specification shall be included in the agreement. All
testing and inspection shall be conducted so as not to interfere
unnecessarily with the operation of the works.

21.3 When mutually agreed upon, the manufacturer, or
supplier, and the purchaser shall conduct the final inspection
simultaneously.

22. Rejection and Rehearing

22.1 Rejection:

22.1.1 Product that fails to conform tg»the specification
requirements when tested by the purchaser‘or purchaser’s agent
shall be subject to rejection.

22.1.2 Rejection shall be reportéd to the manufacturer or
supplier promptly. In addition, a~written notification of rejec-
tion shall follow.

22.1.3 In case of dissatisfaction with results of the test upon
which rejection is basedy~the manufacturer, or supplier, shall
have the option to maké claim for a rehearing.

22.2 Rehearing:

supplier, shall have the option to make claim for a retest to be
conducted by the manufacturer, or supplier, and the purchaser.
Samples of the rejected product shall be taken in accordance
with the product specification and subjected to test by both
parties using the test method(s) specified in the product
specification, or alternately, upon agreement of both parties, an
independent laboratory may be selected for the test(s) using.the
test method(s) specified in the product specification.

23. Certification

23.1 The purchaser shall be furnished certification that
samples representing each lot have been @ither tested or
inspected as directed in this spcification and-requirements have
been met.

23.2 DELETED

24. Test Report
24.1 A report of test résults shall be furnished.

25. Packaging and Rackage Marking

25.1 The material)shall be separated by size, composition,
and temper, and\prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford pretection from the normal hazards of transportation.

25.2/Fach shipping unit shall be legibly marked with the
putchase order number, metal or alloy designation, temper,
size, shape, total length or piece count, or both, and name of
supplier. The specification number shall be shown, when
specified.

26. Keywords

26.1 condenser tube; copper; copper alloys; evaporator;
ferrule stock; heat exchanger; seamless tube; UNS No.
C10100; UNS No. C10200; UNS No. C10300; UNS No.
C10800; UNS No. C12000; UNS No. C12200; UNS No.
C14200; UNS No. C15630; UNS No. C19200; UNS No.
C23000; UNS No. C28000; UNS No. C44300; UNS No.
C44400; UNS No. C44500; UNS No. C60800; UNS No.
C61300; UNS No. C61400; UNS No. C68700; UNS No.
C70400; UNS No. C70600; UNS No. C70620; UNS No.
C71000; UNS No. C71500; UNS No. C71520; UNS No.
C71640; UNS No. C72200
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

Fed. Std. No. 185 Identification Marking of Copper and
Copper-Base Alloy Mill Products

S1.1.2 Military Standard:

MIL-STD-129 Marking for Shipment and Storage

S1.1.3 Military Specification:

B900 Specification for Packaging of Copper and Copper
Alloy Mill Products for U.S. Government Agencies

S2. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements unless disapproved by the

purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections or tests set
forth when such inspections and tests are deemed necessaryto
assure that the material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that‘the ASTM
specification number and the alloy number ghall"be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, PacKiirg:

S4.1.1 Military Agencies—The¢material shall be separated
by size, composition, grade or class'and shall be preserved and
packaged, Level A or C, packed Level A, B, or C as specified
in the contract or purchase~order, in accordance with the
requirements of ASTMB900.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referénced for definitions of the various levels of
packaging protection.

S4.2 Marking:

S4.2.1 Military Agencies—In addition to any special mark-
ing régquired by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

$4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1-DENSITY OF COPPER AND COPPER ALLOYS

X1.1 The densities of the alloys~covered by this specifica-
tion are given in Table X1.1.
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TABLE X1.1 Densities

SB-111/SB-111M

Note 1—This information is for reference only.

Copper or Copper Alloy UNS No. Density, Ib/in.® Density, g/cm® Q(.l/
€10100, C10200, C10300, C10800, 0.323 8.94 (l/
€12000, C12200, C14200
C15630 0.320 8.87 Q)\
€19200 0.320 8.86
©23000 0.316 8.75 {\'
©28000 0.303 8.39 Q(b
C44300, C44400, C44500 0.308 8.53
€60800 0.295 8.17 \\
€61300, C61400 0.285 7.89 Q
€68700 0.301 833 0O
C70400 0.323 8.94 C’)\\,
C70600, C70620 0.323 894
C71000 0.323 f@
C71500, C71520 0.323 8.
C71640 0.323 94
C72200 0.323 AA 8.94
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SB-127

SPECIFICATION FOR NICKEL-COPPER ALLOY (UNS
N04400) PLATE, SHEET, AND STRIP

@Z@ SB-127

(Identical with ASTM Specification B127-05(2014) except that certification has been made mandatory.)
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SB-127 ASME BPVC.I1.B-2025
(UNS N04400) PLATE, SHEET, AND STRIP
@QQ SB-127
(@3
[Identical with ASTM Specification B 127-05(2014) except that certification has been made mandatory.]
1.  Scope 3.  Terminology

1.1 This specification covers rolled nickel-copper alloy
(UNS NO04400) plate, sheet, and strip.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The other values given are for
information only.

1.3 This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is
the responsibility of the user of this standard to become
familiar with all hazards including those identified in the
appropriate Material Safety Data Sheet for this product/
material as provided by the manufacturer, to establish
appropriate safety and health practices, and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

B 906 Specification for General Requirements for Flat-
Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip

E 140 Hardness Conversion Tables for Metals

F 155 Test Method for Temper(of Strip and Sheet Metals
for Electronic Devices (Spring-Back Method)

2.2 Federal Standaids>

Fed. Std. No. 102 Preservation, Packaging, and Packing
Levels

Fed. Std. No~123 Marking for Shipment (Civil Agencies)

Fed. Std..N0=182 Continuous Identification Marking of
Nickeland Nickel-Base Alloys

2.3 /Military Standards:
MIL-STD-129 Marking for Shipment and Storage
MIL-STD-271 Nondestructive Testing Requirements for
Metals

3.1 Descriptions of Terms Specific to This Standard —
The terms given in Table 1,shall apply.

4.  General Requirements

4.1 Material furished under this specification shall
conform to thé ‘applicable requirements of Specification
B 906 unless otherwise provided herein.

5. _%-Ordering Information

5 It is the responsibility of the purchaser to specify
all requirements that are necessary for material ordered
under this specification. Examples of such requirements
include, but are not limited to the following:

5.1.1 Alloy — Name or UNS number (see Table 2).
5.1.2 ASTM designation, including year of issue.
5.1.3 Condition — See 7.1, 7.2, and Appendix X1.
5.1.4 Finish — See Appendix X1.

5.1.5 Dimensions — Thickness, width, and length.

TABLE 1
PRODUCT DESCRIPTION

Thickness, in. (mm)

Product

%46 and over

0.018 to 0.250 (0.46 to 6.4), incl
0.018 to 0.250 (0.46 to 6.4), incl
0.005 to 0.250 (0.13 to 6.4), incl

Hot-rolled plate”
Hot-rolled sheet”
Cold-rolled sheet?
Cold-rolled strip?

A Material %, to % in. (4.8 to 6.4 mm), incl, in thickness may be
furnished as sheet or plate provided the material meets the specifica-
tion requirements for the condition ordered.

8 Material under 48 in. (1219 mm) in width may be furnished as
sheet or strip provided the material meets the specification require-
ments for the condition ordered.
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TABLE 2

SB-127

7.2 Deep-Drawing and Spinning Quality Sheet and

CHEMICAL REQUIREMENTS

Composition, %

Element Alloy N04400
Nickel, min® 63.0
Copper 28.0 to 34.0
Iron, max 2.5
Manganese, max 2.0
Carbon, max 0.3
Silicon, max 0.5
Sulfur, max 0.024

A Element shall be determined arithmetically by difference.

5.1.6 Quantity.

5.1.7 Optional Requirements:
5.1.7.1 Sheet and Strip — Whether to be furnished
in coil, in cut straight lengths, or in random straight lengths.
5.1.7.2 Strip — Whether to be furnished with com-
mercial slit edge, square edge, or round edge.

5.1.7.3 Plate — Whether to be furnished specially
flattened (7.2); also how plate is to be cut (8.2.1 and 8.3.2).

5.1.8 Fabrication Details — Not mandatory but help-
ful to the manufacturer.

5.1.8.1 Welding or Brazing — Process to be
employed.

5.1.8.2 Plate — Whether material is to be hot-
formed.

5.1.9 Certification — Certification and a teport of
test results are required (see Specification B_906, ‘section
on Material Test Report and Certification).

5.1.10 Samples for Product (Check) Analysis —
Whether samples for product (check) analysis should be
furnished (see Specification B 906y section on Sampling).

5.1.11 Purchaser Inspection — If the purchaser
wishes to witness the tests g, inspection of material at the
place of manufacture, .the“purchase order must so state
indicating which tests(or inspections are to be witnessed
(see Specification B 906, section on Inspection).

6.  Chemical Composition
6.1 _ The material shall conform to the requirements as

to chemiical composition prescribed in Table 2.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Specification B 906.

7.

Mechanical and Other Requirements
7.1 Mechanical Properties — The material shall con-
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Strip — The material shall conform to the requirements
for grain size and hardness properties prescribed in Table 4.

7.2.1 The mechanical properties of Table 3 do not
apply to deep-drawing and spinning quality sheet and strip.

8. Dimensions and Permissible Variations

8.1 Weight:

8.1.1 For calculations of mass or weight a density
of 0.319 Ib/in.? (8.83 g/cm?) shall be uséd:

8.2 Thickness:

8.2.1 Plate —For plate upt0.2 in. (50.8 mm) inclu-
sive, in thickness, the permissiblé*variation, under the spec-
ified thickness and permissibl€ excess in overweight shall
not exceed the amounts‘prescribed in Specification B 906,
see Permissible Variations in Thickness and Overweight
of Rectangular Plates Table.

8.2.2 Plafe"— For plate over 2 in. (50.8 mm) in
thickness, \the' permissible variations over the specified
thickness shall not exceed the amounts prescribed in Speci-
fication/B 906, see Permissible Variations in Thickness for
Rectangular Plates Over 2 in. (51 mm) in Thickness Table.

8.2.3 Sheet and Strip — The permissible variations
in thickness of sheet and strip shall be prescribed in Speci-
fication B 906, see Permissible Variations in Thickness of
Sheet and Strip Table. The thickness of strip and sheet shall
be measured with the micrometer spindle % in. (9.5 mm) or
more from either edge for material 1 in. (25.4 mm) or over
in width and at any place on the strip under 1 in. in width.

8.3 Width or Diameter:

8.3.1 Plate — The permissible variations in width of
rectangular plates and diameter of circular plates shall be
as prescribed in Specification B 906, see Permissible Varia-
tions in Width of Sheared, Plasma Torch-Cut, and Abra-
sive-Cut Rectangular Plate Table and Permissible
Variations in Diameter for Circular Plates Table.

8.3.2 Sheet and Strip — The permissible variations
in width for sheet and strip shall be as prescribed in Speci-
fication B 906, see Permissible Variations in Width of
Sheet and Strip Table.

8.4 Length:

8.4.1 Sheet and strip of all sizes may be ordered to
cut lengths in which case, a variation of % in. (3.2 mm)
over the specified length shall be permitted.

8.4.2 Permissible variations in length of rectangular
plate shall be as prescribed in Specification B 906, see
Permissible iations in g heared, Plasma
Torch-Cut, and Abrasive-Cut Rectangular Plate Table.
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TABLE 3

MECHANICAL PROPERTIES FOR PLATE, SHEET, AND STRIP (ALL THICKNESSES AND SIZES UNLESS
OTHERWISE INDICATED)

Yield Strength” (0.2% offset),

Elongation in 2 in.

or 50 mm, or 4D, Rockwell Hardness

Condition (Temper) Tensile Strength, min, psi (MPa) min, psi (MPa) min, % (B Scale)?*

Hot-Rolled Plate
Annealed 70 000 (485) 28 000 (195) 35
As-rolled® 75 000 (515) 40 000 (275) 25

Hot-Rolled Sheet
Annealed 70 000 (485) 28 000 (195) 35

Cold-Rolled Sheet
Annealed 70 000 to 85 000 (485 to 585) 28 000 (195) 35 R
Quarter-hard 73 to 83
Half-hard R - - 82 to 90
Hard 100 000 (690) 90 000 (620) 2

Cold-Rolled Strip
Annealed 70 000 to 85 000 (485 to 585)" 28 000 (195) 35F o
Skin hard 68 to 73
Quarter-hard 73 to 83
Half-hard 82 to 90
Three-quarter-hard c. . L 89 to 94
Hard 100 000 (690)° 90 000 (620) 2f
Spring temper 98 min

A Yield strength requirements do not apply to material under 0.020 in. (0.53%’mm) in thickness.

8 For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E 140.

¢ Caution should be observed in using the Rockwell test on thin material, as the results may be affected by specimen thickness. For thick-
nesses under 0.050 in. (1.3 mm), the use of the Rockwell superficial or the Vickers hardness test is suggested.

O As-rolled plate may be given a stress-relieving heat treatmefit Subsequent to final rolling.

£ As-rolled plate specified “suitable for hot forming’ shall‘e flirnished from heats of known good hot-malleability characteristics (see
X1.2.2). There are no applicable tensile or hardness requir€ments for such material.

FNot applicable for thickness under 0.010 in. (0.25 ).

8.5 Straightness:

8.5.1 The edgewise curvature(depth of chord) of flat
sheet, strip, and plate shall not exceed 0.05 in. multiplied by
the length in feet (0.04 mm multiplied by the length in
centimetres).

8.5.2 Straightness for coiled material is subject to
agreement between ‘the manufacturer and the purchaser.

8.6 Edges:

8.6.1“When finished edges of strip are specified in
the contract or purchase order, the following descriptions
shall apply:

8.6.1.1 Square-edge strip shall be supplied with
finished edges, with sharp, square corners, and without
bevel or rounding.

8.6.1.2 Round-edge strip shall be supplied with

circle formng the edge being equal to the strip thickness.
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8.6.1.3 When no description of any required form
of strip edge is given, it shall be understood that edges
such as those resulting from slitting or shearing will be
acceptable.

8.6.1.4 Sheet shall have sheared or slit edges.

8.6.1.5 Plate shall have sheared or cut (machined,
abrasive-cut, powder-cut, or inert-arc-cut) edges, as spec-
ified.

8.7 Squareness (Sheet) — For sheets of all thicknesses,
the angle between adjacent sides shall be 90 + 0.15° (¥4 in.
in 24 in.) (1.6 mm in 610 mm).

8.8 Flatness:
8.8.1 There shall be no flatness requirements for
“deep drawing quality,” “spinning quality,” or “as-rolled,”
sheet and strip (see X1.4).

form to the requirements prescribed in Table 5. “Specially
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TABLE 4

GRAIN SIZE AND HARDNESS FOR COLD-ROLLED, DEEP-DRAWING, AND SPINNING QUALITY SHEET AND STRIP

CaIcuIated. Diame.ter of Corresponding
Average Grain Section, max ASTM Micro- Rockwell BAE

Thickness, in. (mm) mm in. Grain Size No. Hardness, max
Sheet (56 in. (1420 mm) Wide and Under)

0.050 (1.3) and under 0.075 0.0030 4.5 76
Over 0.050 to 0.250 (1.3 to 6.4), incl 0.110 0.0043 3.5 76

Strip (12 in. (305 mm) Wide and Under)¢

0.005” to 0.015 (0.13 to 0.38), incl 0.022 0.0009 8t 76f
Over 0.015 to 0.024 (0.38 to 0.61), incl 0.060 0.0024 5.5 76
Over 0.024 to 0.125 (0.61 to 3.2), incl 0.075 0.0030 4.5 76

A For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E 140.

8 Caution should be observed in using the Rockwell test on thin material as the results may be affected by spéeimen thickness. For thick-
nesses under 0.050 in. (1.3 mm), the use of the Rockwell superficial or the Vickers hardness test is suggesteds

¢ Sheet requirements in Table 4 apply to strip thicknesses over 0.125 in. (3.2 mm), and for all thicknesses. 6f strip over 12 in. (305 mm) in
width.

D For ductility evaluations for strip under 0.005 in. (0.13 mm) in thickness, the spring-back test, sticki-as described in Test Method F 155 is
often used and the manufacturer should be consulted.

£ Accurate grain size and hardness determinations are difficult to make on strip under 0.005%f1) (0.13 mm) in thickness and are not recom-
mended.

TABLE 5
PERMISSIBLE VARIATIONS FROM FLATNESS:OF RECTANGULAR, CIRCULAR, AND SKETCH PLATES

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

48 to 60 60 to.72 72 to 84 84t096 96to108 108 to 120 120 to 144
To48 (1220 to (1520yto (1830 to (2130 to (2440 to (2740 to (3050 to

(1220), 1520), 1830), 2130), 2440), 2740), 3050, 3660), 144 (3660)
Specified Thickness excl excl excl excl excl excl excl excl and over
Inches
%6 to Y, excl % 105 1Y%, 1% 1% 1% L. o
% to %, excl Wie % e 1% 1% 1% 1% 1% o
% to %, excl % n e % e 1% 1% 1746 1%
% to %, excl % i % e 1% 1% 1% 1% 1%
7 to0 1, excl % %e % % T e e 1 1%
1 to 2, excl 7 %6 %e %o e e e % 1
2 to 4, incl l/4 5/16 3/8 7/16 1/2 9/16 5/8 3/4 7/8
Millimetres
4.8 t976.4; excl 19.0 27.0 31.7 34.9 41.3 41.3 . .
6.4710,975, excl 17.5 19.0 23.8 28.6 35.0 36.5 39.7 47.6 e
9.5, 106 12.7, excl 12.7 14.3 17.5 19.0 23.8 28.6 31.7 35.0 44.4
12.7 to 19.0, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.0 to 25.4, excl 12.7 14.3 15.9 15.9 19.0 20.6 23.8 25.4 28.6
25.4 to 50.8, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.0 25.4
50.8 to 101.6, incl 6.4 7.9 9.5 11.1 12.7 14.3 15.9 19.0 22.2

NOTE 1 — Permissible variations apply to plates up to 12 ft (366 ¢cm) in length, or to any 12 ft or longer plates.
NOTE 2 — If the longer dimension is under 36 in. (914 mm), the permissible variation is not greater than % in. (6.4 mm).

NOTE 3 — The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not
tloa bl oot of thot Ao oocion

NOTE 4 — The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.
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flattened” plate when so specified, shall have permissible

ASME BPVC.I1.B-2025

10. Product Marking

variations in flatness as agreed upon between the manufac-
turer and the purchaser.

9.  Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

9.2 Sheet, Strip, and Plate — Sheet, strip, and plate
supplied in the conditions and finishes as listed in the
appendix may be ground or machined to remove surface
imperfections, provided such removal does not reduce the
material below the minimum specified dimensions. Surface
eliminated depressions shall be faired smoothly into the
surrounding material. The removal of a surface imperfec-
tion shall be verified by the method originally used to
detect the imperfection.

10.1 Each plate, sheet, or strip shall be marked on
one face with the specification number, alloy, condition
(temper), heat number, manufacturer’s identification, and
size. The markings shall not have a deleterious effect on
the material or its performance and shall be sufficiently
stable to withstand normal handling.

10.2 When applicable, each bundle or shipping con*
tainer shall be marked with the name of the material, condi-
tion (temper), this specification number, alloy,-size,
consignor and consignee address, contract or ordet/number,
and such other information as may be defined™in the con-
tract or order.

11. Keywords
11.1 NO04400; plate; sheet; strip
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser
in the inquiry, contract, or order, for agencies of the U.S. Government.

S1.

S1.1 The following documents of the issue in effect
on date of material purchased form a part of this specifica-
tion to the extent referenced herein. Federal Standard No.
102, No. 123, No. 182, and Military Standard MIL-
STD-129.

Referenced Documents

S2.

S2.1 The material shall conform to the composition
limits specified in Table 2 except as specified in Table S2.1.

Chemical Composition

S3.

S3.1 Mechanical property requirements for quarter hard
cold-rolled strip % in. thick and less shall be as specified
in Table S3.1.

Mechanical Properties

S4. Nondestructive Tests

S4.1 When specified by the purchaser, each piece of
each lot shall be inspected. The purchaser shall'specity if
one or both tests are required.

TABLE S2.1
CHEMICAL REQUIREMENTS

Element Camposition Limits, %

Carbon 0.2 max.

Sulfur 0.015 max.
Aluminum 0.5 max.

Lead 0.006 max.

Tin 0.006 max.

Zin€ 0.02 max.
Phosphorous 0.02 max.

TABLE S3.1

MECHANICAL PROPERTIES FOR QUARTER-HARD
COLD ROLLED STRIP

Tensile Strength, min, psi (MPa) 78 000-85 000 (538-586)

S4.2 Ultrasonic Tests:
S4.2.1 General Requirements:

S4.2.1.1 Ultrasonic testing shall bezperformed in
accordance with MIL-STD-271 as modifi€dby the require-
ments specified herein.

S4.2.1.2 Acoustic compatibility between the pro-
duction material and the calibration standard material shall
be within 75%. If the acousti¢\eompatibility is within 25%,
no gain compensation iS-tequired for the examination. If
acoustic compatibility'difference is between 25% and 75%,
a change in the gain or-dB controls shall be accomplished
to compensate for the differences in acoustic compatibility.
This method cannot be used if the ultrasonic noise level
exceeds, 50% of the rejection value.

S4.2.2 Calibration:

S4.2.2.1 Longitudinal Wave — The longitudinal
wave test shall be calibrated on a flat-bottomed reference
hole of a given diameter in accordance with Table S4.1
for specified material thickness drilled either into the piece
to be tested or into a separate defect-free specimen of the
same size (within + l/g in. (3.18 mm)), shape, material, and
condition, or acoustically similar material. Holes are to be
drilled to midsection and the bottom of the hole shall be
parallel to the entrant surface. The ultrasonic test instru-
ment shall be adjusted so that the response from the refer-
ence hole shall not be less than 25% and not more then
75% of screen height.

S4.2.2.2 Recalibration — During quality confor-
mance inspection, any realignment of the search unit that
will cause a decrease in the calibrated sensitivity and reso-
lution, or both, or any change in search unit, couplant,
instrument settings, or scanning speed from that used for
calibration shall require recalibration. Recalibration shall
be performed at least once per 8 h shift.

S4.2.3 Procedure — Paragraph S4.2.3.1 describes

the requirements for plate. Sheet and strip shall be excluded
from these requirements.

TABLE S4.1
ULTRASONIC TESTING REFERENCE HOLE FOR PLATE

Yield Strength, min, psi (MPa) 45,000 (310) Material Thickness, in. (mm) Hole Diameter, in. (mm)
(0.2% offset)

Elongation in 2 in., 50 mm, or 20 Up to and including 4 (102) Y, (6.4)
4D min o Quer 4 (102) Y (27
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S4.2.3.1 Plate — Plate shall be inspected by the

ASME BPVC.I1.B-2025

S5. Quality Assurance

longitudinal wave technique using the contact or immer-
sion method. For contact, the scanning shall be on a 24 in.
grid and one diagonal in each grid. For immersion, the
scanning shall be continuous on a 12 in. grid. For either
method, the search shall be expanded to determine the full
extent of any rejectable indication if the material is to be
offered on a waiver basis.

S4.2.4 Acceptance Criteria:

S4.2.4.1 Longitudinal Wave — Any material that
produces indications equal to or larger than the response
from the reference hole, or that produces a complete loss
of back reflection shall be rejected. Material shall be tested
using a square, rectangular, or circular transducer having
an effective area of one square inch or less, but no dimen-
sion shall be smaller than the diameter of the reference
hole. In the event of disagreement on the degree of back
reflection loss, it shall be determined by the contact method
using a 1 to 1% in. (25.4 to 28.6 mm) diameter transducer
or one whose area falls within this range.

S4.2.4.2 Reference Notch Removal — If reference
notches or flat-bottomed holes are made in the material to
be tested, they shall be so located than their subsequent
removal will not impair the suitability of the material for
its intended use.

S4.3 Liquid Penetrant Inspection:

S4.3.1 Procedure — Liquid penetrant inspegtion
shall be in accordance with MIL-STD-271.

S4.3.2 Surface Requirements — Thesurface pro-
duced by hot working is not suitable fordiquid penetrant
testing. Therefore, liquid penetrant testing will not be appli-
cable to products ordered with a hotdinished surface.

S4.3.3 Acceptance Criteria — Linear defects
revealed by liquid penetrantiinspection shall be explored
by grinding or other sujtable means. Depth of defects shall
not exceed the dimensional tolerance of the material.

S5.1 Responsibility for Inspection — Unless otherwise
specified in the contract or purchase order, the manufac-
turer is responsible for the performance of all inspection
and test requirements specified. Except as otherwise speci-
fied in the contract or purchase order, the manufacturer
may use his own or any other suitable facilities for the
performance of the inspection and test requirements unless.
disapproved by the purchaser at the time the order is placed.
The purchaser shall have the right to perform any-gf)the
inspections or tests set forth when such inspections and
tests are deemed necessary to assure that the material con-
forms to prescribed requirements.

S6. Identification Marking

S6.1 All material shall be propetly marked for identifi-
cation in accordance with Fed> Std. No. 182 except that
the ASTM specification number and the alloy number shall
be used.

S7.
S7.1 PreServation, Packaging, Packing:

S7A4,1 Military Agencies — The material shall be
separated by size, composition, grade, or class and shall
bepreserved and packaged, Level A or C, or packed, Level
A, B, or C as specified in the contract or purchase order.

Preparation for Delivery

S7.1.2 Civil Agencies — The requirements of Fed.
Std. No. 102 shall be referenced for definitions of the
various levels of packaging protection.

S7.2 Marking:

S7.2.1 Military Agencies — In addition to any special
marking required by the contract or purchase order, mark-
ing for shipment shall be in accordance with MIL-STD-
129.

S7.2.2 Civil Agencies —In addition to any special
marking required by the contract or purchase order, mark-
ing for shipment shall be in accordance with Fed. Std.
No. 123.
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APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES
X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes
in which plate, sheet, and strip are normally supplied. These
are subject to change and the manufacturer should be con-
sulted for the latest information available.

X1.2 Plate, Hot-Rolled

X1.2.1 Annealed — Soft with an oxide surface and
suitable for heavy cold forming. Available with a descaled
surface, when so specified.

X1.2.2 As-Rolled— With an oxide surface. Available
with a descaled surface, when so specified. Suitable for
flat work, mild forming, or tube sheets. When intended for
tube sheets, specify that plates are to be specially flattened.
When intended for hot forming, this should be indicated
on the purchase order so that the manufacturer may select
appropriate material.

X1.3 Plate, Cold-Rolled

X1.3.1 Annealed — Soft with an oxide surface; avail-
able with a descaled surface when so specified.

X1.4 Sheet, Hot-Rolled

X1.4.1 Annealed, and Pickled — Soft with a pickled
matte finish. Properties similar to X1.5.1 but'with broader
thickness tolerances. Not suggested for-applications where
the finish of a cold-rolled sheet is considered essential, or
for deep drawing or spinning.

X1.5 Sheet and Strip, Cold-Rolled

X1.5.1 Annealed — Soft with a pickled et\bright
annealed finish.

X1.5.2 Deep-Drawing or Spinning Quality — Similar
to X1.5.1, except furnished to controlléd hardness and grain
size and lightly leveled.

X1.5.3 Skin Hard — Similar'te X1.5.1 but given a light
cold reduction to hardness‘range shown in Table 3.

X1.5.4 Quarter-Hard-— Cold rolled to the hardness
range indicated in, Table 3, bright finish. Out-of-flatness
must be expected and will vary with temper and thickness.

X1.5.5 Half-Hard — Cold rolled to the hardness range
indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.

X1.5.6 Three-Quarter Hard — Cold rolled to the hard-
niess range indicated in Table 3, bright finish. Out-of-flat-
ness must be expected and will vary with temper and
thickness.

X1.5.7 Hard — Cold rolled to the tensile requirements
indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.

X1.5.8 Spring Temper — Cold rolled to the minimum
hardness indicated in Table 3, bright finish. Out-of-flatness
must be expected and will vary with temper and thickness.
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SPECIFICATION FOR SEAMLESS BRASS TUBE

@Z@ SB-135/SB-135M

(Identical with ASTM Specification B135/B135M-17 exeeptfor revisions to para. 8.2 and Note 1. Mechanical property
requirements{of Note 1 are mandatory.)
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Specification for
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Seamless Brass Tube

1. Scope

1.1 This specification covers seamless round and rectangu-
lar including square copper alloy tube in straight lengths. Ten
alloys are specified having the following nominal composi-
tions:

Copper Previously Nominal Composition, %
Alloy Used

UNS No. Designation” Copper Zinc Lead Tin
C22000 7 90.0 10.0

C23000 1 85.0 15.0

C26000 2 70.0 30.0

C27000 9 65.0 35.0

C27200 8 63.0 37.0

C27400 62.5 37.5

C28000 5 60.0 40.0

C33000 3 66.0 33.5 0.5

C33200 4 66.0 324 1.6

C37000 6 60.0 39.0 1.0
C44300 715 275 1.00

A Alloy Designations of Specification B135 — 63, which was published in the 1966
Book of ASTM Standards, Part 5.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.3 Warning—Mercury has been designated by<thany regu-
latory agencies as a hazardous substance that caf‘cause serious
medical issues. Mercury, or its vapor, has beeh demonstrated to
be hazardous to health and corrosive totmaterials. Caution
should be taken when handling mercury<nd mercury contain-
ing products. See the applicable product Safety Data Sheet
(SDS) for additional information:\Users should be aware that

selling mercury and/or mercury containing products intogyour
state or country may be prohibited by law. (See 10.1:)

1.4 This standard does not purport to addressall of the
safety concerns, if any, associated with its (use” It is the
responsibility of the user of this standard t¢ establish appro-
priate safety, health, and environmental spractices and deter-
mine the applicability of regulatory linlitations prior to use.

1.5 This international standard, was developed in accor-
dance with internationally recogniged principles on standard-
ization established in the Decision on Principles for the
Development of InternationalStandards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBF) Committee.

2. Referenced Documents

2.1 ASTM-Standards:

B153 Tést,Method for Expansion (Pin Test) of Copper and
Cepper-Alloy Pipe and Tubing

Bd54.Test Method for Mercurous Nitrate Test for Copper
Alloys

B251/B251M Specification for General Requirements for
Wrought Seamless Copper and Copper-Alloy Tube

B601 Classification for Temper Designations for Copper and
Copper Alloys—Wrought and Cast

B846 Terminology for Copper and Copper Alloys

B858 Test Method for Ammonia Vapor Test for Determining
Susceptibility to Stress Corrosion Cracking in Copper
Alloys

B968/B968M Test Method for Flattening of Copper and
Copper-Alloy Pipe and Tube

E243 Practice for Electromagnetic (Eddy Current) Examina-
tion of Copper and Copper-Alloy Tubes

E527 Practice for Numbering Metals and Alloys in the
Unified Numbering System (UNS)

3. Terminology

3.1 For terms related to copper and copper alloys, refer to
Terminology B846.

106


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

ASME BPVC.I1.B-2025

4. Ordering Information
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6.2.1 For alloys in which zinc is listed as “remainder,” either

4.1 Orders for material under the specification shall include
the following information:

4.1.1 Alloy (Section 1),

4.1.2 Temper (Section 7),

4.1.3 Whether tension tests are required (for drawn tempers
only (see 8.1)),

4.1.4 Dimensions: diameter or distance between parallel
surfaces and wall thickness (see 11.2 and 11.3),

4.1.5 Length (see 12.4),

4.1.6 Stress Corrosion Resistance Testing, if required (Sec-
tion 10),

4.1.7 Total length of each size,

4.1.8 Hydrostatic pressure test, when specified, and

4.1.9 Pneumatic test, when specified.

5. General Requirements

5.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B251/B251M.

5.2 The following sections of Specification B251/B251M
constitute a part of this specification:

5.2.1 Terminology

5.2.2 Materials and Manufacture

5.2.3 Dimensions and Permissible Variations

5.2.4 Sampling

5.2.5 Number of Tests and Retests

5.2.6 Specimen Preparation

5.2.7 Certification

5.2.8 Test Reports

5.3 In addition, when a section with a title identical to that
referenced in 5.1, above, appears in this specifieation, it
contains additional requirements which supplement)those ap-
pearing in Specification B251/B251M.

6. Chemical Composition

6.1 The material shall conform to the ‘chemical requirements
specified in Table 1.

6.2 These specification limits_do.not preclude the presence
of other elements. Limits for~unnamed elements are to be
established by agreement between manufacturer or supplier
and purchaser.

copper or zinc may be taken as the difference between the sum
of results of all other elements determined and 100 %. When all
elements in Table 1 are determined, the sum of the results shall
be as shown in the following table:

Copper Plus Named

Copper Alloy UNS No. Elements, % min

C22000 99.8
C23000 99.8
C26000 99.7
C27000 99.7
C27200 99.7
C27400 997
C28000 09,7
C33000 99.6
C33200 99.6
C37000 99.6
C44300 99.6

7. Temper

7.1 Drawn Tempers, H=<Fhe tempers of drawn tube shall be
designated as light-drawn (H55), drawn (H58), and hard-drawn
(H80) (see Tables 2 and 3). Light-drawn (bending) temper is
used only when adube of some stiffness but yet capable of
being bent is néeded. Drawn temper is for general purposes and
is most cominorily used where there is no specific requirement
for high-§tréngth on the one hand or for bending qualities on
the othetl, Hard-drawn temper is used only where there is need
forra tube as strong as is commercially feasible for the sizes
ifidicated. For any combination of diameter and wall thickness
not covered under hard-drawn temper, the values given for
drawn temper shall be used. Rectangular including square
tubes shall normally be supplied only in drawn (general-
purpose) temper. When there is a need for light-drawn or
hard-drawn tempers these are to be supplied as agreed upon
between the manufacturer and the purchaser.

7.2 Annealed Tempers, O—The tempers of annealed tube
shall be designated as light anneal (O50) and soft anneal (O60)
(Tables 4 and 5).

Note 1—Tube of Copper Alloy UNS No. C23000, shall have in the
annealed condition a minimum tensile strength of 40 ksi [275 MPa]
and a minimum yield strength of 12 ksi [80 MPa] at 0.5 % extension
under load.

TABLE 1 Chemical Requirements

Composition,%

Copper All6y"UNS No.

Copper Lead Arsenic Tin Iron, max Zinc
€22000 89.0-91.0 0.05 max 0.05 remainder
C23000 84.0-86.0 0.05 max 0.05 remainder
C26000 68.5-71.5 0.07 max 0.05 remainder
C27000 63.0-68.5 0.09 max 0.07 remainder
C27200 62.0-65.0 0.07 max 0.07 remainder
C27400 61.0-64.0 0.09 max 0.05 remainder
C28000 59.0-63.0 0.09 max 0.07 remainder
C33000 65.0-68.0 0.25% -0.7 0.07 remainder
C33200 65.0-68.0 1.5-25 0.07 remainder
C37000 59.0-62.0 0.9-1.4 0.15 remainder
C44300 70.0-73.0 0.07 max 0.02-0.06 0.9-1.2 0.06 remainder

A In the case of Copper Alloy UNS No. C33000 on tube sizes greater than 5 in. in outside diameter, or distance between outside parallel surfaces, the lead content shall

be 0.7 % maximum, no minimum is specified.
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TABLE 2 Mechanical Property Requirements of Drawn Temper Tube—Inch-Pound Values

Outside Diameter, in.

Temper Designation” S Tensile Rockwell
Copper Alloy UNS No. or Major Distance Wall Thickness, in. Strength Hardness®
Standard Former Between Outside ksi®? 30T
Parallel Surfaces, in.
C22000 H58 drawn (general purpose) all all 40 min 38 min
C22000 H80 hard drawn® up to 1, incl 0.020 to 0.120, incl 52 min 55 min
C22000 H80 hard drawn? over 1 to 2, incl 0.035 to 0.180, incl 52 min 55 min
C22000 H80 hard drawn® over 2 to 4, incl 0.060 to 0.250, incl 52 min 55 min
C23000 H55 light drawn® all all 44-58 43-75
C23000 H58 drawn (general purpose) all all 44 min 43 min
C23000 H80 hard drawn®? up to 1, incl 0.020 to 0.120, incl 57 min 65 min
C23000 H80 hard drawn® over 1 to 2, incl 0.035 to 0.180, incl 57 min 65 'min
C23000 H80 hard drawn® over 2 to 4, incl 0.0605 to 0.250, incl 57 min 65-min
C26000, C27000, C27200, H58 drawn (general purpose) all all 54 min 53 min
C27400, C33000, and
C33200
C26000, C27000, C27200, H80 hard drawn® up to 1, incl 0.020 to 0.120, incl 66, min 70 min
C27400, C33000, and
C33200
C26000, C27000, C27200, H80 hard drawn® over 1 to 2, incl 0.035 to 0.180, incl 66 min 70 min
C27400, C33000, and
C33200
C26000, C27000, C27200, H80 hard drawn® over 2 to 4, incl 0.060 to 0.250, ncl 66 min 70 min
C27400, C33000, and
C33200
C28000 and C37000 H58 drawn (general purpose) all all 54 min 55 min
C44300 H58 drawn (general purpose) all all 54 min 53 min
C44300 H80 hard drawn® all all 66 min 70 min
A Standard designations defined in Classification B601.
B ksi = 1000 psi.

© Rockwell hardness values shall apply only to tubes having a wall thickness of 0.012 in. or owerand to round tubes having an inside diameter of %s in. or over and to
rectangular including square tubes having an inside major distance between parallel surfacés-0f 916 in. or over. Rockwell hardness shall be made on the inside surface
of the tube. When suitable equipment is not available for determining the specified Rockwel| hardness, other Rockwell scales and values shall be specified subject to

agreement between the manufacturer and the purchaser.
b Light-drawn and hard-drawn tempers are available in round-tube only.

8. Mechanical Properties

8.1 Drawn Temper—Tube shall conform to-thé mechanical
properties prescribed in Tables 2 and 3., Tension tests are
required for tubes with a wall thickness' under 0.020 in.
[50 mm] and for round tubes having ainmside diameter under
%6 in. [8.0 mm] and for rectangular including square tubes
having a major distance between ihside parallel surfaces under
Y6 in. [5.0 mm]. The tension dest for other sizes of tubes need
not be made except when dndicated by the purchaser at the time
of placing the order. A convenient method of indicating that the
tension test is requited\is to specify that “Test procedure T’ is
required” (see _4.1)3). When agreement on the Rockwell
hardness tests cannot be reached, the tensile strength require-
ments of Tdble 2 shall be the basis for acceptance or rejection.

8.2 Anpéaled Temper—The mechanical property requirements

of €opper Alloy UNS No. C23000 tube shall be those given
in/72, Note 1.

9. Expansion Test for Round Tube

9.1 Tube ordered in the annealed (O) condition, selected for
test, shall be capable of withstanding in accordance with Test

following amount:

108

Expansion of Outside

Qutside Diameter, in. Diameter, %

%4 and under 20
Over % 15

The expanded tube shall show no cracking or rupture visible
to the unaided eye. Tube ordered in the drawn (H) condition is
not subject to this test.

Note 2—The term “unaided eye,” as used herein, permits the use of
corrective spectacles necessary to obtain normal vision.

9.2 As an alternative to the expansion test for tube over 4 in.
[100 mm] in diameter in the annealed condition shall be Test
Method B968/B968M.

9.3 Drawn temper tube shall not be required to withstand
these tests.

10. Mercurous Nitrate Test

10.1 Warning—Mercury is a definite health hazard. Use
equipment for the detection and removal of mercury vapor.
Wear rubber gloves when conducting the test.

10.2 When specifically required, test specimens 6 in.
[150 mm] in length of both annealed and drawn tempers shall
; . . . 0 m;
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TABLE 3 Mechanical Property Requirements of Drawn Temper Tube—SI Values

QOutside Diameter, mm

Temper Designation” e Tensile Rockwell
Copper Alloy UNS No. or Major D|stapce Wall Thickness, mm Strength, Hardness?
Between Outside MP. 30T
Standard Former Parallel Surfaces, mm a

C22000 H58 drawn (general purpose) all all 275 min 38 min
C22000 H80 hard drawn® up to 25, incl 0.050 to 3.0, incl 360 min 55 min
C22000 H80 hard drawn® over 25 to 40, incl 0.090 to 5.50, incl 360 min 55 min
C22000 H80 hard drawn® over 50 to 100, incl 1.5 t0 6.0, incl 360 min 55 min
C23000 H55 light drawn® all all 305-400 4375
C23000 H58 drawn (general purpose) all all 305 min 43\min
C23000 H80 hard drawn® up to 25, incl 0.050 to 3.0, incl 395 min 65 min
C23000 H80 hard drawn® over 25 to 50, incl 0.090 to 5.0, incl 395 min 65 min
C23000 H80 hard drawn® over 50 to 100, incl 1.5 t0 6.0, incl 395 min 65 min
C26000, C27000, C27200, H58 drawn (general purpose) all all 370 fmin 53 mm

C27400, C33000, and

C33200
C26000, C27000, C27200, H80 hard drawn® up to 25, incl 0.050 to 3.0, incl 455 min 70 min

C27400, C33000, and

C33200
C26000, C27000, C27200, H80 hard drawn® over 25 to 50, incl 0.090 to 5.0, incl 455 min 70 min

C27400, C33000, and

C33200
C26000, C27000, C27200, H80 hard drawn® over 50 to 100, incl 1.5 to 6.0, incl 455 min 70 min

C27400, C33000, and

C33200
C28000 and C37000 H58 drawn (general purpose) all all 370 min 55 min
C44300 H58 drawn (general purpose) all all 370 min 53 min
C44300 H80 hard drawn® all all 455 min 70 min

A Standard designations defined in Classification B601.

B Rockwell hardness values shall apply only to tubes having a wall thickness of 0.30 mm or overand to round tubes having an inside diameter of 8.0 mm or over and to
rectangular including square tubes having an inside major distance between parallel surfac€s/0f 5.0 mm or over. Rockwell hardness shall be made on the inside surface
of the tube. When suitable equipment is not available for determining the specified Réekwell hardness, other Rockwell scales and values shall be specified.

C Light-drawn and hard-drawn tempers are available in round tube only.

without cracking in the standard mercurous nitrate sOQlution
prescribed in Test Method B154. Immediately aftef, réthoval
from the solution, the specimen shall be wiped free of excess
mercury and examined for cracks.

11. Nondestructive Testing

11.1 Unless nondestructive testing has'been waived, tubes
shall be subjected to a nondestructive test. The manufacturer
shall select the nondestructive test that is most suitable for the
tube size and the application.

11.1.1 Eddy-current testing-is the standard nondestructive
test, and all tubes of appropriate size shall be eddy-current
tested in accordance(Wwith 11.2.

11.1.2 Tubes that afe not of a size suitable for eddy-current
test capabilities \shall be tested by the hydrostatic test as
described in(11.3.1, or by the pneumatic test as described in
11.3.2.

11,2\Eddy-Current Test—Each tube up to 3%& in. [79 mm] in
outside’ diameter shall be subjected to an eddy-current test.
Testing shall follow the procedure of Practice E243, except the
determination of “end effect” is not required. Tubes shall be
passed through an eddy-current test unit adjusted to provide
information on the suitability of the tube for the intended
application.

11.2.1 Notch-depth standards rounded to the nearest
0.001 in. [0.03 mm] shall be 22 % of the nominal wall

[£0.01 mm]. Alternatively, if the manufacturer uses speed-
insensitive eddy-current units that are equipped so that a
fraction of the maximum unbalance signal is able to be
selected, the following percent maximum unbalance signals
shall be used.

Maximum Percent Unbalance

Standard Tube Size, in. [mm] Signal Magnitude

Up to and including % [12 mm] 0.2
1/2t0 2 incl [15 to 54 mm incl] 0.3
Over 2 to 3 incl [54 to 79 mm incl] 0.4

11.2.2 Tubes that do not actuate the signalling device of the
eddy-current testers shall be considered as conforming to the
requirements of this test. If reexamined or retested, tubes with
signals that are found to have been caused by minor mechani-
cal damage, soil, or moisture, shall not be cause for rejection of
the tubes provided the tube dimensions are still within pre-
scribed limits and the tube is suitable for its intended applica-
tion.

11.3 A pressure test shall be specified for tube sizes over
3% in. [79 mm] in outside diameter or tube of dimensions
beyond the capabilities of the eddy-current test apparatus or as
an alternative to the eddy-current test. The purchaser shall have
the option to specify either a hydrostatic test in 11.3.1 or the
pneumatic test in 11.3.2. When, in the case where subsequent
testing by the purchaser establishes that the material does not
meet these requirements, then the tubes shall be subject to

thickness The natch-depth tolerance <hall he +0 0005 in
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TABLE 4 Mechanical Property Requirements of Annealed Temper Tube—Inch-Pound Values

. Y Rockwell Average Grain
Temper Designation X i B .
Copper Alloy UNS No. Wall Thickness, in. Hardness Size, mm
Standard Former Scale Max Min Max
C22000 060 soft anneal up to 0.045, incl 30T 30 0.025 0.060
C22000 060 soft anneal over 0.045 F 70 0.025 0.060
C22000 050 light anneal up to 0.045, incl 30T 37 c 0.035
C22000 050 light anneal over 0.045 F 78 c 0.035
C23000 060 soft anneal up to 0.045, incl 30T 36 0.025 0.060
C23000 060 soft anneal over 0.045 F 75 0.025 0.060
C23000 050 light anneal up to 0.045, incl 30T 39 c 0.035,
C23000 050 light anneal over 0.045 F 85 c 0.035
C26000, C33000, and 060 soft anneal up to 0.030, incl 30T 40 0.025 0,060
C33200
C26000, C33000, and 060 soft anneal over 0.030 F 80 0.025 0.060
C33200
C26000, C28000, C33000, 050 light anneal up to 0.030, incl 30T 60 © 0.035
C332000, and C37000
C26000, C28000, C33000, 050 light anneal over 0.030 F 90 c 0.035
C332000, and C37000
C27000, C27200, and 060 soft anneal up to 0.030, incl 30T 40 0.025 0.060
C27400
C27000, C27200, and 060 soft anneal over 0.030 F 80 0.025 0.060
C27400
C27000, C27200, and 050 light anneal up to 0.030, incl 30T 60 c 0.035
C27400
C27000, C27200, and 050 light anneal over 0.030 F 90 c 0.035
C27400
C44300 060 soft anneal up to 0.030, incl 30T 40 0.025 0.060
C44300 060 soft anneal over 0.030 F 80 0.025 0.060
C44300 050 light anneal up to 0.030, incl 30T 60 ¢ 0.035
C44300 050 light anneal over 0.030 F 90 c 0.035

A Standard designations defined in Classification B601.

B Rockwell hardness values shall apply only to tubes having a wall thickness of 0.015 in. 6r over and to round tubes having an inside diameter of %s in. or over and to
rectangular including square tubes having an inside major distance between parallel.surfaces of %16 in. or over. For all other tube no Rockwell hardness values shall apply.
Rockwell hardness tests shall be made on the inside surface of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, other
Rockwell scales and values shall be specified subject to agreement between‘thie manufacturer and the purchaser.

€ Although no minimum grain size is specified, the product must neverthefess)have a fully recrystallized grain structure.

11.3.1 Hydrostatic Test—When specified, the “tube shall
stand, without showing evidence of leakage amifternal hydro-
static pressure sufficient to subject the materiakto a fiber stress
of 7000 psi [48 MPa], determined by the“following equation
for thin hollow cylinders under tension:

P= ZSI/(D X 0.8t) (1)
where:
P = hydrostatic pressure, psi [MPa];
t = wall thickness of thé material, in. [mm];
D = outside diameter, of the material, in. [mm]; and
S allowable §tress of the material.

11.3.2 Pneumatic Test—When specified, the tube shall be
subjected to_an internal air pressure of 60 psig [400 kPa]
minimum. for 5 s without showing evidence of leakage. The
test method used shall provide for easy visual detection of any
leakage, such as by immersion of the tube under water or by
the pressure differential method. Any evidence of leakage shall
be cause for rejection.

12. Dimensions and Permissible Variations

12.1 The dimensions and tolerances for material covered by

Specification B251/B251M, with particular reference to Sec-
tion 5 and the following tables of that specification:

12.2 Wall Thickness Tolerances—See 5.2, Tables 1 and 6.

12.3 Tolerances for Diameter or Distance Between Parallel
Surfaces—See 5.3, Tables 2 and 7.

12.4 Length Tolerances—See 5.5, Tables 3 and 4.
12.5 Roundness—See 5.4.
12.6 Squareness of Cut—See 5.6

12.7 Straightness Tolerances—For round tubes see 5.7.1,
Table 5. For rectangular including square tubes see 5.7.2.

12.8 Corner Radius for Rectangular Including Square
Tubes—See 5.8, Table 8.

12.9 Twist Tolerances for Rectangular and Square Tubes—
See 5.9.

13. Sampling for Visual and Dimensional Examination

13.1 Minimum sampling for visual and dimensional exami-
nation shall be as follows when specified by the purchaser in

the inquiry, contract or order, for agencies of the U.S. Govern-
ment-

thig Qper‘iﬁ(‘minn shall be ag pqur‘rihf\d in the current edition of

110


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

ASME BPVC.I1.B-2025 SB-135/SB-135M

TABLE 5 Mechanical Property Requirements of Annealed Temper Tube—SI Values

. A Rockwell Average Grain
Temper Designation . B .
Copper Alloy UNS No. Wall Thickness, mm Hardness Size, mm
Standard Former Scale Max Min Max
C22000 060 soft anneal up to 1.0, incl 30T 30 0.025 0.060
C22000 060 soft anneal over 1.0 F 70 0.025 0.060
C22000 050 light anneal up to 1.0, incl 30T 37 c 0.035
C22000 050 light anneal over 1.0 F 78 c 0.035
C23000 060 soft anneal up to 1.0, incl 30T 36 0.025 0.060
C23000 060 soft anneal over 1.0 F 75 0.025 0080
C23000 050 light anneal up to 1.0, incl 30T 39 c 0.035
C23000 050 light anneal over 1.0 F 85 c 0.035
C26000, C33000, and 060 soft anneal up to 0.080, incl 30T 40 0.025 0.060
C33200
C26000, C33000, and 060 soft anneal over 0.080 F 80 0.025 0.060
C33200
C26000, C28000, C33000, 050 light anneal up to 0.080, incl 30T 60 c 0.035
C33200, and C37000
C26000, C28000, C33000, 050 light anneal over 0.080 F 90 c 0.035
C33200, and C37000
C27000, C27200, and 060 soft anneal up to 0.080, incl 30T 40 0.025 0.060
C27400
C27000, C27200, and 060 soft anneal over 0.080 F 80 0.025 0.060
C27400
C27000, C27200, and 050 light anneal up to 0.080, incl 30T 60 c 0.035
C27400
C27000, C27200, and 050 light anneal over 0.080 R 90 c 0.035
C27400
C44300 060 soft anneal up to 0.080, incl 30T 40 0.025 0.060
C44300 060 soft anneal over 0.080 F 80 0.025 0.060
C44300 050 light anneal up to 0.080, incl 30T 60 c 0.035
C44300 050 light anneal over 0.080 F 90 c 0.035

A Standard designations defined in Classification B601.

B Rockwell hardness values shall apply only to tubes having a wall thickness of 0M40°mm or over and to round tubes having an inside diameter of 8.0 mm or over and to
rectangular including square tubes having an inside major distance between parallel surfaces of 5.0 mm or over. For all other tube, no Rockwell hardness values shall apply.
Rockwell hardness tests shall be made on the inside surface of the tube. When/suitable equipment is not available for determining the specified Rockwell hardness, other
Rockwell scales and values shall be specified subject to agreement between the manufacturer and the purchaser.

€ Although no minimum grain size is specified, the product must netertheless have a fully recrystallized grain structure.

Lot Size (Pieces Per Lot) Sample Size from rejected lots for visual and dimensional examination is
ios Eniire | acceptable. All defective items shall be replaced with accept-
to ntire lot .
910 90 8 able items before lot acceptance.
91 to 150 12
151 to 280 19 14. Workmanship, Finish, and Appearance
281 to 500 21
501 to 1200 27 14.1 Annealed tube shall be either bright annealed or acid
1201 to 3200 35 : :
3201 1o 10 000 a8 cleaned after final annealing operations.
10 001 to 35 000 46

13.2 In all cases, the acceptance number is zero and the 15. Keywords

rejection numberis one. Screening and resubmittal of samples 15.1 brass tube; seamless brass tube; seamless tube
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government. Supplementary Requirement S5 shall

apply only when specified.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 ASTM Standard:

B900, Practice for Packaging of Copper and Copper Alloy
Mill Products for U.S. Government Agencies

S1.1.2 Federal Standards:

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

Fed. Std. No. 185 Identification Marking of Copper and
Copper-Base Alloy Mill Products

S1.1.3 Military Standard:

MIL-STD-129 Marking for Shipment and Storage

S2. Quality Assurance

S2.1 Responsibility for Inspection:

S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer shall use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any ofthie
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be uséd:

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

S4.1.1 Military Agencies—The material~shall be separated
by size, composition, grade or class add-shall be preserved and
packaged, Level A or C, packed, Ievel’A, B, or C as specified
in the contract or purchase arder; in accordance with the
requirements of Practice B90O:

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced_for definitions of the various levels of
packaging protection:

S4.2 Markingf

S4.2.1 Military Agencies—In addition to any special mark-
ing required. by the contract or purchase order, marking for
shipmerit shall be in accordance with MIL-STD-129.

S54.2:27 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

S5. Tubes for Voice and Pneumatic Service

S5.1 Tubes ordered to this supplement for voice and pneu-
matic service shall have dimensions, tolerances, and tempers as
specified in Table S5.1. For these tubes, the mercurous nitrate
test shall be required and nondestructive testing shall not be
required. Copper plus sum of all named elements shall be
98.85 %.
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TABLE S5.1 Tubes for Voice and Pneumatic Service

SB-135/SB-135M

. Qutside Diameter, Inside Diameter, Average Diameter Tolerance, Wall Thickness,
Size . X X . Temper
in. [mm] in. [mm] in. [mm] in. [mm]
A 2.000 [50.8] +0.000 0.049 [1.25] H-80
-0.004 [-0.10]
B 2.000 [50.8] +0.000 0.109 [2.75] H-58
-0.004 [-0.10]
(o} 2.000 [50.8] +0.004 [0.10] 0.049 [1.25] H-80
—-0.000
D 2.250 [57.2] +0.000 0.065 [1.65] H-80
-0.004 [-0.10]
E 2.250 [57.2] +0.004 [0.10] 0.049 [1.25] H-80
—0.000 [0.00]
F 3.000 [76.2] +0.000 0.049 [1.25] H-80
-0.004 [-0.10]
G 3.000 [76.2] +0.000 0.109 [2.75] H-58
-0.004 [-0.10]
H 3.000 [76.2] +0.004 [0.10] 0.049 [1.25] H-80
—-0.000
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SPECIFICATION FOR ALUMINUM-BRONZE<SAND
CASTINGS

@Z@ SB-148

(Identical with ASTM Specification B148-18 except(Certification and test report have been made mandatory, and weld
repair requirements in accordance with ASME Section IX have been added.)
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Specification for
Aluminum-Bronze Sand Castings

1. Scope 3. Terminology

1.1 This specification establishes requirements for sand
castings produced from copper-base alloys having the alloy
numbers, commercial designations, and nominal compositions
shown in Table 1.

1.2 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.3 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:

B208 Practice for Preparing Tension Test Specimens_for
Copper Alloy Sand, Permanent Mold, Centrifugal;sand
Continuous Castings

B824 Specification for General Requirements, forsCopper
Alloy Castings

B846 Terminology for Copper and CopperAlloys

E8/E8M Test Methods for Tension Testing ‘of Metallic Ma-
terials

E10 Test Method for Brinell Hardness of Metallic Materials

E18 Test Methods for Rockwell-Hardness of Metallic Ma-
terials

E527 Practice for Numbefing Metals and Alloys in the
Unified Numbering System (UNS)

3.1 For definitions of terms related to copper and\cOpper
alloys, refer to Terminology B846.

4. General Requirements

4.1 Material furnished under this speeification shall con-
form to the applicable requirements of, Specification B824.

5. Ordering Information

5.1 Include the following¢specified choices when placing
orders for product under this~specification as applicable:

5.1.1 ASTM designation-and year of issue,

5.1.2 Copper or Copper Alloy UNS. No. designation,

5.1.3 Temper, must include optional Heat Treatment when
needed,

5.1.4 Dimensions, diameter, and wall thickness (For tube or
pipe: specify either O.D./I.D., O.D./Wall, or I.D./Wall unless
standardrsize such as type K are ordered; for flat products:
thickness, width, and edges; for rod, bar, or shapes: by
diameter or distance between parallel surfaces),

5.1.5 Quantity of castings required,

5.1.6 Intended applications,

5.1.7 Specification title, number, and year of issue,

5.1.8 Pattern or drawing number and condition (cast,
machined, and so forth),

5.1.9 Analysis of residual elements, if specified in the
purchase order (Specification B824),

5.1.10 Pressure test requirements, if specified in the pur-
chase order (Specification B824),

5.1.11 Soundness requirements, if specified in the purchase
order (Specification B824),

5.1.12 Certification (Specification B824),

5.1.13 Test report (Specification B824),

5.1.14 Witness inspection, if specified in the purchase order
(Specification B824),
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TABLE 1 Nominal Compositions
Copper Alloy old Commercial Nominal Composition, %
UNS No. Designation Designation Copper Nickel Iron Aluminum Silicon Manganese
C95200 9A Grade A 88.0 3.0 9.0
C95300* 9B Grade B 89.0 1.0 10.0
C954004 9C Grade C 85.0 - 4.0 11.0
C954104 L L 84.0 2.0 4.0 10.0
C955004 9D Grade D 81.0 4.0 4.0 11.0
C955204 L L 78.5 55 5.0 11.0 -
C95600 9E Grade E 91.0 A o 7.0 2.0 -
C95700 9F Grade F 75.0 2.0 3.0 8.0 12,0
C95800 S 81.3 4.5 4.0 9.0 1.2
C95820 79.0 5.2 4.5 9.5 1.0
C95900 87.5 4.5 13.0

A These grades respond to heat treatment.

5.1.15 Approval of weld procedure and records of repairs, if
specified in the purchase order (Section 10),

5.1.16 DELETED

5.1.17 Castings for seawater service (6.2.3), and

5.1.18 Product marking, if specified in the purchase order
(Specification B824).

5.2 When material is purchased for agencies of the U.S.
Government, the Supplementary Requirements of this specifi-
cation may be specified.

6. Materials and Manufacture

6.1 Materials:

6.1.1 The material of marnufacture shall be sand castings of
Copper Alloys, UNS Noz€95200, C95300, C95400, C95410,
C95500, C95520, C95600;C95700, C95800, C95820, C95900
of such purity and-sotndness as to be suitable for processing
into the products prescribed herein.

6.1.2 When specified in the contract or purchase order, that
heat identifieation or traceability is required, the purchaser
shall specify the details desired.

6.2\Manufacture:

6.2:1 As a specified option, Copper Alloy UNS Nos.
€95300, C95400, C95410, C95500, and C95520 may be
supplied in the heat-treated condition to obtain the higher

TABLE 2Mechanical Requirements

Manganese-

Aluminum Bronze Nickel Aluminum Bronze . . H Nickel .
Classification Silicon Aluminum Nlc_kel Aluminum Aluminum
As-Cast As-Cast Bronze Aluminum Bronze Bronze
Bronze
C95400 and " B
Copper Alloy UNS No. C95200 C95300 ¢95410 C95500 C95820 C95600 C95700 C95800 C95900
Tensile strength, min, 65 65 75 90 94 60 90 85
ksi® (MPa®) (450) (450) (515) (620) (650) (415) (620) (585)
Yield strength,= min, 25 25 30 40 397 28 40 35
ksi® (MPa”) (170 (170) (205) (275) (270)7 (195) (275) (240)
Elongation in 2 in. 20 20 12 6 13 10 20 15
(50.8 mm), %
Brinell hardness No.¢ 110Q 110 150 190
(3000-kg load)
Heat-Treated
C95400 and "
Copper Alloy UNS No. C95300 C95410 C95500 C95520
Tensile strength, mity, 80 90 110 125
ksi€ (MPa)” (550) (620) (760) (862)
Yield strength £ min, 40 45 60 95°7
ksi® (MPa) (275) (310) (415) (655)"
Elongation in 2 in. 12 6 5 2
(50:8\min), %
Brinell hardness No.¢ 160 190 200 255/ 241 min

(3000-kg load)

4 As cast or temper annealed.

B Normally supplied annealed between 1100 and 1300 °F for 4 h followed by air cooling.

Cksi = 1000 psi.
P See Appendix X1.

EYield strength shall be determined as the stress producing an elongation under load of 0.5 %, that is, 0.01 in. (0.254 mm) in a gage length of 2 in. (50.8 mm).

* Yield strength at 0.2 % offset, min, ksi¢ (MPa)® .
@ For information only.

H Copper Alloy UNS No. C95520 is used in the heat-treated condition only.
! Sand castings and sand cast test specimens shall be 25 HRC minimum.
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mechanical properties shown in Table 2. Suggested heat

ASME BPVC.I1.B-2025

Copper Plus Named Elements,

treatments for these alloys are given 1n Table 3. Actual practice Copper Alloy UNS Number min, %
may vary by manufacturer. 95200 99.0
6.2.2 For better corrosion resistance in seawater C95300 99.0
applications, castings in Copper Alloy UNS No. C95800 may gggj?g gg'g
be given a temper anneal heat treatment at 1200 to 1300 °F C95500 995
(650 to 705 °C) for 6 h minimum. Cooling shall be by the €95520 99.5
fastest means possible that will not cause excessive distortion gggggg gg'g
or cracking. Propeller castings shall be exempt from this C95800 99.5
requirement. €95820 99.2
€95900 99.5

6.2.3 Copper Alloy UNS No. C95520 is used in the heat-
treated condition only.

6.2.4 Copper Alloy UNS No. C95900 is normally supplied
annealed between 1100 °F (595 °C) and 1300 °F (705 °C)
followed by air cooling.

6.2.5 Copper Alloy UNS No. C95820 is supplied in the
as-cast condition.

6.2.6 Separately cast test bar coupons representing castings
made in Copper Alloy UNS Nos. C95300HT, C95400HT,
C95410HT, C95500HT, C95520HT, C95800 temper annealed,
and C95900 annealed shall be heat treated with the castings.

7. Chemical Composition

7.1 The material shall conform to the chemical composition
requirements in Table 4 for the copper alloy UNS. No.
designation specified in the ordering information.

7.1.1 Results of analysis of the product sample shall con-
form to the composition requirements within the permitted
analytical variance specified in Table 4.

7.1.2 These composition limits do not preclude the presence
of other elements. Limits may be established by agreement
between manufacturer or supplier and purchaser for the‘un-
named elements.

7.1.3 For alloys in which Copper is listed ascrentainder,
copper is the difference between the sum of results of all
elements determined and 100 %. When all ,the.€lements in
Table 4 are determined, the sum of results shallbe as specified
in the following table:

TABLE 3 Suggested Heat Treatments
Solution Treatment

Annealing Treatment

Czﬁger (Not Less than 1 hfin. (Not Less than 2 h
UNS ,‘\’lo Followed by Followed by
’ Water, Quench) Air Cool)
C95300 1585—1685 °F (860-890 °C) 1150-1225 °F (620-660 °C)
gggz?g 1600-1675 °F (870-910 °C) 1150-1225 °F (620-660 °C)
(2 h followed by
gggggg water quench) 925-1000 °F (495-540 °C)
1600-1700 °F (870-925 °C)
€95800% 1200-1300 °F (650-705 °C),

6 h minimum followed
by air cooling

A Corrosion inhibiting heat treatment, depends on agreement between the
manufacturer and buyer.

8. Temper

8.1 The suggested heat treatment (tempers) for products
described in this specification are given in Table 3.

9. Mechanical Property Requiremerifs

9.1 Tensile Strength Requiremeiits’

9.1.1 The mechanical properties ‘shall be determined from
separately cast test bar castings.

9.1.2 Product furnished ‘under this specification shall con-
form to the mechanical¢properties requirements specified in
Table 2, when tested it accordance with Test Methods E8/
E8M.

9.1.3 Acceptaince or rejection based upon mechanical prop-
erties shall~dépend on tensile strength, yield strength, and
elongation.

9.2 Hardness Requirement:

9:2)I' The approximate Brinell hardness values given in
Table 2 are for general information and assistance in testing,
and shall not be used as a basis for product rejection.

10. Casting Repair

10.1 Alloys included in this specification are generally
weldable. All weld repairs shall be made utilizing procedures
qualified in accordance with Section IX of the ASME BPVC,
and repair welding shall be done by welders or welding
operators in accordance with ASME BPVC Section IX.
Weld repairs may be made at the manufacturer’s discretion
provided each excavation does not exceed 20 % of the casting
section or wall thickness or 4 % of the casting surface area

10.2 Excavations that exceed those described in 10.1 may
be made at the manufacturer’s discretion except that when
required (5.1.15) the weld procedure shall be approved by the
purchaser and the following records shall be maintained:

10.2.1 A sketch or drawing showing the dimensions, depth,
and location of excavations,

10.2.2 Postweld heat treatment, when applicable,

10.2.3 Weld repair inspection results,

10.2.4 Casting identification number,

10.2.5 Weld procedure identification number,

10.2.6 Welder identification, and

10.2.7 Name of inspector.

10.3 The castings shall not be impregnated without approval
of the purchaser.
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TABLE 4 Chemical Requirements

. Manganese- .
Silicon Nickel Nickel Aluminum
Classification Aluminum Bronze Nickel Aluminum Bronze ~ Aluminum ) Aluminum
Bronze Aluminum Bronze Bronze
Bronze
Copper Alloy C95200 C95300 C95400 C95410 C95500 95520 C95600 C95700 C95800 958208 C95900
UNS No.
Composition, %
Copper 86.0 min 86.0 min 83.0 min 83.0 min 78.0 min 74.5 min 88.0 min 71.0 min 79.0 min 77.5 min remaindet.
Aluminum 8.5-9.5 9.0-11.0 10.0-11.5 10.0-11.5 10.0-11.5 10.5-11.5 6.0-8.0 7.0-8.5 8.5-9.5 9.0-10.0 12:0-185
Iron 2.5-4.0 0.8-1.5 3.0-5.0 3.0-5.0 3.0-5.0 4.0-5.5 . 2.0-4.0 3.5-4.5¢ 4.0-5.0 3.0<5.0
Manganese L L 0.50 max  0.50 max 3.5 max 1.5 max S 11.0-14.0 0.8-1.5 1.5 max 5 max
Nickel (incl - - 1.5 max 1.5-25 3.0-5.5 4.2-6.0 0.25 max 1.5-3.0 4.0-5.0¢ 45-5.8 0.50 max
cobalt)
Silicon 0.15 max  1.8-3.2 0.10 max 0.10 max 0.10-max
Lead 0.08 max ... 0.03 max 0.03 max 0.02"max

A Chromium shall be 0.05 max, cobalt 0.20 max, tin 0.25 max, and zinc 0.30 max.
B Zinc shall be 0.20 max and tin 0.20 max.
€ Iron content shall not exceed the nickel content.

11. Workmanship, Finish, and Appearance

11.1 The product shall be free of defects, but blemishes of a
nature that do not interfere with the intended application are
acceptable.

12. Sampling

12.1 Test bar castings for the Copper Alloy UNS Nos. in this
specification shall be cast to the form and dimensions shown in
Figs. 1 or 2 in Practice B208.

12.2 For small remelts the lot size shall not exceed 1000 b
(455 kg) of castings and shall consist of all of the metal from

13.2.3 Tensile and Yield Strength shall be determined by the
extension-under-load methed*of Test Methods E8/E8M.

13.2.4 When specified "in the purchase order, additional
hardness testing midy be performed on castings. The test
location and hardness values shall be agreed upon between the
manufacturer(and the purchaser.

14. Cestification and Test Report

1471, The purchaser shall be furnished certification that
samples representing each lot have been tested and inspected as

a single master beat ppured frorp an iqdividual melting unit, “irected in this specification and requirements have been met.
or group of melting units, operating during the course of qney~A report of the test results shall be furnished to the purchaser.

half shift, not to exceed 5 h.

13. Test Methods

13.1 Chemical Analysis:

13.1.1 In case of disagreement, test methods«fer chemical
analysis shall be subject to agreement between the manufac-
turer and the purchaser.

13.2 Other Tests:

13.2.1 Brinell readings shall be taken on the grip end of the
tension test bar and shall be made’in accordance with Test
Method E10, with the exception)that a 3000-kg load shall be
used.

13.2.2 Rockwell hardness readings shall be taken on the
grip end of the tensiontest bar and shall be made in accordance
with Test Methods E18.

14.2 DELETED
15. Keywords

15.1 aluminum-bronze castings; copper alloy castings;
copper-base alloy castings; UNS No. C95200; UNS No.
C95300; UNS No. C95400; UNS No. C95410; UNS No.
C95500; UNS No. €95520; UNS No. C95600; UNS No.
C95700; UNS No. C95800; UNS No. C95820; UNS No.
C95900

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order for agencies of the U.S. Government.

S1. Scope

S1.1 The following supplementary requirements shall apply
only when specified by the purchaser in the inquiry, contract, or

S2. Referenced Documents

S2.1 The following documents of the issue effect on date of
material purchase form a part of this specification to the extent

order tor agencies of the U.S. Government.

referenced herein:
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S2.1.1 Federal Standards:

ASME BPVC.I1.B-2025

S6. Weld Repair

Fed. Std. No. 102 Preservation, Packaging, and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

S2.1.2 Military Standards:

MIL-STD-129 Marking for Shipment and Storage

MIL-STD-248 Welded and Brazing Procedure in Perfor-
mance Qualification

MIL-STD-271 Requirements for Nondestructive Testing
Methods

MIL-STD-278 Welding and Casting Standard

S2.1.3 ASTM Standard:

B900 Practice for Packaging of Copper and Copper Alloy
Mill Products for U.S. Government Agencies

S3. First Article Inspection

S3.1 The initial casting shall be radiographically examined
in accordance with MIL-STD-271 at locations specified by the
purchaser. Subsequent to radiography, samples for mechanical
testing shall be removed from the specified locations and
tested. The acceptance criteria for all tests and examinations
shall be as agreed upon between the manufacturer and the
purchaser.

S3.2 Following acceptance of the initial casting by the
purchaser, the manufacturer shall not change his basic foundry
practice without the specific approval of the purchaser. The
manufacturer may be required to perform additional tests or
inspections to verify acceptability of any changes made.

S4. Soundness

S4.1 Castings shall meet the soundness requirements~06f
MIL-STD-278 for the category, subcategory, and criticality
level specified in the purchase order.

S5. Pressure Test

S5.1 Castings shall meet the pressure test\requirements of
MIL-STD-278.

S6.1 All repair welding shall be in accordance with MIL-
STD-278 using welders and welding procedures qualified in
accordance with MIL-STD-248.

S6.2 Surfaces of the casting that will be in contact with
seawater will be identified by the purchaser. Any weld repair
made on these surfaces or within % in. of these surfaces shall
be postweld heat treated in accordance with 6.2.3.

S7. Quality Assurance

S7.1 Responsibility for Inspection—Unless otherwisg Speci-
fied in the contract or purchase order, the manufacturer is
responsible for performance of all inspection apd test require-
ments specified. Except as otherwise specified i’the contract
or purchase order, the manufacturer may_use-his own or any
other suitable facilities for the performance of the inspection
and test requirements unless disappréyed by the purchaser at
the time the order is placed. The plrchaser shall have the right
to perform any of the inspections\or tests set forth when such
inspections and tests are deemied necessary to ensure that the
material conforms to preseribed requirements.

S8. Marking

S8.1 The castings® shall be marked in accordance with
Specification B8247 Additionally, the marking shall include the
manufacturet’s trademark, specification, and alloy number.

S9. Preparation for Delivery

S9.\“Preservation, Packaging, and Packing:

S9.1.1 Military Agencies—The material shall be separated
by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, packed, Level A, B, or C as specified
in the contract or purchase order, in accordance with the
requirements of Practice B90O.

S9.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S9.2 Marking:

S9.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

59.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.
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APPENDIX

(Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which is defined as
that force that, when applied to a body having a mass of one
kilogram, gives it an acceleration of one metre per second
square (N = kg-m/s ). The derived SI unit for pressure or stress

is the newton per square metre (N/m?), which has been named
the pascal (Pa) by the General Conference on Weights and
Measures. Since 1 ksi = 6 894 757 Pa, the metric equivalénts
are expressed as megapascal (MPa), which is the~same as
MN/m? and N/mm?,
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SPECIFICATION FOR ALUMINUM BRONZE ROD, BAR,
AND SHAPES

@Z@ SB-150/SB-150M

®

(Identical with ASTM Specification B150/B150M-12(2017) except that paras. 4.2.2, 4.2.3, 4.2.6, and 8.2.1 have been
deleted.)
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Specification for

ASME BPVC.I1.B-2025

Aluminum Bronze Rod, Bar, and Shapes

1. Scope

1.1 This specification establishes the requirements for alu-
minum bronze rod, bar, and shapes for Copper Alloys UNS
Nos. C61300, C61400, C61900, C62300, C62400, C63000,
C63020, C63200, C64200, and C64210.

Note 1—Product intended for hot forging is described in Specification
B124/B124M.

Note 2—Warning—Mercury has been designated by many regulatory
agencies as a hazardous material that can cause serious medical issues.
Mercury, or its vapor, has been demonstrated to be hazardous to health and
corrosive to materials. Caution should be taken when handling mercury
and mercury containing products. See the applicable product Safety Data
Sheet (SDS) for additional information. Users should be aware that selling
mercury and/or mercury containing products into your state or country
may be prohibited by law.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applitd-
bility of regulatory requirements prior to use.

1.4 This international standard was developed in “accor-
dance with internationally recognized principles onstandard-
ization established in the Decision on Principles for the
Development of International Standards, Guides’and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents
2.1 ASTM Standards:

B124/B124M Specification for Copper and Copper Alloy
Forging Rod, Bar, and Shapes

B154 Test Method for Mercurous Nitrate Test for Copper
Alloys

B249/B249M Specification for General Requiréments for
Wrought Copper and Copper-Alloy Rod, Bar, Shapes and
Forgings

B601 Classification for Temper Designations for Copper and
Copper Alloys—Wrought and Cast

B858 Test Method for Ammonia Vapor Test for Determining
Susceptibility to Stress CorroSion Cracking in Copper
Alloys

E8/E8M Test Methods for Tension Testing of Metallic Ma-
terials

E18 Test Methods“for"Rockwell Hardness of Metallic Ma-
terials

E53 Test Method for Determination of Copper in Unalloyed
Copper‘by Gravimetry

E62 Test Methods for Chemical Analysis of Copper and
Gopper Alloys (Photometric Methods) (Withdrawn 2010)

ET18 Test Methods for Chemical Analysis of Copper-
Chromium Alloys (Withdrawn 2010)

E478 Test Methods for Chemical Analysis of Copper Alloys

3. General Requirements

3.1 The following sections of Specification B249/B249M
constitute a part of this specification:

3.1.1 Terminology,

3.1.2 Materials and Manufacture,

3.1.3 Workmanship, Finish, and Appearance,

3.1.4 Sampling,

3.1.5 Number of Tests and Retests,

3.1.6 Specimen Preparation,

3.1.7 Test Methods,

3.1.8 Significance of Numerical Limits,

3.1.9 Inspection,

3.1.10 Rejection and Rehearing,

3.1.11 Certification,

3.1.12 Mill Test Report,

3.1.13 Packaging and Package Marking, Preservation and
Delivery, and
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3.1.14 Supplementary Requirements.

SB-150/SB-150M

4.2.4 Residual stress test (Performance Requirements sec-

3.2 In addition, when a section with a title identical to those
referenced in 3.1, appears in this specification, it contains
additional requirements that supplement those appearing in
Specification B249/B249M.

4. Ordering Information

4.1 Include the following information when placing orders
for product under this specification, as applicable:

4.1.1 Specification designation and year of issue,

4.1.2 Copper alloy UNS No. (See Table 1),

4.1.3 Temper (see Temper section),

4.1.3.1 When Alloy UNS No. C63000 is specified, specify
standard strength or high strength temper (See Table 2),

4.1.4 Product cross-section (for example round, hexagonal,
square, and so forth),

4.1.5 Dimensions (diameter or distance between parallel
surfaces and length) and permissible variations (Section 10),

4.1.5.1 When product of Copper Alloy UNS No. C63020 is
specified, the tolerances for diameter, thickness, width, and
length shall be part of the contract or purchase order and shall
be agreed upon between the supplier and the purchaser.

4.1.5.2 Shapes—When product is shapes, the dimensional
tolerances shall be as agreed upon between the manufacturer
and the purchaser and shall be specified.

4.1.6 Quantity, total weight, footage, or number of pieces
for each size.

4.1.7 If product is being purchased for agencies of the U.S.
government.

4.2 The following options are available and should ‘be
specified at the time of placing the order when required:

4.2.1 If Copper Alloy C61300 material is intendéd for
subsequent welding applications (See Note B, Tablg 2),

4.2.2 DELETED

4.2.3 DELETED

tion)
4.2.4.1 Ammonia Vapor Test or Mercurous Nitrate Test,
4.2.4.2 For Ammonia Vapor Test, pH value other than 10.
4.2.5 If piston finish or shafting is required, (Performance
Requirements and Workmanship sections), and
4.2.6 DELETED

5. Materials and Manufacture

5.1 Manufacture:

5.1.1 Copper Alloy UNS C63020—Rod and -Bay"shall be
heat-treated to 26 Rockwell hardness (C scale) (HRC) mini-
mum as follows:

5.1.2 Heat to 1550°/1650°F [850/900°CJ~for 2 h minimum
and quenched in water.

5.1.3 Temper at 900°/1000°F [480/540°C] for 2 h minimum
and air cool to room temperaturé

5.2 Copper Alloy UNS €63200—Rod and Bar shall be
heat-treated as follows:

5.2.1 Heat to 1550°FJ.850°C] minimum for 1 h minimum at
temperature and queneh in water or other suitable medium,

5.2.2 Temper anfiéal at 1300 = 25°F [700 = 15°C] for 3 to
9 h at temperature as required to obtain desired mechanical
properties, dnd

5.2.3 /AHeat treatment is not mandatory for sections that
excee@I2 in. [300 mm] in diameter or thickness.

6. Chemical Composition

6.1 The material shall conform by alloy to the chemical
composition requirements in Table 1 for the copper alloy UNS
designation specified in the ordering information.

6.2 For alloys in which copper is listed as “remainder,”
copper is the difference between the sum of all elements
determined and 100 %.

TABLE 1 Chemical Requirements

Composition, %

Elements Copper Alloy UNS No.
C61300 G61400 C61900 C62300 C62400 C63000 C63020 C63200 C64200 C64210

Aluminum 6.0-7.5 6/0+8.0 8.5-10.0 8.5-10.0 10.0-11.5 9.0-11.0 10.0-11.0 8.7-9.5 6.3-7.6 6.3-7.0
Copper, incl  remainder remainder remainder remainder remainder remainder 74.5 min remainder remainder remainder

silver
Iron 2.0-30 1.5-35 3.0-4.5 2.0-4.0 2.0-4.5 2.0-4.0 4.0-5.5 3.5-4.34 0.30 max 0.30 max
Nickel, incl 0.15:max . . 1.0 max . 4.0-5.5 4.2-6.0 4.0-4.84 0.25 max 0.25 max

cobalt
Manganese (0,20 max 1.0 max 0.50 max 0.30 max 1.5 max 1.5 max 1.2-2.0 0.10 max 0.10 max
Silicon 0.10 max L 0.25 max 0.25 max 0.25 max L. 0.10 max 1.5-2.2 1.5-2.0
Tin 0.20-0.50 L. 0.6 max 0.6 max 0.20 max 0.20 max 0.25 max S 0.20 max 0.20 max
Zinc, (max 0.108 0.20 0.8 S 0.30 0.30 S 0.50 0.50
Leady, max 0.01 0.01 0.02 o 0.03 0.02 0.05 0.05
Arsenic, max ... A . .. 0.15 0.15
Phosphorus, 0.015 0.015 .. L.

max
Other named & ¢

elements

A Iron content shall not exceed nickel content.

B When the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zirconium 0.05 %

max, and zinc 0.05 % max.
€ Chromium shall be 0.05 max and cobalt shall be 0.20 max.
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TABLE 2 Tensile Requirements

: : . X Elongation in
Temper Designation Diameter or Distance Between Parallel Tensile . . Yield Strength, . 4 x Igiameter
A Strength, min ksi [MPa], at 0.5 % Extension .
Surfaces,? in. [mm] . . or Thickness of
Code Name min ksi [MPa] Under Load Specimen min, %8
Copper Alloy UNS No. C61300
HR50 drawn and stress relieved rod (round only):
2 [12] and under 80 [550] 50 [345] 30
over 2 [12] to 1 [25], incl 75 [515] 45 [310] 30
over 1 [25] to 2.0 [50] incl 72 [495] 40 [275] 30
over 2 [50] to 3 [80], incl 70 [485] 35 [240] 30
HR50 drawn and stress relieved rod (hexagonal and octagonal) and bar:
2 [12] and under 80 [550] 40 [275] 30
over Y2 [12] to 1 [25], incl 75 [5615] 35 [240] 30
over 1 [25] to 2 [50], incl 70 [485] 32 [220] 30
Copper Alloy UNS No. C61400
HR50 drawn and stress relieved rod (round only):
2 [12] and under 80 [550] 40 [275] 30
over Y2 [12] to 1 [25], incl 75 [515] 35 [240] 30
over 1 [25] to 2 [50], incl 70 [485] 32 [220] 30
over 2 [50] to 3 [80], incl 70 [485] 30 [205] 30
Copper Alloy UNS No. C61900
HR50 drawn and stress relieved rod (round only):
2 [12] and under 90 [620] 50-[345] 15
over 2 [12] to 1 [25], incl 88 [605] 447305] 15
over 1 [25] to 2 [50], incl 85 [585] 4071275] 20
over 2 [50] to 3 [80], incl 78 [540] 37 [255] 25
M20 as hot rolled over 3 [80] 75 [515] 30 [205] 20
M20 as hot rolled
M30 as hot extruded
020 hot forged and annealed shapes, all sizes 75 [515] 30 [205] 20
025 hot rolled and annealed
030 hot extruded and annealed
HR50 drawn and stress relieved
Copper Alloy UNS NG-. 062300
HR50 drawn and stress relieved rod (round only):
2 [12] and under 90 [620] 50 [345] 12
over 2 [12] to 1 [25], incl 88 [605] 44 [305] 15
over 1 [25] to 2 [50], incl 84 [580] 40 [275] 15
over 2 [50] to 3 [80], incl 76 [525] 37 [255] 20
M20 as hot rolled
M30 as hot extruded over 3 [80] 75 [515] 30 [205] 20
020 hot forged and annealed
025 hot rolled and annealed
030 hot extruded and annealed
HR50 drawn and stress relieved
HR50 drawn and stress relieved rod (hexagonal and octagonal) and bar:
1.{25) and under 80 [550] 35 [240] 15
oyer 1 [25] to 2 [50], incl 78 [540] 32 [220] 15
M20 as hot rolled over 2 [50] 75 [515] 30 [205] 20
M20 as hot rolled
M30 as hot extruded
020 hotforged and anpegled | oo o) sizes 75 [515] 30 [205] 20
025 hot rolled and annealed
030 hot extruded\and annealed
HR50 drawn and\stress relieved
Copper Alloy UNS No. C62400
HR50 drawnjand stress relieved rod (round only):
2 [12] and under 95 [655] 45 [310] 10
over 2 [12] to 1 [25], incl 95 [655] 45 [310] 12
over 1 [25] to 2 [50], incl 90 [620] 43 [295] 12
over 2 [50] to 3 [80], incl 90 [620] 40 [275] 12
M20 as hot rolled
M30 as hot extruded } over 3 [80] to 5 [125] incl 90 [620] 35 [240] 12
020 hot forged and annealed rod (hexagonal and octagonal) and bar:
025 hot rolled and annealed
030 hot extruded and annealed Y2 [12] to 5 [125], incl 90 [620] 35 [240] 12
shapes, all sizes 90 [620] 35 [240] 12
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TABLE 2 Continued

SB-150/SB-150M

: : . . Elongation in
Temper Designation Diameter or Distance Between Parallel Tensile . ) Yield Strengoth, ) 4 x Igiameter
Surfaces, in. [mm] 'Streljgth, min ksi [MPa], at 0.5 % Extension or Thickness of
Code Name min ksi [MPa] Under Load Specimen min, %5
TQ50 quench hardened and temper rod (round only):
annealed over 3 [80] to 5 [125], incl 95 [655] 45 [310] 10
Copper Alloy UNS No. C63000
1—standard strength rod:
HR50 drawn and stress relieved 12 [12] to 1 [25], incl 100 [690] 50 [345] 5
over 1 [25] to 2 [50], incl 90 [620] 45 [310] 6
over 2 [50] to 3 [80], incl 85 [585] 42.5 [295] 10
M20 as hot rolled
M30 as hot extruded
020 hot forged and annealed over 3 [80] to 4 [100], incl 85 [585] 42.5 [295] 10
025 hot rolled and annealed over 4 [100] 80 [550] 40 [275] 12
030 hot extruded and annealed
HR50 drawn and stress relieved
bar:
HR50 drawn and stress relieved 2 [12] to 1 [25], incl 100 [690] 5Q1345] 5
over 1 [25] to 2 [50], incl 90 [620] 45,[810] 6
M20 as hot rolled
M30 as hot extruded
020 hot forged and annealed over 2 [50] to 4 [100], incl 85 [585] 42.5 [295] 10
025 hot rolled and annealed ( over 4 [100] 80 [550] 40 [278] 12
030 hot extruded and annealed
HR50 drawn and stress relieved )
M20 as hot rolled 9
M30 as hot extruded
020 hot forged and annealed shapes, all sizes 85/[585] 42.5 [295] 10
025 hot rolled and annealed
030 hot extruded and annealed
HR50 drawn and stress relieved )
2—high strength rod:
HR50 drawn and stress relieved 1 [25] and under 110 [760] 68 [470] 10
over 1 [25] to 2 [50], incl 110 [760] 60 [415] 10
HR50 drawn and stress relieved } over 2 [50] to 3 [80], incl 105 [725] 55 [380] 10
026 hot rolled and temper annealed
TQ50 quench hardened and over 3 [80] ta.5.[125], incl 100 [690] 50 [345] 10
temper annealed
032 hot extruded and
temper annealed
026 hot rolled and
temper annealed
Copper Alloy UNS No C63020
TQS30 quenched hardened rod and bar:
and tempered
up to 1 [25] incl 135 [930] 100 [690]¢ 6
over 1 [25] to 2 [50], incl 130 [890] 95 [650]¢ 6
over 2 [50] to 4 [100], incl 130 [890] 90 [620]° 6
Copper Alloy UNS No. C63200
TQ50 quench hardened and rod and bar:
temper annealed up to 3 [80], incl 90 [620] 50 [345] 15
over 3 [80] to 5 [125], incl 90 [620] 45 [310] 15
TQ55 over 5 [125] to 12 [300], incl 90 [620 40 [275 15
guench hardened, temper shapes, a[// si;es 1300 ) {620} 40 {275} 15
annealed, drawn, and
stress relieved
020 hot forged and annealed } bar and shapes
025 hot rolled and annealed all sizes 90 [620] 40 [275] 15
Copper Alloy UNS Nos. C64200 and C64210
HR50 drawn and stress relieved rod and bar:
2 [12] and under 90 [620] 45 [310] 9
over 2 [12] to 1 [25], incl 85 [585] 45 [310] 12
over 1 [25] to 2 [50], incl 80 [550] 42 [290] 12
over 2 [50] to 3 [80], incl 75 [515] 35 [240] 15
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TABLE 2 Continued

; . . . Elongation in
Te D 1
emper Designation Diameter or Distance Between Parallel Tensile . . Yield Strength, . 4 x Diameter
A Strength, min ksi [MPa], at 0.5 % Extension ;
Cod N Surfaces,” in. [mm] min ksi [MPa] Under Load or Thickness of
ode ame Specimen min, %°

M10 as hot forged—air cooled
M20 as hot rolled over 3 [80] to 4 [100] incl 70 [485] 30 [205] 15
M30 as hot extruded over 4 [100] 70 [485] 25 [170] 15
M30 as hot extruded shapes, all sizes 70 [485] 30 [205] 15

A For rectangular bar, the Distance Between Parallel Surfaces as used in this table refers to the thickness.
B Elongation values are based on 5.65 times the square root of the area for dimensions greater than 0.10 in. [2.5 mm]. In any case, a minimum gage length of 1 in. [25

mm] shall be used.
€ Yield strength at 0.2 % offset.

TABLE 3 Rockwell Hardness Requirements”

Temper Designation

Rockwell Hardnéss Determined

Diameter or Distance Between on the/Cross Section Midway

Parallel Surfaces, in. [mm]

Code Name BetWeen Surface and Center
Copper Alloy UNS No. C63020
TQ30 Quench hardened and tempered all sizes C26 min
Copper Alloys UNS Designations C64200 and C64210
HR50 drawn and stress relieved 0.5 [12] to 1.0 [25], incl* B80 — 100
over 1.0 [25] to 2.0 [5@]Ninel. B80 — 100
over 2.0 [50] to 3.0-{80],%ncl. B70-95
M30 as hot-extruded over 3.0 [80] to 410\[100], incl. B65 — 95
over 4.04100] B65 — 95
shapesgall sizes B65-95

A Rockwell hardness requirements are not established for diameters less than 0.5 in. [12 mm].

6.2.1 When all elements in Table 1 are determined, the sum
of results shall be 99.5 % minimum for all alloys except
C61300 which shall be 99.8 % min.

6.3 These composition limits do not preclude the preserice
of other elements. By agreement between the manufagcturer and
the purchaser, limits may be established and analysis'required
for unnamed elements.

7. Temper

7.1 The standard tempers for produets described in this
specification, and as defined in Classification B601, are given
in Tables 2 and 3.

7.1.1 Annealed tempers 020,025, and O30.

7.1.2 Cold worked and-stress relieved temper HR50.

7.1.3 As-manufactured“t¢mpers M10, M20, M30.

7.1.4 Heat treated\terpers 026, 032, TQ30, TQ50 and
TQS55.

Note 3—UNS"WNo. C63000 has two available strength levels available
in rod, standdrd strength and high strength.
8. Mechanical Property Requirements

81 Product furnished under this specification shall conform
te‘the mechanical property requirements prescribed in Table 2
and Table 3 for the Copper Alloy UNS No. designation
specified in the ordering information.

8.2 Rockwell Hardness Requirement—For the alloys and
tempers listed in Table 3, product 0.5 in. [12 mm] and over in

with the requirements prescribed in Table 3, when tested in
accordance with Test Methods E18.
8.2.1 DELETED

8.3 Tensile Strength Requirements—Product furnished un-
der this specification shall conform to the tensile requirements
in Table 2 when tested in accordance with Test Methods
E8/ESM.

9. Performance Requirements

9.1 Residual Stress Test:

9.1.1 When specified in the contract or purchase order, the
product shall be tested for residual stress according to the
requirements of Test Method B154 or Test Method B858, and
show no signs of cracking.

Warning—Mercury is a definite health hazard. With the
Mercurous Nitrate Test, equipment for the detection and
removal of mercury vapor produced in volatilization, and the
use of protective gloves is recommended.

9.1.2 When the ammonia vapor test is used, the test pH
value appropriate for the intended application shall be 10
unless otherwise specified by the purchaser.

Norte 4—A residual stress test provides information about the adequacy
of the stress relief of the material. Bar straightening is a method of
mechanical stress relief. Stress relief annealing is a method of thermal
stress relief.

digmeter or dictancao hotwwoon pnarallol cpefacac chall oonfor
et t \aas Pate e o
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9.2 Piston Finish—When specified, round rod over 0.5 in.

SB-150/SB-150M

10.1.5 Edge Contours—Refer to section entitled, “Edge

[12 mm] 1n diameter shall be furnished piston finished. Refer to
Specification B249/B249M.

10. Dimensions and Permissible Variations

10.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification
B249/B249M with particular reference to the following tables
and related paragraphs:

10.1.1 Diameter or Distance between Parallel Surfaces,
Rod (Round, Hexagonal, Octagonal):

10.1.1.1 Rod: Cold Drawn Tempers—Refer to applicable
Table 2 on Tolerances for Diameter or Distances Between
Parallel Surfaces of Cold-Drawn Rod.

10.1.1.2 Rod, M30, 030, and 032 tempers—Refer to
Table 4 on Tolerances for Diameter or Distance Between
Parallel Surfaces of As-Extruded Rod and Bar.

10.1.1.3 Round Rod, M20 temper—Refer to Table 6 on
Diameter Tolerances for Hot-Rolled Round Rod.

10.1.1.4 Piston Finish Rod—Refer to Table 3 on Diameter
Tolerances for Piston-Finished Rod.

10.1.2 Distance between Parallel Surfaces, Bar (Rectangu-
lar and Square):

10.1.2.1 Bar, Drawn Tempers—Refer to Table 9 on Thick-
ness Tolerances for Rectangular and Square Bar, and Table 11
on Width Tolerances for Rectangular Bar.

10.1.2.2 Bar, M30, 030, and 032 Tempers—Refer to
Table 4 on Tolerances for Diameter or Distance Between
Parallel Surfaces of As-Extruded Rod and Bar.

10.1.3 Length of Rod, Bar and Shapes—Refer to Table 13
on Length Tolerances for Rod, Bar, and Shapes, and Table %5
on Schedule of Lengths (Specific and Stock) with Ends fer Red
and Bar.

10.1.4 Straightness:

10.1.4.1 Rod and Bar—Refer to Table 16 on\Straightness
Tolerances for Rod, Bar, and Shapes.

10.1.4.2 Shafting Rod—Refer to Table {7, on Straightness
Tolerances for Shafting.

10.1.4.3 Rod, Bar and Shapes of M20, M30, 030, and 032
Temper—They shall be of sufficieftsstraightness to meet the
requirements of the intended application.

Contours.”

10.2 Shapes—The cross section dimensional tolerances for
shapes shall be as agreed upon between the manufacturer and
the purchaser.

11. Workmanship, Finish, and Appearance

11.1 When specified in the contract or purchase order, tound
rod over Y2 in. [12 mm] in diameter shall be furnished as piston
finish rod or shafting.

12. Test Methods

12.1 Chemical Analysis:

12.1.1 In cases of disagreementgdetermine the composition
using the following methods:

Element ASTM Test Methods
Aluminum E478, Titrimetric
Arsenic E62
Copper E478
Iron E478, Photometric
Lead E478, Atomic absorption
Manganese E62
Nickel E478, Photometric
Phosphorous, E62
Silicon E62
Tin E478, Photometric
Zinc E478, Atomic absorption
Cadmitm E53
Chrémium E118

12.1.2 Test methods to be followed for the determination of
elements resulting from contractual or purchase order agree-
ment shall be as agreed upon between the manufacturer or
supplier and the purchaser.

13. Keywords

13.1 aluminum bronze bar; aluminum bronze rod; alumi-
num bronze shapes; UNS Alloy No. C61300; UNS Alloy No.
C61400; UNS Alloy No. C61900; UNS Alloy No. C62300;
UNS Alloy No. C62400; UNS Alloy No. C63000; UNS Alloy
No. C63020; UNS Alloy No. C63200; UNS Alloy No. C64200;
UNS Alloy No. C64210
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SPECIFICATION FOR COPPER-NICKEL-ZINC‘ALLOY
(NICKEL SILVER) AND COPPER-NICKEL ROD'AND BAR

@Z@ SB-151/SB-151M

®

(Identical with ASTM Specification B151/BI51M-20 except paras. 5.2.2 and 5.2.3 have been deleted.)
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Specification for

ASME BPVC.I1.B-2025

Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel

Rod and Bar

1. Scope

1.1 This specification establishes the requirements for
copper-nickel-zinc and copper-nickel rod and bar for general
application produced from Copper Alloy UNS Nos. C70600,
C70620, C71500, C71520, C74500, C75200, C75700,
C76400, C77000, and C79200.

1.1.1 Copper Alloys UNS Nos. C70620 and C71520 are for
product intended for welding applications.

1.1.2 Units—The values stated in either inch-pound units or
ST units are to be regarded separately as standard. Within the
text, SI units are shown in brackets. The values stated in each
system are not necessarily exact equivalents; therefore, to
ensure conformance with the standard, each system shall be
used independently of the other, and values from the two
systems shall not be combined.

Note 1—Requirements for copper-nickel-zinc alloy wire appear in
Specification B206/B206M.

1.2 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

B206/B206M Specification for Copper-NickeleZinc (Nickel
Silver) Wire and Copper-Nickel Alloy Wire

B249/B249M Specification for General*Requirements for
Wrought Copper and Copper-Allgy.Rod, Bar, Shapes and
Forgings

B601 Classification for Temper Designations for Copper and
Copper Alloys—Wrought'and Cast

B846 Terminology for Lopper and Copper Alloys

B950 Guide for Editorial' Procedures and Form of Product
Specifications for Copper and Copper Alloys

E75 Test Methods\for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys (Withdrawn 2010)

E76 TestMethods for Chemical Analysis of Nickel-Copper
Alloys,(Withdrawn 2003)

E478 Test Methods for Chemical Analysis of Copper Alloys

3. General Requirements

3.1 The following sections of Specification B249/B249M
constitute a part of this specification:

3.1.1 Terminology;

3.1.2 Material and Manufacture;

3.1.3 Workmanship, Finish, and Appearance;

3.1.4 Sampling;

3.1.5 Number of Tests and Retests;

3.1.6 Specimen Preparation;

3.1.7 Test Methods;

3.1.8 Significance of Numnerical Limits;

3.1.9 Inspection;

3.1.10 Rejection and“Rehearing;

3.1.11 Certification;

3.1.12 Report;

3.1.13 Packaging and Package Marking; and

3.1.14 Supplementary Requirements.

3.2«Inaddition, when a section with a title identical to that
referenced in 3.1, above, appears in this specification, it
centains additional requirements which supplement those ap-
pearing in Specification B249/B249M.

4. Terminology

4.1 For definitions of terms related to copper and copper
alloys, refer to Terminology B846.

5. Ordering Information

5.1 Include the following specified choices when placing
orders for product under this specification, as applicable:

5.1.1 ASTM designation and year of issue;

5.1.2 Copper Alloy UNS No. designation (Section 1);

5.1.3 Temper (Section 8 and Tables 2-6);

5.1.4 Form: cross section such as round, hexagonal, square,
and so forth (Section 11);

5.1.5 Diameter or distance between parallel surfaces, length
(Section 11);

5.1.6 Weight: total for each form, size, and temper; and

5.1.7 Intended application.
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5.2 The following options are avaijlable but mayv not be

SB-151/SB-151M

TABLE 2 Grain Size Requirements for OS (Annealed) Temper

included unless specified at the time of placing of the order —
R Temper Grain Size, mm
when requlred' Copper Alloy UNS No. Designation  Nominal Minimum Maximum
5.2.1 Heat identification or traceability details (4.1 of Speci-  Alralloys 0S015 0.015 . 0.030
fication B249/B249M), Al alloys 08035 0.035 0.025 0.050
C74500, C75200, C75700,  OS070 0.070 0.050 0.100

5.2.2 DELETED
5.2.3 DELETED

5.2.4 When material is purchased for agencies of the U.S.
Government (Section 11).

6. Materials and Manufacture

6.1 Material:

6.1.1 The material of manufacture as specified in the con-
tract or purchase order, shall be of one of Copper Alloy UNS
Nos. C70600, C70620, C71500, C71520, C74500, C75200,
C75700, C76400, C77000, or C79200.

7. Chemical Composition

7.1 The material shall conform to the chemical composition
requirements in Table 1 for the Copper Alloy UNS No.
designation specified in the ordering information.

7.1.1 These composition limits do not preclude the presence
of other elements. By agreement between the manufacturer and
the purchaser, limits may be established and analysis required
for unnamed elements.

7.2 For alloys in which copper is listed as “remainder,”
copper is the difference between the sum of results for all
elements determined and 100 %.

7.3 For alloys in which zinc is listed as “remainder,” eithier
copper or zinc may be taken as the difference between the sum
of all elements determined and 100 %.

7.4 When all elements listed in Table 1 for a speeified alloy
are determined, the sum of results shall be 99.5.%" minimum.

C76400, and C77000

TABLE 3 Tensile Requirements for Copper-Nickel-Zinc Alloy. Rod
and Bar (Inch-Pound Units)

Note 1—SI values are stated in Table 4.

Tensile_Strength, ksi
Copper Alloy UNS

Temper Diameter or Distance ~ Copper AlloyAJNS

Designa- Between Parallel Nos. C75200Q_ahd Nos. C74500,
tion Surfaces, in. C79200 75700, C76400,
) and C77000
Nir Max Min Max
Rod:
round
HO1 0.02 to 0.50, incl 60 80 75 95
Rod:
round, hexagonal,
octagonal
HOo4 0.02 t0,0.25,4ncl 80 100 90 110
Over 025, to 0.50, incl 70 90 80 100
Oyeér 0.50 to 1.0, incl 65 85 75 95
Qver1.0 60 80 70 90
H04 _Bar:
Square, rectangular
all sizes 68 88 75 95
8. Temper

8.1 The standard tempers for products described in this
specification and as defined in Classification B601 are: 060,
0S015, 0S035, 0S070, M30, HO1, and HO4 as given in Tables
2-6.

Note 2—The purchaser should confer with the manufacturer or
supplier concerning the availability of a specific form and temper.

8.2 Other tempers, and tempers for other products, includ-
ing shapes, shall be subject to agreement between the manu-
facturer and the purchaser.

TABLE 1 Chemical Requirements

Composition, % max (unless shown as range or min)

C?Jpﬁgr'\?goy Copper, Incl Silver Nickel, Incl Cobalt Lead Iron Manganese Zinc Phosphorous Sulfur Carbon
C70600 remainder 9.0-11.0 0.05 1.0-1.8 1.0 1.0 . L L
C70620 86.5 min 9.0-11.0 0.02 1.0-1.8 1.0 0.50 0.02 0.02 0.05
Cz1500 remainder 29.0-33.0 0.05 0.40-1.0 1.0 1.0 L L L
G71520 65.0 min 29.0-33.0 0.02 0.40-1.0 1.0 0.50 0.02 0.02 0.05
C74500 63.5-66.5 9.0-11.0 0.05 0.25 0.50 remainder
C75200 63.0-66.5 16.5-19.5 0.05 0.25 0.50 remainder
C75700 63.5-66.5 11.0-13.0 0.05 0.25 0.50 remainder
C76400 58.5-61.5 16.5-19.5 0.05 0.25 0.50 remainder
C77000 53.5-56.5 16.5-19.5 0.05 0.25 0.50 remainder
C79200 59.0-66.5 11.0-13.0 0.8-1.4 0.25 0.50 remainder
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TABLE 4 Tensile Requirements for Copper-Nickel-Zinc Alloy Rod

ASME BPVC.I1.B-2025

12. Dimensions, Mass, and Permissible Variations

and-Bar [Stumitst
Note 1—Inch-Pound values are stated in Table 3.

Tensile Strength, MPa
Copper Alloy UNS Copper Alloy UNS

Temper Diameter or Distance

Designa-  Between Parallel Nos. C75200 and Nos. C74500,
tion Surfaces, mm C79200 C75700, C76400
and C77000
Min Max Min Max
Rod:
round
Ho1 0.5 to 10, incl 415 550 515 655
Rod:
round, hexagonal
octagonal
Ho4 0.5 to 6.5 incl 550 690 620 760
Over 6.5 to 10, incl 485 620 550 690
Over 10 to 25, incl 450 590 515 655
Over 25 415 550 485 620
HO04 Bar:
square, rectangular
all sizes 470 605 515 650

9. Grain Size of Annealed Tempers

9.1 Grain size shall be the standard requirement for all
product in the annealed tempers.

9.1.1 Product in the OS temper shall conform to the grain
size requirement prescribed in Table 2 for the specified copper
alloy and temper.

9.1.2 Grain size shall be the basis for acceptance or rejection
for OS temper product produced from Copper Alloy UNS Nos.
C74500, C75200, C75700, C76400, C77000, and C79200.

10. Mechanical Property Requirements

10.1 Tensile Strength Requirement:

10.1.1 Product of Copper-Nickel-Zinc Alloys UNS~Ngs.
C74500, C75200, C75700, C76400, C77000, and C79200 in
Tempers HO1 and HO4 furnished under this specification shall
conform to the tensile requirements prescribed in, Tables 3 and
4 for the specified shape and size. The tensilg\stiength shall be
the basis of acceptance or rejection for, product in these
tempers.

10.1.2 Product of Copper-Nickel Alloys UNS Nos. C70600,
C70620, C71500, and C71520 in Tempers HO1, HO4, M30, and
060 furnished under this specification shall conform to the
tensile requirements prescribed in Tables 5 and 6 for the
specified shape and size( The tensile properties shall be the
basis of acceptance or rejection for all tempers.

11. Purchases for U.S. Government Agencies

11.1 When ‘specified in the contract or purchase order,
product purchased for agencies of the U.S. Government shall
conform to.the special government regulations specified in the
Supplementary Requirements section of Specification B249/
B249M.

12.1 The dimensions and tolerances for product described
by this specification shall be as specified in Specification
B249/B249M with particular reference to the following tables
and related paragraphs:

12.1.1 Diameter or Distance Between Parallel Surfaces:

12.1.1.1 Rod: round/hexagonal, octagonal-—cold-drawn
rod, Table 2.

12.1.1.2 Bar: rectangular and square—thickness, width,
Tables 9 and 11.

12.1.2 Length—Ilength tolerances, schedule of‘\length,
Tables 13 and 15.

12.1.3 Straightness tolerances for rod, bar,~and shapes,
Table 16.

12.1.4 Edge contours—see identicallytitled section.

13. Test Methods

13.1 The test methods usedfor quality control or production
control, or both, for the détetmination of conformance with
product property requirements are discretionary.

13.1.1 The test methods used to obtain data for the prepa-
ration of certification ‘or test report, or both, shall be made
available to the'\purchaser on request.

13.2 Chemical Analysis—In cases of disagreement, test
methods fow'chemical analysis shall be subject to agreement
betweeri.the manufacturer or supplier and the purchaser. The
following table is a list of published test methods some of
Wwhich are considered by ASTM as no longer viable. These, and
others not listed, may be used, subject to agreement.

Element Range, % Method
Copper 53-90 E478
Iron 0.02-8 E75
Lead 0.05-1.5 E478 (AA)
Manganese 0.05-1.0 E75
Nickel 8-34 E478 (Gravimetric)
Zinc 0-1.0 E478 (AA)
Zinc 2-40 E478 (Titrimetric)
Sulfur 0-0.1 E478 (AA)
Phosphorus 0-1.0 E478 (AA)
Carbon 0.01-1.0 E76

14. Keywords

14.1 copper alloy bar; copper alloy rod; copper-nickel alloy
bar; copper-nickel alloy rod; copper-nickel-zinc alloy bar;
copper-nickel-zinc alloy rod; cupronickel bar; cupronickel rod;
nickel silver bar; nickel silver rod; UNS C70600 bar; UNS
C71500 bar; UNS C74500 bar; UNS C75200 bar; UNS
C75700 bar; UNS C76400 bar; UNS C77000 bar; UNS
C79200 bar; UNS C70600 rod; UNS C71500 rod; UNS
C74500 rod; UNS C75200 rod; UNS C75700 rod; UNS
C76400 rod; UNS C77000 rod; UNS C79200 rod ; UNS
C70620; UNS C71520
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TABLE 5 Tensile Requirements for Copper-Nickel Alloy Rod and Bar (Inch-Pound Units)

Norte 1—SI values are stated in Table 6.

Temper Desig- Tensile Strength Yield Strength at Elongation in 4x Diam-
. Diameter or Distance Between Parallel Surfaces, in. f .27 0.5% Extension Under eter or Thickness of
nation min, ksi . . . . A
Load, min, ksi Specimen, min, %
Copper Alloy UNS Nos. C70600 and C70620
060, M30 round, hexagonal, and octagonal rods and square bars all sizes 38 15 30
HO4 round, hexagonal, and octagonal rods and square bars up to ¥, incl 60 38 10
over ¥ to 1, incl 50 30 15
over 1 to 3, incl 40 15 30
over 3 to 5, incl 38 15 20
060 rectangular bars and shapes all sizes 38 15 30
For Thicknesses
HO4 rectangular bars up to ¥s, incl 55 30 10
over % to 2z incl 50 28 12
over 2t0 3 40 17 20
HO4 shapes all sizes (As agreed upon between the-mandfacturer
or supplier and the purchaser)
Copper Alloy UNS Nos. C71500 and C71520
060, M30 round, hexagonal, and octagonal rods and square bars up to Y2, incl 52 18 30
over Y2 to 1, incl 48 18 30
over 1 45 18 30
HO1 round, hexagonal, and octagonal rods and square bars up to Y2, incl 65 50 10
over 2 to 1, incl 60 45 15
over 1 to 3, incl 55 35 20
over 3 to 5, incl 45 18 20
HO4 up to 'z, incl 80 60 8
over Y2 to 1, incl 75 58 10
over 1 to 2, incl 70 55 10
060 rectangular bars and shapes all sizes 45 15 30
For Thicknesses
HO4 rectangular bars up to 2, incl 75 55 7
over Y2 to 1, incl 70 50 10
HO4 shapes all sizes (As agreed upon between the manufacturer

or supplier and the purchaser)

An any case, a minimum gage length of 1 in. shall be used.
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TABLE 6 Tensile Requirements for Copper-Nickel Alloy Rod and Bar [S] Units]

Note 1—Inch-pound values are stated in Table 5.

Temper Desig- Tensile Strength Yield Strength at Elongation in 4x Diam-
) Diameter or Distance Between Parallel Surfaces, mm ) ’ 0.5 % Extension Under eter or Thickness of
nation min, MPa . . . A
Load, min, MPa Specimen, min, %
Copper Alloy UNS Nos. C70600 and C70620
060, M30 round, hexagonal, and octagonal rods and square bars all sizes 260 105 30
HO4 round, hexagonal, and octagonal rods and square bars up to 9.5, incl 415 260 10
over 9.5 to 25, incl 345 205 15
over 25 to 80, incl 275 105 30
over 80 to 125, incl 260 105 20
060 rectangular bars and shapes all sizes 260 105 30
For Thicknesses
HO4 rectangular bars up to 9.5, incl 380 205 10
over 9.5 to 12, incl 345 195 12
over 12 to 80, incl 275 115 20
HO4 shapes all sizes (As agreed upon between the manufacturer
or supplier and the purchaser)
Copper Alloy UNS Nos. C71500 and C71520
060, M30 round, hexagonal, and octagonal rods and square bars up to 12, incl 360 125 30
over 12 to 25, incl 330 125 30
over 25 310 125 30
HO1 round, hexagonal, and octagonal rods and square bars up to 12, incl 450 345, 10
over 12 to 25, incl 415 310 15
over 25 to 80, incl 380 240 20
over 80 to 125, incl 310 125 20
HO4 up to 12, incl 550 415 8
over 12 to 25, incl 515 400 10
over 25 to 50, incl 485 380 10
060 rectangular bars and shapes all sizes 310 105 30
For Thicknesses
HO4 rectangular bars up to 12, incl 515 380 7
over 12 to 25, incl 485 345 10
HO4 shapes all sizes (As agreed upon between the manufacturer

or supplier and the purchaser)

Aln any case, a minimum gage length of 25 mm shall be used.
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SPECIFICATION FOR COPPER SHEET, STRIP;PLATE,
AND ROLLED BAR

@Z@ SB-152/SB-152M

®

(Identical with ASTM Specification B152/B152M-19(except for the deletion of paras. 7.3.1.1 and 10.3.1, and certification
and test reports have been made mandatory.)
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Specification for

ASME BPVC.I1.B-2025

Copper Sheet, Strip, Plate, and Rolled Bar

1. Scope

1.1 This specification establishes the requirements for cop-
per sheet, strip, plate, and rolled bar produced from the
following coppers.

Copper Prgvioqs
UNS No.A Designation Type of Copper

C101008 OFE Oxygen-free electronic

C102008 OF Oxygen-free without residual
deoxidants

C10300 OFXLP Oxygen-free extra low phosphorus

C10400, C10500, C10700 OFS Oxygen-free, silver bearing

C10800 OFLP  Oxygen-free low phosphorus

C10910 Low oxygen

C110005 © ETP,  Electrolytic tough pitch,€ Tough

TPC pitch®

C11300, C11400, C11600° STP Silver bearing tough pitch

C12000 DLP Phosphorized, low residual phos-
phorus

C12200% DHP Phosphorized, high residual phos-
phorus

C12300 DHPS  Phosphorized, silver bearing

C14200 DPA Phosphorus deoxidized, arsenical

C14420 Tin bearing tellurium copper

C14530 Tin tellurium bearing copper

A Except Copper UNS Nos. C10910 (low oxygen), C14200 (phosphorus
deoxidized, arsenical), C14420 (tin bearing tellurium), and C14530 (tin tellurvim
bearing) these types of copper are classified in Classification B224.

B SAE Specification CA101 conforms to Copper UNS No. C10100; SAESpecifi-
cation CA102 conforms to the requirements for Copper UNS No. C10200; SAE
Specification CA110 conforms to the requirements for Copper UNS_No. C11000;
SAE Specifications CA113, CA114, and CA116 conform to the_requirements for
Copper UNS Nos. C11300, C11400, and C11600; SAE_ Spédification CA120
conforms to Copper UNS No. C12000; and SAE Specification,CA122 conforms to
the requirements for Copper UNS No. C12200.

€ Unless specified in the contract or purchase ordes-the supplier is permitted to
provide ETP copper or TP copper.

Note 1—Each of the coppers listed hagtnique properties that can make
it suitable for specific applications. The purchaser should consult with the
supplier to determine which coppep-would be best suited for the intended
application.

Note 2—This specification is not intended to establish requirements for
material rolled to ounce-weight thicknesses. Such material is defined in
Specification B370.

Flat copper products with finished (rolled or drawn) edges-flat wire and
strip) are defined in Specification B272.

1.1.1 When a specific copper is not identified in the contract
or purchase order, the supplier may furnishiproduct from any of
the listed coppers.

1.2 Units—The values stated if either inch-pound units or
SI units are to be regarded separately as standard. The values
stated in each system are not_necessarily exact equivalents;
therefore, to ensure conformance with the standard, each
system shall be used dndependently of the other and values
from the two system$\shall not be combined.

1.3 The following safety hazard caveat pertains only to the
test method(s), described in this specification:

1.3.1 This,'standard does not purport to address all of the
safety Loncerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
ptiate safety, health, and environmental practices and deter-
mitne the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

B170 Specification for Oxygen-Free Electrolytic Copper—
Refinery Shapes

B193 Test Method for Resistivity of Electrical Conductor
Materials

B216 Specification for Tough-Pitch Fire-Refined Copper—
Refinery Shapes

B224 Classification of Coppers
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B248 Specification for General Requirements for Wrought

SB-152/SB-152M

5.1.1 ASTM designation and year of issue;

Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar

B248M Specification for General Requirements for Wrought
Copper and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar (Metric)

B272 Specification for Copper Flat Products with Finished
(Rolled or Drawn) Edges (Flat Wire and Strip)

B370 Specification for Copper Sheet and Strip for Building
Construction

B577 Test Methods for Detection of Cuprous Oxide (Hydro-
gen Embrittlement Susceptibility) in Copper

B846 Terminology for Copper and Copper Alloys

E3 Guide for Preparation of Metallographic Specimens

E8/E8M Test Methods for Tension Testing of Metallic Ma-
terials

E53 Test Method for Determination of Copper in Unalloyed
Copper by Gravimetry

E62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods) (Withdrawn 2010)

E112 Test Methods for Determining Average Grain Size

E478 Test Methods for Chemical Analysis of Copper Alloys

2.2 ASME Standard:

ASME Boiler and Pressure Vessel Code

3. General Requirements

3.1 The following sections of Specification B248 or B248M
constitute a part of this specification:

3.1.1 Terminology

3.1.2 Materials and Manufacture

3.1.3 Sampling

3.1.4 Number of Tests and Retests

3.1.5 Specimen Preparation

3.1.6 Test Methods

3.1.7 Packaging and Package Marking

3.1.8 Workmanship, Finish, and Appearance

3.1.9 Significance of Numerical Limits

3.1.10 Rejection and Rehearing

3.2 In addition, when a section with"a title identical to that
referenced in 3.1, above, appeats”in this specification, it
contains additional requirements which supplement those ap-
pearing in Specification B248vor B248M.

4. Terminology

4.1 Definitions—For definitions of terms related to copper
and copper alleys, refer to Terminology B846.
5. Ordering Information

5.1 Include the following specified choices when placing
orders for product under this specification, as applicable:

5.1.2 Copper [Alloy] UNS No. (or other iternationally
recognized copper [alloy]). With Alloys C10400, C10500,
C10700, C11300, C11400, C11600, or C12300, the amount of
silver in ounces per ton;

5.1.3 Temper (Section 7);

5.1.4 Dimensions: thickness, width, and edges (Section 12);

5.1.5 How furnished: straight lengths or coils;

5.1.6 Quantity — total weight or total length or numbet<of
pieces of each size;

5.1.7 Length (Section 12); and

5.1.8 Weight of coils: coil weights or coil size limitations, if
required.

5.2 The following options are available but may not be
included unless specified at the time_of placing of the order
when required:

5.2.1 Embrittlement test for théalloys listed in 11.2.

5.2.2 DELETED

5.2.3 DELETED

5.2.4 Resistivity testforalloys listed in Table 5 (see Section
9);

5.2.5 If product(is purchased for agencies of the U.S.
Government (sée“the Supplemental Requirements section of
Specifications B248 and B248M).

6. Chemical Composition

6.1 The materials shall conform to the chemical require-
ments in Table 1 for the copper [alloy] UNS No. specified in
the ordering information.

6.2 These composition limits do not preclude the presence
of other elements. By agreement between the manufacturer and
purchaser, limits may be established and analysis required for
unnamed elements.

7. Temper

7.1 The standard tempers for product described in this
specification are given in Tables 2 and 3.

7.1.1 As Hot Rolled Temper M20:

7.1.1.1 Plate not specified for ASME Boiler and Pressure
Vessel Code applications are generally available in the M20
temper.

7.1.2 Cold Rolled Tempers HOO to H10.

7.1.3 Annealed Tempers 025, 060, or O68:

7.1.3.1 DELETED

Norte 3—Any product produced in a temper other than those listed in
Table 2, Table 3, or Table 4 will be produced and sold by contract and
cannot be said to be produced under this specification.

Note 4—Soft-anneal temper is suitable for most industrial users of
copper such as forming, spinning, and simple drawing operations in which
close control of temper is not essential. Deep drawing anneal temper is

especially suited for very severe drawing and forming operations in which
maximum ductility and close control of temper is required.

8. Grain Size for Cold Rolled Annealed Tempers

8.1 Grain size shall be standard requirement for all product
of the annealed (O60 and O68) tempers.
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TABLE 1 Chemical Requirements

Composition,%
Element Copper UNS No.
C10100%| C10200 | C10300 | C10400Z | C10500°1 €407008 | C10800 | C10910 [ C11000 | C11300€ | C11400€ [ C11600° | C12000 | C12200 | C12300° | C14200 | C14420 | C14580
Copper, min 99.99 | 99.95F 99.957 | 99.955 | 99.95F | 99.955% | 99.95F 99.95 99.90 99.90 99.90 99.90 99.90 99.9 99.90 99.4 99.90¢ | 99.9¢"
incl silver [ incl silver [ incl silver [incl silver | incl Siftver | incl silver |incl silver| incl silver | incl silver | incl silver | incl silver | incl silver | incl silver | incl silver | incl silver | incl silver [incl sifver
Phogphorus A 0.001- 0,005—- 0.004—- 0.015- 0.015- 0.015- 0.001-
0.005 0,012 0.012 0.040 0.040 0.040 0.0110
Arsénic A 0.15—
0.50
Oxyg¢en, max 0.0005 0.0010 0.0010 0.001 0.001 0.005
Silvgr A 8/ 10/ 25/ 8/ 10/ 25/ 4!
Selehium + A 0.028
teflurium, max
Tellgrium A 0.005- | 0.003-
0.05 0.093”
Tin A 0.04- 0.003-
0.15 0.0p3
A Impurity maximums in ppm of C10100 shall be: antimony 4, arsenic 5, bismuth 1, cadmium 1, iron 10, lead 5, manganese 0.5, nickel 10, phosphorus 3, selenium 3, silver 25, sulfur 15, tellurium 2, tin 2, and zinf 1.

BC1
cct
b cq
ECqg
Fing
G Ing
HInc
!Val
J Tel

0400, C10500, and C10700 are oxygen-free coppers with the addition of a specified amount of silver. The compositions,of these alloys are equivalent to C10200 plus the intentional addition of silver.
1300, C11400, and C11600 are electrolytic tough-pitch copper with silver additions. The compositions of these alloysare’equivalent to C11000 plus the intentional addition of silver.

pper UNS No. C12300 is produced by the addition of silver to phosphorus-deoxidized copper.

pper shall be determined by difference between impurity total and 100 %.

ludes phosphorus.

ludes tellurium + tin.

ludes tin + tellurium + selenium.

lles are minimum silver Troy oz/Avoirdupois ton (1 oz/ton is equivalent to 0.0034 %).

urium or selenium, or both.

WZST-4S/ZS1-9S

S20Z-9'II'DAdI JNSV
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TABLE 2 Tensile Strength Requirements and Approximate Hardness Values (Inch-Pound Units)

Approximate Rockwell

Temper Designation Tensile Strength, ksi? Hardness?
Code Name Min Max F Scale Superficial
30T

Cold-rolled tempers:

HoO Eighth hard 32 40 54-82 up to 49

HO1 Quarter hard 34 42 60-84 18-51

HO2 Half hard 37 46 77-89 43-57

HO3 Three-quarter-hard 41 50 82-91 47-59

HO4 Hard 43 52 86-93 54-62

HO6 Extra hard 47 56 88-95 56-64

Ho8 Spring 50 58 91-97 60-66

H10 Extra spring 52 92 and over 6hand over
Hot-rolled tempers:

M20¢ Hot-rolled 308 38 up to 75 up to 41

025° Hot-rolled and annealed 30% 38 up to 65 up to 31

Aksi = 1000 psi.

B Rockwell values apply as follows: The F scale applies to metal 0.020 in. and over in thickness. The Superficial 30-T scale applies to metak0.012 in. and over in thickness.
CSee 7.1.1.1.

D DELLETED

E The minimum yield strength at 0.5 % extension under load or at 0.2 % offset shall be 10 ksi.

TABLE 3 Tensile Strength Requirements and Approximate Hardness\Values (Sl Units)

Approximate Rockwell

Temper Designation Tensile Strength, MPa Hardness?
Code Name Min Max. F Scale Superficial
30T

Cold-rolled tempers:

HO0O0 Eighth hard 220 275 54-82 up to 49

HO1 Quarter hard 235 290 60-84 18-51

Ho2 Half hard 255 315 77-89 43-57

HO3 Three-quarter-hard 285 345 82-91 47-59

Ho4 Hard 295 360 86-93 54-62

HO6 Extra hard 325 385 88-95 56-64

HO08 Spring 345 400 91-97 60-66

H10 Extra spring 360 92 and over 61 and over
Hot-rolled tempers:

M208 Hot-rolled 205° 260 up to 75 up to 41

025¢ Hot-rolled and annealed 205° 260 up to 65 up to 31

A Rockwell values apply as follows: The F scale applies to metalM0*50 mm and over in thickness. The Superficial 30-T scale applies to metal 0.30 mm and over in thickness.
BSee 7.1.1.1.

C DELETED

D The minimum yield strength at 0.5 % extension underlgad or at 0.2 % offset shall be 70 MPa.

TABLE 4 Grain Size Requirements and Approximate TABLE 5 Electrical Mass Resistivity Requirements for Copper
Rockwell Hardness Values for Annealed Product UNS Nos. C10100, C10200, C10300, C10400, C10500, C10700,
Approximate C10910, C11000, C11300, C11400, and C11600
Temper Designation Grain Size, mm Rockwell Electrical Resistivity
Hardness” Alloy Tempers max, Q-g/m?
Code Namb Min Max - ocae C10100 Annealed 0.15176
Min Max C10100 Cold Rolled 0.15614
060 Softanneal g 65 C10200, C10300, C10400, Annealed 0.15328
068 Deep-drawing B 0.050 30 75 C10500,
anneal C10700, C10910, C11000,
C11300,

A Rockweéll hardness values apply as follows: The F scale applies to metal 0.020

in. or(0.50"Mm and over in thickness. 11400, C11600 d Roll
B Afthough no minimum grain size is required, this material must be fully €10200, C10300, C10400, Cold Rolled 0.15775
f C10500,
fecrystallized.
C10700, C10910, C11000,
C11300,

C11400, C11600

8.2 Acceptance or rejection based upon grain size shall
depend only on the average grain size of a test specimen taken

from each of two sample portions, and each specimen shall be 8.3 The test specimen shall be prepared in accordance with
within the limits prescribed in Table 4 when determined in Guide E3. The average grain size shall be determined on a
accordance with Test Methods E112 p]cmp pm‘sﬂlp] to the surface of the prndnr\t
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9. Physical Property Requirements

11. Performance Requirements

9.1 Electrical Resistivity Requirement:

9.1.1 When specified in the contract or purchase order on
the alloys listed below, the product shall conform to the
electrical mass resistivity requirement prescribed in Table 5,
when tested in accordance with Test Method B193.

9.1.2 Copper UNS Nos. C10800, C12000, C12200,
C12300, C14200, C14420, and C14530 when specified at the
time of purchase for electrical conductor use shall meet
resistivity requirements as agreed upon between the manufac-
turer or supplier and the purchaser.

Note 5—The International Annealed Copper Standard electrical con-
ductivity equivalents are as follows:

Electrical Resistivity, Conductivity,
Q-g/m? % IACS
0.151 76 101.00
0.153 28 100.00
0.156 14 98.16
0.157 75 97.16

10. Mechanical Property Requirements

10.1 Tensile Requirements of As Hot-Rolled (M20), and
Hot-Rolled and Annealed (O25) Tempers:

10.1.1 Product furnished under this specification shall con-
form to the tensile strength requirements prescribed in Tables 2
and 3. Furthermore, Copper [Alloy] UNS Nos. C11000 and
C12200 plate shall have 40 % minimum elongation in 2 in. [50
mm] and Copper [Alloy] UNS No. C14200 plate shall have
45 % minimum elongation in 2 in. [50 mm]. The test speci-
mens shall be taken so that the longitudinal axis of the
specimen is parallel to the direction of rolling and tested in
accordance with Test Methods ES/ESM.

10.1.2 Plate Item Test—Five specimens shall be takefieither
from the excess portion of the plate or from separate. pieces
produced under the same specification and tempet:

10.1.3 DELETED

10.2 Tensile Requirements of Rolled (R), Tempers:

10.2.1 Product furnished under this speeification shall con-
form to the tensile strength requirementsprescribed in Tables 2
and 3. The test specimens shall bevtaken so the longitudinal
axis of the specimen is parallel to“the direction of rolling and
tested in accordance with Test Methods ES8/E8M.

10.2.2 Acceptance or( rejection based upon mechanical
properties shall depend‘only on tensile strength.

10.3 Rockwell Havrdness Requirement:

10.3.1 The dpproximate Rockwell hardness values given in
Table 2, Table, 3, and Table 4 are for general information and
assistanc€ in testing and shall not be used as a basis for product
rejection.

Nosve 6—The Rockwell hardness tests offer a quick and convenient
method of checking for general conformity to the specification require-
afents for temper, tensile strength, and grain size.

11.1 Microscopical Examination:

11.1.1 Samples of Copper [Alloy] UNS Nos. C10100,
C10200, C10300, C10400, C10500, C10700, and C12000 shall
be substantially free of cuprous oxide as determined by
Procedure A of Test Methods B577. In case of a dispute, a
referee method in accordance with Procedure C of Test
Methods B577 shall be used.

11.1.2 When Copper UNS Nos. C10800, C10910, C11000,
C11300, C11400, C11600, C12200, C12300, C14200, C14420,
or C14530 are supplied, microscopical examinationsfoer cu-
prous oxide is not required.

11.2 Hydrogen Embrittlement Susceptibility “Test—Samples
of Copper UNS Nos. C10100, C10200,,C10300, C10400,
C10500, C10700, C10800, C12000, C12200y and C12300 shall
be capable of passing the embrittlemerit.test of Procedure B of
Test Methods B577. The actual performance of this test is not
mandatory under the terms of this'spécification unless specified
in the ordering information.(dn‘case of a dispute, a referee
method in accordance with\Procedure C shall be used.

12. Dimensions, Mass,*and Permissible Variation

12.1 The diménsions and tolerances for product described
by this specification shall be as specified in Specification B248
or B248Mwith particular reference to the following tables and
related paragraphs:

12.2NThickness.

12.3 Width:

12.3.1 Slit Metal and Slit Metal with Rolled Edges.
12.3.2 Square Sheared Metal.

12.3.3 Sawed Metal.

12.4 Length:

12.4.1 Length Tolerance for Straight Lengths.

12.4.2 Schedule for Minimum Lengths and Maximum
Weights of Ends for Specific Lengths with Ends, and Stock
Lengths with Ends.

12.4.3 Length Tolerance for Square Sheared Metal.

12.4.4 Length Tolerance for Sawed Metal.

12.5 Straightness:

12.5.1 Slit Metal or Slit Metal Either Straightened or Edge
Rolled.

12.5.2 Square Sheared Metal.

12.5.3 Sawed Metal.

12.6 Weight—Hot Rolled Sheet and Plate.

12.7 Edges Contours:
12.7.1 Square Corners.
12.7.2 Rounded Corners.
12.7.3 Rounded Edges.
12.7.4 Full-Rounded Edges.

13. Test Methods

13.1 Chemical Analyses:

13.1.1 In cases of disagreement, test methods for chemical
analysis shall be subject to agreement between the manufac-
turer or Qnm’\]ipr and the pnrn}mq?r The f'nl]nwing table is g list
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of published methods, some of which may no longer be viable,

SB-152/SB-152M

14.2 When mutually agreed upon, the manufacturer or

which along with others not listed, may be used subject to
agreement.

Element ASTM Test Method
Copper E53
Phosphorus E62
Selenium Refer to Annex, Specification B216
Silver E478
Tellurium Refer to Annex, Specification B216
Arsenic E62

13.1.2 Test method(s) to be followed for the determination
of element(s) resulting from contractual or purchaser order
agreement shall be as agreed upon between the manufacturer or
supplier and purchaser.

13.1.3 For Copper [Alloy] UNS No. C10100, refer to the
Annex of Specification B170 for test methods for chemical
composition.

13.2 Other Tests:

13.2.1 Refer to Specification B248 or B248M for the
appropriate mechanical test method.

14. Inspection

14.1 The manufacturer or supplier shall inspect and make
tests necessary to verify that the furnished product conforms to
specification requirements.

supplier and the purchaser shall conduct the final 1nspection
simultaneously.

15. Certification

15.1 The purchaser shall be furnished certification that
samples representing each lot have been tested and inspected
as directed in this specification and requirements have been nigs.

15.2 DELETED

16. Test Report
16.1 A report of test results shall be furnished.

17. Keywords

17.1 annealed; copper bars; copper-plate; copper sheet;
copper strip; hot-rolled; rolled; UNS No. C10100; UNS No.
C10200; UNS No. C10300; UNS 'No. C10400; UNS No.
C10500; UNS No. C10700SUNS No. C10800; UNS No.
C10910; UNS No. C110005*UNS No. C11300; UNS No.
C11400; UNS No. C11600; UNS No. C12000; UNS No.
C12200; UNS No. €12300; UNS No. C14200; UNS No.
C14420; UNS Not 614530

143


https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf



https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

ASME BPVC.I1.B-2025 SB-160

SPECIFICATION FOR NICKEL ROD AND BAR

@Z@ SB-160

(Identical with ASTM Specification B160-05(2014) exeept-that certification has been made mandatory and editorial
correction to maximum cagbon value for UNS N02200 in Table 2.)
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@@ SB-160
(@Y7
[Identical with ASTM Specification B 160-05(2014) except that certification has been made mandatory.]
1.  Scope 4.  Ordering Information

1.1 This specification covers nickel (UNS N02200),
low carbon nickel (UNS N02201), and solution strength-
ened nickel (UNS N02211) in the form of hot-worked and
cold-worked rod and bar in the conditions shown in Table 1.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses
are for information only.

2.  Referenced Documents

2.1 ASTM Standards:

B 162 Specification for Nickel Plate, Sheet, and Strip

B 880 Specification for General Requirements for Chemi-
cal Check Analysis of Nickel, Nickel Alloys, and Cobalt
Alloys

E 8 Test Methods for Tension Testing of Metallic Materials

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials

E 29 Practice for Using Significant Digits in TestData to
Determine Conformance with Specifications

E 140 Hardness Conversion Tables for Metals

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt and High-Temperature Allays

3.  Terminology

3.1 Definitions of Terms-Specific to This Standard:

3.1.1 bar, n —mateftial of rectangular (flats), hexago-
nal, or square selidh section up to and including 10 in.
(254 mm) in width'and % in. (3.2 mm) and over in thickness
in straight lengths.

NOTE 1/~ Hot-worked rectangular bar in widths 10 in. (254 mm) and
under¢gmay-be furnished as hot-rolled plate with sheared or cut edges in
accordarice with Specification B 162, provided the mechanical property
fequirements of Specification B 160 are met.

3.1.2 rod, n — material of round solid section fur-
nished in straight lengths.

4.1 Itis the responsibility of the putehaser to specify all
requirements that are necessary for thé safe and satisfactory
performance of material ordered<under this specification.
Examples of such requirementsiinclude, but are not limited
to, the following:

4.1.1 ASTM designation and year of issue.
4.1.2 UNS-numiber.

4.1.3 Seetion —Rod (round) or bar (square, hexago-
nal, or rectangular).

45124 Dimensions — Dimensions including length.
4.1.5 Condition.

4.1.6 Finish.

4.1.7 Quantity — feet or number of pieces.

4.1.8 Certification — Certification and a report of
test results are required (Section 15).

4.1.9 Samples for Product (Check) Analysis — State
whether samples for product (check) analysis should be
furnished.

4.1.10 Purchaser Inspection — If purchaser wishes
to witness tests or inspection of material at place of manu-
facture, the purchase order must so state indicating which
test or inspections are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition lim-
its specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall be done per Specification
B 880 and the material shall conform to the product (check)
analysis variations defined in Check Analysis Variation
table of Specification B 880.
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TABLE 1

MECHANICAL PROPERTIES

Tensile Strengtl
min, psi (MPa

Condition and Diameter or Distance
Between Parallel Surfaces, in. (mm)

hl
)

Yield Strength
(0.2% offset),
min. psi (MPa)”

Elongation in 2 in. or
50 mm or 40, min %

Nickel (UNS N02200)

Cold-worked (as worked):

Rounds, 1 (25.4) and under 80 000 (550) 60 000 (415) 108
Rounds over 1 to 4 (25.4 to 75 000 (515) 50 000 (345) 15
101.6) incl.
Squares, hexagons, and rectangles, 65 000 (450) 40 000 (275) 2558
all sizes
Hot-worked:
All sections, all sizes 60 000 (415) 15 000 (105) 35¢
Rings and disks? - - -
Annealed:
Rods and bars, all sizes 55 000 (380) 15 000 (105) 40°
Rings and diskst - - -
Forging quality:
All sizes g 4 d
Low-Carbon Nickel (UNS N02201) and Solution Strengthened Nickel (UNS N02211)
Hot-worked:
All sections, all sizes 50 000 (345) 10°000 (70) 40°
Annealed:
All products, all sizes 50 000 (345) 10 000 (70) 40°

ASee 12.2.
8 Not applicable to diameters or cross sections under %5, in. (2.4 m

m):

C For hot-worked flats %, in. (7.9 mm) and under in thickness the elorgation shall be 25%, min.

? Hardness B 45 to B 80, or equivalent.
£ Hardness B 45 to B 70 or equivalent.

F Forging quality is furnished to chemical requirements and/surface inspection only. No tensile properties are required.

TABLE 2
CHEMICAL REQUIREMENTS

Composition Litnits, %

Solution
lsow-Carbon  Strengthened
Nickel Nickel Nickel (UNS
Element (UNS N02200) “(UNS N02201) N02211)
Nickel, min® 99.0. 99.0 93.7
Copper, max Q5 0.25 0.25
Iron, max. 0.40 0.40 0.75
Manganese, max. 0.35 0.35 4.25-5.25
Carbon, max. 0.15 0.02 0.02
Silicon, max( 0.35 0.35 0.15
Sulfur, méx. 0.01 0.01 0.015

A Element shall be determined arithmetically by difference.

6.  Mechanical and Other Requirements

6.1 Mechanical Properties — The material shall con-
form to the mechanical properties specified in Table 1.

7. Dimensions and Permissible Variations

Diameter, Thickness. or Width — The permissib
variations from the specified dimensions as measured on

147

the diameter or between parallel surfaces of cold-worked
rod and bar shall be as prescribed in Table 3, and of hot-
worked rod and bar as prescribed in Table 4.

7.2 Out-of-Round — Hot-worked rods and cold-worked
rods (except “forging quality”), all sizes, in straight lengths,
shall not be out-of-round by more than one half the total
permissible variations in diameter shown in Tables 3 and
4, except for hot-worked rods 1/2 in. (12.7 mm) in diameter
and under, which may be out-of-round by the total permis-
sible variations in diameter shown in Table 4.

7.3 Corners — Cold-worked bars will have practically
exact angles and sharp corners.

7.4 Machining Allowances for Hot-Worked Materi-
als — When the surfaces of hot-worked products are to
be machined, the allowances prescribed in Table 5 are
recommended for normal machining operations.

7.5 Length — The permissible variations in length of
cold-worked and hot-worked rod and bar shall be as pre-
scribed in Table 6.

7.5.1 Rods and bar 0 random or nomin

2 d 2
lengths will be furnished with either cropped or saw-cut
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TABLE 3

PERMISSIBLE VARIATIONS IN DIAMETER OR DISTANCE BETWEEN PARALLEL
SURFACES OF COLD-WORKED ROD AND BAR

Permissible Variations from Specified
Dimensions, in. (mm)

Specified Dimension, in. (mm)”* + _
Rounds:
Yie (1.6) to %4, (4.8), excl 0 0.002 (0.05)
% (4.8) to Y, (12.7), excl 0 0.003 (0.08)
Y, (12.7) to %4, (23.8), incl 0.001 (0.03) 0.002 (0.05)
Over %4, (23.8) to 1'%, (49.2), incl 0.0015 (0.04) 0.003 (0.08)
Over 1'%4, (49.2) to 2% (63.5), incl 0.002 (0.05) 0.004 (0.10)
Over 2% (63.5) to 3 (76.2), incl 0.0025 (0.06) 0.005 (0.13)
Over 3 (76.2) to 3 (88.9), incl 0.003 (0.08) 0.006 (0.15)
Over 3% (88.9) to 4 (101.6), incl 0.0035 (0.09) 0.007 (0-18)

Hexagons, squares, rectangles:

Y, (12.7) and less 0 0¢004 (0.10)
Over %, (12.7) to "% (22.2), incl 0 0.005 (0.13)
Over 74 (22.2) to 1%, (31.8), incl 0 0.007 (0.18)
Over 1%, (31.8) to 2%, (57.2), incl 0 0.009 (0.23)
Over 2Y, (57.2) to 3 (76.2), incl 0 0.011 (0.28)
Over 3 (76.2) to 3% (88.9), incl 0 0.015 (0.38)
Over 3% (88.9) to 4 (101.6), incl 0 0.017 (0.43)

A Dimensions apply to diameter of rounds, to distance between paralléhsurfaces of hexagons and
squares, and separately to width and thickness of rectangles.

TABLE\Z
PERMISSIBLE VARIATIONS IN DIAMETER OR DISTANCE BETWEEN
PARALLEL SURFACES OF HOT-WORKED ROD AND BAR

Permissible Variations from Specified
Dimensions, in. (mm)

Specified Dimension, in. (mm)*A + _

Rod and bar, hot-worked:

1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
Over 1 (25.4) to 2 (50,8)»incl 0.031 (0.79) 0.016 (0.41)
Over 2 (50.8) to 4 (10I76), incl 0.047 (1.19) 0.031 (0.79)
Over 4 (101.6) 0.125 (3.18) 0.063 (1.60)
Rod, rough-turned o rough-ground:
Under 1 (25:4) 0.005 (0.13) 0.005 (0.13)
1 (25.4)%and over 0.031 (0.79) 0
Forging quality rod: &
Under-1 (25.4) 0.005 (0.13) 0.005 (0.13)
1~(25.4) and over 0.031 (0.79) 0

A Dimensions apply to diameter of rods, to distance between parallel surfaces of hexagons and squares,
and separately to width and thickness of rectangles.

8 Spot grinding is permitted to remove minor surface imperfections. The depth of these spot ground
areas shall not exceed 3% of the diameter of the rod.
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TABLE 5

NORMAL MACHINING ALLOWANCES FOR HOT-WORKED MATERIAL

Normal Machining Allowance, in. (mm)

Distance Between

Parallel Surface,
For Rectangular Bar

Finished-Machined Dimensions for Finishes as On Diameter, for Hexagonal

Indicated Below, in. (mm)* for Rods and Square Bar On Thickness On Width

Hot-worked:Z

Up to % (22.2), incl % (3.2) % (3.2) % (3.2) %% (4.8)
Over % to 1% (22.2 to 47.6), incl % (3.2) %6 (4.8) % (3.2) %o (4.8)
Over 17 to 2% (47.6 to 73.0), incl %6 (4.8) Y4 (6.4) . %6 (4.8)
Over 2% to 3'%, (73.0 to 96.8), incl Y4 (6.4) .. ... %6 (4.8)
Over 3%, (96.8) Y (6.4) o o % (9.5)

Hot-worked rods:
Rough-turned or Rough-ground:¢
1546 to 4 (23.8 to 101.6), incl in diameter Yie (1.6)
Over 4 to 12 (101.6 to 304.8), incl in diameter % (3.2)

A Dimensions apply to diameter of rods, to distance between parallel surfaces of hexagonal and squake™bar, and separately to width and thick-

ness of rectangular bar.

5 The allowances for hot-worked material in Table 5 are recommended for rods machined indengths of 3 ft (0.91 m) or less and for bars
machined in lenghts of 2 ft (0.61 m) or less. Hot-worked material to be machined longer lengths“should be specified showing the finished cross-
sectional dimension and the length in which the material will be machined in order that the manufacturer may supply material with sufficient
oversize, including allowance for out-of-straightness.

¢ Applicable to 3 ft (0.91 m) max length.

TABLE 6
PERMISSIBLE VARIATIONS IN LENGTH OF RODS AND BARS

Random mill lengths:

Hot-worked 6 to 24 ft (1.83 to 731NN long with not more than 25 weight % between 6 and 9 ft (1.83 and 2.74 m)”
Cold-worked 6 to 20 ft (1.83 to 6.1%m) long with not more than 25 weight % between 6 and 10 ft (1.83 and 3.05 m).
Multiple lengths Furnished in muliples of a specified unit length, within the length limits indicated above. For each multiple, an

allowance-af'%; in. (6.4 mm) will be made for cutting, unless otherwise specified. At the manufacturer’s
optionnifdividual specified unit lengths may be furnished.

Nominal lengths Spécified nominal lengths having a range of not less than 2 ft (610 mm) with no short lengths allowed.?
Cut lengths A specified length to which all rods and bars will be cut with a permissible variation of + % in. (3.2 mm), - 0

for sizes 8 in. (203 mm) and less in diameter or distance between parallel surfaces. For larger sizes, the
permissible variation shall be + % in. (6.4 mm), — 0.

A For hot-fvokRed sections weighing over 25 Ib/ft (37 kg/m) and for smooth forged products, all sections, short lengths down to 2 ft (610

mm) may (bejfrnished.
8 For cold-worked rods and bars under % in. (12.7 mm) in diameter or distance between parallel surfaces ordered to nominal or stock

lengths*with a 2 ft (610 mm) range, at least 93% of such material shall be within the range specified; the balance may be in shorter lengths
Ut i no case shall lengths less than 4 ft (1220 mm) be furnished.
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straightness in any portion of the rod between the supports

PERMISSIBLE VARIATIONS IN STRAIGHTNESS OF
COLD-WORKED RODS AND BARS

Permissible Variations in
Lengths Indicated,
in. (mm)

Specified Diameter or Distance
Between Parallel Surfaces, in.
(mm)A

Rounds:
Y, (12.7) to 4 (101.6), incl

Depth of Chord:
0.030 (0.76) per ft
(305 mm) of length
Hexagons, squares, rectangles:
1,(12.7) to 4 (101.6), incl 0.030 (0.76) per ft

(305 mm) of length

A Material under Y% in. (12.7 mm) shall be reasonably straight
and free of sharp bends and kinks.

ends; material ordered to cut lengths will be furnished with
square saw-cut or machined ends.

7.6 Straightness:

7.6.1 The permissible variations in straightness of
cold-worked rod and bar as determined by the departure
from straightness shall be as prescribed in Table 7.

7.6.2 The permissible variations in straightness of
precision straightened cold-worked rod as determined by
the departure from straightness shall be as prescribed in
Table 8.

7.6.2.1 In determining straightness in the standard
42-in. (1.07-m) distance between supports or, when speci-
fied, in determining straightness in lengths not in excéss
of those shown in Table 8, the rod shall be placedyon a
precision table equipped with ballbearing rollets_and a
micrometer or dial indicator. The rod shall thefi*be rotated
slowly against the indicator, and the deviation from

shall not exceed the permissible variations prescribed in
Table 8. The deviation from straightness (throw in one
revolution) is defined as the difference between the maxi-
mum and minimum readings of the dial indicator in one
complete revolution of the rod.

7.6.3 The permissible variations in straightness of
hot-worked rod and bar as determined by the departurg
from straightness shall be as specified in Table 9.

8.  Workmanship, Finish, and Appearance
8.1 The material shall be uniform in quality and condi-
tion, smooth, commercially straight orflat, and free of

injurious imperfections.

9.  Sampling

9.1 Lot—Definition:

9.2 Alot for chemi¢al analysis shall consist of one heat.
9.2.1 A lot for mechanical properties testing shall
consist of all material from the same heat, nominal diameter
of thickness$,/and condition.
9.2:1.1 Where material cannot be identified by

heat, a\lot shall consist of not more than 500 1b (227 kg)
ofimaterial in the same size and condition.

9.3 Test Material Selection:

9.3.1 Chemical Analysis — Representative samples
from each lot shall be taken during pouring or subsequent
processing.

9.3.1.1 Product (check) analysis shall be wholly
the responsibility of the purchaser.

TABLE 8
PERMISSIBLE MARIATIONS IN STRAIGHTNESS OF PRECISION-STRAIGHTENED
COLD-WORKED NICKEL (UNS N02200) SHAFTING

Specified Diameter of Standard Distance Between

Permissible Variations (Throw in One Revolution)
from Straightness, in.

Shafting, in. Supports
Y5 to 24, incl 42 in.
Over %4, to 114, iftel 42 in.
Over 14, to 2'%5int! 42 in.
Over 2% to 4, incl 42 in.

%4 to 24, (ncl
Over *34( td 4, incl

Specified lengths of 3 to 10 ft
Specified lengths of 20 ft and less

0.0
0.0
0.0
0.0
0.0

05
06
07
08
04 + 0.0025 for each foot or fraction thereof in excess of 3 ft.

0.005 + 0.0015 for each foot or fraction thereof in excess of 3 ft.

Specified Diameter of Standard Distance Between

Permissible Variations (Throw in One Revolution)

Shafting, mm Supports from Straightness, mm
12.7 to 23.8 incl 1067 mm 0.13
Over 23.8 to 49.2, incl 1067 mm 0.15
Over 49.2 to 63.5, incl 1067 mm 0.18
Over 63.5 to 101.6, incl 1067 mm 0.20
19.1 to 23.8 incl specified lengths of 914 to 3050 mm 10.2 + 0.2 for each metre or fraction thereof in excess of 914 mm
UveT 2.0 LU 1UI.O, ;IIL‘ >p\:ui|"|cd :EIIBL;ID Uf OLUU TIITT (JllluI ‘Cbb LZ.7 T U.1D fU[ E(lk.;l TTICLrc ur I’[Cl\..l,]ull L;IC’EU‘- ;II CTALTSS Ur 7 L= TTITT
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12. Test Methods

PERMISSIBLE VARIATIONS IN STRAIGHTNESS OF
HOT-WORKED RODS AND BARS”

Permissible Variations,

Finish in./ft. (mm/m)&
Rods and bars, hot-worked 0.050 (4.2)¢
Rounds—hot-worked, rough-ground, or 0.050 (4.2)¢

rough-turned

A Not applicable to forging quality.

8 Material under % in. (12.7 mm) shall be reasonably straight
and free of sharp bends and kinks.

¢ The maximum curvature (depth of chord) shall not exceed the
values indicated multiplied by the length in feet.

9.3.2 Mechanical Properties — Samples of the mate-
rial to provide test specimens for mechanical properties
shall be taken from such locations in each lot as to be
representative of that lot.

10.
10.1 Chemical Analysis —One test per lot.

Number of Tests

10.2 Tension —One test per lot.

10.3 Hardness —One test per lot.

11.

11.1 Tension test specimens shall be taken fronimate-
rial in the final condition and tested in the dizection of
fabrication.

11.1.1 All rod and bar shall be tested-in full cross-
section size when possible. When a full(Cross-section size
test cannot be performed, the largest possible round speci-
men shown in Test Methods E 8 shall'be used. Longitudinal
strip specimens shall be prepared’in accordance with Test
Methods E 8 for rectangulan bar up to % in. (12.7 mm),
inclusive, in thicknesses_tHat are too wide to be pulled
full size.

Specimen Preparation

11.2 Hardness test specimens shall be taken from mate-
rial in the final'eondition.

11.3 (In otder that the hardness determinations may be
in reasonable close agreement, the following procedure is
suggested:

11.3.1 For rod, under % in. (12.7 mm) in diameter,
hardness readings shall be taken on a flat surface prepared
by filing or grinding approximately % in. (1.6 mm) from
the outside surface of the rod.

11.3.2 For rod, % in. (12.7 mm) in diameter and
larger, and for hexagonal, square, and rectangular bar, all

Qardn dding 14 DC 1AKECN on 4 )1
midway between the surface and center of the section.
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12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specifica-
tion shall be determined, in case of disagreement, in accor-
dance with the following methods:

ASTM
Test Designation
Chemical Analysis E 1473
Tension E8
Rockwell Hardness E 18
Hardness Conversion E>140
Rounding Procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements’of the properties listed in
the following table, an observed value or a calculated value
shall be rounded as indifated below, in accordance with
the rounding method ©f -Practice E29:

Rounded Unit for Observed

Test or Calculated Value

Chemical comniposition,
hardnegs;~and tolerances
(when €xpressed in dec-
imal$)

Nearest unit in the last right-hand place
of figures of the specified limit. If
two choices are possible, as when the
digits dropped are exactly a 5, or a
5 followed only by zeros, choose the
one ending in an even digit, with zero
defined as an even digit.

Tensile strength and yield  Nearest 1000 psi (6.9 MPa)

strength

Elongation Nearest 1%

13.

13.1 Inspection of the material shall be made as agreed
upon between the manufacturer and the purchaser as part
of the purchase contract.

Inspection

14.

14.1 Material that fails to conform to the requirements
of this specification may be rejected. Rejection should be
reported to the producer or supplier promptly and in writ-
ing. In case of dissatisfaction with the results of the test,
the producer or supplier may make claim for a rehearing.

Rejection and Rehearing

15. Certification

15.1 A manufacturer’s certification shall be furnished to
the purchaser stating that material has been manufactured,
tested, and inspected in accordance with this specification,
and that the test results on representative samples meet

o o A o o

be furnished.
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16. Product Marking consignee address, contract or order number, or such other

16.1 The following information shall be marked on the ~ information as may be defined in the contract or order.
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS Number,
heat number, condition (temper), ASTM Specification 17. Keywords
B 160, the size, gross, tare, and net weight, consignor and 17.1 bar; rod; N02200; N02201; N02211
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APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES

X1.1 The various conditions and finishes in which
nickel (UNS N02200) and low-carbon nickel (UNS
N02201) rods and bars are procurable are as indicated
below.

X1.2 Low-carbon nickel (UNS NO02201) is intended
essentially for fused caustic and other fused salts and for
temperatures above 600°F (316°C). For such applications
the manufacturer should be consulted.

X1.2.1 Hot-Worked — With a tightly adherent, black,
mill oxide surface.

X1.2.2 Hot-Worked Rough-Ground — Similar to
X1.2.1 except rough-ground.

X1.2.3 Hot-Worked, Rough-Turned — Similar to
X1.2.1 except rough-turned with a broad-nosed tool similar
to a bar peeling operation and thus may not be straight.
Intended generally for machining where an overhauled
surface is desired, essentially for machined step down
shafts or parts machined in short lengths of 3 ft (914 min)
or less.

X1.2.4 Hot-Worked Forging Quality = Rough-
turned and spot-ground, as necessary, fersizes 1 in.

(25.4 mm) in diameter and over; rough-ground andspot-
ground for sizes under 1 in. in diameter. Material is seleécted
from heats of known, good hot malleability.

NOTE X1.1— For sizes 4 in. (101.6 mm) in diameter,"and less, cold-
worked rod may be used also for forging by virtue<of the fact such rod
have been overhauled for removal of mechanical surface defects prior
to cold drawing. In such cases, the user should run pilot forging tests to
ensure himself that such material has thedesired hot-malleability range.

X1.2.5 Hot-Worked, Annealed — Soft with a tightly
adherent oxide that may yary“from dark to light.

X1.2.6 Hot-Worked)Annealed and Pickled — Same
as X1.2.5 except descaled for removal of mill oxide. Pro-
vides for better Surface inspection than does hot-worked
material and often employed where welding is involved
where removal of mill oxide is desired.

NOTEX¥2— Annealing prior to pickling may be required in order to
reduce ‘the mill oxide since uniform pickling of an unreduced oxide is
difficult.

X1.2.7 Cold-Worked, As-worked — Hot-worked
overhauled, cold-worked, and straightened with a smooth
bright finish.

X1.2.8 Cold-worked Annealed — Hot-worked over-
hauled, cold-worked, and straightened. Annealed for soft-
ness and with a dull matte finish.
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SPECIFICATION FOR NICKEL SEAMLESS PIPE AND
TUBE

@Z@ SB-161

(Identical with ASTM Specification B161-05(2014) eXgept for deletion of 1.1.1. Certification has been made mandatory.)
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(@Y7
[Identical with ASTM Specification B 161-05(2014) except for deletion of 1.1.1. Certification has been made mandatory.]
1.  Scope 4.1.1 Alloy name or UNS number.
1.1 This speciﬁcation covers nick.el (UNS N02200) and 4.1.2 ASTM designation‘ahd year of issue.
low-carbon nickel (UNS N02201) in the form of cold- - )
worked seamless pipe and tube in the conditions shown in 4.1.3 Condition (see_Appendix X2).
Table 1 and Table X1.1. 4.1.4 Finish (see, Appendix X2).
L1L1 DELETED 4.1.5 Dimensions:

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses
are for information only.

1.3 This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is
the responsibility of the user of this standard to become
familiar with all hazards including those identified in the
appropriate Material Safety Data Sheet (MSDS) for this
product/material as provided by the manufacturef, o
establish appropriate safety and health practices, and
determine the applicability of regulatory limitations.

2.  Referenced Documents
2.1 ASTM Standards:

B 829 Specification for General Requirements for Nickel
and Nickel Alloys Seamless Pipe and Tube

3.  General Requiremént

3.1 Material furnishéd under this specification shall
conform to the applicable requirements of Specification B
829 unless otherwise provided herein.

4.  Ordering Information

4.1 \Itis the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited
to, the following:

4.1.5.1 \Fube — Specify outside diameter and nom-
inal or minipum wall.

4.1:5.2 Pipe — Specify standard pipe size and
schedule’

4.1.5.3 Length — Cut to length or random.
4.1.6 Quantity — Feet or number of pieces.

4.1.7 Hydrostatic Test or Nondestructive Electric
Test — Specify test (see 6.2).

4.1.8 Hydrostatic Pressure Requirements — Specify
test pressure if other than required by Specification B 829.

4.1.9 DELETED

4.1.10 Samples for Product (Check) Analysis — State
whether samples for product (check) analysis should be
furnished (see 5.2).

4.1.11 Purchaser Inspection — If purchaser wishes
to witness tests or inspection of material at place of manu-
facture, the purchase order must so state indicating which
tests or inspections are to be witnessed.

4.1.12 Small-Diameter and Light-Wall Tube (Con-
verter Sizes) — See Appendix X1.

5. Chemical Composition

5.1 The material shall conform to the composition lim-
its specified in Table 2.
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TABLE 1
MECHANICAL PROPERTIES

Tensile Strength, min, psi (MPa) Yield Strength (0.2 % offset), min, psi (MPa) Elongation in 2 in. or 50 mm (or 4D), min, P
Low-Carbon Nickel Low-Carbon Nickel Low-Carbon Nicl
Condition and Size Nickel (UNS N02200) (UNS NO02201) Nickel (UNS N02200) (UNS N02201) Nickel (UNS N02200) (UNS N02201
Anealed:
b in. (127 mm) and under 55 000 (380) 50 000 (345) 15000 (105) 12 000 (80) 35 35
outside diameter
Dver 5 in. (127 mm) in outside 55 000 (380) 50 000 (345) 12 000 (80) 10 000 (70) 40 40
diameter
Sttess-Relieved:
NIl sizes 65 000 (450) 60 000 (415) 40 000 (275) 30 000 (205) 15 15

S20Z-9'II'DAdI JNSV

191-4S



https://asmenormdoc.com/api2/?name=ASME BPVC.II.B (ASME BPVC Section II part B) 2025.pdf

SB-161 ASME BPVC.IL.B-2025
TABLE 2 8.  Number of Tests
CHEMICAL REQUIREMENTS 8.1 Chemical Analysis — One test per lot.
Composition, % .
Nickel Low-Carbon Nickel 8.2 Tension — One test per lot.
Element (UNS N02200) (UNS N02201) 8.3 Hydrostatic or Nondestructive Electric Test— Each
Ni,* min 99.0 99.0 piece in each lot.
Cu, max 0.25 0.25
Fe, max 0.40 0.40
Mn, max 0.35 0.35
C, max 0.15 . 9. Test Methods
C, max 0.02 9.1 d . Each i b it
Si, max 0.35 0.35 s ~Hy roslta{lc Test — Each pipe or tu e with-an 9ut—
S, max 0.01 0.01 side diameter 4 in. (3 mm) and larger and witl'wall thick-

4 Element shall be determined arithmetically by difference.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 829.

6. Mechanical and Other Properties
6.1 Tension Test — The material shall conform to the
tensile properties specified in Table 1. The sampling and

specimen preparation are as covered in Specification B §29.

6.1.1 Tensile properties for material specified as
small-diameter and light-wall tube (converter sizes) shall
be as prescribed in Table X1.1.

6.2 Hydrostatic Test or Nondestructive Electric Test —
Each pipe or tube shall be subjected to the Nondestruetive
Electric Test or the Hydrostatic Test. Unless specified*by
the purchaser, either test may be used at the optien of the
producer.

7.  Dimensions and Permissible Variations

7.1 Permissible variations for material specified as
small-diameter and light-wall_tube (converter size) shall
conform to the permissible Variations prescribed in

Table X1.2.

ness of 0.015 in. (0.38 mm) and over shall be tested in
accordance with Specification B 829 Fhe allowable fiber
stress, for material in the condition farnished, is as follows:

UNS N02200 UNS N02201

Annealed:

5 in. (127 mm)
outside diam-
eter and under

Over 5 in. outside
diameter

Stress-Relieyed:

All siZes

10 006, psi (70 MPa) 8000 psi (55 MPa)

8000 psi (55 MPa) 6700 psi (45 MPa)

16 200 psi (110 MPa) 15 000 psi (105 MPa)

9.1.1 When so agreed upon by the manufacturer and
purchaser, pipe or tube may be tested to 1% times the
allowable fiber stress given above.

9.1.2 If any pipe or tube shows leaks during hydro-

static testing, it shall be rejected.

9.2 Nondestructive Electric Test — Each pipe or tube
shall be examined with a nondestructive electric test as
prescribed in Specification B 829.

10. Keywords
10.1 seamless pipe; seamless tube; N02200; N02201
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APPENDIXES

(Nonmandatory Information)

X1. CONVERTER SIZES

X1.1 Small-diameter and light-wall tube in outside
diameters 1% in. (31.8 mm) and under may be furnished
in the conditions listed in Table X1.1 when so specified.
The material is furnished in a limited range of sizes and
the manufacturer should be consulted as to the various
outside diameters and wall thicknesses that may be fur-
nished. Material will have a bright finish. Such material
shall conform to the applicable requirements in Table X1.1
and Table X1.2.

X2. CONDITIONS AND FINISHES NORMALLY
SUPPLIED
X2.1 Scope
X2.1.1 This appendix lists the conditions and finishes
in which pipe and tube (other than converter sizes) are

normally supplied. These are subject to change, and the
manufacturer should be consulted for the latest information
available.
X2.2 Nickel (UNS N02200)
X2.2.1 Annealed — Soft, with 4 dull matte finish.

X2.2.2 Stress-Relieved —~Thermally treated below
the annealing temperature to’relieve the major portion of
the internal stresses, with\arthin, light to medium-dark
surface.

X2.3 Low-Carbon Nickel (UNS N0O2201)
X2.3.1 Anmpealed — Similar to X2.2.1.

X2.3.2, Stress-Relieved — Similar to X2.2.2.

TABLEX1.1
MECHANICAL PROPERTIES” OF SMALL-DIAMETER AND LIGHT-WALL TUBING (CONVERTER SIZES)

Yield Strength (0.2 % offset),
min, psi (MPa)

Elongation in 2 in.
or 50 mm, min, %

Condition Tensile Strength,/psi (MPa)

Nickel UNS N02200

Annealed? 75000 (515) max

Half-hard® 80 000 (550) min

Full hard? 95 000 (655) min
Low-Carbon Nickel UNS N02201

Annealed® 70 000 (480) max

Half-hard® 70 000 (480) min

Full hard? 85 000 (585) min

15 000 (105) 33
40 000 (275) 12
75 000 (515) 4
12 000 (85) 35
30 000 (205) 12
65 000 (450) 4

A Not applicable to outside diameters under % in. (3.2 mm) and wall thicknesses under 0.015 in. (0.38 mm).

8 This condition is semetimes designated as “No. 1 Temper.”
¢ This condition is soatetimes designated as “No. 2 Temper.”
® This conditiohis sometimes designated as “No. 3 Temper.”
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TABLE X1.2
PERMISSIBLE VARIATIONS FOR SMALL-DIAMETER AND LIGHT-WALL TUBE (CONVERTER SIZES)?ZUPE
Outside Diameter Inside Diameter Wall Thickness, %
Specified Qutside Diameter, in. (mm) Plus Minus Plus Minus Plus Minus
Under %, (2.4) 0.002 (0.05) 0 0 0.002 (0.05) 10 10
%2 t0 %, (2.4 t0 4.8), excl 0.003 (0.08) 0 0 0.003 (0.08) 10 10
%6 to % (4.8 t0 12.7), excl 0.004 (0.10) 0 0 0.004 (0.10) 10 10
% to 1% (12.7 to 31.8), incl 0.005 (0.13) 0 0 0.005 (0.13) 10 10

A Ovality, Normal Wall Tubes — As Drawn (No. 2 and 3) Tempers — Ovality will be held within the outside diameter tolerances shawd.in
the table.

Annealed (No. 1) Temper — Qvality will be held within 2% of the theoretical average outside diameter.

8 ovality, Light-Wall Tube — As-Drawn (No. 2 and 3) Tempers — Up to but not including 1% in. (31.8 mm) in outside diametet, ovality
will be held within 2% of the theoretical average outside diameter.

Annealed (No. 1) Temper — Ovality will be held within 3% of the theoretical average outside diameter.

 Wall Tolerances, Light-Wall Tube — The plus and minus wall tolerance shown in the table shall apply down to agd-ihcluding 0.005 in.
(0.13 mm) in wall thickness. For wall thicknesses less than 0.005 in. (0.13 mm), the tolerance shall be £0.0005in. (07013 mm).

O Random Lengths:

Where nominal random lengths on tubing % in. (3.2 mm) and larger in outside diameter are specified, a Jength tolerance of +3% ft
(1.06 m) applies to the nominal length. This is a total spread of 7 ft (2.10 m).

Random lengths in sizes % in. (3.2 mm) and larger in outside diameter shall be subject to a length range of 5 to 24 ft (1.50 to 7.30 m).
Long random lengths are subject to a range of 15 to 22 ft (4.57 to 6.70 m).

Random lengths in sizes up to, but not including % in. (3.2 mm) in outside diameter, and fragilé\light-wall tubes over this outside diameter
are subject to the length range of 1 to 15 ft (0.30 to 4.57 m).

£ Straightness — Round tubing is subject to a straightness tolerance of one part in 600-LequiValent to a depth of arc of 0.030 in.
(0.76 mm) in any 3 ft (0.91 m) of lengthl.

F When specified, the tolerance spreads of this table may be applied as desired. However, when not specified, the tolerances in this table will
apply. It should be noted that inside diameter tolerances are based upon the outside/tliameter range.
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SPECIFICATION FOR NICKEL PLATE, SHEET, AND STRIP

@Z@ SB-162

(Identical with ASTM Specification B162-99(2014) except that certification has been made mandatory.)
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()2
[Identical with ASTM Specification B 162-99(2014) except that certification has been made mandatory.]
1.  Scope 4.  Ordering Information

1.1 This specification covers rolled nickel (UNS
N02200) and low-carbon nickel (UNS N02201) plate,
sheet, and strip.

1.2 The values stated in inch—pound units are to be
regarded as the standard. The other values given are for
information only.

2. Referenced Documents

2.1 ASTM Standards:

B 160 Specification for Nickel Rod and Bar

B 880 General Requirements for Chemical Check Analysis
of Nickel, Nickel Alloys, and Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials

E 10 Test Method for Brinell Hardness of Metallic Mate-
rials

E 18 Test Methods for Rockwell Hardness.and Rockwell
Superficial Hardness of Metallic Mdterials

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with~Specifications

E 39 Test Methods for Chemical Analysis of Nickel

E 112 Test Methods forDetermining the Average Grain
Size

E 140 Hardness Conversion Tables for Metals

F 155 Test Methed for Temper of Strip and Sheet Metals
for Electrgni¢ Devices (Spring-Back Method)

3+ NTerminology
3.1 Descriptions of Terms Specific to This Standard:

3.1.1 The terms given in Table 1 shall apply.

4.1 Itis the responsibility of thepurchaser to specify all
requirements that are necessaryfor the safe and satisfactory
performance of material ©rdeéred under this spcification.
Examples of such requirements include, but are not limited
to, the following:

4.1.1 Alloy— Name and UNS number. (See Table 2.)
4.1.2 ASTM designation , including year of issue.
4.1.3 Condition (See 6.1, 6.2, and Appendix X1.)
4.1.4 Finish (See Appendix X1.)

4.1.5 Dimensions — Thickness, width, and length.
4.1.6 Quantity.

4.1.7 Optional Requirements:

4.1.7.1 Sheet and Strip — Whether to be furnished
in coil, in cut straight lengths, or in random straight lengths.

4.1.7.2 Strip — Whether to be furnished with com-
mercial slit edge, square edge, or round edge.

4.1.7.3 Plate — Whether to be furnished specially
flattened (see 7.7.2); also how plate is to be cut (see 7.2.1
and 7.3.2.)

4.1.8 Fabrication Details — Not mandatory but help-
ful to the manufacturer.

4.1.8.1 Welding or Brazing — Process to be
employed.

4.1.8.2 Plate — Whether material is to be hot-
formed.

4.1.9 Certification — Certification and a report of test
results are required (see Section 15).

4.1.10 Samples for Product (Check) Analysis —
Whether samples for product (check) analysis should be
furnished (see 5.2).
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TABLE 1
PRODUCT DESCRIPTION
Width, in.
Product Thickness, in. (mm) (mm)

Hot-rolled plate” % and over (Tables 5 and 6) (Table 8)%8
Hot-rolled sheet” 0.018 to 0.250 (0.46 to 6.4), incl (Table 7) (Table 10)
Cold-rolled sheet® 0.018 to 0.250 (0.46 to 6.4), incl (Table 7) (Table 10)
Cold-rolled strip® 0.005 to 0.250 (0.13 to 6.4), incl (Table 7) (Table 10)

A Material %6 10 Y4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as sheet or plate provided
the material meets the specification requirements for the condition ordered.

5 Hot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as hot-finished rectangles
with sheared or cut edges in accordance with Specification B 160, provided the mechanical property

requirements of this specification are met.

¢ Material under 48 in. (1219 mm) in width may be furnished as sheet or strip provided the matérial
meets the specification requirements for the condition ordered.

TABLE 2
CHEMICAL REQUIREMENTS

Composition, %

Low-Carbon
Nickel Nickel
Element (UNS N02200) (UNS N02201)

Nickel,” min 99.0 99.0
Copper, max 0.25 0.25
Iron, max 0.40 0.40
Manganese, max 0.35 0.35
Carbon, max 0.15 ...
Carbon, max . 0.02
Silicon, max 0.35 0.35
Sulfur, max 0.01 001

4 Element shall be determined arithmetically by differéfce.

4.1.11 Purchaser Inspection Mt the purchaser
wishes to witness tests or inspection of material at the
place of manufacture, the purchase order must so state
indicating which tests or inspections are to be witnessed
(see Section 13).

5. Chemical Compositions

5.1 The-material shall conform to the requirements as
to chemijcal-composition prescribed in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall be done per ASTM B 880 and
the material shall conform to the product (check) analysis
variations defined in Table 1 of ASTM B 880.

6.

Mechanical and Other Requirements

6.1 Mechanical Properties — The material shall con-
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6.2 Deep-Drawing and>Spinning Quality Sheet and
Strip — The material-shall conform to the requirements
for grain size and hardness properties prescribed in Table 4.

6.2.1 Thé.mechanical properties of Table 3 do not
apply to deep-drawing and spinning quality sheet and strip.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:

7.1.1 Plate — For plate up to 2 in. (50.8 mm), inclu-
sive, in thickness, the permissible variation under the speci-
fied thickness and permissible excess in overweight shall
not exceed the amounts prescribed in Table 5.

7.1.1.1 For use with Table 5, plate shall be
assumed to weigh 0.321 1b/in.? (8.89 g/cm?).

7.1.2 Plate — For plate over 2 in. (50.8 mm) in thick-
ness, the permissible variations over the specified thickness
shall not exceed the amounts prescribed in Table 6.

7.1.3 Sheet and Strip — The permissible variations
in thickness of sheet and strip shall be as prescribed in
Table 7. The thickness of strip and sheet shall be measured
with the micrometer spindle % in. (9.5 mm) or more from
either edge for material 1 in. (25.4 mm) or over in width
and at any place on the strip under 1 in. in width.

7.2 Width and Diameter:

7.2.1 Plate — The permissible variations in width of
rectangular plates and diameter of circular plates shall be
as prescribed in Tables 8 and 9.

7.2.2 Sheet and Strip — The permissible variations in
width for sheet and strip shall be as prescribed in Table 10.

7.3 Length:

7.3.1 Sheet and strip of all sizes may be ordered to
. . .. 1, -
cngii [) C

J g Wihnicn cd d_variauon o g 11
over the specified length shall be

d 10000
permitted.
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TABLE 3

MECHANICAL PROPERTIES FOR PLATE, SHEET, AND STRIP (ALL THICKNESSES AND SIZES UNLESS

OTHERWISE INDICATED)

Condition (Temper)

Tensile Strength, min,
psi (MPa)

Yield” Strength (0.2 %
offset), min, psi (MPa)

Elongation in 2
in. or 50 mm,
or 4D, min, %

Rockwell Hardness
(B Scale)®¢

Nickel (UNS N02200) Hot-Rolled Plate

Annealed 55 000 (380) 15 000 (100) 40
As-rolled? 55 000 (380) 20 000 (135) 30
Nickel (UNS N02200) Hot-Rolled Sheet
Annealed 55 000 (380) 15 000 (100) 40"
Nickel (UNS N02200) Cold-Rolled Sheet
Annealed 55 000 (380) 15 000 (100) 40" A
Quarter-hard 70 to 80
Half-hard - A A 79 to 86
Hard 90 000 (620) 70 000 (480) 2
Nickel (UNS N02200) Cold-Rolled Strip
Annealed 55 000 (380)°¢ 15 000 (100) 40" ¢ .
Skin-hard 64 to 70
Quarter-hard 70 to 80
Half-hard 79 to 86
Three-quarter-hard e L Lo 85 to 91
Hard 90 000 (620)¢ 70 000 (480) 26 .
Spring temper 95 min
Low-Carbon Nickel (UNS N0220%) Hot-Rolled Plate
Annealed 50 000 (345) 127000 (80) 40
As-rolled? 50 000 (345) 12 000 (80) 30
Low-Carbon Nickel (UNS N02201) Hot-Rolled Sheet
Annealed 50 000 (345) 12 000 (80) 40"
Low-Catbon Nickel (UNS N02201) Cold-Rolled Sheet
Annealed 50 000 (345) 12 000 (80) 40"
Low-Carbon Nickel (UNS N02201) Cold-Rolled Strip
Annealed 50000 (345)¢ 12 000 (80) 4076

A Yield strength requirements\do not apply to material under 0.020 in. (0.51 mm) in thickness.

8 For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E 140.
¢ Caution should be observed in using the Rockwell test on thin material, as the results may be affected by specimen thickness. For thick-
nesses under 0.050_ifi={1.3 mm), the use of the Rockwell superficial or the Vickers hardness test is suggested.
O As-rolled plate may be given a stress-relieving heat treatment subsequent to final rolling.
£ As-rolled plate specified “suitable for hot forming” shall be furnished from heats of known good hot-malleability characteristics (see
X1.2.2). THere are no applicable tensile or hardness requirements for such material.
F Sheet and strip 0.010 to 0.049 in. (0.25 to 1.2 mm), inclusive, in thickness shall have an elongation of 30% minimum. Sheet and strip
0.050.t0)0.109 in. (1.3 to 2.7 mm), inclusive, in thickness shall have an elongation of 35% minimum.
& Not applicable for thickness under 0.010 in. (0.25 mm).
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TABLE 4

GRAIN SIZE AND HARDNESS FOR COLD-ROLLED, DEEP-DRAWING, AND SPINNING QUALITY SHEET AND STRIP

Calculated Diameter of Average Grain Section, max

Corresponding ASTM

Thickness, in. (mm)

mm

in. Micro-Grain Size No.

Rockwell B
Hardness, nf

Nickel (UNS N02200) Sheet [56 in. (1420 mm) Wide and Under1¢

0.950 (1.3) and less 0.110 0.0043 3.5 64
Ovpr 0.050 to 0.250 (1.3 to 6.4), incl 0.120 0.0047 3.0 64
Nickel (UNS N02200)Strip [12 in. (305 mm) Wide and Under1?
0.005% to 0.010 (0.13 to 0.25), incl 0.025 0.0010 7.5° 70"
Ovpr 0.010 to 0.024 (0.25 to 0.61), incl 0.065 0.0026 5.0 68
Ovpr 0.024 to 0.125 (0.61 to 3.2), incl 0.110 0.0043 3.5 64
Low-Carbon Nickel (UNS N02201) Strip-{22_in. (305 mm) Wide and Under1?
0.005% to 0.010 (0.13 to 0.25), incl 0.030 0.0012 7.0 66"
Ovpr 0.010 to 0.024 (0.25 to 0.61), incl 0.075 00030 4.5 64
Ovpr 0.024 to 0.125 (0.61 to 3.2), incl 0.110 0.0043 3.5 64

€q

co

' For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E 140.
P Caution should be observed in using the Rockwell test on thin material, as the results may be affected by specimén/hickness. For thicknesses under 0.050 in. (1.3 mm), the use of the

ckwell superficial or the Vickers hardness test is suggested.

C There are no applicable grain size requirements for low-carbon nickel (UNS N02201) sheet. The hardness of low-carborf nigkel (UNS N02201) sheet shall be not over Rockwell B64, o

ivalent.

P Sheet requirements in Table 4 apply to strip thicknesses over 0.125 in. (3.2 mm), and for all thicknesses of strip over 12 in=(305 mm) in width.
F For ductility evaluations for strip under 0.005 in. (0.13 mm) in thickness, the spring-back test, such as that described in Test Method F 155, is often used and the manufacturer should

sulted.

[ Accurate grain size and hardness determinations are difficult to make on strip under 0.005 in. (0.13 mm) in thickness and are not recommended.

S20Z-9'II'DAdI JNSV
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TABLE 5
PERMISSIBLE WARIATIONS IN THICKNESS AND OVERWEIGHT OF RECTANGULAR PLATES

Permissible Excess in Average Weight,ch per Square Foot of Plates for Widths Given in Inches (millimetres) Expressed in Percentage of Nominal

Weights
48 to 60 606,72 72 to 84 84 to 96
(1220 to (1520to (1830 to (2130 to 96 to 108 108 to 120 120 to 132 132 to 144 144 to 1p0
Under 1520), 1830), 2130), 2440), (2440 to (2740 to (3050 to (3350 to (3660 to
Sgecified Thickness, in. (mm) 48 (1220) excl excl excl excl 2740), excl 3050), excl 3350), excl 3660), excl 4070), incl
%4d to %, (4.8 t0 7.9), excl 9.0 10.5 12.0 135 15.0 16.5 18.0 ..
%d to % (7.9 t0 9.5), excl 7.5 9.0 10.5 1240 13.5 15.0 16.5 18.0 .. ..
% |to 46 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
Thdto % (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1/2 to 5/8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
% Ito % (15.9 to 19.0), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3/4 to 1 (19.0 to 25.4), excl 4.0 4.5 5.5 6.0 740 7.5 9.0 10.5 12.0 13.5
1o 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0
OTE — All plates shall be ordered to thickness and not to weight per square foot. No plates shall vary more’than 0.01 in. (0.25 mm) under the thickness ordered, and the overweight o
ea¢h lot” in each shipment shall not exceed the amount given in the table. Spot grinding is 