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Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME,” ASME logos, 
or the ASME Single Cer�fica�on Mark shall not be used on any item that is not constructed in 
accordance with all of the applicable requirements of the Code or Standard. Use of the ASME 
Single Cer�fica�on Mark requires formal ASME cer�fica�on; if no cer�fica�on program is 
available, such ASME markings may not be used. (For Cer�fica�on and Accredita�on Programs, 
see h�ps://www.asme.org/cer�fica�on-accredita�on.)

Items produced by par�es not formally possessing an ASME Cer�ficate may not be described, 
either explicitly or implicitly, as ASME cer�fied or approved in any code forms or other document.
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Date of Issuance: July 1, 2023

This international code or standard was developed under procedures accredited as meeting the criteria for
American National Standards and it is an American National Standard. The standards committee that approved
the code or standard was balanced to ensure that individuals from competent and concerned interests had an
opportunity to participate. The proposed code or standard was made available for public review and
comment, which provided an opportunity for additional public input from industry, academia, regulatory agencies,
and the public-at-large.
ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

ASME does not take any position with respect to the validity of any patent rights asserted in connection with any
itemsmentioned in this document, and does not undertake to insure anyone utilizing a standard against liability for
infringement of any applicable letters patent, nor does ASME assume any such liability. Users of a code or standard
are expressly advised that determination of the validity of any suchpatent rights, and the risk of infringement of such
rights, is entirely their own responsibility.
Participation by federal agency representatives or persons affiliated with industry is not to be interpreted as

government or industry endorsement of this code or standard.
ASME accepts responsibility for only those interpretations of this document issued in accordance with the estab-

lished ASME procedures and policies, which precludes the issuance of interpretations by individuals.
The endnotes and preamble in this document (if any) are part of this American National Standard.
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ASME Single Certification Mark

“ASME” and the above ASME symbols are registered trademarks of The American Society of Mechanical Engineers.
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FOREWORD*

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee to
formulate standardrules for the constructionof steamboilersandotherpressurevessels. In2009, theBoiler andPressure
Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)
(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)
(g) 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)
(l) Technical Oversight Management Committee (TOMC)
Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and

collectively.
TheCommittee’s function is toestablish rulesof safety relating topressure integrity,whichgovern the construction** of

boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nuclear components
and transport tanks. TheCommittee also interprets these ruleswhenquestions 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. This Code does not address other
safety issues relating to the construction of boilers, pressure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear components 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. Except for Sections XI andXII, andwith a fewother exceptions, the rules donot, of practical necessity, reflect the
likelihood and consequences of deterioration in service related to specific service fluids or external operating envi-
ronments. In formulating the rules, the Committee considers the needs of users, manufacturers, and inspectors of pres-
sure vessels. The objective of the rules is to afford reasonably certain protection of life and property, and to provide a
margin for deterioration in service to give a reasonably long, safe period of usefulness. Advancements in design and
materials and evidence of experience have been recognized.
This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction

activities and inservice inspection and testing activities. The Code does not address all aspects of these activities
and those aspects that are not 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 judg-
ments must be consistent with Code philosophy, and such judgments must never be used to overrule mandatory re-
quirements 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 neither
requires nor prohibits the use of computers for the design or analysis of components constructed to the requirements 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 theprograms theyuse and theapplicationof theseprograms to their
design.
* 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 Forewordmay containmaterial that has not been subjected to public reviewor a consensus 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 comprisingmaterials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.

xiii

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any
proprietaryor specificdesign, or as limiting inanyway themanufacturer’s freedomtochooseanymethodofdesignorany
form of construction that conforms to the Code rules.
The Committeemeets 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 interpretations of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary inwriting
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be
presented to theCommittee forappropriateaction.Theactionof theCommitteebecomeseffectiveonlyafter confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committee are
submitted to the AmericanNational Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview
to invite comments fromall interestedpersons.Afterpublic reviewand final approval byASME, revisionsarepublishedat
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 Code rules are to be directed to the ASME

Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Code are to be directed to the
Committee. ASME is to be notified should questions arise concerning improper use of the ASME Single Certification
Mark.
Whenrequiredbycontext in this Section, thesingular shall be interpretedas theplural, andviceversa, and the feminine,

masculine, or neuter gender shall be treated as such other gender as appropriate.
The words “shall,” “should,” and “may” are used in this Standard 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.

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

ADVERTISING

ASMEhas establishedprocedures to authorize qualified organizations to performvarious activities in accordancewith
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

havebeenconstructedand inspected in compliancewith theASMEBoilerandPressureVesselCodeare issuedCertificates
ofAuthorization. It is theaimof theSociety tomaintain thestandingof theASMESingleCertificationMark for thebenefitof
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

ASMESingleCertificationMark,CertificatesofAuthorization, andreference toCodeconstruction.TheAmericanSocietyof
Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or activity and there shall
be no statements or implications thatmight so indicate. An organization holding theASMESingle CertificationMark 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 requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASMEBoiler and Pressure Vessel Code.”An ASME corporate logo shall not
be used by any organization other than ASME.
TheASMESingleCertificationMarkshall beusedonly for stampingandnameplates as specificallyprovided in theCode.

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 theASMESingle CertificationMarkwhomayalso use the facsimile in advertising
to show that clearly specified items will carry the ASME Single Certification Mark.

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

The ASMEBoiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements formaterials, design, fabrication, examination, inspection, and stamping. Items
constructed in accordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the 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 bedescribedonASMEDataReport Formsnoron similar forms referring toASME 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.

xv
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Working Group on Personnel Qualification and Surface Visual and
Eddy Current Examination (SG-NDE) (BPV XI)
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R. Clow
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L. A. Melder
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G. T. Olson
J. E. O’Sullivan
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R. W. Swayne
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Task Group on HDPE Piping for Low Safety Significance Systems
(WG-NMRRA) (BPV XI)
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J. E. O’Sullivan, Secretary
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Working Group on Welding and Special Repair Processes
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J. G. Weicks, Chair
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R. C. Folley
M. L. Hall
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D. Jacobs
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S. E. Marlette
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L. A. Melder
J. E. O’Sullivan
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R. C. Folley
J. Graham
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G. T. Olson
J. E. O’Sullivan
A. Patel
J. Tatman
J. G. Weicks

Task Group on Weld Overlay (WG-W&SRP)(BPV XI)

S. L. McCracken, Chair
S. Hunter, Secretary
D. Barborak
S. J. Findlan
J. Graham
M. L. Hall
D. Jacobs

C. Lohse
S. E. Marlette
G. T. Olson
A. Patel
D. W. Sandusky
D. E. Waskey
J. G. Weicks

Subgroup on Water-Cooled Systems (SG-WCS) (BPV XI)

M. J. Ferlisi, Chair
J. Nygaard, Secretary
J. M. Boughman
S. T. Chesworth
J. Collins
H. Q. Do
K. W. Hall
P. J. Hennessey
A. E. Keyser

S. D. Kulat
D. W. Lamond
T. Nomura
T. Nuoffer
M. A. Pyne
H. M. Stephens, Jr.
R. Thames
M. Weis
I. A. Anchondo-Lopez, Alternate

Task Group on High Strength Nickel Alloys Issues (SG-WCS) (BPV XI)

H. Malikowski, Chair
C. Waskey, Secretary
E. Blackard
T. Cinson
J. Collins
K. Dietrich
P. R. Donavin

H. Kobayashi
S. E. Marlette
G. C. Park
C. Wax
G. White
K. A. Whitney

Working Group on Containment (SG-WCS) (BPV XI)

M. J. Ferlisi, Chair
R. Thames, Secretary
P. S. Ghosal
H. T. Hill
S. Johnson
A. E. Keyser
B. Lehman

P. Leininger
J. A. Munshi
M. Sircar
P. C. Smith
S. Walden
M. Weis
S. G. Brown, Alternate

Working Group on Inspection of Systems and Components
(SG-WCS) (BPV XI)

H. Q. Do, Chair
M. Weis, Secretary
I. A. Anchondo-Lopez
R. W. Blyde
K. Caver
C. Cueto-Felgueroso
M. J. Ferlisi
M. L. Garcia Heras
K. W. Hall

J. Howard
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S. D. Kulat
E. Lantz
A. Maekawa
T. Nomura
J. C. Nygaard
S. Orita
A. W. Wilkens

Working Group on Pressure Testing (SG-WCS) (BPV XI)

J. M. Boughman, Chair
S. A. Norman, Secretary
T. Anselmi
M. J. Homiack
A. E. Keyser

D. W. Lamond
M. Moenssens
R. A. Nettles
C. Thomas
K. Whitney

Working Group on Risk-Informed Activities (SG-WCS) (BPV XI)

M. A. Pyne, Chair
S. T. Chesworth, Secretary
G. Brouette
C. Cueto-Felgueroso
R. Haessler
J. Hakii
K. W. Hall

M. J. Homiack
S. D. Kulat
D. W. Lamond
E. Lantz
P. J. O’Regan
N. A. Palm
D. Vetter

Working Group on General Requirements (BPV XI)

T. Nuoffer, Chair
J. Mayo, Secretary
J. F. Ball
T. L. Chan
P. J. Hennessey
K. A. Kavanagh
G. Ramaraj

T. N. Rezk
A. T. Roberts III
S. R. Scott
D. Vetter
S. E. Woolf
B. Harris, Alternate
R. S. Spencer, Alternate
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COMMITTEE ON TRANSPORT TANKS (BPV XII)

N. J. Paulick, Chair
M. D. Rana, Vice Chair
J. Oh, Staff Secretary
A. N. Antoniou
K. W. A. Cheng
P. Chilukuri
W. L. Garfield
P. Miller

M. Pitts
J. Roberts
T. A. Rogers
R. C. Sallash
M. Shah
S. Staniszewski
A. P. Varghese
R. Meyers, Contributing Member

Executive Committee (BPV XII)

M. D. Rana, Chair
N. J. Paulick, Vice Chair
J. Oh, Staff Secretary
M. Pitts

T. A. Rogers
R. C. Sallash
S. Staniszewski
A. P. Varghese

Subgroup on Design and Materials (BPV XII)

R. C. Sallash, Chair
D. K. Chandiramani
K. W. A. Cheng
P. Chilukuri
S. L. McWilliams
N. J. Paulick
M. D. Rana
T. J. Rishel
T. A. Rogers
M. Shah

S. Staniszewski
A. P. Varghese
K. Xu
Y. Doron, Contributing Member
A.T. Duggleby, ContributingMember
R. D. Hayworth, Contributing

Member
B. E. Spencer, Contributing Member
J. Zheng, Contributing Member

Subgroup on Fabrication, Inspection, and Continued Service
(BPV XII)

M. Pitts, Chair
K. W. A. Cheng
P. Chilukuri
M. Koprivnak
P. Miller
O. Mulet
T. J. Rishel
J. Roberts

T. A. Rogers
R. C. Sallash
S. Staniszewski
Y. Doron, Contributing Member
R. D. Hayworth, Contributing

Member
G. McRae, Contributing Member

Subgroup on General Requirements (BPV XII)

S. Staniszewski, Chair
A. N. Antoniou
P. Chilukuri
H. Ebben III
J. L. Freiler
W. L. Garfield
O. Mulet
B. F. Pittel

M. Pitts
R. C. Sallash
Y. Doron, Contributing Member
T. J. Hitchcock, ContributingMember
S. L. McWilliams, Contributing

Member
T. A. Rogers, Contributing Member
D. G. Shelton, Contributing Member

Subgroup on Nonmandatory Appendices (BPV XII)

T. A. Rogers, Chair
S. Staniszewski, Secretary
P. Chilukuri
N. J. Paulick
M. Pitts
T. J. Rishel

R. C. Sallash
D. G. Shelton
D. D. Brusewitz, Contributing

Member
Y. Doron, Contributing Member

COMMITTEE ON OVERPRESSURE PROTECTION (BPV XIII)

B. K. Nutter, Chair
A. Donaldson, Vice Chair
C. E. Rodrigues, Staff Secretary
J. F. Ball
J. Burgess
B. Calderon
D. B. DeMichael
J. W. Dickson
J. M. Levy
D. Miller
T. Patel
B. F. Pittel
T. R. Tarbay
D. E. Tompkins
Z. Wang
J. A. West
B. Engman, Alternate
H. Aguilar, Contributing Member

R. W. Barnes, Contributing Member
R. D. Danzy, Contributing Member
A. Frigerio, Contributing Member
J. P. Glaspie, Contributing Member
S. F. Harrison, Jr., Contributing

Member
A. Hassan, Contributing Member
P. K. Lam, Contributing Member
M. Mengon, Contributing Member
J. Mize, Contributing Member
M. Mullavey, Contributing Member
S. K. Parimi, Contributing Member
J. Phillips, Contributing Member
M. Reddy, Contributing Member
S. Ruesenberg, ContributingMember
K. Shores, Contributing Member
D. E. Tezzo, Contributing Member
A. Wilson, Contributing Member

Executive Committee (BPV XIII)

A. Donaldson, Chair
B. K. Nutter, Vice Chair
C. E. Rodrigues, Staff Secretary
J. F. Ball

D. B. DeMichael
K. R. May
D. Miller

Subgroup on Design and Materials (BPV XIII)

D. Miller, Chair
T. Patel, Vice Chair
T. K. Acharya
C. E. Beair
W. E. Chapin
J. L. Freiler
B. Joergensen
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R. Krithivasan
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T. R. Tarbay

J. A. West
A. Williams
D. J. Azukas, Contributing Member
R. D. Danzy, Contributing Member
A. Hassan, Contributing Member
R. Miyata, Contributing Member
M. Mullavey, Contributing Member
S. K. Parimi, Contributing Member
G. Ramirez, Contributing Member
K. Shores, Contributing Member
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Subgroup on General Requirements (BPV XIII)

A. Donaldson, Chair
B. F. Pittel, Vice Chair
J. M. Levy, Secretary
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J. F. Ball
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D. B. DeMichael
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D. E. Tezzo
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P. Chavdarov, Contributing Member
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J. P. Glaspie, Contributing Member
G. D. Goodson, Contributing Member
B. Joergensen, Contributing Member
C. Lasarte, Contributing Member
M. Mengon, Contributing Member
D. E. Miller, Contributing Member
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S.Ruesenberg, ContributingMember
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A. Swearingin, Contributing Member
A. P. Varghese, ContributingMember

Subgroup on Nuclear (BPV XIII)

K. R. May, Chair
J. F. Ball, Vice Chair
R. Krithivasan, Secretary
M. Brown
J. W. Dickson
S. Jones
R. Lack
D. Miller
T. Patel

K. Shores
I. H. Tseng
B. J. Yonsky
J. M. Levy, Alternate
Y. Wong, Alternate
J. Yu, Alternate
S. T. French, Contributing Member
D. B. Ross, Contributing Member

Subgroup on Testing (BPV XIII)

B. K. Nutter, Chair
J. W. Dickson, Vice Chair
R. Houk, Secretary
T. P. Beirne
M. Brown
B. Calderon
V. Chicola III
B. Engman
R. J. Garnett
R. Lack
M. Mengon

C. Sharpe
J. R. Thomas, Jr.
Z. Wang
D. Nelson, Alternate
J. Mize, Contributing Member
M. Mullavey, Contributing Member
S.Ruesenberg, ContributingMember
K. Shores, Contributing Member
A. Strecker, Contributing Member
A. Wilson, Contributing Member
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D. Miller, Chair
C. E. Rodrigues, Staff Secretary
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D. Tuttle
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COMMITTEE ON NUCLEAR CERTIFICATION (CNC)

R. R. Stevenson, Chair
M. A. Lockwood, Vice Chair
S. Khan, Staff Secretary
A. Appleton
J. F. Ball
G. Claffey
N. DeSantis
C. Dinic
G. Gobbi
J. W. Highlands
K. A. Kavanagh
J. C. Krane
T. McGee
E. L. Pleins
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ð23Þ CORRESPONDENCE WITH THE COMMITTEE

General
ASME codes and standards are developed andmaintained by committeeswith 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 ASMEBPVC Section II, Part D for guidelines on requesting approval of newmaterials. See Section II, Part C for guidelines on
requesting 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 Code. Approved revisions will be
published in the next edition of the Code.
In addition, the committee may post errata and Special Notices at http://go.asme.org/BPVCerrata. Errata and Special

Notices becomeeffective on the date posted. Users can register on the committeewebpage to receive e-mail notifications
of posted errata and Special Notices.
This Code is always open for comment, and the committeewelcomes proposals for revisions. Such proposals should be

as specific as possible, citing the paragraph number(s), the proposed wording, 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 alternative 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) Aproposedcaseshall bewrittenasaquestionandreply in thesame formatasexisting cases.Theproposal shall also
include the following information:

(1) a statement of need and background information
(2) the urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number(s) to which the proposed case applies
(4) the edition(s) of the Code to which the proposed case applies

(e) A 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 approvedwill 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 Supplements.
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Supplementswill be sent ormade available automatically to the purchasers of the CodeCases 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
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

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) Uponrequest, the committeewill renderan interpretationof any requirementof theCode.An interpretation canbe
rendered only in response to a request submitted through the online Interpretation Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail
confirming receipt.

(c) ASMEdoesnot act as a consultant for specific engineeringproblemsor for thegeneral applicationorunderstanding
of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the requestwill be returnedwith the recommendation that such assistance beobtained. Inquirers
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 cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

(e) Interpretations are published in theASME InterpretationsDatabase at http://go.asme.org/Interpretations as they
are issued.

Committee Meetings
TheASMEBPVCcommittees regularlyholdmeetings that are open to thepublic. Personswishing to attend anymeeting

should contact the secretary of the applicable committee. Information on future committee meetings can be found at
http://go.asme.org/BCW.

xxxix
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INTRODUCTION

The following is provided as a brief introduction to Section IX, and cannot be considered as a substitute for the actual
review of the document. However, this introduction is intended to give the reader a better understanding of the purpose
and organization of Section IX.
Section IX of the ASME Boiler and Pressure Vessel Code relates to the qualification of welders, welding operators,

brazers, brazing operators, and fusing operators, and the procedures employed in welding, brazing, or plastic fusing in
accordancewith theASMEBoiler andPressureVessel Code and theASMEB31Code for PressurePiping. As such, this is an
active document subject to constant review, interpretation, and improvement to recognize new developments and
research data. Section IX is a document referenced for the qualification ofmaterial joining processes by various construc-
tion codes such as Section I, III, IV, VIII, XII, etc. These particular construction codes apply to specific types of fabrication
and may impose additional requirements or exemptions to Section IX qualifications. Qualification in accordance with
Section IX is not a guarantee that procedures and performance qualifications will be acceptable to a particular construc-
tion code.
Section IX does not contain rules for production joining, nor does it contain rules to cover all factors affecting produc-

tionmaterial joining properties under all circumstances.Where such factors are determined by the organization to affect
material joining properties, the organization shall address those factors in the Procedure Specification to ensure that the
required properties are achieved in the production material joining process.
The purpose of the Procedure Specification and the Procedure Qualification Record (PQR) is to ensure the material

joining process proposed for construction is capable of producing joints having the required mechanical properties for
the intended application. Personnel performing the material joining procedure qualification test shall be sufficiently
skilled. The purpose of the procedure qualification test is to establish themechanical properties of the joint produced by
the material joining process and not the skill of the personnel using the material joining process. In addition, special
consideration is given when toughness testing is required. The supplementary essential variables apply only when
toughness testing is required by the referencing code, standard, or specification.
The purpose of Performance Qualification is to determine the ability of the person using a material joining process to

producea sound joint. InOperatorPerformanceQualification, thebasic criterion is todetermine theabilityof theoperator
to properly operate the equipment to produce a sound joint.
In developing Section IX, each material joining process that is included was reviewed with regard to those factors

(calledvariables) thathaveaneffectupon thematerial joiningoperationsasapplied toprocedureorperformancecriteria.
Theuserof Section IX shouldbeawareofhowSection IX is organized. It isdivided into fourParts: general requirements,

welding, brazing, and plastic fusing. Each Part addressing a material joining process is then divided into Articles. The
Articles for each material joining process deal with the following:

(a) general requirements specifically applicable to the material joining process (Article I Welding, Article XI Brazing,
and Article XXI Plastic Fusing)

(b) procedure qualifications (Article II Welding, Article XII Brazing, and Article XXII Plastic Fusing)
(c) performance qualifications (Article III Welding, Article XIII Brazing, and Article XXIII Plastic Fusing)
(d) data (Article IV Welding, Article XIV Brazing, and Article XXIV Plastic Fusing)
(e) standard welding procedure specifications (Article V Welding)
These articles contain general references and guides that apply to procedure and performance qualifications such as

positions, type and purpose of various mechanical tests, acceptance criteria, and the applicability of Section IX, which
previously appeared in the Preamble of the 1980Edition of Section IX (the Preamble has since been deleted). The general
requirementarticles reference thedataarticles for specificdetailsof the testingequipmentandremoval of themechanical
test specimens.
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PROCEDURE QUALIFICATIONS
Eachmaterial joining process that has been evaluated and adopted by Section IX is listed separately with the essential

and nonessential variables as they apply to that particular process. In general, the Procedure Specifications are required
to list all essential and nonessential variables for each process that is included under that particular procedure spec-
ification. When an essential variable must be changed beyond the range qualified and the change is not an editorial
revision to correct anerror, requalificationof theprocedure specification is required. If a change ismade in anonessential
variable, the procedure need only be revised or amended to address the nonessential variable change. When toughness
testing is required for Welding Procedure Specification (WPS) qualification by the referencing code, standard, or spec-
ification, the supplementary essential variables become additional essential variables, and a change in these variables
requires requalification of the WPS.
In addition to covering various processes, there are also rules for procedure qualification of corrosion-resistant weld

metal overlay and hard-facing weld metal overlay.
Beginning with the 2000 Addenda, the use of Standard Welding Procedure Specifications (SWPSs) was permitted.

Article V provides the requirements and limitations that govern the use of these documents. The SWPSs approved for use
are listed in Mandatory Appendix E.
In the 2004 Edition, rules for temper bead welding were added.
With the incorporation of the new Creep-Strength Enhanced Ferritic (CSEF) alloys in the 1986 Edition, using the

existingP-Numbergroupings to specifyPWHTparameters can lead tovariations inheat treatments thatmay significantly
degrade the mechanical properties of these alloys. CSEF alloys are a family of ferritic steels whose creep strength is
enhanced by the creation of a precise condition of microstructure, specifically martensite or bainite, which is stabilized
during tempering by controlled precipitation of temper-resistant carbides, carbo-nitrides, or other stable phases.
In the 2007 Edition of the Code, only P-No. 5B, Group 2 base metals met this definition and were approved for Code

construction. Looking forward, a number of CSEF alloys are already in use in Code Cases and drawing near to incorpora-
tion. To facilitate addressing their special requirements, P-No. 15A through P-No. 15F have been established for CSEF
alloys.
In the 2013 Edition, Part QG General Requirements and Part QF Plastic Fusing were added.

PERFORMANCE QUALIFICATIONS
These articles list separately the various processes with the essential variables that apply to the performance quali-

fications of each process. The performance qualifications are limited by essential variables.
The performance qualification articles have numerous paragraphs describing general applicable variables for all

processes. QW-350, QB-350, and QF-360 list additional essential variables that are applicable for specific processes.
The QW-350 variables do not apply to welding operators. QW-360 lists the additional essential variables for welding
operators.
Generally, a welder or welding operator may be qualified by mechanical bending tests, or volumetric NDE of a test

coupon, or the initial production weld. Brazers or brazing operators and fusing operators may not be qualified by
volumetric NDE.

WELDING, BRAZING, AND FUSING DATA
The data articles include the variables grouped into categories such as joints, base materials and filler materials,

positions, preheat/postweld heat treatment, gas, electrical characteristics, and technique. They are referenced from
other articles as they apply to each process.
These articles are frequently misused by selecting variables that do not apply to a particular process. Variables only

apply as referenced for the applicable process in Article II or III forwelding, Article XII or XIII for brazing, andArticle XXII
or XXIII for plastic fusing. The user of Section IX should not apply any variable that is not referenced for that process.
These articles also include assignments ofwelding andbrazingP-Numbers to particular basematerials andF-Numbers

to filler materials. Article IV also includes A-Number tables for reference by the Code user.
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Beginning with the 1994 Addenda, welding P-Numbers, brazing P-Numbers, and nonmandatory S-Numbers were
consolidated into Table QW/QB-422 . Both the QB-422 table (brazing P-Numbers) and Appendix C table (S-
Numbers) were deleted. The new Table QW/QB-422 was divided into ferrous and nonferrous sections. Metals
were listed innumerical orderbymaterial specificationnumber toaidusers in locating theappropriate groupingnumber.
In the 2009 Addenda, S-Number base metals listed in Table QW/QB-422 were reassigned as P-Numbers and the S-

Number listings and references were deleted.
TheQW-451andQB-451 tables forprocedurequalification thickness requirementsand theQW-452andQB-452 tables

for performance qualification thickness are given andmaybeused only as referencedby other paragraphs. Generally, the
appropriate essential variables reference these tables.
Revisions to the 1980 Edition of Section IX introduced new definitions for position and added a fillet-weld orientation

sketch tocomplement thegroove-weldorientationsketch.Thenewrevision toposition indicates that awelderqualifies in
the 1G, 2G, 3G, etc., position and is then qualified to weld, in production, in the F, V, H, or O positions as appropriate.
Table QW-461.9 is a revised table that summarizes these new qualifications.
The data articles also give sketches of coupon orientations, removal of test specimens, and test jig dimensions. These

are referenced by Articles I, XI, and XXI.
QW-470 describes etching processes and reagents.
Within Part QG is a list of general definitions applicable to Section IX–adopted material joining processes. These may

differ slightly from other welding documents.
Nonmandatory Forms for documenting procedure and performance qualifications are provided for the aid of those

who do not wish to design their own forms. Any form(s) that address all applicable requirements of Section IX may be
used.

xlii
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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (23), placed next to the affected area.

Page Location Change
xii List of Sections (1) Under Section III, Division 4 added

(2) Title of Section XI and subtitle of Section XI, Division 2 revised
(3) Information on interpretations and Code cases moved to “Correspondence
With the Committee”

xvi Personnel Updated
xxxviii Correspondence With the Committee Added (replaces “Submittal of Technical Inquiries to the Boiler and Pressure

Vessel Standards Committees”)
xlvii Cross-Referencing in the ASME BPVC Updated
1 QG-101 Second paragraph revised
2 QG-106.1 In subpara. (a), last sentence deleted by errata
4 QG-106.4 First paragraph revised
4 QG-108 Revised in its entirety
5 QG-109.2 (1) Definitions of bracketed qualification, initial heating interfacial pressure,

integrated backing, material-joining processes, and wire-additive welding
added

(2) Definitions of fusing gauge pressure, fusing operator, fusing procedure
specification, heat soak cycle, heat soak time, heater removal (dwell) time,
heater temperature, interfacial pressure, Manufacturer Qualified
Electrofusion Procedure Specification (MEFPS), melt bead size, and
organization revised

15 QW-101 Third paragraph revised
19 QW-162.1 Second and fourth paragraphs revised
20 QW-181.1 Revised
21 QW-191.1.2.1 Subparagraph (c) revised
21 QW-191.1.2.2 Subparagraphs (a) and (b) revised in their entirety
25 QW-193.1.2 Revised
25 QW-195.1 Revised
26 QW-195.3 Added
29 QW-200.1 First paragraph and subpara. (b) revised
29 QW-200.2 First paragraph revised
31 QW-202.4 Subparagraph (b)(1) revised
32 QW-214.2 Subparagraph (a) revised
33 QW-216.2 Subparagraph (a) revised
34 QW-217 Subparagraphs (a)(2) and (b) revised
35 QW-218.2 Revised
36 QW-251.4 Revised
39 Table QW-253 (1) “Supplementary Essential” entries for QW-409.4 and QW-410.9 deleted

(2) QW-409.30 and QW-410.87 added
41 Table QW-254 (1) “Supplementary Essential” entries for QW-409.4 and QW-410.9 deleted

(2) QW-409.30 and QW-410.87 added
44 Table QW-255 (1) QW-409.2 and “Supplementary Essential” entries for QW-409.4 and

QW-410.9 deleted
(2) QW-409.30, QW-409.32, and QW-410.87 added

47 Table QW-256 (1) “Supplementary Essential” entries for QW-409.4 and QW-410.9 deleted
(2) QW-409.30 and QW-410.87 added

50 Table QW-257 (1) “Supplementary Essential” entries for QW-409.4 and QW-410.9 deleted
(2) QW-409.30 and QW-410.87 added
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Page Location Change
54 Table QW-258 (1) QW-410.7 deleted

(2) QW-410.86 added
56 Table QW-259 (1) “Supplementary Essential” entries for QW-409.4 and QW-410.9 deleted

(2) QW-409.30 and QW-410.87 added
57 Table QW-260 (1) QW-410.7 deleted

(2) QW-410.86 added
61 Table QW-264 (1) QW-403.1 deleted

(2) QW-403.35 added
74 QW-300.1 Third paragraph added
75 QW-304 Second paragraph deleted
76 QW-305 Second paragraph deleted
76 QW-306 First paragraph revised
77 QW-322.1 Second paragraph revised
79 Table QW-358 Added
79 QW-361.1 Subparagraph (e) revised
80 QW-362 First sentence revised
80 QW-381.1 Revised in its entirety
80 QW-382.1 (1) Subparagraphs (c), (d), and (g) revised

(2) Subparagraph (h) deleted
83 QW-401.1 Third paragraph revised
85 QW-403.10 Deleted
86 QW-403.35 Added
87 QW-403.36 Added
87 QW-404.12 Revised
90 QW-406.12 Added
91 QW-408.2 Revised in its entirety
92 QW-409.1 Editorially revised
92 QW-409.4 Revised
93 QW-409.26 Revised in its entirety
94 QW-409.30 Added
94 QW-409.31 Added
94 QW-409.32 Added
94 QW-410.9 Revised in its entirety
95 QW-410.38 Revised
98 Table QW-416 (1) Last column and QW-410 paragraphs added

(2) “Brief of Variables” entry for QW-408.8 revised
97 QW-410.87 Added
97 QW-410.88 Added
97 QW-410.89 Added
97 QW-410.90 Added
99 QW-421.1 Revised in its entirety
99 QW-421.3 Subparagraph (a) revised
99 QW-421.4 Revised
101 Table QW/QB-422 (1) Title revised

(2) ISO column moved under “Welding”
(3) Under “Brazing,” “P-No.” column deleted and “AWS B2.2 BM” column
relabeled as “P-No.”

(4) “A/SA–” replaced with “A or SA–” and “B/SB–” replaced with “B or SB–”
throughout

(5) Rows added and revised
(6) General Note added

190 QW-424.3 Added
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Page Location Change
207 Table QW-452.4 General Note (a) revised
216 Figure QW-462.1(a) Bottom callout revised
217 Figure QW-462.1(b) Bottom callout revised
222 Figure QW-462.4(a) (1) Shading added to left fillet weld

(2) General Note revised
225 Figure QW-462.5(b) Note (2) revised
236 Figure QW-463.2(a) Bottom image revised
236 Figure QW-463.2(b) Bottom image revised
237 Figure QW-463.2(c) Bottom image revised
243 Figure QW-466.1 (1) Under “D, in.,” penultimate entry corrected by errata from “3∕16 max.” to

“13∕16 max.”
(2) General Note (c) revised

245 Figure QW-466.3 General Note (d) deleted
252 Article VI Added
258 QB-161.2 Last sentence revised
260 QB-200.1 First paragraph and subpara. (b) revised
260 QB-200.2 First paragraph revised
262 QB-211 Second paragraph revised
262 QB-212 Revised
262 Table QB-252 Second and third column heads revised
263 Table QB-253 Second and third column heads revised
263 Table QB-254 Second and third column heads revised
264 Table QB-255 Second and third column heads revised
264 Table QB-256 Second and third column heads revised
265 Table QB-257 Second and third column heads revised
266 QB-300.1 Second paragraph revised
267 QB-304 Second paragraph deleted
267 QB-322 Revised and QB-322.1 added
267 QB-351.2 Title revised
270 Table QB-432 First column deleted
274 Table QB-451.4 Last column head revised
274 Table QB-451.5 Last column head revised
275 Table QB-452.1 Last column head revised
275 Table QB-452.2 (1) Last column head revised

(2) Note (1) added
279 Figure QB-462.1(a) Bottom callouts on each image revised
280 Figure QB-462.1(b) Bottom callouts on first two images revised
281 Figure QB-462.1(c) Bottom callouts on first two images revised
303 QF-200 Revised
303 QF-201.1 Subparagraph (b) revised
303 QF-201.2 Subparagraph (b)(1) revised
303 QF-201.5 First paragraph revised
308 QF-221.2 Subparagraphs (d)(1) and (d)(2) revised
309 QF-222.1 (1) Subparagraph (e) revised

(2) Subparagraph (g) added and subsequent subparagraphs redesignated
310 Table QF-254 “Brief of Variables” entry for QF-405.9 revised
312 Table QF-257 “Brief of Variables” entry for QF-405.9 revised
313 QF-300 Revised
313 QF-301.2 Third sentence deleted
316 QF-402.3 Revised
316 QF-405.9 Revised
334 Form QF-482(c) “Thermal Conditions (QF-405)” box revised
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Page Location Change
340 Form QF-483(c) “Thermal Conditions (QF-405)” box revised
347 B-101 First sentence revised
350 Form QW-483 Fill-in field for “QG-106.4 Group Qualification” added
352 Form QW-484A “Welding Variables (QW-350)” column revised
358 E-300 In in-text table, edition year for AWS B2.1‐1‐209 updated
367 J-100 First sentence revised
371 Nonmandatory Appendix L Revised in its entirety
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ð23ÞCROSS-REFERENCING IN THE ASME BPVC

Paragraphswithin the ASMEBPVCmay include subparagraph breakdowns, i.e., nested lists. The following is a guide 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 alphanumerically designated para-
graph (e.g., PG-1, UIG-56.1, NCD-3223) do not include the alphanumerical designator of that paragraph. The crossrefer-
ences 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 (1)(-a).
(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(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).
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PART QG
GENERAL REQUIREMENTS

QG-100 SCOPE

(a) This Section contains requirements for the qualifi-
cation of welders, welding operators, brazers, brazing
operators, plastic fusing operators, and the material-
joining processes they use during welding, brazing, and
fusing operations for the construction of components
under the rules of the ASME Boiler and Pressure
Vessel Code, the ASME B31 Codes for Pressure Piping,
and other Codes, standards, and specifications that refer-
ence this Section. This Section is divided into four parts.

(1) Part QG contains general requirements for all
material-joining processes.

(2) Part QW contains requirements for welding.
(3) Part QB contains requirements for brazing.
(4) Part QF contains requirements for plastic fusing.

(b) Whenever the referencing Code, standard, or spec-
ification imposes qualification requirements different
than those given in this Section, the requirements of
the referencing Code, standard, or specification shall
take precedence over the requirements of this Section.

(c) Some of the more common terms relating to mate-
rial-joining processes are defined in QG-109. Whenever
the word “pipe” is used, “tube” shall also be applicable.

(d) New editions to Section IX may be used beginning
with thedateof issuanceandbecomemandatory6months
after the date of issuance.

(e) Code Cases are permissible andmay be used, begin-
ning with the date of approval by ASME. Only Code Cases
that are specifically identified as being applicable to this
Section may be used. At the time a Code Case is applied,
only the latest revisionmay be used. Code Cases that have
been incorporated into this Section or have been annulled
shall not be used for new qualifications, unless permitted
by the referencing Code. Qualifications using the provi-
sions of a Code Case remain valid after the Code Case
is annulled. The Code Case number shall be listed on
the qualification record(s).

(f) Throughout this Section, references are made to
various non-ASME documents. Unless a specific date is
referenced, the latest edition of the reference document
in effect at the time of performance or procedure quali-
fication is to be used.

QG-101 ð23ÞPROCEDURE SPECIFICATION

A procedure specification is a written document
providing direction to the person applying the mate-
rial-joining process. Details for the preparation and quali-
fication of procedure specifications for welding (WPS),
brazing (BPS), and fusing (FPS) are given in the respective
Parts addressing those processes. Procedure specifica-
tions used by an organization (see QG-109.2) having
responsibility for operational control of material-
joining processes shall have been qualified by that orga-
nization, or shall be a standard procedure specification
acceptable under the rules of the applicable Part for
the joining process to be used. Procedure specifications
shall be available for reference and review at the fabrica-
tion site.
Procedure specifications address the conditions

(including ranges, if any) under which the material-
joining process must be performed. These conditions
are referred to in this Section as “variables.”A procedure
specification shall address, as a minimum, the specific
essential and nonessential variables that are applicable
to the material-joining process to be used in production.
When the referencing code, standard, or specification
requires toughness qualification of the material-joining
procedure, the applicable supplementary essential vari-
ables shall also be addressed in the procedure specifica-
tion.

QG-102 PROCEDURE QUALIFICATION RECORD

The purpose of qualifying the procedure specification is
to demonstrate that the joining process proposed for
construction is capable of producing joints having the
required mechanical properties for the intended applica-
tion. Qualification of the procedure specification demon-
strates themechanical properties of the jointmadeusing a
joining process, and not the skill of the person using the
joining process.
The procedure qualification record (PQR) documents

what occurredduring theproductionof aprocedurequali-
fication test coupon and the results of testing that coupon.
As a minimum, the PQR shall document the essential
procedure qualification test variables applied during
production of the test joint, and the results of the required
tests. When toughness testing is required by the referen-
cing code, standard, or specification forqualificationof the

ASME BPVC.IX-2023
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procedure, the applicable supplementary essential vari-
ables shall be recorded for each process. The organization
shall certify the PQR by a signature or other means as
described in the organization’s quality program. The
PQR shall be available for review. A procedure specifica-
tion may be supported by one or more PQR(s), and one
PQRmay be used to support one ormore procedure spec-
ification(s).

QG-103 PERFORMANCE QUALIFICATION

The purpose of qualifying the person who will use a
joining process is to demonstrate that person’s ability
to produce a sound joint when using a procedure speci-
fication.

QG-104 PERFORMANCE QUALIFICATION RECORD

The performance qualification record documents what
occurred during the production of a test coupon by a
person using one or more joining processes following
an organization’s procedure specification. As a
minimum, the record shall document

(a) the essential variables for each process used to
produce the test coupon

(b) the ranges of variables qualified as required by the
applicable part (see QW-301.4, QB-301.4, and QF-301.4)

(c) the results of the required testing and nondestruc-
tive examinations

(d) the identification of the procedure specification(s)
followed during the test
The organization shall state on the record that the

performance qualification test was conducted in accor-
dance with the requirements of this Section, and
certify the record by a signature or other means as
described in the organization’s quality program. Perfor-
mance qualification records shall be available for review.

QG-105 VARIABLES

QG-105.1 Essential Variables (Procedure). Essential
variables are conditions in which a change, as described
in the specific variables, is considered to affect the
mechanical properties (other than toughness) of the
joint. Before using a procedure specificationwhose essen-
tial variables have been revised and fall outside their qual-
ified range, the procedure specification must be
requalified. Procedure qualification records may be
changed when a procedure qualification test supporting
the change has been completed, or when an editorial revi-
sion is necessary to correct an error, as permitted by the
rulesof thePart applicable to thematerial-joiningprocess.

QG-105.2 Essential Variables (Performance). Essen-
tial variables are conditions in which a change, as
described in the specific variable list, will affect the
ability of the person to produce a sound joint.

QG-105.3 Supplementary Essential Variables.
Supplementary essential variables are conditions in
which a change will affect the toughness properties of
the joint, heat-affected zone, or basematerial. Supplemen-
tary essential variables become additional essential vari-
ables in situations where the referencing code, standard,
or specification requires toughness testing for procedure
qualification. When procedure qualification does not
require the addition of toughness testing, supplementary
essential variables are not applicable. See QW-401.1.

QG-105.4 Nonessential Variables. Nonessential vari-
ables are conditions inwhich a change, as described in the
specific variables, is not considered to affect the mechan-
ical properties of the joint. These variables shall be
addressed in the procedure specification, as required
by QG-101.
A procedure specification may be editorially revised to

change a nonessential variable to fall outside of its
previously listed range, but does not require requalifica-
tion of the procedure specification.

QG-105.5 Special Process Variables. Special process
variables are conditions that apply only to special
processes that are described in the Part that addresses
those processes. When these special processes are
used, only the applicable special process variables shall
apply.

QG-105.6 Applicability. The applicable essential,
supplementary essential, nonessential, and special
process variables for a specific joining process are
given in the Part addressing that joining process.

QG-106 ORGANIZATIONAL RESPONSIBILITY

Personnel performing supervisory activities specified
in this Section shall

(a) be designated by the organization with responsi-
bility for supervision, control, evaluation, and acceptance
of qualification testing.

(b) have a satisfactory level of competence in accor-
dance with the organization’s quality program. As a
minimum, theyshall bequalifiedbyeducation, experience,
or training in the following areas:

(1) knowledgeof the requirements of this Section for
the qualification of procedures and/or joining personnel

(2) knowledge of the organization’s quality program
(3) the scope, complexity, or special nature of the

activities to which oversight is to be provided
(c) have a record, maintained by the organization,

containing objective evidence of the qualifications,
training, or experience.

QG-106.1 ð23ÞProcedure Qualifications. Each organiza-
tion is responsible for conducting the tests required by
this Section to qualify the procedures that are used in
the construction of components under the rules of the
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Codes, standards, and specifications that reference this
Section.

(a) The personnel who produce test joints for proce-
dure qualification shall be under the full supervision and
control of the qualifying organization during the produc-
tion of these test joints.

(b) Production of qualification test joints under the
supervision and control of another organization is not
permitted, except as permitted in QG-106.4. However,
it is permitted to subcontract any or all of the work nec-
essary for preparing the materials to be joined, the subse-
quent work for preparing test specimens from the
completed test joint, and the performance of nondestruc-
tive examination andmechanical tests, provided the orga-
nization accepts full responsibility for any such work.

(c) If the effective operational control of procedure
qualifications for two or more companies of different
names exists under the same corporate ownership, the
companies involved shall describe in their quality
programs the operational control of procedure qualifica-
tions. In this case, separate procedure qualifications are
not required, provided all other requirements of this
Section are met.

QG-106.2 PerformanceQualifications.Eachorganiza-
tion is responsible for the supervision andcontrol ofmate-
rial joining performed by persons for whom they have
operational responsibility and control. The organization
shall conduct the tests required by this Section to qualify
the performance of those persons with each joining
process they will use for the construction of components
under the rules of the Codes, standards, and specifications
that reference this Section. This requirement ensures that
the qualifying organization has determined that the per-
sonnel using its procedures are capable of achieving the
minimum requirements specified for an acceptable joint.
This responsibility cannot be delegated to another orga-
nization.

(a) The personnel who produce test joints for perfor-
mance qualification shall be tested under the full super-
vision and control of the qualifying organization.

(b) The performance qualification test shall be
performed following either a qualified procedure speci-
fication or a standard procedure specification acceptable
under the rules of the applicable Part for the joining
process. The Part addressing any specific joining
process may exempt a portion of the procedure specifi-
cation from being followed during production of the
performance qualification test coupon.

(c) Production of test joints under the supervision and
control of another organization is not permitted. It is
permitted to subcontract any or all of the work necessary
for preparing the materials to be joined in the test joint,
and the subsequent work for preparing test specimens
from the completed test joint, and the performance of
nondestructive examination and mechanical tests,

provided the organization accepts full responsibility
for any such work.

(d) The performance qualification test may be termi-
nated at any stage, whenever it becomes apparent to the
supervisor conducting the tests that the person being
tested does not have the required skill to produce satis-
factory results.

(e) When a procedure qualification test coupon has
been tested and found acceptable, the person who
prepared the test coupon is also qualified for the
joining process used, within the ranges specified for
performance qualification for the applicable process(es).

(f) Persons who are successfully qualified shall be
assigned an identifying number, letter, or symbol by
the organization, which shall be used to identify their
work.

(g) If effective operational control of performance
qualifications for two or more companies of different
names exists under the same corporate ownership, the
companies involved shall describe in their quality
programs the operational control of performance quali-
fications. In this case, requalification of persons working
within the companies of such an organization are not
required, provided all other requirements of this
Section are met.

QG-106.3 Simultaneous Performance Qualifications.
Organizations may participate in an association to collec-
tively qualify the performance of one or more persons for
material-joining processes simultaneously andmay share
performance qualification information with other partici-
pating organizations within the association. When simul-
taneous performance qualifications are conducted, each
participating organization shall be represented by an
employeewith designated responsibility for performance
qualifications.

(a) The essential variables of the procedure specifica-
tions to be followed during simultaneous performance
qualifications shall be comparedby theparticipating orga-
nizations, and shall be identical, except as otherwise
provided in the Part addressing the specific joining
method. The qualified thickness ranges need not be iden-
tical but shall include the test coupon thickness.

(b) Alternatively, the participating organizations shall
agree to follow a single procedure specification that has
been reviewed and accepted by each participating orga-
nization. Each participating organization shall have a
supporting PQR or shall have accepted responsibility
for using a standard procedure specification having a
range of variables consistent with those to be followed
during the performance qualification test, in accordance
with the applicable Part for the joining method.

(c) Each participating organization’s representative
shall

(1) positively identify the person whose perfor-
mance is to be tested
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(2) verify the markings on the test coupon corre-
spond to the person’s identification

(3) verify that thepositional orientationmarkingson
the test coupon reflect the test position of the coupon as
required to identify the location of test specimen removal

(4) perform a visual examination of each completed
test coupon and each test specimen to determine its
acceptability

(-a) When the test coupon(s) is prepared and the
test specimens aremechanically tested by an independent
laboratory, the laboratory's report may be used as the
basis for accepting the test methods and their results.

(-b) When the test coupon(s) is examined by volu-
metric examination, the examining organization's report
may be used as the basis for acceptance of the test
methods, qualification and certification of the examiner,
and the results of the examination.

(5) prepare and certify a performance qualification
record for each person qualified

(d) When the qualified person changes employers
between participating organizations, the employing orga-
nization shall verify the continuity of the person’s quali-
fications has been maintained by previous employers
since his qualification date, as required by the applicable
Part for the joining method. Evidence of activities
supporting performance qualification continuity may
be obtained from any member of the association, even
if the member was not a participant in the simultaneous
welder qualifications.

(e) If a person has had their performance qualification
revoked for specific reasons, the employing organization
shall notify all other participating organizations that the
person’s qualification(s) has been revoked. The remaining
participating organizations shall determine whether they
will uphold or revoke the performance qualifications for
that person in accordance with this Section.

(f) When a person’s performance qualifications are
collectively renewed in accordance with the applicable
Part for the joining method, the testing procedures
shall follow the rules of this paragraph.

QG-106.4ð23Þ Simultaneous Procedure Qualifications.
When expressly permitted by the referencing code, mate-
rial-joining procedures may be simultaneously qualified
by more than one organization, provided that each orga-
nization accepts full responsibility for any such qualifica-
tions and the following requirements are met:

(a) Each participating organization shall be repre-
sented by an individual with responsibility for qualifica-
tion of joining procedures, as detailed in QG-106.

(b) A preliminary joining procedure specification ac-
ceptable to the representatives of each participating orga-
nization shall be prepared addressing the essential and
nonessential variables and, when applicable, the supple-
mentary essential variables and other requirements that
are to be observed for each process to be used for joining
the test coupon(s). If any variables are revised during the

joining of a test coupon, the revised variables shall be
agreed upon by the representatives of each participating
organization.

(c) Joining of the test coupon(s) shall be conducted
under the simultaneous supervision of the representa-
tives of each participating organization.

(d) The PQR shall document that the qualification was
conducted under the provisions of QG-106.4.

QG-107 OWNERSHIP TRANSFERS

Organizations may maintain effective operational
control of PQRs, procedure specifications, and perfor-
mance qualification records under different ownership
than existed during the original procedure qualification.
Multiple organizations under a common ownership may
use PQRs, procedure specifications, and performance
qualification records under that owner’s name. The
quality program of each organization shall describe the
effective operational control and authority for technical
direction of welding.
When an organization or some part thereof is acquired

by a new owner(s), the PQRs, procedure specifications,
and performance qualification records may remain
valid for use by the new owner(s) without requalification;
and thenewowner(s) PQRs, procedure specifications, and
performancequalification recordsbecomevalid for useby
the acquired organization, provided all of the following
requirements have been met:

(a) The new owner(s) takes responsibility for the
procedure specifications and performance qualification
records.

(b) The procedure specifications identify the name of
the new owner(s) prior to use.

(c) The quality programdocuments the original source
of the PQRs, procedure specifications, and performance
qualification records as being from the original qualifying
organization.

QG-108 ð23ÞSPECIFICATIONS AND QUALIFICATIONS
MADE TO PREVIOUS EDITIONS

Joining procedure specifications, procedure qualifica-
tions, and performance qualifications that were made
in accordance with earlier Editions or Addenda of this
Section may be used in any construction for which the
current Edition has been specified.
Procedure qualifications made in accordance with

earlierEditionsorAddendamaybeused to supportproce-
dure specifications written to later Editions and Addenda
provided the essential and, when required, supplemen-
tary essential variables specified by the later Editions
or Addenda were addressed on the previously qualified
procedure qualification records.
Procedure specifications, procedure qualification

records, and performance qualification records meeting
the above requirements do not require amendment to
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include any variables required by later Editions of Section
IX, except as specified in QW-421.4. However, as required
by QG-100(b), the qualification requirements of the refer-
encing code, standard, or specification shall be met.
Qualification of new procedure specifications for

joining processes, and performance qualifications for
persons applying them, shall be in accordance with the
current Edition of Section IX.

QG-109 DEFINITIONS

QG-109.1 GENERAL

Definitions of themore common terms relating tomate-
rial-joining processes are defined in QG-109.2. There are
terms listed that are specific to ASME Section IX and are
not presently defined in AWS A3.0. Several definitions
have been modified slightly from AWS A3.0 so as to
better define the context or intent as used in ASME
Section IX.

QG-109.2ð23Þ DEFINITIONS
arc seam weld: a seam weld made by an arc welding
process.
arc spotweld: a spotweldmade by an arcwelding process.
arc strike: any inadvertent discontinuity resulting from an
arc, consisting of any localized remelted metal, heat-
affected metal, or change in the surface profile of any
metal object. The arc may be caused by arc welding elec-
trodes, magnetic inspection prods, or frayed electrical
cable.
arcwelding: a group ofwelding processeswherein coales-
cence is produced by heating with an arc or arcs, with or
without the application of pressure, and with or without
the use of filler metal.
as-brazed: adj. pertaining to the condition of brazements
after brazing, prior to any subsequent thermal, mechan-
ical, or chemical treatments.
as-welded: adj. pertaining to the condition of weld metal,
welded joints, and weldments after welding but prior to
any subsequent thermal, mechanical, or chemical treat-
ments.
backgouging: the removal of weld metal and base metal
from the weld root side of a welded joint to facilitate
complete fusion and complete joint penetration upon
subsequent welding from that side.
backhand welding: a welding technique in which the
welding torch or gun is directed opposite to the progress
of welding.
backing: amaterial placed at the root of aweld joint for the
purpose of supporting molten weld metal. The material
may or may not fuse into the joint. See also retainer.

backing gas: a gas, such as argon, helium, nitrogen, or reac-
tive gas, which is employed to exclude oxygen from the
root side (opposite from the welding side) of weld joints.
basemetal: themetal or alloy that iswelded, brazed, or cut.
bead-up cycle: part of the butt-fusing process to ensure
complete contact between the heater surface and the
pipe ends. The bead-up cycle begins when initial
contact of the pipe ends to the heater is made at butt-
fusing pressure until an indication of melt is observed
around the pipe circumference.
bond line (brazing and thermal spraying): the cross section
of the interface between a braze or thermal spray deposit
and the substrate.
bracketed qualification: a procedure qualification
performed by preparing test coupons using combinations
of high and low values of specified variables to establish
the upper and lower range of qualification for those vari-
ables.
braze: a joint produced by heating an assembly to suitable
temperatures and by using a filler metal having a liquidus
above 840°F (450°C) and below the solidus of the base
materials. The filler metal is distributed between the
closely fitted surfaces of the joint by capillary action.
brazer: one who performs a manual or semiautomatic
brazing operation.
brazing: a group of metal joining processes which
produces coalescence of materials by heating them to a
suitable temperature, and by using a filler metal
having a liquidus above 840°F (450°C) and below the
solidus of thebasematerials. The fillermetal is distributed
between the closely fitted surfaces of the joint by capillary
action.
brazing operator: onewho operatesmachine or automatic
brazing equipment.
brazing temperature: the temperature to which the base
metal(s) is heated to enable the fillermetal towet the base
metal(s) and form a brazed joint.
brazing temperature range: the temperature range within
which brazing can be conducted.
brazing, automatic: brazing with equipment which
performs the brazing operation without constant obser-
vation and adjustment by a brazing operator. The equip-
ment may or may not perform the loading and unloading
of the work.
brazing, block (BB): a brazing process that uses heat from
heated blocks applied to the joint. This is an obsolete or
seldom used process.
brazing, dip (DB): a brazing process in which the heat
required is furnished by a molten chemical or metal
bath. When a molten chemical bath is used, the bath
may act as a flux; when a molten metal bath is used,
the bath provides the filler metal.
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brazing, furnace (FB):abrazingprocess inwhich thework-
pieces are placed in a furnace and heated to the brazing
temperature.
brazing, induction (IB): a brazing process that uses heat
from the resistance of the workpieces to induced electric
current.
brazing, machine: brazing with equipment which
performs the brazing operation under the constant obser-
vation and control of a brazing operator. The equipment
may or may not perform the loading and unloading of the
work.
brazing, manual: a brazing operation performed and
controlled completely by hand. See also automatic
brazing and machine brazing.
brazing, resistance (RB): a brazing process that uses heat
from the resistance to electric current flow in a circuit of
which the workpieces are a part.
brazing, semiautomatic: brazing with equipment which
controls only the brazing filler metal feed. The advance
of the brazing is manually controlled.
brazing, torch (TB): abrazingprocess that usesheat froma
fuel gas flame.
build-upof basemetal (restorationof basemetal thickness):
this is the application of a weldmaterial to a basemetal so
as to restore the design thickness and/or structural integ-
rity. This build-upmay bewith a chemistry different from
the base metal chemistry which has been qualified via a
standard butt-welded test coupon. Also, may be called
base metal repair or buildup.
butt joint: a joint between two members aligned approxi-
mately in the same plane.
butt-fusing cycle: pressure–time diagram for a defined
fusing temperature, representing the entire fusing opera-
tion.
butt-fusing pressure: the sumof the theoretical butt-fusing
pressure plus the drag pressure. This is verified by the
gauge pressure used by the fusing operator on the
butt-fusing machine to join the pipe ends or by applied
torque when torque verification is required by the
fusing procedure specification (FPS).
butt fusion (BF): fusing accomplished by heating the ends
of polyethylene pipes above their melting point using a
contact heater, then removing the heater and applying
pressure necessary to achieve coalescence of the
molten polyethylene materials during the cooling
phase. Some of the more common terms relating to BF
are defined in ASTM F412.
buttering: the addition of material, by welding, on one or
both faces of a joint, prior to thepreparationof the joint for
final welding, for the purpose of providing a suitable tran-
sition weld deposit for the subsequent completion of the
joint.

clad or cladding:weldmetal overlay or bonded corrosion-
resistant material added to a metal surface.
clad brazing sheet: a metal sheet on which one or both
sides are clad with brazing filler metal.
coalescence: the growing together or growth intoonebody
of the materials being joined.
complete fusion: fusionwhich has occurred over the entire
basematerial surfaces intended for welding, and between
all layers and beads.
consumable insert: filler metal that is placed at the joint
root before welding, and is intended to be completely
fused into the root to become part of the weld.
contact tube: a device which transfers current to a contin-
uous electrode.
control method (FSW): the manner of monitoring and
controlling the position of the rotating tool with
respect to the weld joint during the friction stir
welding process.
control method, force (FSW): a control method that uses a
force set point, such as plunge force or travel force, to
control the tool position. Under the force control
method, the plunge depth or travel speed can vary,
within a specified range, during welding.
controlmethod, position (FSW): a controlmethod that uses
a set plungeposition relative to theplate surface to control
the tool position. Under the position control method, the
plunge force can vary, within a specified range, during
welding.
control method, travel (FSW): a control method that uses a
set travel speed to control the tool position. Under the
travel control method, the travel force can vary, within
a specified range, during welding.
control specimen: a section from the base material tested
to determine its tensile strength for the purpose of
comparing to the tensile strength of the fused joint.
cool time at butt-fusing pressure: the minimum time that
the butt-fusing pressure shall be maintained between the
pipe faces while the pipe joint cools. This is a function of
the wall thickness.
corner joint: a joint between two members located
approximately at right angles to each other in the form
of an L.
coupon: see test coupon.
crack: a fracture-type discontinuity characterized by a
sharp tip and high ratio of length and width to
opening displacement.
creep strength enhanced ferritic alloys (CSEF’s): a family of
ferritic steels whose creep temperature strength is
enhanced by the creation of a precise condition of micro-
structure, specificallymartensiteorbainite,which is stabi-
lized during tempering by controlled precipitation of
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temper-resistant carbides, carbo-nitrides, or other stable
and/or meta-stable phases.
data acquisition record: a detailed, permanent record of
variables applicable to the fusing process, such as butt-
fusion pressure, electrofusion voltage, and cycle cool-
down times, along with the measured heater surface
temperature, employee information, butt-fusing or elec-
trofusion machine information, pipe information, date,
and time for each joint made.
defect: a discontinuity or discontinuities that by nature or
accumulated effect (for example, total crack length)
render a part or product unable to meet minimum appli-
cable acceptance standards or specifications. This term
designates rejectability. See also discontinuity and flaw.
direct current electrode negative (DCEN): the arrangement
of direct current arc welding leads in which the electrode
is the negative pole and the workpiece is the positive pole
of the welding arc.
direct current electrode positive (DCEP): the arrangement
of direct current arc welding leads in which the electrode
is the positive pole and the workpiece is the negative pole
of the welding arc.
discontinuity: an interruption of the typical structure of a
material, such as a lack of homogeneity in its mechanical,
metallurgical, or physical characteristics. A discontinuity
is not necessarily a defect. See also defect and flaw.
double-welded joint: a joint that is welded from both sides.
double-welded lap joint: a lap joint inwhich theoverlapped
edges of the members to be joined are welded along the
edges of both members.
drag pressure: the pressure required to overcome thedrag
resistance and frictional resistance in the butt-fusing
machine and keep the carriage moving at its slowest
speed.
drag resistance: force-opposingmovement of themovable
clamp of the butt-fusing machine due to the weight of the
pipe.
dwell: the time during which the energy source pauses at
any point in each oscillation.
electrode, arc welding: a component of the welding circuit
through which current is conducted.
electrode, bare: a filler metal electrode that has been
produced as a wire, strip, or bar with no coating or
covering other than that incidental to its manufacture
or provided for purposes of preservation, feeding, or elec-
trical contact.
electrode, carbon:anonfillermaterial electrodeused inarc
weldingandcutting, consistingof a carbonorgraphite rod,
which may be coated with copper or other materials.
electrode, composite: a generic term of multicomponent
filler metal electrodes in various physical forms, such
as stranded wires, tubes, and covered electrodes.

electrode, covered: a composite filler metal electrode
consisting of a core of a bare electrode or metal-cored
electrode to which a covering sufficient to provide a
slag layer on the weld metal has been applied. The
covering may contain materials providing such functions
as shielding from the atmosphere, deoxidation, and arc
stabilization, and can serve as a source of metallic addi-
tions to the weld.
electrode, electroslag welding: a filler metal component of
the welding circuit through which current is conducted
between the electrode guiding member and the molten
slag.
NOTE: Bare electrodes and composite electrodes as defined
under arc welding electrode are used for electroslag welding.
A consumable guide may also be used as part of the electroslag
welding electrode system.

electrode, emissive: a filler metal electrode consisting of a
core of a bare electrode or a composite electrode to which
a very light coating has been applied to produce a stable
arc.
electrode, flux-cored: a composite filler metal electrode
consisting of a metal tube or other hollow configuration
containing ingredients to provide such functions as
shielding atmosphere, deoxidation, arc stabilization,
and slag formation. Alloying materials may be included
in the core. External shielding may or may not be used.
electrode, lightly coated: a filler metal electrode consisting
of a metal wire with a light coating applied subsequent to
the drawing operation, primarily for stabilizing the arc.
electrode,metal:a fillerornonfillermetal electrodeused in
arcwelding and cutting that consists of ametalwire or rod
that has been manufactured by any method and that is
either bare or covered.
electrode, metal-cored: a composite filler metal electrode
consisting of a metal tube or other hollow configuration
containing alloying ingredients. Minor amounts of ingre-
dients providing such functions as arc stabilization and
fluxing of oxides may be included. External shielding
gas may or may not be used.
electrode, resistance welding: the part of a resistance
welding machine through which the welding current
and, in most cases, force are applied directly to the work-
piece. Theelectrodemaybe in the formof a rotatingwheel,
rotating roll, bar, cylinder, plate, clamp, chuck, or modi-
fication thereof.
electrode, stranded: a composite filler metal electrode
consisting of stranded wires which may mechanically
enclose materials to improve properties, stabilize the
arc, or provide shielding.
electrode, tungsten: a nonfiller metal electrode used in arc
welding, arc cutting, and plasma spraying, made princi-
pally of tungsten.
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electrofusion (EF): fusing accomplished by heating poly-
ethylene materials above their melting points using elec-
tric elements within a confined space, producing
temperatures and pressures necessary to achieve coales-
cence of the molten polyethylene materials during the
cooling phase. Some of the more common terms relating
to EF are defined in ASTM F1290 and ASTM F412.
electrofusion manufacturer: the manufacturer of electro-
fusion fittings.
face feed: the application of fillermetal to the face side of a
joint.
filler metal: the metal or alloy to be added in making a
welded, brazed, or soldered joint.
fillermetal, brazing: themetal or alloyusedas a fillermetal
in brazing, which has a liquidus above 840°F (450 °C) and
below the solidus of the base metal.
filler metal, powder: filler metal in particle form.
filler metal, supplemental: in electroslag welding or in a
welding process in which there is an arc between one
or more consumable electrodes and the workpiece, a
powder, solid, or composite material that is introduced
into the weld other than the consumable electrode(s).
fillet weld: a weld of approximately triangular cross
section joining two surfaces approximately at right
angles to each other in a lap joint, tee joint, or corner joint.
flaw: an undesirable discontinuity. See also defect.
flux (welding or brazing): a material used to dissolve,
prevent, or facilitate the removal of oxides or other unde-
sirable surface substances. It may act to stabilize the arc,
shield the molten pool, and may or may not evolve
shielding gas by decomposition.
flux cover:metalbathdipbrazinganddipsoldering.A layer
of molten flux over the molten filler metal bath.
flux, active (SAW): a flux from which the amount of
elements deposited in the weld metal is dependent
upon the welding parameters, primarily arc voltage.
flux, alloy (SAW): a flux which provides alloying elements
in the weld metal deposit.
flux, neutral (SAW): a fluxwhichwill not cause a significant
change in the weld metal composition when there is a
large change in the arc voltage.
forehand welding: a welding technique in which the
welding torch or gun is directed toward the progress
of welding.
frequency: the completednumberof cycleswhich theoscil-
lating head makes in 1 min or other specified time incre-
ment.
frictional resistance in the butt-fusing machine: force-
opposing movement due to friction in the mechanism
of the fusing machine.

fuel gas: a gas such as acetylene, natural gas, hydrogen,
propane, stabilized methylacetylene propadiene, and
other fuels normally used with oxygen in one of the
oxyfuel processes and for heating.
fused spray deposit (thermal spraying): a self-fluxing
thermal spray deposit which is subsequently heated to
coalescence within itself and with the substrate.
fusing: the coalescence of two plastic members by the
combination of controlled heating and the application
of pressure approximately normal to the interface
between them.
fusing gauge pressure: the hydraulic gauge pressure to be
observed by the fusing operator when butt fusing or side-
wall fusing polyethylene (PE) piping. This is the sumof the
theoretical fusing pressure plus the drag pressure.
fusing operator: person trained and qualified to carry out
fusing of polyethylene (PE) pipes and/or fittings using a
butt-fusing or sidewall-fusing procedure or electrofusion
procedure with applicable equipment.
fusing procedure specification: a document providing in
detail the required variables for the fusing process to
ensure repeatability in the fusing procedure. This
generic term includes fusing procedure specifications
qualifiedby testing (FPS), aswell as standard fusingproce-
dure specifications (SFPS) ormanufacturer qualified elec-
trofusion procedure specifications (MEFPS).
fusion (fusion welding): themelting together of fillermetal
and base metal, or of base metal only, to produce a weld.
fusion face: a surface of the base metal that will be melted
during welding.
fusion line: a non-standard term for weld interface.
gas backing: see backing gas.
globular transfer (arc welding): a type of metal transfer in
which molten filler metal is transferred across the arc in
large droplets.
groove weld: a weld made in a groove formed within a
single member or in the groove between two members
to be joined. The standard types of groove weld are as
follows:

(a) square groove weld
(b) single-Vee groove weld
(c) single-bevel groove weld
(d) single-U groove weld
(e) single-J groove weld
(f) single-flare-bevel groove weld
(g) single-flare-Vee groove weld
(h) double-Vee groove weld
(i) double-bevel groove weld
(j) double-U groove weld
(k) double-J groove weld
(l) double-flare-bevel groove weld
(m) double-flare-Vee groove weld
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header: pipe used as a central connection or amanifold for
other piping runs.
heat soak cycle: the portion of the butt-fusing or sidewall-
fusing procedure where heat is allowed to soak into the
pipes or fittings after the bead-up cycle is complete. The
heat soak cycle begins by reducing the pressure to that
required to maintain contact with the heater surfaces
without force. The pipe ends continue heating until the
minimum heat soak time is completed for the pipe
wall being joined and the minimum bead size is attained
per the standard procedure.
heat soak time: the time required to complete the butt-
fusing or sidewall-fusing heat soak cycle.
heater removal (dwell) time: period of time during butt
fusing or sidewall fusing from the separation of the
pipe or fitting from the heater surface, removal of the
heater, and closure of the carriage to bring the molten
pipe or fitting surfaces together.
heater temperature:measured temperatureon the surface
of the heater where the pipe or fitting cross sectionmakes
contact during butt fusing or sidewall fusing.
heat-affected zone: that portion of the base metal which
has not been melted, but whose mechanical properties or
microstructures have been altered by the heat of welding
or cutting.
initial heating interfacial pressure: the amount of force per
unit area of butt-fused or sidewall-fused joints that is
applied during the bead-up cycle before the heat soak
cycle.
instantaneous energy: as used for waveform controlled
welding, the determination of total energy during a
time period using the product of current and voltage
measurements made at rapid intervals that capture
brief changes in the welding waveform.
instantaneous power: as used for waveform controlled
welding, the determination of average power using the
product of current and voltage measurements made at
rapid intervals that capture brief changes in the
welding waveform.
integrated backing: base metal that is used to support or
contain theweldpuddleduring its deposition and remains
as part of the completed weldment.
interfacial pressure: the amount of fusing force per unit
area of fused joint required to make an approved butt-
fused or sidewall-fused joint. This is used to calculate
the fusing machine gauge pressure. The interfacial pres-
sure is often expressed as a range [example: 60 psi to 90
psi (400 kPa to 600 kPa)], and the common practice is to
use the mid-range [example: 75 psi (505 kPa) when
making these calculations.
interpass temperature: for multiple-pass welds, the
temperature in the previously deposited weld metal or
adjacent base metal [typically within 1 in. (25 mm) of

the weld deposit] immediately before the next pass is
started.
joint: the junction of members or the edges of members
which are to be joined or have been joined.
joint penetration: the distance the weld metal extends
from theweld face into a joint, exclusive ofweld reinforce-
ment.
keyhole welding: a technique inwhich a concentrated heat
source penetrates partially or completely through awork-
piece, forming a hole (keyhole) at the leading edge of the
weldpool. As theheat sourceprogresses, themoltenmetal
fills in behind the hole to form the weld bead.
lap joint: a joint between two overlapping members in
parallel planes.
lap or overlap: the distance measured between the edges
of two plates when overlapping to form the joint.
layer: a stratum of weld metal consisting of one or more
beads. See Figures QG-109.2.1 and QG-109.2.2.
lower transformation temperature: the temperature at
which austenite begins to form during heating.
macro-examination: the process of observing a specimen
cross-section by the unaided eye, or at a specified low
magnification, with or without the use of smoothing
and etching.
Manufacturer Qualified Electrofusion Procedure Specifica-
tion (MEFPS): an electrofusion fusing procedure specifi-
cation developed by an electrofusion fittingmanufacturer
based on standard industry practice in accordance with
the Plastics Pipe Institute (PPI)MAB-02 and ASTMF1290,
for the electrofusion fitting manufacturer’s specific elec-
trofusion joint design, and qualified by the electrofusion
fitting manufacturer in accordance with ASTM F1055 to
define the ranges for the essential variables identified in
QF-253. An MEFPS may be used for production fusing by
organizations without further qualification.
material-joining processes: welding, brazing, or plastic-
fusing processes, including wire-additive welding and
processes used to deposit overlays or cladding.
melt bead size: the width of a bead formed at the interface
between the heated pipe surface and the heater surface
during the butt-fusing or sidewall-fusing heating cycle.
melt-in: a technique of welding in which the intensity of a
concentrated heat source is so adjusted that a weld pass
can be produced from filler metal added to the molten
weld metal.
metal transfer mode (gas metal-arc welding): the manner
in which molten metal travels from the end of a consum-
able electrode to the workpiece. See also short-circuiting
transfer (gas metal-arc welding); pulsed power welding;
globular transfer (arc welding); pulsed spray welding;
and spray transfer (arc welding).

ASME BPVC.IX-2023

9

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


nugget: the volume of weld metal formed in a spot, seam,
or projection weld.
organization: as used in this Section, an organization is a
manufacturer, contractor, assembler, installer, or other
entity having responsibility for operational control of
the material-joining methods used in the construction
of components in accordance with the codes, standards,
and specifications which reference this Section.
oscillation: for a machine or automatic process, an alter-
natingmotion relative to the directionof travel ofwelding,
brazing, or thermal spray device. See also weave bead.
overlay: a non-standard term, used in Section IX, for surfa-
cing. See also hard-facing and corrosion-resistant overlay.
overlay, corrosion-resistant weld metal: deposition of one
ormore layers of weldmetal to the surface of a basemate-
rial in an effort to improve the corrosion resistance prop-
erties of the surface. Thiswould be applied at a level above
the minimum design thickness as a nonstructural compo-
nent of the overall wall thickness.
overlay, hard-facing weldmetal: deposition of one ormore
layers ofweldmetal to the surface of amaterial in an effort
to improve the wear resistance properties of the surface.
Thiswouldbeappliedat a level above theminimumdesign
thickness as anonstructural component of the overallwall
thickness.
pass: a single progression of a welding or surfacing opera-
tionalonga joint,welddeposit, or substrate. The result of a
pass is a weld bead or layer.
pass, cover: a final or cap pass(es) on the face of a weld.
pass, wash: pass to correctminor surface aberrations and/
or prepare the surface for nondestructive testing.
peel test: adestructivemethodof testing thatmechanically
separates a lap joint by peeling.
peening: the mechanical working of metals using impact
blows.
performance qualification: the demonstration of a
welder’s or welding operator’s ability to produce
welds meeting prescribed standards.
plastics:: those materials listed in Table QF-422.
plugweld:aweldmade ina circular, orothergeometrically
shapedhole (like a slotweld) in onemember of a lap or tee
joint, joining that member to the other. The walls of the
hole may or may not be parallel, and the hole may be
partially or completely filled with weld metal. (A fillet-
welded hole or spot weld should not be construed as
conforming to this definition.)
polarity, reverse: the arrangement of direct current arc
welding leads with the work as the negative pole and
the electrode as the positive pole of the welding arc; a
synonym for direct current electrode positive.

polarity, straight: the arrangement of direct current arc
welding leads in which the work is the positive pole
and the electrode is the negative pole of the welding
arc; a synonym for direct current electrode negative.
polyethylene (PE): a polyolefin composed of polymers of
ethylene.
postbraze heat treatment: any heat treatment subsequent
to brazing.
postheating: the application of heat to an assembly after
welding, brazing, soldering, thermal spraying, or thermal
cutting.
postweld heat treatment: any heat treatment subsequent
to welding.
postweld hydrogen bakeout: holding a completed or
partially completed weld at elevated temperature
below 800°F (425°C) for the purpose of allowing
hydrogen diffusion from the weld.
powder: see filler metal, powder.
preheat current: an impulse or series of impulses that
occurs prior to and is separated from thewelding current.
preheat maintenance: practice of maintaining the
minimum specified preheat temperature, or some speci-
fied higher temperature for some required time interval
after welding or thermal spraying is finished or until post
weld heat treatment is initiated.
preheat temperature: the minimum temperature in the
weld joint preparation immediately prior to the
welding; or in the case of multiple pass welds, the
minimum temperature in the section of the previously
deposited weld metal, immediately prior to welding.
preheating: the applicationof heat to thebasemetal imme-
diately before a welding or cutting operation to achieve a
specified minimum preheat temperature.
pulsed power welding: an arc welding process variation in
which the welding power source is programmed to cycle
between low and high power levels.
quality program: a written program or procedure that
includes, as a minimum, provisions for ensuring that
welding, brazing, and fusing qualifications conform to
the requirements of this Section.
rabbet joint: typical design is indicated in Figures
QB-462.1(c), QB-462.4, QB-463.1(c), and QB-463.2(a).
retainer: nonconsumable material, metallic or nonme-
tallic, which is used to contain or shape molten weld
metal. See also backing.
seal weld: any weld designed primarily to provide a spe-
cific degree of tightness against leakage.
seam weld: a continuous weld made between or upon
overlapping members in which coalescence may start
and occur on the faying surfaces, or may have proceeded
fromthesurfaceof onemember. Thecontinuousweldmay
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consist of a singleweldbeador a seriesof overlapping spot
welds. See also resistance welding.
short-circuiting transfer (gas metal-arc welding): metal
transfer in which molten metal from a consumable elec-
trode is deposited during repeated short circuits. See also
globular transfer and spray transfer.
sidewall fusion (SWF): fusing accomplished bymelting the
concave surface of the base of a saddle fitting while simul-
taneouslymelting amatching pattern on the surface of the
mainpipeusinga contactheater, thenremoving theheater
andbringing the twomelted surfaces togetherunderpres-
sure to achieve coalescence of the molten polyethylene
materials during the cooling phase. Some of the more
common terms relating to sidewall fusion are defined
in ASTM F2620.
single-welded joint: a joint welded from one side only.
single-welded lap joint: a lap joint in which the overlapped
edges of the members to be joined are welded along the
edge of one member only.
slag inclusion: nonmetallic solid material entrapped in
weld metal or between weld metal and base metal.
specimen: see test specimen.
spot weld: a weld made between or upon overlapping
members in which coalescence may start and occur on
the faying surfaces or may proceed from the outer
surface of one member. The weld cross section (plan
view) is approximately circular.
spray transfer (arc welding): metal transfer in which
molten metal from a consumable electrode is propelled
axially across the arc in small droplets.
spray-fuse: a thermal spraying technique in which the
deposit is reheated to fuse the particles and form ametal-
lurgical bond with the substrate.
Standard Fusing Procedure Specification (SFPS): a fusing
procedure specification that contains acceptable poly-
ethylene (PE) fusing variables based on standard industry
practice and testing as defined in ASTM F2620. An SFPS
may be used for production fusing by organizations
without further qualification. Test results are described
in Plastics Pipe Institute (PPI) Technical Reports TR-33
for butt fusing and TR-41 for sidewall fusing.
Standard Welding Procedure Specification (SWPS): a
welding procedure specification, published by the Amer-
icanWeldingSociety, that ismadeavailable forproduction
welding by companies or individuals without further
qualification, and that may be used in Code applications
in accordance with the restrictions and limitations of
Article V.
stringer bead: a weld bead formed without appreciable
weaving.

surface temper bead reinforcing layer: a subset of temper
bead welding in which one or more layers of weld metal
are applied on or above the surface layers of a component
andareused tomodify theproperties of previously depos-
ited weld metal or the heat-affected zone. Surface layer
may cover a surface or only the perimeter of the weld.
surfacing: the application by welding, brazing, or thermal
spraying of a layer(s) of material to a surface to obtain
desired properties or dimensions, as opposed to
making a joint.
tee joint (T): a joint between two members located
approximately at right angles to each other in the form
of a T.
temper beadwelding: aweld bead placed at a specific loca-
tion in or at the surface of a weld for the purpose of
affecting the metallurgical properties of the heat-affected
zoneorpreviously depositedweldmetal. Thebeadmaybe
above, flush with, or below the surrounding base metal
surface. If above the base metal surface, the beads may
cover all or only part of the weld deposit and may or
may not be removed following welding.
test coupon: a weld or braze assembly for procedure or
performance qualification testing. The coupon may be
any product from plate, pipe, tube, etc., and may be a
fillet weld, overlay, deposited weld metal, etc.
test coupon, fusing: a fused plastic test joint that ismade to
qualify a fusing procedure or fusing operator.
test specimen: a sample of a test coupon for specific test.
The specimen may be a bend test, tension test, toughness
test, chemical analysis, macrotest, etc. A specimenmay be
a complete test coupon, for example, in radiographic
testing or small diameter pipe tension testing.
theoretical fusing pressure: the pipe areamultiplied by the
interfacial pressure and divided by the total effective
piston area of the butt-fusing machine.
thermal cutting (TC): a group of cutting processes that
severs or removes metal by localized melting, burning,
or vaporizing of the workpieces.
throat, actual (of fillet): the shortest distance from the root
of a fillet weld to its face.
throat, effective (of fillet): the minimum distance from the
fillet face,minusanyconvexity, to theweld root. In the case
of fillet welds combinedwith a groove weld, the weld root
of the groove weld shall be used.
throat, theoretical (of fillet): the distance from the begin-
ning of the joint root perpendicular to the hypotenuse of
the largest right triangle that can be inscribed within the
cross-section of a fillet weld. This dimension is based on
the assumption that the root opening is equal to zero.
trailinggas:agasused toproduceaprotectiveatmosphere
that extends beyond the weld pool in the direction oppo-
site of travel.
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undercut: a groove melted into the base metal adjacent to
the weld toe or weld root and left unfilled by weld metal.
upper transformation temperature: the temperature at
which transformation of the ferrite to austenite is
completed during heating.
usability: a measure of the relative ease of application of a
filler metal to make a sound weld or braze joint.
waveform controlled welding: A welding process modifi-
cation of the voltage and/or currentwave shape to control
characteristics such as droplet shape, penetration,
wetting, bead shape or transfer mode(s).
weavebead: foramanualor semiautomaticprocess, aweld
bead formed using weaving. See also oscillation.
weaving: a welding technique in which the energy source
is oscillated transversely as it progresses along the weld
path.
weld: a localized coalescence of metals or nonmetals
produced either by heating the materials to the
welding temperature, with or without the application
of pressure, or by the application of pressure alone
and with or without the use of filler material.
weld bead: a weld deposit resulting from a pass. See also
stringer bead and weave bead.
weld face: the exposed surface of a weld on the side from
which welding was done.
weld interface: the interface between the weld metal and
base metal in a fusion weld.
weld metal: metal in a fusion weld consisting of that
portion of the base metal and filler metal melted
during welding.
weld reinforcement: weld metal on the face or root of a
grooveweld in excess of themetal necessary for the speci-
fied weld size.
weld size: for equal leg fillet welds: the leg lengths of the
largest isosceles right triangle which can be inscribed
within the fillet weld cross section.
weld size: for unequal leg fillet welds: the leg lengths of the
largest right triangle which can be inscribed within the
fillet weld cross section.
weld size: groove welds: the depth of chamfering plus any
penetration beyond the chamfering, resulting in the
strength carrying dimension of the weld.
weld, autogenous: a fusionweldmadewithout filler metal.
welder: one who performs manual or semiautomatic
welding.
welding operator:onewhooperatesmachine or automatic
welding equipment.
welding, arc stud (SW): an arcweldingprocess that uses an
arc between a metal stud, or similar part, and the other
workpiece. The process is used without filler metal, with

or without shielding gas or flux, with or without partial
shielding from a ceramic or graphite ferrule surrounding
the stud, and with the application of pressure after the
faying surfaces are sufficiently heated.
welding, automatic: welding with equipment which
performs the welding operation without adjustment of
the controls by a welding operator. The equipment
may or may not perform the loading and unloading of
the work. See also machine welding.
welding, consumable guide electroslag: an electroslag
welding process variation in which filler metal is supplied
by an electrode and its guiding member.
welding, diffusion (DFW): a solid-state welding process
producing a weld between multiple layers of sheet or
plateby theapplicationofmechanical pressureat elevated
temperaturewith nomacroscopic deformation or relative
motion of the work pieces. A solid filler metal may be
inserted between the faying surfaces.
welding, electrogas (EGW): an arc welding process that
uses an arc between a continuous filler metal electrode
and the weld pool, employing approximately vertical
welding progression with retainers to confine the weld
metal. The process is used with or without an externally
supplied shielding gas andwithout the applicationof pres-
sure. Shielding for use with solid or metal-cored elec-
trodes is obtained from a gas or gas mixture. Shielding
for use with flux-cored electrodes may or may not be
obtained from an externally supplied gas or gas mixture.
welding, electron beam (EBW): a welding process that
produces coalescence with a concentrated beam
composed primarily of high-velocity electrons, impinging
on the joint. The process is usedwithout shielding gas and
without the application of pressure.
welding, electroslag (ESW): a welding process producing
coalescence of metals with molten slag which melts the
fillermetal and the surfaces of thework to be welded. The
molten weld pool is shielded by this slag which moves
along the full cross section of the joint as welding
progresses. The process is initiated by an arc which
heats the slag. The arc is then extinguished and the
conductive slag is maintained in a molten condition by
its resistance to electric current passing between the elec-
trode and thework. See electroslag welding electrode and
consumable guide electroslag welding.
welding, explosion (EXW): a solid-state welding process
producing a weld by high-velocity impact of the work-
pieces as a result of a controlled detonation.
welding, flux-cored arc (FCAW): a gas metal-arc welding
process that uses an arc between a continuous filler
metal electrode and the weld pool. The process is used
with shielding gas from a flux contained within the
tubular electrode, with or without additional shielding
from an externally supplied gas, and without the applica-
tion of pressure.
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welding, friction (FRW): a solid state welding process that
produces aweldunder compressive force contact ofwork-
pieces rotating or moving relative to one another to
produce heat and plastically displace material from the
faying surfaces.
welding, friction stir (FSW): a variation of friction welding
producing a weld by the friction heating and plastic mate-
rial displacement caused by a rapidly rotating tool traver-
sing the weld joint.
welding, friction, inertia and continuous drive: processes
and types of friction welding (solid state welding
process) wherein coalescence is produced after heating
is obtained from mechanically induced sliding motion
between rubbing surfaces held together under pressure.
Inertia welding utilizes all of the kinetic energy stored in a
revolving flywheel spindle system. Continuous drive fric-
tion welding utilizes the energy provided by a continuous
drive source such as an electric or hydraulic motor.
welding, gas metal-arc (GMAW): an arc welding process
that uses an arc between a continuous filler metal elec-
trodeand theweldpool. Theprocess is usedwith shielding
from an externally supplied gas and without the applica-
tion of pressure.
welding, gasmetal-arc, pulsed spray (GMAW-P): a variation
of the gasmetal-arcwelding process inwhich the power is
pulsed resulting in transfer of the metal across the arc in
spray mode. See also pulsed power welding.
welding, gas metal-arc, short-circuiting arc (GMAW-S): a
variation of the gas metal-arc welding process in
which the consumable electrode is deposited during
repeated short circuits. See also short-circuiting transfer.
welding, gas tungsten-arc (GTAW): an arc welding process
which produces coalescence of metals by heating them
with an arc between a tungsten (nonconsumable) elec-
trode and the work. Shielding is obtained from a gas
or gas mixture. Pressure may or may not be used and
filler metal may or may not be used. (This process has
sometimesbeen calledTIGwelding, a nonpreferred term.)
welding, gas tungsten-arc, pulsedarc (GTAW-P):avariation
of the gas tungsten-arc welding process in which the
current is pulsed. See also pulsed power welding.
welding, hybrid: welding in which two or more welding
processes are used in the same weld pool.
welding, hybrid, process separation: the distance between
each welding process as specified in the WPS.
welding, hybrid, process sequence: the order of each
welding process with respect to the direction of travel.
welding, induction (IW): a welding process that produces
coalescenceofmetalsby theheatobtained fromresistance
of the workpieces to the flow of induced high frequency
welding current with or without the application of pres-
sure. The effect of thehigh-frequencywelding current is to
concentrate the welding heat at the desired location.

welding, laser beam (LBW): a welding process which
produces coalescence of materials with the heat obtained
fromtheapplicationof aconcentratedcoherent lightbeam
impinging upon themembers to be joined.Welding can be
performed by using the melt-in technique [see also
welding, low-power density laser beam (LLBW)] or by
keyhole welding.
welding, low-power density laser beam (LLBW): a variation
of the laser beam welding process in which the coherent
light beam employs reduced power density, such that
coalescence of materials is achieved by conduction (i.e.,
melt-in) without keyhole welding.
welding, machine: welding with equipment that has
controls that can be adjusted by the welding operator,
or adjusted under the welding operator’s direction, in
response to changes in the welding conditions. The
torch, gun, or electrode holder is held by a mechanical
device. See also welding, automatic.
welding, manual: welding wherein the entire welding
operation is performed and controlled by hand.
welding, oxyfuel gas (OFW): a group of welding processes
which produces coalescence by heating materials with an
oxyfuel gas flame or flames, with or without the applica-
tion of pressure, andwithorwithout theuse of fillermetal.
welding, plasma-arc (PAW): an arc welding process which
produces coalescence of metals by heating them with a
constricted arc between an electrode and the workpiece
(transferred arc), or the electrode and the constricting
nozzle (nontransferred arc). Shielding is obtained from
the hot, ionized gas issuing from the torch orifice
which may be supplemented by an auxiliary source of
shielding gas. Shielding gas may be an inert gas or a
mixture of gases. Pressure may or may not be used,
and filler metal may or may not be supplied.
welding, projection (PW): a resistance welding process
that produces coalescence by the heat obtained from
the resistance of the flowofwelding current. The resulting
welds are localized at predetermined points by projec-
tions, embossments, or intersections. The metals to be
joined lap over each other.
welding, resistance (RW): a group of welding processes
that produces coalescence of the faying surfaces with
the heat obtained from resistance of the workpieces to
the flow of the welding current in a circuit of which
the workpieces are a part, and by the application of pres-
sure.
welding, resistance seam (RSEW): a resistance welding
process thatproducesaweldat the fayingsurfacesofover-
lapped parts progressively along a length of a joint. The
weld may be made with overlapping weld nuggets, a
continuous weld nugget, or by forging the joint as it is
heated to the welding temperature by resistance to the
flow of the welding current.
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welding, resistance spot (RSW): a resistance welding
process that produces a weld at the faying surfaces of
a joint by the heat obtained from resistance to the
flowofwelding current through theworkpieces fromelec-
trodes that serve to concentrate the welding current and
pressure at the weld area.
welding, resistance stud: a resistance welding process
wherein coalescence is produced by the heat obtained
from resistance to electric current at the interface
between the stud and the workpiece, until the surfaces
to be joined are properly heated, when they are
brought together under pressure.
welding, semiautomatic arc: arc welding with equipment
which controls only the filler metal feed. The advance of
the welding is manually controlled.
welding, shielded metal-arc (SMAW): an arc welding
process with an arc between a covered electrode and
the weld pool. The process is used with shielding from
the decomposition of the electrode covering, without
the application of pressure, and with filler metal from
the electrode.
welding, stud: a general term for the joining of ametal stud
or similar part to a workpiece. Welding may be accom-
plished by arc, resistance, friction, or other suitable
process with or without external gas shielding.
welding, submerged-arc (SAW): an arc welding process
that uses an arc or arcs between a bare metal electrode
or electrodes and theweld pool. The arc andmoltenmetal
are shielded by a blanket of granular flux on the work-
pieces. The process is used without pressure and with
filler metal from the electrode and sometimes from a
supplemental source (welding rod, flux, or metal gran-
ules).
weldment: an assemblywhose constituent parts are joined
by welding, or parts which contain weld metal overlay.

wire-additivewelding: thedepositionofweldmetal usinga
welding process and wire filler metal to create a new
component either separately or joined to an existing
component.

Figure QG-109.2.1
Typical Single and Multibead Layers

Layers

Cover beads

11 10 9

78
6 5

34
2

1

Figure QG-109.2.2
Typical Single Bead Layers

Cover bead

Layers

1
2
3
4
5
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7
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PART QW
WELDING

ARTICLE I
WELDING GENERAL REQUIREMENTS

QW-100 SCOPE
The rules in this Part apply to the preparation of

Welding Procedure Specifications (WPS) and the qualifi-
cationofweldingprocedures,welders, andweldingopera-
tors for all types of manual and machine welding
processes permitted in this Part. These rules may also
be applied, insofar as they are applicable, to other
manual or machine welding processes permitted in
other Sections.

QW-101ð23Þ PROCEDURE SPECIFICATION

A WPS used by an organization that will have respon-
sible operational control of production welding shall be a
WPS that has been qualified by that organization in accor-
dance with Article II, or it shall be an AWS Standard
Welding Procedure Specification (SWPS) listed in
Mandatory Appendix E and adopted by that organization
in accordance with Article V.
Both WPSs and SWPSs specify the variables (including

ranges, if any) under which welding must be performed.
These conditions include the base metals that are
permitted, the filler metals that must be used (if any),
preheat and postweld heat treatment requirements, etc.
A WPS shall address, as a minimum, the specific vari-

ables, both essential and nonessential, as provided in
Article II for each process to be used in production
welding. In addition, when referencing codes, standards,
or specifications require toughness qualification of the
WPS, the supplementary essential variables must be
addressed in the WPS.
When a variable is outside the scope of a WPS (e.g., the

variable applies to a P-Number not included on the WPS)
or is addressed by another variable (e.g., the AWS Classi-
fication specifies the filler metal product form), that vari-
able need not be specifically addressed on the WPS or
PQRs that support the WPS.

QW-102 PERFORMANCE QUALIFICATION

In performance qualification, the basic criterion estab-
lished forwelderqualification is todetermine thewelder’s
ability to deposit sound weld metal. The purpose of the
performance qualification test for the welding operator is
to determine the welding operator’s mechanical ability to
operate the welding equipment.

QW-103 RESPONSIBILITY

QW-103.1 Welding. Each organization shall conduct
the tests required in this Section to qualify the welding
procedures used in the construction of the weldments
built under this Code and the performance of welders
and welding operators who apply these procedures.

QW-103.2 Records. Each organization shall maintain a
record of the results obtained in welding procedure and
welder and welding operator performance qualifications.
Refer to recommendedForms inNonmandatoryAppendix
B.

QW-110 WELD ORIENTATION
The orientations of welds are illustrated in Figure

QW-461.1 or Figure QW-461.2.

QW-120 TEST POSITIONS FOR GROOVE
WELDS

Groove welds may be made in test coupons oriented in
any of the positions in Figure QW-461.3 or Figure
QW-461.4 and as described in the following paragraphs,
except that an angular deviationof ±15deg from the speci-
fied horizontal and vertical planes, and an angular devia-
tion of ±5 deg from the specified inclined plane are
permitted during welding.

QW-121 PLATE POSITIONS

QW-121.1 Flat Position 1G. Plate in a horizontal plane
with the weld metal deposited from above. Refer to
Figure QW-461.3, illustration (a).
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QW-121.2 Horizontal Position 2G. Plate in a vertical
plane with the axis of the weld horizontal. Refer to
Figure QW-461.3, illustration (b).

QW-121.3 VerticalPosition3G.Plate in a vertical plane
wi th the ax i s o f the we ld ver t i c a l . Re f e r to
Figure QW-461.3, illustration (c).

QW-121.4 Overhead Position 4G. Plate in a horizontal
plane with the weld metal deposited from underneath.
Refer to Figure QW-461.3, illustration (d).

QW-122 PIPE POSITIONS

QW-122.1 Flat Position 1G. Pipe with its axis hori-
zontal and rolled during welding so that the weld
metal is deposited from above. Refer to Figure
QW-461.4, illustration (a).

QW-122.2 Horizontal Position 2G. Pipe with its axis
vertical and the axis of the weld in a horizontal plane.
Pipe shall not be rotated during welding. Refer to
Figure QW-461.4, illustration (b).

QW-122.3 MultiplePosition5G.Pipewith its axis hori-
zontal and with the welding groove in a vertical plane.
Welding shall be done without rotating the pipe. Refer
to Figure QW-461.4, illustration (c).

QW-122.4 Multiple Position 6G. Pipe with its axis
inclined at 45 deg to horizontal. Welding shall be done
without rotating the pipe. Refer to Figure QW-461.4, illus-
tration (d).

QW-123 TEST POSITIONS FOR STUD WELDS

QW-123.1 Stud Welding. Stud welds may be made in
test coupons oriented in any of the positions as described
in QW-121 for plate and QW-122 for pipe (excluding
QW-122.1). In all cases, the stud shall be perpendicular
to the surface of the plate or pipe. See Figures
QW-461.7 and QW-461.8.

QW-124 SPECIAL POSITIONS

QW-124.1 Test positions other than those defined in
QW-120 through QW-123 are defined as “special posi-
tions.”

QW-130 TEST POSITIONS FOR FILLET WELDS
Filletweldsmaybemade in test couponsoriented inany

of the positions of Figure QW-461.5 or Figure QW-461.6,
and as described in the following paragraphs, except that
an angular deviation of ±15 deg from the specified hori-
zontal and vertical planes is permitted during welding.

QW-131 PLATE POSITIONS

QW-131.1 Flat Position 1F. Plates so placed that the
weld is deposited with its axis horizontal and its
throat vertical. Refer to Figure QW-461.5, illustration (a).

QW-131.2 HorizontalPosition 2F.Plates soplaced that
theweld is depositedwith its axis horizontal on the upper
side of the horizontal surface and against the vertical
surface. Refer to Figure QW-461.5, illustration (b).

QW-131.3 Vertical Position 3F. Plates so placed that
the weld is deposited with its axis vertical. Refer to
Figure QW-461.5, illustration (c).

QW-131.4 Overhead Position 4F. Plates so placed that
theweld is depositedwith its axis horizontal on theunder-
side of the horizontal surface and against the vertical
surface. Refer to Figure QW-461.5, illustration (d).

QW-132 PIPE POSITIONS

QW-132.1 FlatPosition 1F.Pipewith its axis inclinedat
45deg tohorizontal androtatedduringwelding so that the
weld metal is deposited from above and at the point of
deposition the axis of the weld is horizontal and the
throat vertical. Refer to Figure QW-461.6, illustration (a).

QW-132.2 Horizontal Positions 2F and 2FR.

(a) Position 2F. Pipe with its axis vertical so that the
weld is deposited on the upper side of the horizontal
surface and against the vertical surface. The axis of the
weld will be horizontal and the pipe is not to be
rotated during welding. Refer to Figure QW-461.6, illus-
tration (b).

(b) Position 2FR. Pipe with its axis horizontal and the
axis of the depositedweld in the vertical plane. The pipe is
rotated during welding. Refer to Figure QW-461.6, illus-
tration (c).

QW-132.3 Overhead Position 4F. Pipe with its axis
vertical so that the weld is deposited on the underside
of the horizontal surface and against the vertical
surface. The axis of the weld will be horizontal and the
pipe is not to be rotated during welding. Refer to
Figure QW-461.6, illustration (d).

QW-132.4 Multiple Position 5F. Pipewith its axis hori-
zontal and the axis of the deposited weld in the vertical
plane. The pipe is not to be rotated during welding. Refer
to Figure QW-461.6, illustration (e).

QW-133 SPECIAL POSITIONS

QW-133.1 Test positions other than those defined in
QW-130 through QW-132 are defined as “special posi-
tions.”
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QW-140 TYPES AND PURPOSES OF TESTS
AND EXAMINATIONS

QW-141 MECHANICAL TESTS

Mechanical tests used in procedure or performance
qualification are specified in QW-141.1 through
QW-141.5.

QW-141.1 Tension Tests. Tension tests as described in
QW-150 are used to determine the ultimate strength of
groove-weld joints.

QW-141.2 Guided-Bend Tests. Guided-bend tests as
described in QW-160 are used to determine the degree
of soundness and ductility of groove-weld joints.

QW-141.3 Fillet-Weld Tests. Tests as described in
QW-180 are used to determine the size, contour, and
degree of soundness of fillet welds.

QW-141.4 Toughness Tests. Tests as described in
QW-171andQW-172areused todetermine the toughness
of the weldment.

QW-141.5 Stud-Weld Test. Deflect ion bend,
hammering, torque, or tension tests as shown in
Figures QW-466.4, QW-466.5, and QW-466.6, and a
macro-examination performed in accordance with
QW-202.5, respectively, are used to determine accept-
ability of stud welds.

QW-142 SPECIAL EXAMINATIONS FOR WELDERS

Radiographic or Ultrasonic examination per QW-191
may be substituted for mechanical testing of QW-141
for groove-weld performance qualification as permitted
in QW-304 to prove the ability of welders to make
sound welds.

QW-143 EXAMINATION FOR WELDING
OPERATORS

Radiographic or Ultrasonic examination per QW-191
may be substituted for mechanical testing of QW-141
for groove weld performance qualification as permitted
in QW-305 to prove the ability of welding operators to
make sound welds.

QW-144 VISUAL EXAMINATION

Visual examination as described in QW-194 is used to
determine that the final weld surfaces meet specified
quality standards.

QW-150 TENSION TESTS

QW-151 SPECIMENS

Tension test specimens shall conformtooneof the types
illustrated in Figures QW-462.1(a) through QW-462.1(e)
and shall meet the requirements of QW-153.

QW-151.1 Reduced Section — Plate. Reduced-section
specimens conforming to the requirements given in
Figure QW-462.1(a) may be used for tension tests on
all thicknesses of plate.

(a) For thicknesses up to and including 1 in. (25mm), a
full thickness specimen shall be used for each required
tension test.

(b) For plate thickness greater than 1 in. (25 mm), full
thickness specimens or multiple specimens may be used,
provided (c) and (d) are complied with.

(c) When multiple specimens are used, in lieu of full
thickness specimens, each set shall represent a single
tension test of the full plate thickness. Collectively, all
of the specimens required to represent the full thickness
of the weld at one location shall comprise a set.

(d) Whenmultiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements of
QW-153.

QW-151.2 Reduced Section — Pipe. Reduced-section
specimens conforming to the requirements given in
Figure QW-462.1(b) may be used for tension tests on
all thicknesses of pipe having an outside diameter
greater than 3 in. (75 mm).

(a) For thicknesses up to and including 1 in. (25mm), a
full thickness specimen shall be used for each required
tension test.

(b) For pipe thicknesses greater than 1 in. (25mm), full
thickness specimens or multiple specimens may be used,
provided (c) and (d) are complied with.

(c) When multiple specimens are used, in lieu of full
thickness specimens, each set shall represent a single
tension test of the full pipe thickness. Collectively, all
of the specimens required to represent the full thickness
of the weld at one location shall comprise a set.

(d) Whenmultiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements of
QW-153.
For pipe having an outside diameter of 3 in. (75mm) or

less, reduced-section specimens conforming to the re-
quirements given in Figure QW-462.1(c) may be used
for tension tests.
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QW-151.3 Turned Specimens. Turned specimens
conforming to the requirements given in Figure
QW-462.1(d) may be used for tension tests.

(a) For thicknesses up to and including 1 in. (25mm), a
single turned specimen may be used for each required
tension test, which shall be a specimen of the largest
diameter D of Figure QW-462.1(d) possible for test
coupon thickness [per Note (a) of Figure QW-462.1(d)].

(b) For thicknesses over 1 in. (25 mm), multiple speci-
mens shall be cut through the full thickness of the weld
with their centers parallel to the metal surface and not
over 1 in. (25 mm) apart. The centers of the specimens
adjacent to the metal surfaces shall not exceed 5∕8 in. (16
mm) from the surface.

(c) When multiple specimens are used, each set shall
represent a single required tension test. Collectively, all
the specimens required to represent the full thickness of
the weld at one location shall comprise a set.

(d) Each specimen of the set shall be tested and meet
the requirements of QW-153.

QW-151.4 Full-Section Specimens for Pipe. Tension
specimens conforming to the dimensions given in
Figure QW-462.1(e) may be used for testing pipe with
an outside diameter of 3 in. (75 mm) or less.

QW-152 TENSION TEST PROCEDURE

The tension test specimen shall be ruptured under
tensile load. The tensile strength shall be computed by
dividing theultimate total loadby the least cross-sectional
area of the specimen as calculated from actual measure-
ments made before the load is applied.

QW-153 ACCEPTANCE CRITERIA — TENSION
TESTS

QW-153.1 Tensile Strength. Minimum values for
procedure qualification are provided under the column
head ing “Min imum Spec i f i ed Tens i l e , ks i ” o f
Table QW/QB-422. In order to pass the tension test,
the specimen shall have a tensile strength that is not
less than

(a) the minimum specified tensile strength of the base
metal; or

(b) the minimum specified tensile strength of the
weaker of the two, if base metals of different minimum
tensile strengths are used; or

(c) the minimum specified tensile strength of the weld
metal when the applicable Section provides for the use of
weldmetal having lower room temperature strength than
the base metal;

(d) if the specimen breaks in the base metal outside of
the weld or weld interface, the test shall be accepted as
meeting the requirements, provided the strength is not
more than 5% below the minimum specified tensile
strength of the base metal.

(e) the specified minimum tensile strength is for full
thickness specimens including cladding for Aluminum
Alclad materials (P-No. 21 through P-No. 23) less than
1∕2 in. (13 mm). For Aluminum Alclad materials 1∕2 in.
(13 mm) and greater, the specified minimum tensile
strength is for both full thickness specimens that
include cladding and specimens taken from the core.

QW-160 GUIDED-BEND TESTS

QW-161 SPECIMENS

Guided-bend test specimens shall be prepared by
cutting the test plate or pipe to formspecimensof approxi-
mately rectangular cross section. The cut surfaces shall be
designated the sides of the specimen. The other two
surfaces shall be called the face and root surfaces, the
face surface having the greater width of weld. The
specimen thickness and bend radius are shown in
Figures QW-466.1, QW-466.2, and QW-466.3. For mate-
rialswith less than 3%elongation, amacro-etch specimen
shall be used in lieu of bend test at each bend test location.
Acceptance criteria shall be in accordance with
QW-183(a). Figure QW-466.3 shows the recommended
method of testing aluminum weldments. Guided-bend
specimens are of five types, depending on whether the
axis of theweld is transverseor parallel to the longitudinal
axis of the specimen, andwhich surface (side, face, or root)
is on the convex (outer) side of bent specimen. The five
types are defined as follows.

QW-161.1 Transverse Side Bend. The weld is trans-
verse to the longitudinal axis of the specimen, which is
bent so that one of the side surfaces becomes the
convex surface of the bent specimen. Transverse side-
bend test specimens shall conform to the dimensions
shown in Figure QW-462.2.
Specimens of base metal thickness equal to or greater

than 11∕2 in. (38mm) may be cut into approximately equal
stripsbetween3∕4 in. (19mm)and11∕2 in. (38mm)wide for
testing, or the specimens may be bent at full width (see
requirements on jig width in Figure QW-466.1). When the
width of the weld is so large that a bend specimen cannot
be bent so that the entire weld and heat affected zones are
within the bent portion, multiple specimens across the
entire weld and heat affected zones shall be used.
Ifmultiple specimens are used in either situation above,

onecomplete set shall bemade foreach required test. Each
specimen shall be tested and meet the requirements in
QW-163.

QW-161.2 Transverse Face Bend. The weld is trans-
verse to the longitudinal axis of the specimen, which is
bent so that the face surface becomes the convex
surface of the bent specimen. Transverse face-bend
test specimens shall conform to the dimensions shown
in Figure QW-462.3(a). For subsize transverse face
bends, see QW-161.4.
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QW-161.3 Transverse Root Bend. The weld is trans-
verse to the longitudinal axis of the specimen, which is
bent so that the root surface becomes the convex
surface of the bent specimen. Transverse root-bend
test specimens shall conform to the dimensions shown
in Figure QW-462.3(a). For subsize transverse root
bends, see QW-161.4.

QW-161.4 Subsize Transverse Face and Root Bends.
Bend specimens taken from small diameter pipe coupons
may be subsized in accordance with General Note (b) of
Figure QW-462.3(a).

QW-161.5 Longitudinal-Bend Tests. Longitudinal-
bend tests may be used in lieu of the transverse side-
bend, face-bend, and root-bend tests for testing weld
metal or base metal combinations, which differ markedly
in bending properties between

(a) the two base metals, or
(b) the weld metal and the base metal

QW-161.6 Longitudinal Face Bend. The weld is
parallel to the longitudinal axis of the specimen, which
is bent so that the face surface becomes the convex
surface of the bent specimen. Longitudinal face-bend
test specimens shall conform to the dimensions shown
in Figure QW-462.3(b).

QW-161.7 Longitudinal Root Bend. The weld is
parallel to the longitudinal axis of the specimen, which
is bent so that the root surface becomes the convex
side of the bent specimen. Longitudinal root-bend test
specimens shall conform to the dimensions shown in
Figure QW-462.3(b).

QW-162 GUIDED-BEND TEST PROCEDURE

QW-162.1ð23Þ Jigs.Guided-bendspecimens shall bebent in
test jigs that are in substantial accordance with
Figures QW-466.1 through QW-466.3. When using the
j igs i l lustrated in Figure QW-466.1 or Figure
QW-466.2, the side of the specimen turned toward the
gap of the jig shall be the face for face-bend specimens,
the root for root-bend specimens, and the side with the
greater discontinuities, if any, for side-bend specimens.
The specimen shall be forced into the die by applying
load on the plunger until the curvature of the specimen
is such that a 1∕8 in. (3 mm) diameter wire cannot be
inserted between the specimen and the die of Figure
QW-466.1, or the specimen is bottom ejected if the
roller type of jig (see Figure QW-466.2) is used.
When using thewrap around jig (see FigureQW-466.3),

the side of the specimen turned toward the roller shall be
the face for face-bend specimens, the root for root-bend
specimens, and the sidewith the greater discontinuities, if
any, for side-bend specimens. The bending is considered
complete once the outer roll has moved at least 180 deg
from the starting point.

When specimens wider than 11∕2 in. (38 mm) are to be
bent as permitted in FigureQW-462.2, the test jigmandrel
must be at least 1∕4 in. (6 mm) wider than the specimen
width.
The plunger radius, B, shall be no larger than that given

in Figure QW-466.1.When a bend specimen is tested from
a coupon joining basemetals having differentB values, the
larger of the two B values may be used.

QW-163 ACCEPTANCE CRITERIA — BEND TESTS

The weld and heat-affected zone of a transverse weld-
bendspecimenshall be completelywithin thebentportion
of the specimen after testing.
The guided-bend specimens shall have no open discon-

tinuity in the weld or heat-affected zone exceeding 1∕8 in.
(3 mm), measured in any direction on the convex surface
of the specimenafter bending. Opendiscontinuities occur-
ringon thecornersof the specimenduring testing shall not
be considered unless there is definite evidence that they
result from lack of fusion, slag inclusions, or other internal
discontinuities. For corrosion-resistantweldoverlay clad-
ding, no open discontinuity exceeding 1∕16 in. (1.5 mm),
measured in any direction, shall be permitted in the clad-
ding, and no open discontinuity exceeding 1∕8 in. (3 mm)
shall be permitted along the approximate weld interface.

QW-170 TOUGHNESS TESTS

QW-171 TOUGHNESS TESTS

QW-171.1 General. Toughness tests shall be made
when required by referencing codes. Test procedures
and apparatus shall conform to the requirements of
the referencing code. When not specified by the referen-
cing code, the test procedures and apparatus shall
conform to the requirements of SA-370.

QW-171.2 Acceptance.The acceptance criteria shall be
in accordance with that Section specifying toughness
testing requirements.

QW-171.3 Location andOrientation of Test Specimen.
The toughness test specimen removal and preparation re-
quirements shall be as given in the Section requiring such
tests.
Whenqualifyingpipe in the5Gor6Gposition, the tough-

ness specimens shall be removed from the shaded portion
of Figure QW-463.1(f).

QW-172 TOUGHNESS TESTS — DROP WEIGHT

QW-172.1 General. Drop-weight tests shall be made
when required by referencing codes. Test procedures
and apparatus shall conform to the requirements of
the referencing code. When not specified by the referen-
cing code, the test procedures and apparatus shall
conform to the requirements of ASTM specification E208.
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QW-172.2 Acceptance.The acceptance criteria shall be
in accordance with that Section requiring drop weight
tests.

QW-172.3 Location andOrientation of Test Specimen.
The drop weight test specimen, the crack starter location,
and the orientation shall be as given in the Section
requiring such tests.
Whenqualifyingpipe in the5Gor6Gposition, the tough-

ness specimens shall be removed from the shaded portion
of Figure QW-463.1(f).

QW-180 FILLET-WELD TESTS

QW-181 PROCEDURE AND PERFORMANCE
QUALIFICATION SPECIMENS

QW-181.1ð23Þ Procedure.The dimensions and preparation
of the fillet-weld test coupon forprocedurequalificationas
required in QW-202 shall conform to the requirements in
Figure QW-462.4(a) or Figure QW-462.4(d). Both sides of
the vertical plate shown in Figure QW-462.4(a) shall be
welded. The test coupon for plate-to-plate shall be cut
transversely to provide five test specimen sections,
each approximately 2 in. (50 mm) long. For pipe-to-
plate or pipe-to-pipe, the test coupon shall be cut trans-
versely to provide four approximately equal test specimen
sections. The test specimens shall be macro-examined to
the requirements of QW-183.

QW-181.1.1 Production Assembly Mockups. Produc-
tion assembly mockups may be used in lieu of
QW-181.1. When a production assembly mockup is
used, the range qualified shall be limited to the base
metal thickness, fillet weld size, and configuration of
the mockup. Alternatively, multiple production assembly
mockupsmay be qualified. The range of thicknesses of the
basemetal qualified shall be not less than the thickness of
the thinnermember tested and not greater than the thick-
nessof the thickermember tested.The range for filletweld
sizes qualified shall be limited to no less than the smallest
filletweld tested andno greater than the largest filletweld
tested. The configuration of production assemblies shall
be the same as that used in the production assembly
mockup. The mockups for plate-to-shape shall be cut
transversely to provide five approximately equal test
specimens not to exceed approximately 2 in. (50 mm)
in length. For pipe-to-shape mockups, the mockup
shall be cut transversely to provide four approximately
equal test specimens. For small mockups, multiple
mockups may be required to obtain the required
number of test specimens. The test specimens shall be
macro-examined to the requirements of QW-183.

QW-181.2 Performance. The dimensions and the
preparation of the fillet-weld test coupon for performance
qualification shall conform to the requirements in
Figure QW-462.4(b) or Figure QW-462.4(c). The test

coupon for plate-to-plate shall be cut transversely to
provide a center section approximately 4 in. (100 mm)
long and two end sections, each approximately 1 in.
(25 mm) long. For pipe-to-plate or pipe-to-pipe, the
test coupon shall be cut to provide two quarter sections
test specimens opposite to each other. One of the test
specimens shall be fracture tested in accordance with
QW-182 and the other macro-examined to the require-
ments of QW-184. When qualifying pipe-to-plate or
pipe-to-pipe in the 5F position, the test specimens
shall be removed as indicated in Figure QW-463.2(h).

QW-181.2.1 Production Assembly Mockups. Produc-
tion assembly mockups may be used in lieu of the
fillet-weld test coupon requirements of QW-181.2.
When production assembly mockups are used, the
range qualified shall be limited to the fillet sizes, base
metal thicknesses, and configuration of the mockup.

(a) Plate-to-Shape
(1) Themockup for plate-to-shape shall be cut trans-

versely to provide three approximately equal test speci-
mens not to exceed approximately 2 in. (50mm) in length.
The test specimen that contains the start and stop of the
weld shall be fracture tested in accordance with QW-182.
A cut end of one of the remaining test specimens shall be
macro-examined in accordance with QW-184.

(b) Pipe-to-Shape
(1) Themockup for pipe-to-shape shall be cut trans-

versely to provide two quarter sections approximately
opposite to each other. The test specimen that contains
the start and stop of the weld shall be fracture tested in
accordance with QW-182. A cut end of the other quarter
section shall be macro-examined in accordance with
QW-184. When qualifying pipe-to-shape in the 5F posi-
tion, the fracture specimen shall be removed from the
lower 90-deg section of the mockup.

QW-182 FRACTURE TESTS

The stem of the 4 in. (100 mm) performance specimen
center section in Figure QW-462.4(b) or the stem of the
quarter section in Figure QW-462.4(c), as applicable, shall
be loaded laterally in suchaway that the root of theweld is
in tension. The load shall be steadily increased until the
specimen fractures or bends flat upon itself.
If the specimen fractures, the fractured surface shall

show no evidence of cracks or incomplete root fusion,
and the sum of the lengths of inclusions and porosity
visible on the fractured surface shall not exceed 3∕8 in.
(10 mm) in Figure QW-462.4(b) or 10% of the quarter
section in Figure QW-462.4(c).

QW-183 MACRO-EXAMINATION — PROCEDURE
SPECIMENS

One face of each cross section of the five test specimens
in Figure QW-462.4(a) or four test specimens in Figure
QW-462.4(d), as applicable shall be smoothed and
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etchedwith a suitable etchant (seeQW-470) to give a clear
definition to the weld metal and heat-affected zone. The
examination of the cross sections shall include only one
sideof the test specimenat theareawhere theplateorpipe
is divided into sections i.e., adjacent faces at the cut shall
not be used. In order to pass the test

(a) visual examination of the cross sections of theweld
metal and heat-affected zone shall show complete fusion
and freedom from cracks

(b) there shall benotmore than1∕8 in. (3mm)difference
in the length of the legs of the fillet

QW-184 MACRO-EXAMINATION —
PERFORMANCE SPECIMENS

The cut end of one of the end plate sections, approxi-
mately 1 in. (25 mm) long, in Figure QW-462.4(b) or the
cut end of one of the pipe quarter sections in Figure
QW-462.4(c), as applicable, shall be smoothed and
etched with a suitable etchant (see QW-470) to give a
clear definition of the weld metal and heat-affected
zone. Visual examination of the cross section of the
weld metal and heat-affected zone shall reveal

(a) no incomplete fusion
(b) no cracks
(c) no other linear indications with a length greater

than 1∕32 in. (0.8 mm)
(d) no concavity or convexity greater than 1∕16 in. (1.5

mm)
(e) nomore than 1∕8-in. (3-mm) difference between the

fillet weld leg lengths

QW-185 DIFFUSION WELDING — PROCEDURE
AND PERFORMANCE QUALIFICATION
SPECIMENS

QW-185.1 The test block shall be aminimumof8 in. × 8
in. (200mm × 200mm) and of a thickness such that there
are at least 50 interface planes being welded.

QW-185.2 Aminimum of three tension test specimens
in accordance with the requirements of SA-370 shall be
taken perpendicular to the interface planes and three
parallel to the interface planes. The tension test results
shall comply with QW-153.

QW-185.3 Microstructural evaluation shall be
conducted in accordance with the requirements of
ASTM E3 on a minimum of three cross-sections, one
each from the top, center, and bottom one-third of the
test coupon. The samples shall be polished, etched, and
shall be free from cracks and shall show no incomplete
bond or porosity on or adjacent to the bond lines. Size
of each sample shall be that which can be mounted
and polished to allow examination with an optical micro-
scope at 50X to 100X magnification.

QW-190 OTHER TESTS AND EXAMINATIONS

QW-191 VOLUMETRIC NDE
QW-191.1 Radiographic Examination.

QW-191.1.1 Method. The radiographic examination in
QW-142 forwelders and inQW-143 forwelding operators
shall meet the requirements of Section V, Article 2, except
as follows:

(a) A written radiographic examination procedure is
not required. Demonstration of image quality require-
ments on production or technique radiographs shall be
considered satisfactory evidence of compliance with
Section V, Article 2.

(b) Final acceptance of radiographs shall be based on
the ability to see the prescribed image and the specified
hole of a hole-type image quality indicator (IQI) or the
designated wire of a wire-type IQI. The acceptance stan-
dards of QW-191.1.2 shall be met.

QW-191.1.2 Acceptance Criteria.

QW-191.1.2.1 ð23ÞTerminology.

(a) Linear Indications. Cracks, incomplete fusion,
inadequate penetration, and slag are represented on
the radiograph as linear indications in which the
length is more than three times the width.

(b) Rounded Indications. Porosity and inclusions such
as slag or tungsten are represented on the radiograph as
rounded indicationswith a length three times thewidth or
less. These indications may be circular, elliptical, or irre-
gular in shape; may have tails; and may vary in density.

(c) Thickness. The term “thickness” or “t” refers to the
thickness of the weld excluding any allowable reinforce-
ment. For a groove weld joining two base metals having
different thicknesses at the weld, thickness is the thinner
of the two base metals being joined.

QW-191.1.2.2 ð23ÞQualificationTestWelds.Weld rein-
forcementmay be removed or left in place but shall not be
considered when determining the thickness for which the
welder is qualified.
Welder and welding operator performance tests by

radiography of welds in test assemblies shall be judged
unacceptable when the radiograph exhibits any imperfec-
tions in excess of the limits specified below

(a) Linear Indications
(1) any type of indication characterized as a crack or

zone of incomplete fusion or penetration
(2) any other elongated indication that has a length

greater than
(-a) 1∕8 in. (3 mm) for t up to 3∕8 in. (10mm), inclu-

sive
(-b) 1∕3t for t greater than 3∕8 in. to 21∕4 in. (10mmto

57 mm), inclusive
(-c) 3∕4 in. (19 mm) for t greater than 21∕4 in. (57

mm)
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(3) any group of aligned indications having an aggre-
gate length greater than t in a length of 12t, except when
the distance between the successive imperfections
exceeds 6L where L is the length of the longest imperfec-
tion in the group

(b) Rounded Indications
(1) Relevant Indications. Only those rounded indica-

tions that exceed the followingdimensionsshall beconsid-
ered relevant:

(-a) 1/10t for t less than 1/8 in. (3 mm)
(-b) 1/64 in. (0.4 mm) for t equal to 1/8 in. to 1/4 in.

(3 mm to 6 mm), inclusive
(-c) 1/32 in. (0.8 mm) for t greater than 1/4 in. to

2 in. (6 mm to 50 mm), inclusive
(-d) 1/16 in. (1.5 mm) for t greater than 2 in.

(50 mm)
(2) Maximum Size of Rounded Indications

(-a) The maximum permissible dimension for
r o u n d e d i n d i c a t i o n s s h a l l b e 2 0% o f t o r
1∕8 in. (3 mm), whichever is smaller.

(-b) Forwelds inmaterial less than 1∕8 in. (3mm) in
thickness, the maximum number of acceptable rounded
indications shall not exceed 12 in a 6 in. (150 mm)
length of weld. A proportionately fewer number of
rounded indications shall be permitted in welds less
than 6 in. (150 mm) in length.

(-c) For welds in material 1∕8 in. (3 mm) or greater
in thickness, the charts in (b)(4)

QW-191.1.2.3 Production Welds. The acceptance
criteria for welders or welding operators who qualify
on production welds by radiography as permitted in
QW-304.1 or QW-305.1 shall be per QW-191.1.2.2

QW-191.2 Ultrasonic Examination

QW-191.2.1 Method

(a) The ultrasonic examination in QW-142 for welders
and in QW-143 for welding operators may be conducted
on test welds in material 1∕4 in. (6 mm) thick or greater.

(b) Ultrasonic examinations shall be performed using a
written procedure in compliance with Section V, Article 1,
T-150 and the requirements of Section V, Article 4 for
methods and procedures.

(c) For terminology, see QW-191.1.2.1.

QW-191.2.2 Acceptance Criteria for Qualification Test
Welds. Weld reinforcement may be removed or left in
place but shall not be considered when determining
the depositedweld thickness forwhich thewelder is qual-
ified.
Indications shall be sized using the applicable

technique(s) provided in the written procedure for the
examination method. Indications shall be evaluated for
acceptance as follows:

(a) All indications characterized as cracks, lack of
fusion, or incomplete penetration are unacceptable
regardless of length.

(b) Indications exceeding 1∕8 in. (3 mm) in length are
considered relevant, and are unacceptable when their
lengths exceed

(1) 1∕8 in. (3mm) for thicknesses up to 3∕8 in. (10mm),
inclusive

(2) 1∕3 the thickness for thicknesses greater than 3∕8
in. up to 21∕4 in. (10 mm to 57 mm), inclusive

(3) 3∕4 in. (19mm) for thicknessesgreater than21∕4 in.
(57 mm)

QW-191.2.3 Acceptance Criteria for ProductionWelds.
The acceptance criteria for welders or welding operators
who qualify on production welds by ultrasonic examina-
tion as permitted in QW-304.1 or QW-305.1 shall be per
QW-191.2.2.

QW-191.3 Record of Tests. The results of welder and
welding operator performance tests evaluated by volu-
metric NDE shall be recorded in accordance with
QW-301.4.

QW-191.4 Personnel Qualifications and Certifica-
tions.

(a) All personnel performing volumetric examinations
for welder and welding operator qualifications shall be
qualifiedandcertified in accordancewith their employer’s
written practice.

(b) The employer’s written practice for qualification
and certification of examination personnel shall meet
all applicable requirements of Section V, Article 1.

(c) If theweld being examined is a productionweld, the
examiner may be qualified and certified in accordance
with the requirements of the referencing code as an alter-
native to the requirements of this paragraph.

QW-192 STUD-WELD TESTS
QW-192.1 Procedure Qualification Specimens.

QW-192.1.1 Required Tests. Ten stud-weld tests are
required to qualify each procedure. The equipment
used for stud welding shall be completely automatic
except for manual starting.
Every other welding stud (five joints) shall be tested

either by hammering over until one-fourth of its length
is flat on the test piece, or by bending the stud to an
angle of at least 15 deg and returning it to its original posi-
tionusing a test jig and an adapter location dimension that
are in accordance with Figure QW-466.4.
The remaining five welded stud joints shall be tested in

torqueusing a torque testing arrangement that is substan-
tially in accordance with Figure QW-466.5. Alternatively,
where torquing is not feasible, tensile testingmaybeused,
and the fixture for tensile testing shall be similar to that
shown in Figure QW-466.6, except that studs without
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Figure QW-191.1.2.2(b)(4)
Rounded Indication Charts

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld
1/8 in. (3 mm) to 1/4 in. (6 mm)

Thickness

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld

Over 1/4 in. (6 mm) to 1/2 in. (13 mm)
Thickness

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld

Over 1/2 in. (13 mm) to 1 in. (25 mm)
Thickness

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld

Over 1 in. (25 mm) Thickness
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heads may be gripped on the unwelded end in the jaws of
the tensile testing machine.

QW-192.1.2 Acceptance Criteria — Bend and Hammer
Tests. In order to pass the test(s), each of the five stud
welds and heat-affected zones shall be free of visible sep-
aration or fracture after bending and return bending or
after hammering.

QW-192.1.3 Acceptance Criteria — Torque Tests. In
order to pass the test(s), each of the five stud welds
shall be subjected to the required torque shown in the
following table before failure occurs.

Required Torque for Testing Threaded Carbon Steel Studs
Nominal Diameter
of Studs, in. (mm)

Threads/in. and
Series Designated

Testing Torque,
ft-lb (J)

1∕4 (6.4) 28 UNF 5.0 (6.8)
1∕4 (6.4) 20 UNC 4.2 (5.7)

5∕16 (7.9) 24 UNF 9.5 (12.9)
5∕16 (7.9) 18 UNC 8.6 (11.7)

3∕8 (9.5) 24 UNF 17 (23.0)
3∕8 (9.5) 16 UNC 15 (20.3)

7∕16 (11.1) 20 UNF 27 (36.6)
7∕16 (11.1) 14 UNC 24 (32.5)

1∕2 (12.7) 20 UNF 42 (57.0)
1∕2 (12.7) 13 UNC 37 (50.2)

9∕16 (14.3) 18 UNF 60 (81.4)
9∕16 (14.3) 12 UNC 54 (73.2)

5∕8 (15.9) 18 UNF 84 (114.0)
5∕8 (15.9) 11 UNC 74 (100.0)

3∕4 (19.0) 16 UNF 147 (200.0)
3∕4 (19.0) 10 UNC 132 (180.0)

7∕8 (22.2) 14 UNF 234 (320.0)
7∕8 (22.2) 9 UNC 212 (285.0)

1 (25.4) 12 UNF 348 (470.0)
1 (25.4) 8 UNC 318 (430.0)

Required Torque for Testing Threaded Austenitic
Stainless Steel Studs

Nominal Diameter
of Studs, in. (mm)

Threads/in. and
Series Designated

Testing Torque,
ft-lb (J)

1∕4 (6.4) 28 UNF 4.5 (6.1)
1∕4 (6.4) 20 UNC 4.0 (5.4)

5∕16 (7.9) 24 UNF 9.0 (12.2)
5∕16 (7.9) 18 UNC 8.0 (10.8)

3∕8 (9.5) 24 UNF 16.5 (22.4)
3∕8 (9.5) 16 UNC 14.5 (19.7)

7∕16 (11.1) 20 UNF 26.0 (35.3)
7∕16 (11.1) 14 UNC 23.0 (31.2)

1∕2 (12.7) 20 UNF 40.0 (54.2)
1∕2 (12.7) 13 UNC 35.5 (48.1)

5∕8 (15.9) 18 UNF 80.00 (108.5)
5∕8 (15.9) 11 UNC 71.00 (96.3)

3∕4 (19.0) 16 UNF 140.00 (189.8)
3∕4 (19.0) 10 UNC 125.00 (169.5)

7∕8 (22.2) 14 UNF 223.00 (302.3)
7∕8 (22.2) 9 UNC 202.00 (273.9)

1 (25.4) 14 UNF 339.00 (459.6)
1 (25.4) 8 UNC 303.00 (410.8)

Alternatively, where torquing to destruction is not
feasible, tensile testing may be used. For carbon and aus-
tenitic stainless steel studs, the failure strength shall be
not less than 35,000 psi (240 MPa) and 30,000 psi (210
MPa), respectively. For other metals, the failure strength
shall not be less than half of theminimum specified tensile
strength of the stud material. The failure strength shall be
based on the minor diameter of the threaded section of
externally threaded studs, except where the shank
diameter is less than theminordiameter, oron theoriginal
cross-sectional area where fai lure occurs in a
nonthreaded, internally threaded, or reduced-diameter
stud.

QW-192.1.4 Macro-Examination. In order to pass the
macro-examination, each of the five sectioned specimens
shall be smoothed and etched with a suitable etchant (see
QW-470) to give clear definition of the studwelds and the
heat-affected zones. The welds and heat-affected zones
shall be free of cracks when examined at 10X magnifica-
tion.

QW-192.2 Performance Qualification Specimens.

QW-192.2.1 Required Tests. Five stud-weld tests are
required to qualify each stud-welding operator. The
equipmentused for studwelding shall be completely auto-
matic except for manual starting. The performance test
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shall be welded in accordance with a qualified WPS per
QW-301.2.
Each stud (five joints) shall be tested either by

hammering over until one-fourth of its length is flat on
the test piece or by bending the stud to an angle of at
least 15 deg and returning it to its original position
using a test jig and an adapter location dimension that
are in accordance with Figure QW-466.4.

QW-192.2.2 Acceptance Criteria— Bend and Hammer
Tests. In order to pass the test(s), each of the five stud
welds and heat affected zones shall be free of visible sep-
aration or fracture after bending and return bending or
after hammering.

QW-193 TUBE-TO-TUBESHEET TESTS

When the applicable Code Section requires the use of
this paragraph for tube-to-tubesheet demonstration
mockup qualification, QW-193.1 through QW-193.1.3
shall apply.

QW-193.1 Procedure Qualification Specimens. Ten
mockup welds are required for qualifying each tube-to-
tubesheet welding procedure. The mockup assembly
shall essentially duplicate the tube-to-tubesheet weld
joint design to be used in production, within the limits
of the essential variables of QW-288. The mockup test
assembly shall be prepared with the tubesheet element
having a thickness not less than the lesser of the thickness
of the production tubesheet or 2 in. (50mm). For tube-to-
tubesheet welds to clad tubesheets, the cladding or
overlay may be represented by a base material with a
chemical composition that is essentially equivalent to
the cladding composition. All welds in the mockup
assembly shall be subjected to the following tests and
shall meet the applicable acceptance criteria.

QW-193.1.1 Visual Examination. The accessible
surfaces of the welds shall be examined visually with
nomagnification required. Thewelds shall showcomplete
fusion, be free from visual cracks or porosity indications,
and have no evidence of burning through the tube wall.

ð23Þ QW-193.1.2 Liquid Penetrant. The liquid penetrant
examination shall meet the requirements of Section V,
Article 6. The weld surfaces shall meet the requirements
of QW-195.2. Liquid penetrant examiners shall meet the
requirements in QW-195.3.

QW-193.1.3 Macro-Examination. The mockup welds
shall be sectioned through the center of the tube for
macro-examination. The four exposed surfaces shall be
smoothed and etched with a suitable etchant (see
QW-470) to give a clear definition of the weld and
heat-affected zone. Using a magnification of 10X to
20X, the exposed cross sections of the weld shall confirm

(a) minimum leak path dimension required by the
design

(b) no cracking
(c) complete fusion of the weld deposit into the tube-

sheet and tube wall face

QW-193.2 Performance Qualification Specimens. A
minimum of five mockup tube-to-tubesheet welds are
required to qualify each welder or welding operator.
The same rules as those applicable for procedure quali-
fication (see QW-193.1) shall be followed, with the
following additional requirements and exceptions:

(a) The essential variables in QW-387 shall apply.
(b) Essential performance qualification variables ap-

plicable for each welding process listed in QW-350 or
QW-360 shall also be observed in addition to the variables
of Table QW-388.

(c) Postweld heat treatment may be omitted.
Only one mockup weld is required to renew a welder’s

orweldingoperator’squalificationwhen thatqualification
has expired or has been revoked per the requirements of
QW-322.

QW-194 VISUAL EXAMINATION —
PERFORMANCE

Performance test coupons shall show no cracks and
complete joint penetration with complete fusion of
weld metal and base metal.

QW-195 LIQUID PENETRANT EXAMINATION

QW-195.1 ð23ÞThe liquid penetrant examination in
QW-214 for corrosion-resistant weld metal overlay
shall meet the requirements of Section V, Article 6.
The liquid penetrant examiners shall meet the require-
ments in QW-195.3. The acceptance standards of
QW-195.2 shall be met.

QW-195.2 Liquid Penetrant Acceptance Criteria.

QW-195.2.1 Terminology.

relevant indications: indications with major dimensions
greater than 1∕16 in. (1.5 mm)
linear indications: an indication having a length greater
than three times the width.
rounded indications: an indication of circular or elliptical
shapewith the length equal to or less than three times the
width.

QW-195.2.2 Acceptance Standards. Procedure and
performance tests examined by liquid penetrant techni-
ques shall be judged unacceptable when the examination
exhibits any indication in excess of the limits specified in
the following:

(a) relevant linear indications
(b) relevant rounded indications greater than 3∕16

in. (5 mm)
(c) four or more relevant rounded indications in a line

separated by 1∕16 in. (1.5 mm) or less (edge-to-edge)
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QW-195.3ð23Þ Personnel Certification. The organization
shall certify that personnel performing liquid penetrant
examinationsmeet the followingminimumrequirements:

(a) The personnel shall have vision, with correction if
necessary, to enable the reading of a Jaeger Type No. 2
Standard Chart at a distance of not less than 12 in.
(300 mm). They shall also be capable of distinguishing
and differentiating contrast between colors used.
These requirements shall be checked annually.

(b) The personnel shall be competent in the techniques
of the liquidpenetrant examinationmethod forwhich they
are certified. This includes making the examination and
interpreting and evaluating the results. Where the exam-
ination method consists of more than one operation, the
examiner may be certified as being qualified for only one
operation or for multiple operations.

QW-196 RESISTANCE WELD TESTING
QW-196.1 Macro-Examination.

QW-196.1.1 Welds shall be cross-sectioned, polished,
and etched to reveal the weld metal. The section shall be
examined at 10X magnification. Seam welding specimens
shall be prepared as shown in Figure QW-462.7.3. The
sectioned weldment shall be free of cracks, incomplete
penetration, expulsions, and inclusions. Porosity shall
not exceed one void in the transverse cross section or
three voids in the longitudinal cross section of a specimen.
Themaximumdimensionof anyvoid shall not exceed10%
of the thickness of the weld bead.

QW-196.1.2 For spot and seam welds, the minimum
diameter or width of the weld nugget shall be as
follows in relation to thickness, T, of the thinner member.

Material Thickness, T, in. (mm) Weld Nugget Width
<0.010 (0.25) 6T
≥0.010 (0.25) and <0.020 (0.50) 5T
≥0.020 (0.50) and <0.040 (1.00) 4T
≥0.040 (1.00) and <0.069 (1.75) 3T
≥0.069 (1.75) and <0.100 (2.54) 2.50T
≥0.100 (2.54) and <0.118 (3.00) 2.25T
≥0.118 (3.00) and <0.157 (4.00) 2T
≥0.157 (4.00) 1.80T

Theweld depth (extent of fusion) shall be aminimumof
20% of the thickness of the thinner ply (in each member)
and a maximum of 80% of the total thickness of all plies.

QW-196.1.3 For projection welds, the width of the
nugget shall be not less than 80% of the width of the
projection.

QW-196.2 Mechanical Testing.

QW-196.2.1 Shear test specimens shall be prepared as
shownonFigureQW-462.9. For spotandprojectionwelds,
each test specimen shall produce a strength that, when

calculated according to the following equation, is no
less than that specified in Table QW/QB-422 for the
weaker of the two base metals joined:

=strength
load to failure

area of the nugget

where the area of the nugget = π × d2/4 and d equals the
minimum diameter of the spot or projection weld at the
faying surface. The diameter shall be no less than that
specified in the table in QW-196.1.2 for the thinner of
the two members joined.

QW-196.2.2 Peel test specimens shall be prepared as
shown in Figure QW-462.8.1 for spot and projection
welding and per Figure QW-462.8.2 for seam welding.
The specimens shall be peeled or separatedmechanically,
and fracture shall occur in the basemetal by tearing out of
the weld in order for the specimen to be acceptable.

QW-197 LASER BEAM WELDING (LBW) LAP JOINT
TESTS

QW-197.1 Procedure Qualification Specimens.

QW-197.1.1 Required Tests. Six tension shear speci-
mens and eight macro specimens are required to
qualify each procedure. The qualification test coupon
shall be prepared in accordance with Figure QW-464.1.
The tension shear specimens shall conform to the dimen-
sions indicated in the table of Figure QW-464.1. The lon-
gitudinal and transverse sections indicated in Figure
QW-464.1 shall be cross-sectioned as closely as possible
through the centerline of theweld. Aminimumof 1 in. (25
mm) shall be provided for examination of each longitu-
dinal specimen. The transverse specimens shall be of suffi-
cient length to include weld, the heat-affected zone, and
portions of the unaffected base material. Cross-sections
shall be smoothed and etched with a suitable etchant
(see QW-470), and examined at aminimummagnification
of 25X. The dimensions of the fusion zone and penetration
of each weld of the transverse specimens shall be
measured to the nearest hundredth of an inch and
recorded.

QW-197.1.2 Acceptance Criteria — Tension Shear
Tests. In order to pass the tension shear test(s), the re-
quirements of QW-153 shall apply.

QW-197.1.3 Acceptance Criteria — Macro-Examina-
tion. In order to pass the macro-examination, each of
the eight specimens shall meet the following criteria:

(a) The outline of the fusion zone shall be generally
consistent in size and regular in shape and uniformity
of penetration.

(b) Theexaminationof theweld area shall reveal sound
weld metal, complete fusion along the bond line, and
complete freedom from cracks in the weld metal and
heat-affected zone.
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QW-197.2 Performance Qualification Specimens.

QW-197.2.1 Required Tests. A peel test specimen at
least 6 in. (150 mm) long shall be prepared as shown
in Figure QW-464.2 illustration (a) and macro specimens
as shown inFigureQW-464.2 illustration (b). Thepeel test
specimens shall be peeled apart to destruction and the
fusion zone and penetration measured to the nearest
hundredth of an inch. The end of each strip of the
macro coupon shall be polished and etched to clearly
reveal theweldmetal. Thewidth and depth of penetration
of eachweldshall bemeasured to thenearesthundredthof
an inch. Each specimen shall be examined in accordance
with QW-197.1.

QW-197.2.2 Acceptance Criteria — Peel Test and
Macro-Examination. In order to pass the peel test and
macro-examination, the dimensions of the fusion zone
(averaged) and the penetration (averaged) shall be
within the range of dimensions of those specified on
the WPS that was used to make the test coupon.

QW-199 FLASH WELDING
QW-199.1 Procedure Qualification Test Coupons and

Testing.

QW-199.1.1 Test Coupon Preparation. For coupons
NPS 1 (DN 25) and smaller, four test welds shall be
made, and for pipes over NPS 1 (DN 25), three test
coupons shall be made using one set of welding param-
eters (i.e., the same equipment, basemetals, joint prepara-
tion, and other essential variables to be utilized for
production welding.) These variables shall be recorded
on the qualification record.

QW-199.1.2 TensileTests.ForpipesNPS1 (DN25) and
smaller, and nontubular cross sections, two full-section
tensile specimens shall be prepared in accordance with
Figure QW-462.1(e). For pipes greater than NPS 1 (DN
25), two reduced section tension specimens shall be
prepared in accordance with Figure QW-462.1(b) or
Figure QW-462.1(c) from one coupon. For nontubular
cross sections, two reduced section tension specimens
sha l l be prepared in accordance with F igure
QW-462.1(a) or Figure QW-462.1(d) from two of the
coupons. The specimens shall be tested in accordance
with QW-150.

QW-199.1.3 Section and Bend Testing. The entire
circumference of each remaining pipe coupon shall be
cut along the axis of the pipe into an even number of

strips of a length sufficient to perform bend tests. The
maximum width of each strip shal l be 11 ∕2 in .
(38 mm) and the minimum width

= +w T D 4 for pipes NPS 2 (DN 50) and smaller

= +w T D 8 for pipes greater than NPS 2 (DN 50)

where

D = OD of the tube
T = nominal wall thickness
w = width of the specimen

One edge of one strip from each coupon shall be
polished to a 600 grit finishwith the final grinding parallel
to the long axis of the strip. The polished surface shall be
examined at 5X magnification. No incomplete fusion or
other open flaws on the polished surface are acceptable.
Defects occurring in thebasemetal not associatedwith the
weld may be disregarded. For nontubular cross sections,
four side-bend specimens shall be prepared from the two
remaining coupons as specified in Figure QW-462.2 and
polished for examination.
All flash shall be removed from the strips and thewelds

shall be visually examined per QW-194. Half of the strips
from each pipe specimen shall then be prepared as root
bend specimens and the remaining strips shall be
prepared as face bend specimens in accordance with
QW-160. The specimens shall be tested in accordance
with QW-160, except for the following:

(a) For P-No. 1, Groups 2 through 4 materials, the
minimum bend radius (dimension B in Figure
QW-466.1) shall be three times the thickness of the
specimen.

(b) In lieu of QW-163, the sum of lengths of individual
open flaws on the convex surface of all the bend test speci-
mens taken from each pipe individually shall not exceed
5% of the outside circumference of that test pipe.

QW-199.2 Flash Welding — Performance Qualifica-
tion Test Coupons and Testing. One test coupon shall
be welded, cut into strips, visually examined, and bend
tested in accordance with QW-199.1.3. Polishing and
examination of a cross-section is not required.
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APPENDIX I
ROUNDED INDICATION CHARTS

Illustration that appeared in this Appendix in the previous edition and addenda has been designated as
Figure QW-191.1.2.2(b)(4), which follows QW-191.1.2.2(b)(3).
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ARTICLE II
WELDING PROCEDURE QUALIFICATIONS

QW-200 GENERAL
QW-200.1ð23Þ A Welding Procedure Specification is

defined as follows:
(a) Welding Procedure Specification (WPS). A WPS is a

written qualified welding procedure prepared to provide
direction for making production welds to Code require-
ments. The WPS or other documents may be used to
provide direction to the welder or welding operator to
assure compliance with the Code requirements.

(b) Contents of the WPS. The completed WPS shall
describe all the essential, nonessential, and, when
required, supplementary essential variables for each
welding process used in the WPS. These variables are
listed for each process in QW-250 and are defined in
Article IV, Welding Data.
The WPS shall reference the supporting Procedure

Qualification Record(s) (PQR) described in QW-200.2.
The WPS may include any other information that
might be helpful in making a welding joint.

(c) Changes to the WPS. Changes may be made in the
nonessential variables of a WPS to suit production re-
quirements without requalification provided such
changes are documented with respect to the essential,
nonessential, and, when required, supplementary essen-
tial variables for each process. Thismay be by amendment
to the WPS or by use of a new WPS.
Changes in essential or supplementary essential vari-

ables require requalification of theWPS (i.e., new or addi-
tional PQRs to support the change in essential or
supplementary essential variables).

(d) Format of the WPS. The information required to be
in the WPS may be in any format, written or tabular, to fit
the needs of each organization, as long as every essential,
nonessential, and, when required, supplementary essen-
tial variables outlined in QW-250 is included or refer-
enced.
Form QW-482 (see Nonmandatory Appendix B) has

been provided as a guide for theWPS. This Form includes
the required data for the SMAW, SAW, GMAW, and GTAW
processes. It is only a guide and does not list all required
data forotherprocesses. It also lists somevariables thatdo
not apply to all processes (e.g., listing shielding gas which
is not required for SAW). The guide does not easily lend
itself to multiple process procedure specification (e.g.,
GTAW root with SMAW fill).

QW-200.2 ð23ÞAProcedureQualificationRecord is defined
as follows:

(a) Procedure Qualification Record (PQR). The PQR is a
record of variables recordedduring thewelding of the test
coupons. It also contains the test results of the tested
specimens. Recorded variables normally fall within a
small range of the actual variables that will be used in
production welding.

(b) Contents of the PQR. The completed PQR shall docu-
ment all essential and, when required, supplementary
essential variables of QW-250 for each welding process
used during the welding of the test coupon. Nonessential
or other variables used during the welding of the test
coupon may be recorded at the organization's option.
All variables, if recorded, shall be the actual variables
(including ranges) used during the welding of the test
coupon. If variables are not monitored during welding,
they shall not be recorded. It is not intended that the
full range or the extreme of a given range of variables
to be used in production be used during qualification
unless required due to a specific essential or, when
required, supplementary essential variable.
The PQR shall be certified accurate by the organization.

The organization may not subcontract the certification
function. This certification is intended to be the organi-
zation's verification that the information in the PQR is
a true record of the variables that were used during
the welding of the test coupon and that the resulting
tensile, bend, or macro (as required) test results are in
compliance with Section IX.
One or more combinations of welding processes, filler

metal, and other variables may be used when welding a
test coupon. The approximate thickness of weld metal
deposited, excluding weld reinforcement, shall be
recorded for each set of essential and, when required,
supplementary essential variables. Weld metal deposited
using each set of variables shall be included in the tension,
bend, toughness, and other mechanical test specimens
that are required.

(c) Changes to the PQR. Changes to the PQR are not
permitted except as described below. Editorial correc-
tions or addenda to the PQR are permitted. An
example of an editorial correction is an incorrect P-
Number, F-Number, or A-Number that was assigned to
a particular base metal or filler metal. An example of
an addendum would be a change resulting from a
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Code change. For example, Section IX may assign a new F-
Number to a filler metal or adopt a new filler metal under
an established F-Number. This may permit, depending on
the particular construction Code requirements, an orga-
nization touseother fillermetals that fallwithin thatparti-
cular F-Number where, prior to the Code revision, the
organization was limited to the particular electrode clas-
sification that was used during qualification. Additional
information can be incorporated into a PQR at a later
date provided the information is substantiated as
having been part of the original qualification condition
by lab record or similar data.
All changes to a PQR require recertification (including

date) by the organization.
(d ) Format o f the PQR . Form QW-483 (see

Nonmandatory Appendix B) has been provided as a
guide for the PQR. The information required to be in
the PQR may be in any format to fit the needs of each
organization. Every essential and, when required, supple-
mentary essential variable described in QW-250 shall be
included in thePQR.Also, the typeof tests, numberof tests,
and test results shall be listed in the PQR.
FormQW-483does not easily lend itself to cover combi-

nations of welding processes or more than one F-Number
filler metal in one test coupon. Additional sketches or
information may be attached or referenced to record
the required variables.

(e) Availabilityof thePQR. ThePQRshall beavailable for
review but need not be made available to the welder or
welding operator.

(f) Multiple WPSs With One PQR or Multiple PQRs With
OneWPS. SeveralWPSsmay be prepared from the data on
asinglePQR(e.g., a1GplatePQRmaysupportWPSs for the
F, V, H, and O positions on plate or pipe within all other
essential variables). A single WPS may cover several sets
of essential variable ranges as long as a supporting PQR
exists for each essential and, when required, supplemen-
tary essential variable [e.g., a single WPS may cover a
thickness range from 1∕16 in. (1.5 mm) through 11∕4 in.
(32 mm) if PQRs exist for both the 1∕16 in. (1.5 mm)
through 3∕16 in. (5 mm) and 3∕16 in. (5 mm) through
11∕4 in. (32 mm) thickness ranges].

QW-200.3 Toreduce thenumberofweldingprocedure
qualifications required, P-Numbers are assigned to base
metals dependent on characteristics such as composition,
weldability, and mechanical properties, where this can
logically be done; and for steel and steel alloys (see
Table QW/QB-422) Group Numbers are assigned addi-
tionally to P-Numbers. These Group Numbers classify
themetalswithinP-Numbers for thepurposeofprocedure
qualificationwhere toughness requirementsare specified.
The assignments do not imply that base metals may be
indiscriminately substituted for a base metal which
was used in the qualification test without consideration
of the compatibility from the standpoint of metallurgical
properties, postweld heat treatment, design, mechanical

properties, and service requirements.Where toughness is
a consideration, it is presupposed that the base metals
meet the specific requirements.
In general, toughness requirements are mandatory for

all P-No. 11 quenched and tempered metals, for low
temperature applications of other metals as applied to
Section VIII, and for various classes of construction
required by Section III. Acceptance criteria for the tough-
ness tests are as established in the other Sections of the
Code.

QW-200.4 Combination of Welding Procedures.

(a) More than one WPS having different essential,
supplementary essential, or nonessential variables may
be used in a single production joint. Each WPS may
include one or a combination of processes, filler
metals, or other variables. These provisions also apply
to special process WPSs as defined in QW-251.4.
Where more than one WPS specifying different

processes, filler metals, or other essential or supplemen-
tary essential variables is used, QW-451 or Table QW-453,
as applicable, shall be used to determine the range of base
metal thickness andmaximumweldmetal thickness qual-
ified for each process, filler metal, or set of variables, and
those limits shall be observed.
When following a WPS that has more than one welding

process, fillermetal, or set of variables, each process, filler
metal, or set of variables may be used individually or in
different combinations, provided

(1) the essential, nonessential, and required supple-
mentary essential variables associated with the process,
filler metal, or set of variables are applied

(2) the base metal and deposited weld metal thick-
ness limits of QW-451 or Table QW-453, as applicable, for
each process, filler metal, or set of variables are applied

(b) As an alternative to (a), a production weld may be
madeusingaWPS that is supportedbymore thanonePQR,
provided the following conditions are met:

(1) All PQRs were qualified
(-a) with GTAW, SMAW, GMAW, FCAW, PAW,

LBW, LLBW, or SAW, or combinations of these processes
(-b) on test coupons at least 1∕2 in. (13 mm) thick

(2) Note (1) of Tables QW-451.1 and QW-451.2 shall
apply to the WPS. The WPS may be used to deposit

(-a) root layers with the process or combinations
of processes on one PQR for weld metal deposits up to 2t

(-b) fill layers with the process(es) on the other
PQR(s) on base metal up to the maximum thickness qual-
ified by the other PQR(s)

QW-201 ORGANIZATIONAL RESPONSIBILITY

The organization shall certify that they have qualified
each Welding Procedure Specification, performed the
procedure qualification test, and documented it with
the necessary Procedure Qualification Record (PQR).
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QW-202 TYPE OF TESTS REQUIRED

QW-202.1 Mechanical Tests. The type and number of
test specimens that shall be tested toqualify a grooveweld
procedure are given in QW-451, and shall be removed in a
manner similar to that shown in Figures QW-463.1(a)
through QW-463.1(f). If any test specimen required by
QW-451 fails to meet the applicable acceptance criteria,
the test coupon shall be considered as failed.
When it canbedetermined that thecauseof failure isnot

related to welding parameters, another test coupon may
be welded using identical welding parameters.
Alternatively, if adequate material of the original test

coupon exists, additional test specimens may be
removed as close as practicable to the original specimen
location to replace the failed test specimens.
When it has been determined that the test failure was

caused by an essential or supplementary essential vari-
able, a new test coupon may be welded with appropriate
changes to the variable(s) that was determined to cause
the test failure. If the new test passes, the essential and
supplementary essential variables shall be documented
on the PQR.
When it isdetermined that the test failurewascausedby

oneormoreweldingrelated factorsother thanessential or
supplementary essential variables, a new test couponmay
be welded with the appropriate changes to the welding
related factors that were determined to cause the test
failure. If the new test passes, the welding related
factors that were determined to cause the previous
test failure shall be addressed by the organization to
ensure that the required properties are achieved in the
production weldment.
Where qualification is for fillet welds only, the require-

ments are given in QW-202.2(c); and where qualification
is for stud welds only, the requirements are given in
QW-202.5.

QW-202.2 Groove and Fillet Welds.

(a) Qualification for Groove Full Penetration Welds.
Groove-weld test coupons shall qualify the thickness
ranges of both base metal and deposited weld metal to
be used in production. Limits of qualification shall be
in accordancewith QW-451. The thickness, t, of deposited
weldmetal inQW-451shall be exclusiveofweld reinforce-
ment.WPSqualification for groovewelds shall bemadeon
groove welds using tension and guided-bend specimens.
Toughness tests shall be made when required by other
Section(s) of the Code. The WPS shall be qualified for
use with groove welds within the range of essential vari-
ables listed.
When dissimilar thickness test coupons arewelded, the

“Range of ThicknessT of BaseMetal, Qualified” in QW-451
shall be determined individually for eachbasemetal in the
test coupon. When the thicker test coupon is tapered to
provide a thickness transition at the weld, the qualified

range shall be based on the base metal thickness adjacent
to the toe of the weld at the thinnest end of the transition.
The test specimens for tensile and bend tests may be
machined to the thickness required for the thinner
base metal prior to testing.

(b) Qualification for Partial Penetration Groove Welds.
Partial penetration groove welds shall be qualified in
accordance with the requirements of QW-451 for both
base metal and deposited weld metal thickness, except
there need be no upper limit on the base metal thickness
provided qualification was made on base metal having a
thickness of 11∕2 in. (38 mm) or more. When dissimilar
thickness test coupons are welded, the provisions of
(a) for dissimilar thickness test coupons shall be met.

(c) Qualification for Fillet Welds. WPS qualification for
fillet welds shall be made on groove-weld test coupons
using test specimens specified in (a) or (b). These quali-
fications may be used for welding all thicknesses of base
metal for all sizes of fillet welds, and all diameters of pipe
or tube in accordance with Table QW-451.4. Non-pres-
sure-retaining fillet welds, as defined in other Sections
of the Code, may as an alternate be qualified with fillet
weld qualification tests. Tests shall bemade in accordance
with QW-180. Limits of qualification shall be in accor-
dance with Table QW-451.3.

QW-202.3 Weld Repair and Buildup.WPS qualified on
groovewelds shall beapplicable forweldrepairs togroove
and fillet welds and for weld buildup under the following
provisions:

(a) There is no limitationon the thickness of basemetal
or deposited weld metal for fillet welds.

(b) For other than fillet welds, the thickness range for
base metal and deposited weld metal for each welding
process shall be in accordance with QW-451, except
there need be no upper limit on the base metal thickness
provided qualification was made on base metal having a
thickness of 11∕2 in. (38 mm) or more.

QW-202.4 ð23ÞDissimilar Base Metal Thicknesses. WPS
qualified on groove welds shall be applicable for produc-
tion welds between dissimilar base metal thicknesses
provided:

(a) the thickness of the thinnermember shall bewithin
the range permitted by QW-451

(b) the thickness of the thicker member shall be as
follows:

(1) ForP-No. 8, P-No. 41, P-No. 42, P-No. 43, P-No. 44,
P-No. 45, P-No. 46, P-No. 49, P-No. 51, P-No. 52, P-No. 53, P-
No. 61, and P-No. 62 metal, there shall be no limitation on
themaximumthickness of the thickerproductionmember
provided qualification was made on base metal having a
thickness of 1∕4 in. (6 mm) or greater.

(2) For all other metal, the thickness of the thicker
member shall be within the range permitted by QW-451,
except there need be no limitation on themaximum thick-
ness of the thicker production member provided

ASME BPVC.IX-2023

31

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


qualificationwasmadeonbasemetal havinga thicknessof
11∕2 in. (38 mm) or more.
More than one procedure qualificationmay be required

to qualify for some dissimilar thickness combinations.

QW-202.5 StudWelding. Procedure qualification tests
for stud welds shall be made in accordance with QW-192.
The procedure qualification tests shall qualify thewelding
procedures for use within the range of the essential vari-
ables of TableQW-261. Except for studs used for extended
heating surfaces and studs welded to P-No. 1 metals, five
additional welds shall be made and subjected to a macro-
test in accordance with QW-192.1.4

QW-202.6 Tube-to-Tubesheet Qualification. When
the applicable Code Section requires the use of
QW-193 for tube-to-tubesheet demonstration mockup
qualification tests, QW-193.1 shall apply. If specific quali-
fication test requirements are not specified by the appli-
cable Code Section, tube-to-tubesheet welds shall be
qualified with one of the following methods:

(a) groove welds per the requirements of QW-202.2
and QW-202.4

(b) a demonstration mockup per the requirements of
QW-193.1

(c) fillet welds per the requirements of QW-202.2(c)
(for non-pressure-retaining tube-to-tubesheet welds
only)

QW-203 LIMITS OF QUALIFIED POSITIONS FOR
PROCEDURES

Unless specifically required otherwise by the welding
variables (see QW-250), a qualification in any position
qualifies the procedure for all positions. The welding
processandelectrodesmustbe suitable foruse in theposi-
tions permitted by theWPS. Awelder orwelding operator
making and passing theWPS qualification test is qualified
for the position tested. see QW-301.2.

QW-210 PREPARATION OF TEST COUPON

QW-211 BASE METAL

The base metals may consist of either plate, pipe, or
other product forms. Qualification in plate also qualifies
for pipewelding and vice versa. The dimensions of the test
coupon shall be sufficient to provide the required test
specimens.

QW-211.1 A weld metal overlay deposited on the base
metal following a qualifiedWPSmay be considered as the
same P-Number as any base metal having a nominally
matching chemical analysis.

QW-212 TYPE AND DIMENSIONS OF GROOVE
WELDS

Except as otherwise provided in QW-250, the type and
dimensions of the welding groove are not essential vari-
ables.

QW-214 CORROSION-RESISTANT WELD METAL
OVERLAY

QW-214.1 The size of test coupons, limits of qualifica-
tion, required examinations and tests, and test specimens
shall be as specified in QW-214.2 and Table QW-453.

QW-214.2 ð23ÞThe qualification test coupon for procedure
qualification shall consist of base metal not less than 6 in.
(150 mm) × 6 in. (150 mm). The weld overlay cladding
shall be a minimum of 11∕2 in. (38 mm) wide by approxi-
mately 6 in. (150 mm) long. For qualification on pipe, the
pipe length shall be a minimum of 6 in. (150 mm) and the
diameter shall be the minimum needed to allow the
required number of test specimens. The weld overlay
shall be continuous around the circumference of the
test coupon.

(a) The corrosion-resistant surface shall be examined
by the liquidpenetrantmethodand shallmeet the require-
ments specified in QW-195.

(b) Following the liquid penetrant examination, four
guided side-bend tests shall be made from the test
coupon in accordance with QW-161. The test specimens
shall be cut so that there are either two specimens parallel
and two specimens perpendicular to the direction of the
welding, or four specimens perpendicular to the direction
of the welding. For coupons that are less than 3∕8 in. (10
mm) thick, the width of the side-bend specimens may be
reduced to the thickness of the test coupon. The side-bend
specimens shall be removed from locations specified in
Figure QW-462.5(c) or Figure QW-462.5(d).

(c) When a chemical composition is specified in the
WPS, chemical analysis specimens shall be removed at
locations specified in Figure QW-462.5(b) or Figure
QW-462.5(e). The chemical analysis shall be performed
in accordance with Figure QW-462.5(a) and shall be
within the range specified in the WPS. This chemical
analysis is not required when a chemical composition
is not specified on the WPS.

QW-214.3 Essential variables shall be as specified in
QW-250 for the applicable welding process.

QW-215 ELECTRONBEAMWELDING, LASERBEAM
WELDING, AND LOW-POWER DENSITY
LASER BEAM WELDING

QW-215.1 For electron beam welding and laser beam
welding (excluding low-power density laser beam
welding), the WPS qualification test coupon shall be
prepared with the joint geometry duplicating that to
be used in production. If the production weld is to
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include a lap-over (completing theweld by rewelding over
the starting area of theweld, as for a girth weld), such lap-
over shall be included in the WPS qualification test
coupon.

QW-215.2 The mechanical testing requirements of
QW-451 shall apply.

QW-215.3 Essential variables shall be as specified in
TablesQW-260,QW-264, andQW-264.2 for the applicable
welding process.

QW-215.4 A laser beam WPS or electron beam WPS
previously qualified in accordance with QW-215.1
through QW-215.3 for groove welds may be further qual-
ified for depositing partial-penetration groove welds
provided the following conditions are met:

(a) Thepartial-penetrationgrooveweldsaredeposited
in P-No. 8, P-No. 41, P-No. 42, P-No. 43, P-No. 44, P-No. 45,
P-No. 46,P-No. 49, P-No.51, P-No.52, P-No. 53,P-No. 61, or
P-No. 62 metals or any combination of these metals.

(b) A workmanship test coupon is prepared following
the previously qualified WPS, with the following excep-
tions:

(1) The workmanship test coupon shall consist of
production parts joined by a partial-penetration groove
weld with a joint geometry and dimensions falling
within the specified tolerances of the production weld.

(2) For electron beam welding, the following vari-
ables may be revised from those given in the previously
qualified WPS: QW-402.6, QW-404.1, QW-404.8 (change
in amount only), QW-409.6, QW-409.7, and QW-410.7.

(3) For laser beam welding, the following variables
may be revised from those given in the previously qual-
ified WPS: QW-402.26, QW-403.3, QW-404.8 (change in
amount only), QW-408.12, QW-409.21, QW-410.7,
QW-410.14, QW-410.37, QW-410.66, and QW-410.80.

(c) A minimum of four cross sections of the partial-
penetration groove weld in each workmanship test
coupon shall be sectioned, polished, and etched with a
suitable etchant to reveal the weld and heat-affected
zone (see QW-470). If the workmanship test coupon
includes a lap-over, then one of the cross sections shall
be taken from that location.

(d) The workmanship test coupon shall be acceptable
when the weld and heat-affected zones of each cross
section exhibit complete fusion and are free of cracks
when visually examined at 10Xmagnification. Any indica-
tions 1∕32 in. (0.8mm) in length at the root of theweldmay
be disregarded. The depth of penetration of each cross
section shall be measured to within 0.01 in. (0.3 mm)
and shall meet the specified production requirements.

(e) Aworkmanship PQR shall beprepared to document
the workmanship test and shall include the information
listed in (1) through (4).

(1) the essential variables observed when preparing
the workmanship test coupon

(2) the geometric configuration and dimensions of
the production parts at the weld joint

(3) a photomicrograph of at least one cross section
(4) the observed depth of weld-joint penetration,

measured to within 0.01 in. (0.3 mm), for all four
cross sections

(f) AworkmanshipWPS shall be prepared based on the
workmanshipPQRandshall include the information listed
in (1) through (4).

(1) reference to the previously qualified groove-
weld PQR and the workmanship PQR

(2) the essential variable ranges based on the
observed and recorded information on the workmanship
PQR

(3) the geometric configuration and dimensions of
the production parts to be welded

(4) theminimumrequireddepthofweldpenetration
(g) When more than one workmanship PQR has been

developed to address different configurations of the
production parts, a separate workmanship WPS shall
be prepared for each of the production configurations
to be welded.

QW-216 HARD-FACING WELD METAL OVERLAY

Hard-facing weld metal overlay refers to weld deposits
made, using a variety of processes, to deter the effects of
wear and/or abrasion. The requirements specified in
QW-216.1 through QW-216.5 apply regardless of which
hard-facing process is used.

QW-216.1 The size of test coupons, limits of qualifica-
tion, required examinations and tests, and test specimens
shall be as specified in Table QW-453.

QW-216.2 ð23ÞThe test base metal coupon for procedure
qualification shall haveminimumdimensions of 6 in. (150
mm) wide × approximately 6 in. (150 mm) long with a
hard-faced layer a minimum of 11∕2 in. (38 mm) wide ×
6 in. (150 mm) long. The minimum hard-faced thickness
shall be as specified in the WPS. Alternatively, the quali-
fication may be performed on a test base metal coupon
that represents the size of the production part. For quali-
fication on pipe, the pipe length shall be 6 in. (150 mm)
minimum and the diameter shall be the minimum needed
to allow the required number of test specimens. The weld
overlay shall be continuous around the circumference of
the test coupon.

(a) The hard-facing surface shall be examined by the
liquid penetrant method and shall meet the acceptance
standards in QW-195.2 or as specified in the WPS.
Liquid penetrant examiners shall meet the requirements
in QW-195.3. Surface conditioning prior to liquid pene-
trant examination is permitted.

(b) After surface conditioning to the minimum thick-
ness specified in the WPS, a minimum of three hardness
readings shall be made on each of the specimens from the
locations shown in Figure QW-462.5(b) or Figure
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QW-462.5(e). All readings shall meet the requirements of
the WPS.

(c) The base metal shall be sectioned transversely to
the direction of the hard-facing overlay. The two faces
of the hard facing exposed by sectioning shall be polished
and etched with a suitable etchant and shall be visually
examined with 5X magnification for cracks in the base
metal or the heat-affected zone, lack of fusion, or other
linear defects. The overlay and base metal shall meet
the requirements specified in the WPS. All exposed
faces shall be examined. See Figure QW-462.5(b) for
pipe and Figure QW-462.5(e) for plate.

(d) When a chemical composition is specified in the
WPS, chemical analysis specimens shall be removed at
locations specified in Figure QW-462.5(b) or Figure
QW-462.5(e). The chemical analysis shall be performed
in accordance with Figure QW-462.5(a) and shall be
within the range specified in the WPS. This chemical
analysis is not required when a chemical composition
is not specified on the WPS.

QW-216.3 Welding variables shall be as specified in
QW-250 for the applicable process.

QW-216.4 Where Spray Fuse methods of hard facing
(e.g., Oxyfuel and Plasma Arc) are to be used, the coupons
for thesemethods shall beprepared andweldingvariables
applied in accordance with QW-216.1 and QW-216.3,
respectively.

QW-216.5 If a weld deposit is to be used under a hard-
facingweldmetal overlay, a basemetalwithanassignedP-
Number and a chemical analysis nominally matching the
weld deposit chemical analysis may be substituted to
qualify the PQR.

QW-217ð23Þ JOINING OF CLAD MATERIALS

The WPS for groove welds in clad metal shall be qual-
ified by method A [see (a)] when any part of the cladding
thickness, as permitted by the referencing Code Section, is
included in the design calculations. Either method A [see
(a)] or method B [see (b)] may be used when the cladding
thickness is not included in the design calculations.

(a) Method A.
(1) The essential and nonessential variables of

QW-250 shall apply for each welding process used in
production.

(2) The clad material (base metal with cladding)
procedure qualification test coupon shall be made
using the same P-Number or unassigned base metal, clad-
ding (major alloying elements nominal chemical composi-
tion), welding process(es), and filler metal combinations
to be specified in the WPS.

(3) The qualified thickness range for the basemetals
(P-Number or unassigned base metal and cladding) and
fillermetal(s) used toweld eachmaterial shall be basedon
the actual test coupon thickness for each material (base

metal and cladding) as applied to QW-451, except that the
minimum thickness of filler metal joining the cladding
portion of the weldment shall be based on a chemical
analysis performed in accordance with QW-216.2(d).

(4) The groove weld tension and side-bend test
specimens (only type bend specimens permitted for
this method) and number required by QW-451 shall
contain as much of the full thickness base metal and clad-
ding thickness in the tested portion of the specimens as
possible.

(5) The acceptance criteria for tensile tests shall be
based on the tensile strength of the P-Number or unas-
signed base metal applied to the full thickness of the
test coupon to the requirements of QW-151.1(a),
QW-151.1(b), or QW-151.1(c), unless specified otherwise
by the applicable Construction Code.

(6) The bend test requirements and acceptance
criteria for side-bend specimens shall be according to
QW-162 and QW-163. For the side-bend specimens,
the bond line between the original cladding and base
metal may be disregarded when evaluating the tested
bend specimens if the cladding was applied by a
process other than fusion welding.

(b) Method B.
(1) The essential and nonessential variables of

QW-250 shall apply for each welding process used in
production for joining the base metal portion of the weld-
ment. The PQRs that support this portion of theWPS need
notbebasedon test couponsmadewith cladmetal. For the
corrosion-resistant overlay portion of theweld, the essen-
tial variables of QW-251.4 shall apply and the test coupon
and testing shall be in accordancewithTableQW-453. The
WPS shall limit the depth of the groove, whichwill receive
the corrosion-resistant overlay in order to ensure devel-
opment of the full strength of the underlying weld in the
base metal.

(2) For qualification of single-sided joints in which
cladding is located at the root area, separate qualification
forbasemetal andcladdingaccording toQW-202.2maybe
performed. Alternatively, qualification using cladmaterial
may be made according to rules in method A with the
following exceptions:

(-a) The qualified thickness range for the base
metals (P-Numberorunassignedbasemetal andcladding)
and fillermetals used toweld eachmaterial shall be based
on the actual test coupon thickness for eachmaterial (base
metal and cladding) as applied to QW-451.

(-b) The tensile specimens shall not contain the
clad portion of the test coupon.

(-c) The acceptance criteria for the tensile test
shall be based on the tensile strength of the P-Number
or the unassigned base metal.

(-d) The chemical analysis, if required, shall be
performed in accordance with QW-216.2(d).

(-e) The variables of QW-250 apply to the base
metal, cladding, and filler metal.
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QW-218 APPLIED LININGS

QW-218.1 WPSs for attaching applied linings shall be
qualified in accordance with QW-202.2(a), QW-202.2(b),
or QW-202.2(c).

QW-218.2ð23Þ As an alternative to the above, each process
to be used in attaching applied linings to base metal shall
be qualified on a test coupon welded into the form and
arrangement to be used in construction using materials
that are within the range of chemical composition of the
metal to be used for the base plate, the lining, and theweld
metal. Thewelding variables ofQW-250 shall apply except
for those regarding base metal or weld metal thickness.
Qualification in any position qualifies the procedure for all
positions. One cross section for each position tested shall
be sectioned, polished, and etched to clearly show the
demarcation between the base metal and the weld
metal. In order to be acceptable, each specimen shall
exhibit complete fusion of the weld metal with the
base metal and freedom from cracks.

QW-218.3 When chemical analysis of the weld deposit
for any elements is required, a chemical analysis shall be
performed per QW-216.2(d) for those elements.

QW-219 FLASH WELDING

Flash welding shall be limited to automatic electrical
resistance flash welding. Procedure qualification tests
shall be conducted in accordance with QW-199.1.

QW-219.1 Tolerances on Variables. Flash welding
variables that may require adjustment during production
welding are synergistically related. Accordingly, even
though the variables shown in Table QW-265 provide
tolerances on many welding variables, the WPS shall
specify the same specific variables shown on the PQR
with tolerance shown for no more than one variable
(e.g., if it is desired to provide a tolerance on the upset
current, all other variables shown on the WPS must be
the same as they are shown on the PQR). If it is
desired toprovide tolerances in theWPS for twovariables,
the first variable with a tolerance shall be set at the
midpoint of its tolerance and two test coupons shall be
welded with each of the upper and lower extremes of
the tolerance for the second variable (i.e., four coupons
must be welded). These coupons shall be examined
and tested in accordance with QW-199.1.3.
If it is desired to provide tolerance for a third variable,

the first two variables shall be set at the midpoint of their
tolerance, and two test coupons shall beweldedwith each
of the upper and lower extremes of the new tolerances for
the third variable (i.e., four coupons must be welded).
Thesecouponsshall beexaminedand tested inaccordance
with QW-199.1.3.
No more than three essential variables on a WPS may

show tolerances.

Production tests conducted in accordance with the re-
quirements of other Sections may be used to satisfy this
requirement.

QW-220 HYBRID WELDING PROCEDURE
VARIABLES

Requirements of QW-221 through QW-223 shall be
observed for all hybrid welding procedure qualifications.

QW-221 ESSENTIAL VARIABLES FOR HYBRID
WELDING

The following essential variables are in addition to the
welding variables for each welding process used during
hybrid welding provided in QW-250:

(a) an additionordeletion ofweldingprocesses used in
a hybrid welding process from those used during quali-
fication.

(b) a change in the process sequence used in a hybrid
welding process from that used during qualification.

(c) a change in the process separation used in a hybrid
welding process greater than 10% from that used during
qualification (e.g.,measuredat theweld surface,measured
between the welding torch and laser, etc.)

(d) a change in any angle, between each individual
welding process used in a hybrid welding process or a
change in any angle between the hybrid welding
process and the material to be welded, of greater than
10 deg from that used during qualification.

(e) a change in the height between the individual
welding processes used in a hybrid welding process
and the material surface or a change in the height
between the hybrid welding process and the material
surface greater than 10% from that used during qualifica-
tion.

QW-222 WELDING PROCESS RESTRICTIONS

The hybrid welding process shall be limited to machine
or automatic welding.

QW-223 TEST COUPON PREPARATION AND
TESTING

Thehybridweldingprocedure qualification test coupon
shall be prepared in accordance with the rules in QW-210
and tested in accordance with the rules in QW-202.

QW-250 WELDING VARIABLES

QW-251 GENERAL

QW-251.1 Types of Variables for Welding Procedure
Specifications (WPS). These variables (listed for each
welding process in Tables QW-252 through QW-267)
are subdivided into essential variables, supplementary
essential variables, and nonessential variables (see
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QW-401). The “Brief of Variables” listed in the tables are
for reference only. See the complete variable in Welding
Data of Article IV.

QW-251.2 Essential Variables. Essential variables are
those in which a change, as described in the specific vari-
ables, is considered to affect the mechanical properties of
the weldment and therefore shall require requalification
of the WPS.
Supplementary essential variables are required for

metals for which the referencing code, standard, or spec-
ificationrequires toughness testsandare inaddition to the
essential variables for each welding process.
When toughness requirements are invoked by a refer-

encing code, standard, or specification, the supplementary
essential variables are applicable to both groove and fillet
welds.

QW-251.3 Nonessential Variables. Nonessential vari-
ables are those in which a change, as described in the spe-
cific variables, may be made in the WPS without
requalification.

QW-251.4 ð23ÞSpecial Processes.

(a) The special process essential variables for corro-
sion-resistant and hard-facing weld metal overlays are
as indicated in the following tables for the specified
process. Only the variables specified for special processes
shall apply. A change in the corrosion-resistant or hard-
facing welding process shall require requalification.

(b) WPS qualified for corrosion-resistant and hard-
facing overlay welding, in accordance with other Sections
when such qualification rules were included in those
Sections, may be used with the same provisions as
provided in QG-101.
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Table QW-252
Welding Variables Procedure Specifications (WPS) — Oxyfuel Gas Welding (OFW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.2 ± Backing X

.3 ϕ Backing comp. X

.10 ϕ Root spacing X
QW-403
Base Metals

.1 ϕ P-Number X

.2 Max. T Qualified X
QW-404
Filler Metals

.3 ϕ Size X

.4 ϕ F-Number X

.5 ϕ A-Number X

.12 ϕ Classification X
QW-405
Positions

.1 + Position X

QW-406
Preheat

.1 Decrease > 100°F (55°C) X

QW-407
PWHT

.1 ϕ PWHT X

QW-408
Gas

.7 ϕ Type fuel gas X

QW-410
Technique

.1 ϕ String or weave X

.2 ϕ Flame characteristics X

.4 ϕ Technique X

.5 ϕ Method cleaning X

.26 ± Peening X

.64 … Use of thermal processes X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-252.1
Welding Variables Procedure Specifications (WPS) — Oxyfuel Gas Welding (OFW)

Paragraph

Special Process Essential Variables
Hard-Facing Spray Fuse

(See QW-216)
Hard-Facing Overlay

(See QW-216)
Corrosion-Resistant Overlay

(See QW-214)
QW-402
Joint

.16 < Finished t

.17 > Finished t
QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number

.23 ϕ T Qualified ϕ T Qualified ϕ T Qualified
QW-404
Filler Metals

.12 ϕ Classification ϕ Classification

.42 > 5% Particle size range

.46 ϕ Powder feed rate
QW-405
Positions

.4 + Position + Position

QW-406
Preheat

.4 Dec. > 100°F (55°C) preheat
> Interpass

Dec. > 100°F (55°C) preheat
> Interpass

.5 ϕ Preheat maint.
QW-407
PWHT

.6 ϕ PWHT ϕ PWHT

.7 ϕ PWHT after fusing
QW-408
Gas

.7 ϕ Type of fuel gas

.14 ϕ Oxyfuel gas pressure

.16 ϕ > 5% Gas feed rate

.19 ϕ Plasma or feed gas comp.
QW-410
Technique

.38 ϕ Multiple to single layer ϕ Multiple to single layer

.39 ϕ Torch type, tip sizer

.44 ϕ > 15% Torch to workpiece

.45 ϕ Surface prep.

.46 ϕ Spray torch

.47 ϕ >10%Fusing temp.ormethod

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-253
ð23ÞWelding Variables Procedure Specifications (WPS) — Shielded Metal-Arc Welding (SMAW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.4 − Backing X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.5 ϕ Group Number X

.6 T Limits toughness X

.8 ϕ T Qualified X

.9 t Pass > 1∕2 in. (13 mm) X

.11 ϕ P-No. qualified X
QW-404
Filler Metals

.4 ϕ F-Number X

.5 ϕ A-Number X

.6 ϕ Diameter X

.12 ϕ Classification X

.30 ϕ t X

.33 ϕ Classification X
QW-405
Positions

.1 + Position X

.3 ϕ ↑↓ Vertical welding X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

.2 ϕ Preheat maint. X

.3 Increase > 100°F (55°C) (IP) X
QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-409
Electrical Characteristics

.1 > Heat input X

.4 ϕ Current or polarity X

.8 ϕ I&E range X

.30 ϕ Current or polarity X
QW-410
Technique

.1 ϕ String or weave X

.5 ϕ Method cleaning X

.6 ϕ Method back gouge X

.9 ϕ Multiple to single pass/side X

.25 ϕ Manual or automatic X

.26 ± Peening X

.64 Use of thermal processes X

.87 ϕ Multiple to single pass/side X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-253.1
Welding Variables Procedure Specifications (WPS) — Shielded Metal-Arc Welding (SMAW)

Special Process Variables

Paragraph

Essential Variables

Nonessential Variables
for HFO and CRO

Hard-Facing Overlay (HFO)
(See QW-216)

Corrosion-Resistant Overlay
(CRO)

(See QW-214)
QW-402
Joints

.16 < Finished t < Finished t

QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number

.23 ϕ T Qualified ϕ T Qualified
QW-404
Filler Metals

.12 ϕ Classification

.37 ϕ A-Number

.38 ϕ Diameter (1st layer)
QW-405
Positions

.4 + Position + Position

QW-406
Preheat

.4 Dec. > 100°F (55°C) preheat >
Interpass

Dec. > 100°F (55°C) preheat >
Interpass

QW-407
PWHT

.6 ϕ PWHT

.9 ϕ PWHT
QW-409
Electrical
Characteristics

.4 ϕ Current or polarity ϕ Current or polarity

.8 ϕ I&E range

.22 Inc. > 10% 1st layer Inc. > 10% 1st layer
QW-410
Technique

.1 ϕ String or weave

.5 ϕ Method of cleaning

.26 ± Peening

.38 ϕ Multiple to single layer ϕ Multiple to single layer

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-254
ð23ÞWelding Variables Procedure Specifications (WPS) — Submerged-Arc Welding (SAW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.4 − Backing X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.5 ϕ Group Number X

.6 T Limits X

.8 ϕ T Qualified X

.9 t Pass 1∕2 in. (13 mm) X

.11 ϕ P-No. qualified X
QW-404
Filler Metals

.4 ϕ F-Number X

.5 ϕ A-Number X

.6 ϕ Diameter X

.9 ϕ Flux-wire class. X

.10 ϕ Alloy flux X

.24 ± or ϕ Supplemental X

.27 ϕ Alloy elements X

.29 ϕ Flux designation X

.30 ϕ t X

.33 ϕ Classification X

.34 ϕ Flux type X

.35 ϕ Flux-wire class. X X

.36 Recrushed slag X
QW-405
Positions

.1 + Position X

QW-406
Preheat

.1 Decrease > 100°F (55°C) X

.2 ϕ Preheat maint. X

.3 Increase > 100°F (55°C) (IP) X
QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-409
Electrical Characteristics

.1 > Heat input X

.4 ϕ Current or polarity X

.8 ϕ I&E range X

.30 ϕ Current or polarity X
QW-410
Technique

.1 ϕ String or weave X

.5 ϕ Method cleaning X

.6 ϕ Method back gouge X

.7 ϕ Oscillation X

.8 ϕ Tube-work distance X

.9 ϕ Multi to single pass per side X

.10 ϕ Single to multi electrodes X X

.15 ϕ Electrode spacing X

.25 ϕ Manual or automatic X

.26 ± Peening X

.64 Use of thermal processes X

.87 ϕ Multiple to single pass/side X
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Table QW-254
Welding Variables Procedure Specifications (WPS) — Submerged-Arc Welding (SAW) (Cont’d)

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-254.1
Welding Variables Procedure Specifications (WPS) — Submerged-Arc Welding (SAW)

Special Process Variables

Paragraph

Essential Variables
Nonessential Variables for HFO

and CRO
Hard-Facing Overlay (HFO)

(See QW-216)
Corrosion-Resistant Overlay

(CRO) (See QW-214)
QW-402
Joints

.16 < Finished t < Finished t

QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number

.23 ϕ T Qualified ϕ T Qualified
QW-404
Filler Metals

.6 ϕ Nominal size of electrode

.12 ϕ Classification

.24 ± or ϕ > 10% in supplemental
filler metal

± or ϕ > 10% in supplemental
filler metal

.27 ϕ Alloy elements

.37 ϕ A-Number

.39 ϕ Nominal flux comp. ϕ Nominal flux comp.

.57 > Strip thickness or width > Strip thickness or width
QW-405
Positions

.4 + Position + Position

QW-406
Preheat

.4 Dec. > 100°F (55°C) preheat >
Interpass

Dec. > 100°F (55°C) preheat >
Interpass

QW-407
PWHT

.6 ϕ PWHT

.9 ϕ PWHT
QW-409
Electrical
Characteristics

.4 ϕ Current or polarity ϕ Current or polarity

.8 ϕ I&E range

.26 1st layer — Heat input > 10% 1st layer — Heat input > 10%
QW-410
Technique

.1 ϕ String or weave

.5 ϕ Method of cleaning

.7 ϕ Oscillation

.8 ϕ Tube to work distance

.15 ϕ Electrode spacing

.25 ϕ Manual or automatic

.26 ± Peening

.38 ϕ Multiple to single layer ϕ Multiple to single layer

.40 − Supplemental device

.50 ϕ No. of electrodes ϕ No. of electrodes

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-255
ð23Þ Welding Variables Procedure Specifications (WPS) — Gas Metal-Arc Welding (GMAW and FCAW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.4 − Backing X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.5 ϕ Group Number X

.6 T Limits X

.8 ϕ T Qualified X

.9 t Pass > 1∕2 in. (13 mm) X

.11 ϕ P-No. qualified X
QW-404
Filler Metals

.4 ϕ F-Number X

.5 ϕ A-Number X

.6 ϕ Diameter X

.12 ϕ Classification X

.23 ϕ Filler metal product form X

.24 ± or ϕ Supplemental X

.27 ϕ Alloy elements X

.30 ϕ t X

.33 ϕ Classification X
QW-405
Positions

.1 + Position X

.3 ϕ ↑ ↓ Vertical welding X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

.2 ϕ Preheat maint. X

.3 Increase > 100°F (55°C) (IP) X
QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-408
Gas

.1 ± Trail or ϕ comp. X

.2 ϕ Single, mixture, or % X

.3 ϕ Flow rate X

.5 ± or ϕ Backing flow X

.9 − Backing or ϕ comp. X

.10 − Trail or ϕ comp. X
QW-409
Electrical Characteristics

.1 > Heat input X

.4 ϕ Current or polarity X

.8 ϕ I&E range X

.30 ϕ Current or polarity X

.32 ϕ Transfer mode X
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Table QW-255
Welding Variables Procedure Specifications (WPS) — Gas Metal-Arc Welding (GMAW and FCAW) (Cont’d)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-410
Technique

.1 ϕ String or weave X

.3 ϕ Orifice, cup, or nozzle size X

.5 ϕ Method cleaning X

.6 ϕ Method back gouge X

.7 ϕ Oscillation X

.8 ϕ Tube-work distance X

.9 ϕ Multiple to single pass per side X

.10 ϕ Single to multiple electrodes X X

.15 ϕ Electrode spacing X

.25 ϕ Manual or automatic X

.26 ± Peening X

.64 Use of thermal processes X

.87 ϕ Multiple to single pass/side X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-255.1
Welding Variables Procedure Specifications (WPS) — Gas Metal-Arc Welding (GMAW and FCAW)

Special Process Variables

Paragraph

Essential Variables
Nonessential Variables for HFO

and CRO
Hard-Facing Overlay (HFO)

(See QW-216)
Corrosion-Resistant Overlay

(CRO) (See QW-214)
QW-402
Joints

.16 < Finished t < Finished t

QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number

.23 ϕ T Qualified ϕ T Qualified
QW-404
Filler Metals

.6 ϕ Nominal size of electrode

.12 ϕ Classification

.23 ϕ Filler metal product form ϕ Filler metal product form

.24 ± or ϕ > 10% in supplemental
filler metal

± or ϕ > 10% in supplemental
filler metal

.27 ϕ Alloy elements

.37 ϕ A-Number
QW-405
Positions

.4 + Position + Position

QW-406
Preheat

.4 Dec. > 100°F (55°C) preheat >
Interpass

Dec. > 100°F (55°C) preheat >
Interpass

QW-407
PWHT

.6 ϕ PWHT

.9 ϕ PWHT
QW-408
Gas

.2 ϕ Single, mixture, or % ϕ Single, mixture, or %

.3 ϕ Flow rate
QW-409
Electrical
Characteristics

.4 ϕ Current or polarity ϕ Current or polarity

.8 ϕ I&E range

.26 1st layer — Heat input > 10% 1st layer — Heat input > 10%
QW-410
Technique

.1 ϕ String or weave

.3 ϕ Orifice, cup, or nozzle size

.5 ϕ Method of cleaning

.7 ϕ Oscillation

.8 ϕ Tube to work distance

.25 ϕ Manual or automatic

.26 ± Peening

.38 ϕ Multiple to single layer ϕ Multiple to single layer

.50 ϕ No. of electrodes ϕ No. of electrodes

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-256
ð23ÞWelding Variables Procedure Specifications (WPS) — Gas Tungsten-Arc Welding (GTAW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.5 + Backing X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.5 ϕ Group Number X

.6 T Limits X

.8 T Qualified X

.11 ϕ P-No. qualified X
QW-404
Filler Metals

.3 ϕ Size X

.4 ϕ F-Number X

.5 ϕ A-Number X

.12 ϕ Classification X

.14 ± Filler X

.22 ± Consum. insert X

.23 ϕ Filler metal product form X

.30 ϕ t X

.33 ϕ Classification X

.50 ± Flux X
QW-405
Positions

.1 + Position X

.3 ϕ ↑↓ Vertical welding X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

.3 Increase > 100°F (55°C) (IP) X
QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-408
Gas

.1 ± Trail or ϕ comp. X

.2 ϕ Single, mixture, or % X

.3 ϕ Flow rate X

.5 ± or ϕ Backing flow X

.9 − Backing or ϕ comp. X

.10 − Trail or ϕ comp. X
QW-409
Electrical Characteristics

.1 > Heat input X

.3 ± Pulsing I X

.4 ϕ Current or polarity X

.8 ϕ I&E range X

.12 ϕ Tungsten electrode X

.30 ϕ Current or polarity X
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Table QW-256
Welding Variables Procedure Specifications (WPS) — Gas Tungsten-Arc Welding (GTAW) (Cont’d)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-410
Technique

.1 ϕ String or weave X

.3 ϕ Orifice, cup, or nozzle size X

.5 ϕ Method cleaning X

.6 ϕ Method back gouge X

.7 ϕ Oscillation X

.9 ϕ Multi to single pass per side X

.10 ϕ Single to multi electrodes X X

.11 ϕ Closed to out chamber X

.15 ϕ Electrode spacing X

.25 ϕ Manual or automatic X

.26 ± Peening X

.64 Use of thermal processes X

.87 ϕ Multiple to single pass/side X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-256.1
Welding Variables Procedure Specifications (WPS) — Gas Tungsten-Arc Welding (GTAW)

Special Process Variables

Paragraph

Essential Variables
Nonessential Variables

for HFO and CRO
Hard-Facing Overlay (HFO)

(See QW-216)
Corrosion-Resistant Overlay

(CRO) (See QW-214)
QW-402
Joints

.16 < Finished t < Finished t

QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number

.23 ϕ T Qualified ϕ T Qualified
QW-404
Filler Metals

.3 ϕ Wire size

.12 ϕ Classification

.14 ± Filler metal ± Filler metal

.23 ϕ Filler metal product form ϕ Filler metal product form

.37 ϕ A-Number
QW-405
Positions

.4 + Position + Position

QW-406
Preheat

.4 Dec. > 100°F (55°C) preheat >
Interpass

Dec. > 100°F (55°C) preheat >
Interpass

QW-407
PWHT

.6 ϕ PWHT

.9 ϕ PWHT
QW-408
Gas

.2 ϕ Single, mixture, or % ϕ Single, mixture, or %

.3 ϕ Flow rate
QW-409
Electrical
Characteristics

.4 ϕ Current or polarity ϕ Current or polarity

.8 ϕ I&E range

.12 ϕ Tungsten electrode

.26 1st layer — Heat input > 10% 1st layer — Heat input > 10%
QW-410
Technique

.1 ϕ String or weave

.3 ϕ Orifice, cup, or nozzle size

.5 ϕ Method of cleaning

.7 ϕ Oscillation

.15 ϕ Electrode spacing

.25 ϕ Manual or automatic

.26 ± Peening

.38 ϕ Multiple to single layer ϕ Multiple to single layer

.50 ϕ No. of electrodes ϕ No. of electrodes

.52 ϕ Filler metal delivery

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-257
ð23Þ Welding Variables Procedure Specifications (WPS) — Plasma-Arc Welding (PAW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.5 + Backing X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.5 ϕ Group Number X

.6 T Limits X

.8 ϕ T Qualified X

.12 ϕ P-Number or melt-in X
QW-404
Filler Metals

.3 ϕ Size X

.4 ϕ F-Number X

.5 ϕ A-Number X

.12 ϕ Classification X

.14 ± Filler metal X

.22 ± Consum. insert X

.23 ϕ Filler metal product form X

.27 ϕ Alloy elements X

.30 ϕ t X

.33 ϕ Classification X
QW-405
Positions

.1 + Position X

.3 ϕ ↑↓ Vertical welding X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

.3 Increase > 100°F (55°C) (IP) X
QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-408
Gas

.1 ± Trail or ϕ comp. X

.4 ϕ Composition X

.5 ± or ϕ backing flow X

.9 − Backing or ϕ comp. X

.10 − Trail or ϕ comp. X

.21 ϕ Flow rate X
QW-409
Electrical Characteristics

.1 > Heat input X

.4 ϕ Current or polarity X

.8 ϕ I&E range X

.12 ϕ Tungsten electrode X

.30 ϕ Current or polarity X
QW-410
Technique

.1 ϕ String or weave X

.3 ϕ Orifice, cup, or nozzle size X

.5 ϕ Method cleaning X

.6 ϕ Method back gouge X

.7 ϕ Oscillation X

.9 ϕ Multiple to single pass per side X

.10 ϕ Single to multiple electrodes X X

.11 ϕ Closed to out chamber X

.15 ϕ Electrode spacing X

.26 ± Peening X

.64 Use of thermal processes X

.87 ϕ Multiple to single pass/side X
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Table QW-257
Welding Variables Procedure Specifications (WPS) — Plasma-Arc Welding (PAW) (Cont’d)

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-257.1
Welding Variables Procedure Specifications (WPS) — Plasma-Arc Welding (PAW)

Special Process Variables

Paragraph

Essential Variables

Nonessential Variables
for HFO, CRO, and HFSF

Hard-Facing Overlay
(HFO) (See QW-216)

Corrosion-Resistant
Overlay (CRO)
(See QW-214)

Hard-Facing Spray Fuse
(HFSF) (See QW-216)

QW-402
Joints

.16 < Finished t < Finished t

.17 > Finished t
QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number ϕ P-Number

.23 ϕ T Qualified ϕ T Qualified
QW-404
Filler Metals

.12 ϕ Classification ϕ Classification

.14 ± Filler metal ± Filler metal

.23 ϕ Filler metal product
form

ϕ Filler metal product
form

.37 ϕ A-Number

.41 ϕ > 10% Powder feed rate ϕ > 10% Powder feed
rate

.42 ϕ > 5% Particle size

.43 ϕ Particle size ϕ Particle size

.44 ϕ Powder type ϕ Powder type

.46 ϕ Powder feed rate
QW-405
Positions

.4 + Position + Position + Position

QW-406
Preheat

.4 Dec. > 100°F (55°C)
preheat > Interpass

Dec. > 100°F (55°C)
preheat > Interpass

Dec. > 100°F (55°C)
preheat > Interpass

.5 ϕ Preheat maintenance
QW-407
PWHT

.6 ϕ PWHT ϕ PWHT

.7 ϕ PWHT after fusing

.9 ϕ PWHT
QW-408
Gas

.1 ± Trail or π comp.

.16 ϕ > 5% Arc or metal feed
gas

ϕ > 5% Arc or metal feed
gas

ϕ > 5% Arc or metal feed
gas

.17 ϕ Type or mixture ϕ Type or mixture

.18 ϕ > 10% Mix. comp. ϕ > 10% Mix. comp.

.19 ϕ Plasma or feed gas
comp.

.20 ϕ Plasma gas flow-rate
range

QW-409
Electrical
Characteristics

.4 ϕ Current or polarity ϕ Current or polarity

.8 ϕ I&E range

.12 ϕ Type or size of
electrode

.23 ϕ > 10% I&E

.24 ϕ > 10% Filler wire watt. ϕ > 10% Filler wire watt.

.25 ϕ > 10% I&E ϕ > 10% I&E
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Table QW-257.1
Welding Variables Procedure Specifications (WPS) — Plasma-Arc Welding (PAW) (Cont’d)

Special Process Variables

Paragraph

Essential Variables

Nonessential Variables
for HFO, CRO, and HFSF

Hard-Facing Overlay
(HFO) (See QW-216)

Corrosion-Resistant
Overlay (CRO)
(See QW-214)

Hard-Facing Spray Fuse
(HFSF) (See QW-216)

QW-410
Technique

.1 ϕ String or weave (HFO
and CRO only)

.3 ϕ Orifice, cup, or nozzle
size

.5 ϕ Method of cleaning

.7 ϕ Oscillation

.25 ϕ Manual or automatic

.26 ± Peening

.38 ϕ Multiple to single layer ϕ Multiple to single layer ϕ Multiple to single layer

.41 ϕ > 15% Travel speed ϕ > 15% Travel speed

.43 ϕ > 10% Travel speed
range

.44 ϕ > 15% Torch to
workplace

.45 ϕ Surface preparation

.46 ϕ Spray torch

.47 ϕ > 10% Fusing temp. or
method

.48 ϕ Transfer mode ϕ Transfer mode ϕ Transfer mode

.49 ϕ Torch orifice diameter ϕ Torch orifice diameter

.52 ϕ Filler metal del. ϕ Filler metal del.

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-258
ð23Þ Welding Variables Procedure Specifications (WPS) — Electroslag Welding (ESW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.1 ϕ P-Number X

.4 ϕ Group Number X

.9 t Pass > 1∕2 in. (13 mm) X
QW-404
Filler Metals

.4 ϕ F-Number X

.5 ϕ A-Number X

.6 ϕ Diameter X

.12 ϕ Classification X

.17 ϕ Flux type or comp. X

.18 ϕ Wire to plate X

.19 ϕ Consum. guide X

.33 ϕ Classification X
QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-409
Electrical Characteristics

.5 ϕ ± 15% I&E range X

QW-410
Technique

.5 ϕ Method cleaning X

.10 ϕ Single to multiple electrodes X

.15 ϕ Electrode spacing X

.26 ± Peening X

.64 Use of thermal processes X

.86 ϕ Oscillation X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-258.1
Welding Variables Procedure Specifications (WPS) — Electroslag Welding (ESW)

Special Process Variables

Paragraph

Essential Variables
Nonessential Variables for HFO

and CRO
Hard-Facing Overlay (HFO)

(See QW-216)
Corrosion-Resistant Overlay

(CRO) (See QW-214)
QW-402
Joints

.16 < Finished t < Finished t

QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number

.23 ϕ T Qualified ϕ T Qualified
QW-404
Filler Metals

.6 ϕ Nominal size of electrode

.12 ϕ Classification

.24 ± or ϕ > 10% in supplemental
filler metal

± or ϕ > 10% in supplemental
filler metal

.37 ϕ A-Number

.39 ϕ Nominal flux comp. ϕ Nominal flux comp.

.57 > Strip thickness or width > Strip thickness or width
QW-406
Preheat

.4 Dec. > 100°F (55°C) preheat >
Interpass

Dec. > 100°F (55°C) preheat >
Interpass

QW-407
PWHT

.6 ϕ PWHT

.9 ϕ PWHT
QW-409
Electrical
Characteristics

.4 ϕ Current or polarity ϕ Current or polarity

.8 ϕ I&E range

.26 1st layer — Heat input > 10% 1st layer — Heat input > 10%
QW-410
Technique

.5 ϕ Method of cleaning

.7 ϕ Oscillation (CRO only)

.38 ϕ Multiple to single layer ϕ Multiple to single layer

.40 − Supplemental device − Supplemental device

.50 ϕ No. of electrodes ϕ No. of electrodes

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand

ASME BPVC.IX-2023

55

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


Table QW-259
ð23Þ Welding Variables Procedure Specifications (WPS) — Electrogas Welding (EGW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.1 ϕ P-Number X

.5 ϕ Group Number X

.6 T Limits X

.8 ϕ T Qualified X

.9 t Pass > 1∕2 in. (13 mm) X
QW-404
Filler Metals

.4 ϕ F-Number X

.5 ϕ A-Number X

.6 ϕ Diameter X

.12 ϕ Classification X

.23 ϕ Filler metal product form X

.33 ϕ Classification X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-408
Gas

.2 ϕ Single, mixture, or % X

.3 ϕ Flow rate X
QW-409
Electrical Characteristics

.1 > Heat input X

.4 ϕ Current or polarity X

.8 ϕ I&E range X

.30 ϕ Current or polarity X
QW-410
Technique

.5 ϕ Method cleaning X

.7 ϕ Oscillation X

.8 ϕ Tube-work distance X

.9 ϕ Multiple to single pass per side X

.10 ϕ Single to multiple electrodes X

.15 ϕ Electrode spacing X

.26 ± Peening X

.64 Use of thermal processes X

.87 ϕ Multiple to single pass/side X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand

GENEAL NOTE: Automated vertical gas metal-arc welding for vertical position only.
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Table QW-260
ð23ÞWelding Variables Procedure Specifications (WPS) — Electron Beam Welding (EBW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.2 − Backing X

.6 > Fit-up gap X
QW-403
Base Metals

.1 ϕ P-Number X

.3 ϕ Penetration X

.15 ϕ P-Number X
QW-404
Filler Metals

.1 ϕ Cross section or speed X

.2 < t or ϕ comp. X

.8 ± or ϕ Chem. comp. X

.14 ± Filler X

.20 ϕ Method of addition X

.21 ϕ Analysis X

.33 ϕ Classification X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

QW-407
PWHT

.1 ϕ PWHT X

QW-408
Gas

.6 ϕ Environment X

QW-409
Electrical Characteristics

.6 ϕ I, E, speed, distance, osc. X

.7 ϕ Pulsing frequency X
QW-410
Technique

.5 ϕ Method cleaning X

.14 ϕ Angle of beam axis X

.17 ϕ Type equip. X

.18 > Pressure of vacuum X

.19 ϕ Filament type, size, etc. X

.20 + Wash pass X

.21 1 vs. 2 side welding X

.64 Use of thermal processes X

.86 ϕ Oscillation X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-261
Welding Variables Procedure Specifications (WPS) — Stud Welding

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.8 ϕ Stud shape size X

.9 − Flux or ferrule X
QW-403
Base Metal

.17 ϕ Base metal or stud metal
P-No.

X

QW-405
Positions

.1 + Position X

QW-406
Preheat

.1 Decrease > 100°F (55°C) X

QW-407
PWHT

.1 ϕ PWHT X

QW-408
Gas

.2 ϕ Single, mixture, or % X

QW-409
Electrical Characteristics

.4 ϕ Current or polarity X

.9 ϕ Arc timing X

.10 ϕ Amperage X

.11 ϕ Power source X
QW-410
Technique

.22 ϕ Gun model or lift X

.64 Use of thermal processes X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-262
Welding Variables Procedure Specifications (WPS) — Inertia and Continuous Drive Friction Welding

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.12 ϕ ± 10 deg X
ϕ Cross section > 10% X
ϕ O.D. > ±10% X
ϕ Solid-to-tube X

QW-403
Base Metals

.19 ϕ Base metal X

QW-406
Preheat

.1 ϕ Decrease > 100°F (55°C) X

QW-407
PWHT

.1 ϕ PWHT X

QW-408
Gas

.6 ϕ Environment X

QW-410
Technique

.27 ϕ Spp. > ±10% X

.28 ϕ Load > ±10% X

.29 ϕ Energy > ±10% X

.30 ϕ Upset > ±10% X

.64 Use of thermal processes X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-263
Welding Variables Procedure Specifications (WPS) — Resistance Welding

Paragraph Brief of Variables Essential Nonessential
QW-402
Joints

.13 ϕ Spot, projection, seam X

.14 ϕ Overlap, spacing X

.15 ϕ Projection, shape, size X
QW-403
Base Metals

.1 ϕ P-No. X

.21 ± Coating, plating X

.22 ± T X
QW-407
PWHT

.1 ϕ PWHT X

QW-408
Gas

.23 − Gases X

QW-409
Electrical

.13 ϕ RWMA class X

.14 ± ϕ Slope X

.15 ϕ Pressure, current, time X

.17 ϕ Power supply X

.18 Tip cleaning X
QW-410
Technique

.31 ϕ Cleaning method X

.32 ϕ Pressure, time X

.33 ϕ Equipment X

.34 ϕ Cooling medium X

.35 ϕ Throat X

.64 Use of thermal processes X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-264
ð23ÞWelding Variables Procedure Specifications (WPS) — Laser Beam Welding (LBW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential

QW-402
Joints

.2 ± Backing X

.6 > Fit-up gap X

.18 ϕ Lap joint config. X

.25 ϕ Lap to groove X

.26 < Bevel angle > 5 deg X
QW-403
Base Metals

.3 ϕ Penetration X

.35 ϕ Base metal X
QW-404
Filler Metals

.1 ϕ Cross section or speed X

.2 < t or ϕ comp. X

.4 ϕ F-No. X

.5 ϕ A-No. X

.8 ± or ϕ chem. comp. X

.14 ± Filler metal X

.20 ϕ Method of addition X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

QW-407
PWHT

.1 ϕ PWHT X

QW-408
Gas

.2 ϕ Single, mixture, or % X

.6 ϕ Environment X

.11 ± Gases X

.12 Decrease > 10% flow rate X
QW-409
Electrical Characteristics

.19 ϕ Pulse X

.20 ϕ Mode, energy X

.21 Decrease in power X
QW-410
Technique

.5 ϕ Method cleaning X

.14 ϕ Angle of beam axis X

.20 + Wash pass X

.21 1 vs. 2 side welding X

.37 ϕ Single to multiple pass X

.64 Use of thermal processes X

.66 ϕ Travel, Beam factors X

.67 ϕ Optical technique X

.68 ϕ Type of equipment X

.77 ϕ Wavelength X

.80 ϕ Spot size X

.86 ϕ Oscillation X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-264.1
Welding Variables Procedure Specifications (WPS) — Laser Beam Welding (LBW)

Special Process Variables

Paragraph

Essential Variables
Nonessential Variables for HFO

and CRO
Hard-Facing Overlay (HFO)

(See QW-216)
Corrosion-Resistant Overlay

(CRO) (See QW-214)
QW-402
Joints

.16 < Finished t < Finished t

QW-403
Base Metals

.20 ϕ P-Number ϕ P-Number

QW-404
Filler Metals

.12 ϕ Classification ϕ Classification

.27 ϕ Alloy elements ϕ Alloy elements

.44 ϕ Particle type ϕ Particle type

.47 ϕ Filler or powder metal size ϕ Filler or powder metal size

.48 ϕ Powder metal density ϕ Powder metal density

.49 ϕ Filler metal powder feed rate ϕ Filler metal powder feed rate
QW-405
Positions

.1 + Position + Position

QW-406
Preheat

.4 Dec. > 100°F (55°C) preheat >
Interpass

Dec. > 100°F (55°C) preheat >
Interpass

QW-407
PWHT

.6 ϕ PWHT

.9 ϕ PWHT
QW-408
Gas

.2 ϕ Single, mixture, or % ϕ Single, mixture, or %

.6 ϕ Environment ϕ Environment

.11 ± Gases ± Gases

.12 Decrease > 10% flow rate Decrease > 10% flow rate
QW-409
Electrical
Characteristics

.19 ϕ Pulse ϕ Pulse

.20 ϕ Mode, energy ϕ Mode, energy

.21 Decrease in power Decrease in power
QW-410
Technique

.5 ϕ Method of cleaning

.17 ϕ Type or model of equipment ϕ Type or model of equipment

.38 ϕ Multiple to single layer ϕ Multiple to single layer

.45 ϕ Method of surface prep. ϕ Method of surface prep.

.52 ϕ Filler metal delivery ϕ Filler metal delivery

.53 ϕ Overlap, spacing ϕ Overlap, spacing

.77 ϕ Wavelength ϕ Wavelength

.80 ϕ Spot size ϕ Spot size

.86 ϕ Oscillation ϕ Oscillation

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-264.2
Welding Variables Procedure Specifications (WPS) — Low-Power Density Laser Beam Welding (LLBW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.1 ϕ Groove design X

.5 + Backing X

.10 ϕ Root spacing X

.11 ± Retainers X
QW-403
Base Metals

.5 ϕ Group number X

.6 T Limits X

.8 T Qualified X

.11 ϕ P-No. qualified X
QW-404
Filler Metals

.3 ϕ Size X

.4 ϕ F-Number X

.5 ϕ A-Number X

.12 ϕ Classification X

.14 ± Filler X

.22 ± Consum. insert X

.23 ϕ Filler metal product form X

.30 ϕ t X

.33 ϕ Classification X

.50 ± Flux X
QW-405
Positions

.1 + Position X

.3 ϕ ↑ ↓ Vertical welding X
QW-406
Preheat

.1 Decrease > 100°F (55°C) X

.3 Increase > 100°F (55 °C) (IP) X
QW-407
PWHT

.1 ϕ PWHT X

.2 ϕ PWHT (T&T range) X
QW-408
Gas

.1 ± Trail or ϕ comp. X

.2 ϕ Single, mixture, or % X

.3 ϕ Flow rate X

.5 ± or ϕ Backing flow X

.9 – Backing or ϕ comp. X

.10 ϕ Shielding or trailing X
QW-409
Electrical Characteristics

.1 > Heat input X

.19 ϕ Pulse X

.20 ϕ Mode, energy X

.21 Decrease in power X

ASME BPVC.IX-2023

63

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


Table QW-264.2
Welding Variables Procedure Specifications (WPS) — Low-Power Density Laser Beam Welding (LLBW) (Cont’d)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-410
Technique

.3 ϕ Orifice, cup, or nozzle size X

.5 ϕ Method cleaning X

.6 ϕ Method back gouge X

.7 ϕ Oscillation X

.9 ϕ Multi to single pass per side X X

.11 ϕ Closed to out chamber X

.26 ± Peening X

.64 Use of thermal processes X

.66 ϕ Travel, Beam factors X

.67 ϕ Optical technique X

.68 ϕ Type of equipment X

.77 ϕ Wavelength X

.80 ϕ Spot size X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-265
Welding Variables Procedure Specifications (WPS) — Flash Welding

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.19 ϕ Diameter or thickness X

.20 ϕ Joint configuration X

.21 ϕ Method or equip. used to
minimize ID flash

X

.22 ϕ End preparation method X
QW-403
Base Metals

.24 ϕ Spec., type, or grade X

QW-406
Preheat

.7 ϕ > 10% Amperage or number of
preheat cycles, or method, or >
25°F (15°C) temperature

X

QW-407
PWHT

.8 ϕ PWHT, PWHT cycles, or separate
PWHT time or temperature

X

QW-408
Gas

.22 ϕ Shielding gas composition,
pressure, or purge time

X

QW-409
Electrical Characteristics

.27 ϕ > 10% Flashing time X

.28 ϕ > 10% Upset current time X
QW-410
Technique

.17 ϕ Type or model of equipment X

.54 ϕ > 10% Upset length or force X

.55 ϕ > 10% Distance between
clamping dies or preparation
of clamping area

X

.56 ϕ Clamping force X

.57 ϕ 10% Forward or reverse speed X

.64 Use of thermal processes X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-266
Welding Variables Procedure Specifications (WPS) — Diffusion Welding (DFW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-403
Base Metals

.28 Base metal grade X

.29 ϕ Surface finish X
QW-404
Filler Metal

.53 ± Filler metal and composition X

QW-407
PWHT

.10 ± PWHTtemperature, time, cooling
rate

X

QW-408
Gas

.25 ϕ Furnace Atmosphere X

QW-410
Technique

.70 ϕ Preassembly Cleaning X

.71 < Block Compression X

.72 < Welding time or temperature X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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Table QW-267
Welding Variables Procedure Specifications — Friction Stir Welding (FSW)

Paragraph Brief of Variables Essential
Supplementary

Essential Nonessential
QW-402
Joints

.27 ϕ Fixed backing X

.28 ϕ Joint design X

.29 ϕ Joint spacing > 10% X
QW-403
Base Metals

.19 ϕ Type or grade X

.30 ϕ T qualified > 20% X
QW-404 Filler Metals .14 ± Filler metal X

.55 > Thickness or width of preplaced
filler metal

X

.56 ϕ Type/grade X
QW-407
PWHT

.1 ϕ PWHT X

QW-408
Gas

.26 ϕ Shielding gas X

QW-410
Technique

.21 1-side vs. 2-side welding X

.73 ϕ Joint restraint X

.74 ϕ Control method X

.75 ϕ Tool design X

.76 ϕ Tool operation X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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QW-283 WELDS WITH BUTTERING

QW-283.1 Scope. This paragraph only applies when
the essential variables for the buttering process are
different than the essential variables for the process
used for subsequent completion of the joint. Common
examples are

(a) the buttered member is heat treated and the
completed weld is not heat treated after welding

(b) the filler metal used for buttering has a different F-
Number from that used for the subsequent completion of
the weld

QW-283.2 Tests Required. The procedure shall be
qualified by buttering the test coupon (including heat
treating of the buttered member when this will be
done in production welding) and then making the subse-
quent weld joining the members. The variables for the
buttering and for the subsequent weld shall be in accor-
dance with QW-250, except that QW-409.1 shall be an
essential variable for the welding process(es) used to
complete theweldwhen theminimumbuttering thickness
is less than 3∕16 in. (5 mm). Mechanical testing of the
completed weldment shall be in accordance with
QW-202.2(a).
If the buttering is done with filler metal of the same

composition as the filler metal used to complete the
weld, one weld test coupon may be used to qualify the
dissimilarmetal joint bywelding the firstmemberdirectly
to the second member in accordance with Section IX.

QW-283.3 Buttering Thickness. The thickness of
buttering which shall remain on the production buttered
member after allmachiningandgrinding is completedand
before subsequent completion of the joint shall be
required by the WPS. When this thickness is less than
3∕16 in. (5 mm), the thickness of buttering on the test
coupon shall be measured before the buttered member
is welded to the second member. This thickness shall
become the minimum qualified thickness of buttering.

QW-283.4 Qualification Alternative. When an essen-
tial variable is changed in the portion of the weld to be
made after buttering or when a different organization is
performing the portion of the weld to be made after
buttering, a newqualification shall be performed in accor-
dance with one of the following methods:

(a) Qualify in accordance with QW-283.2 and
QW-283.3.Whentheoriginalqualificationbuttering thick-
ness is less than 3∕16 in. (5 mm), the buttering thickness
shall not be greater, nor the heat input higher than was
used on the original qualification.

(b) When the original qualification buttering thickness
is 3∕16 in. (5mm) or greater, qualify the portion of theweld
to be made after buttering using any P-Number material
that nominally matches the chemical analysis of the
buttering weld metal for the buttered base metal of
the test coupon.

QW-284 RESISTANCE WELDING MACHINE
QUALIFICATION

Each resistance welding machine shall be tested to
determine its ability to make welds consistently and
reproducibly. A machine shall be requalified whenever
it is rebuilt, moved to a new location requiring a
change in power supply, when the power supply is
changed, or any other significant change is made to
the equipment. Spot and projection welding machine
qualification testing shall consist of making a set of
100 consecutive welds. Every fifth of these welds shall
be subjected to mechanical shear tests. Five welds,
which shall include one of the first five and one of the
last five of the set shall be metallographically examined.
Seam welding machine qualification testing shall be the
same as procedure qualification testing required per
QW-286. Maintenance or adjustment of the welding
machine shall not be permitted during welding of a set
of test welds. Qualification testing on any P-No. 21
through P-No. 26 aluminum alloy shall qualify the
machine for all materials. Qualification on P-No. 1
through P-No. 15F iron-base alloys and any P-No. 41
through P-No. 49 nickel-base alloys shall qualify the
machine for all P-No. 1 through P-No. 15F and P-No.
41 through P-No. 49 metals. Qualification testing of the
machine using base metals assigned to P-No. 51
through P-No. 53, P-No. 61, or P-No. 62 qualifies the
welding machine to weld all base metals assigned to P-
No. 51 through P-No. 53, P-No. 61, and P-No. 62.
Testing and acceptance criteria shall be in accordance
with QW-196.

QW-285 RESISTANCE SPOT AND PROJECTION
WELD PROCEDURE QUALIFICATION

Procedure qualification testing for spot or projection
welds shall be done following a Welding Procedure Spec-
ification, and it shall consist of making a set of ten con-
secutive welds. Five of these welds shall be subjected to
mechanical shear tests and five to metallographic exam-
ination. Examination, testing, and acceptance criteria shall
be in accordance with QW-196.

QW-286 RESISTANCE SEAM WELD PROCEDURE
QUALIFICATION

QW-286.1 Test coupons described below shall consist
of the same number of members, orientation, material
grades or types, and thicknesses to be used in production
welding.

QW-286.2 A test coupon as shown in Figure
QW-462.7.1 shall be prepared by drilling a hole in the
center of one of the outer coupon members. In the
case of a test coupon containing more than two
members, a hole shall be drilled in each member
except for one of the outer members. A pipe nipple
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shall bewelded or brazed to the outermember at the hole.
The test coupon shall then be welded around the edges,
sealing the space between the members as shown in
Figure QW-462.7.1. The coupon shall be pressurized
hydrostatically until failure occurs. The procedure quali-
fication is acceptable if failure occurs in the base metal.

QW-286.3 A test coupon at least 10 in. (250 mm) long
shall be made per Figure QW-462.7.2. This test coupon
shall be cut transverse to the length of the weld into
ten pieces, each approximately 1 in. (25 mm) long.
Four transverse weld specimens and four longitudinal
weld cross section specimens shall be cut and prepared
as detailed in Figure QW-462.7.2. The specimens shall be
metallographically examined for compliance with the re-
quirements of QW-196.

QW-287 VARIATION OF SETTINGS FOR ELECTRIC
RESISTANCE WELDING

Settings for preheating cycles, electrode pressure,
welding current, welding time cycle, or postheating
cycles may be varied by ±5% from the values recorded
on the PQR, or by ±10% when only one of the above
settings is changed.

QW-288 TUBE-TO-TUBESHEET QUALIFICATION
ESSENTIAL VARIABLES

Essential variables applicable to tube-to-tubesheet
welding procedure qualifications in accordance with
QW-193 are listed in Table QW-288.1 for all welding
processes except explosion welding and Table
QW-288.2 for explosion welding. Essential procedure
qualification variables applicable for each welding
process listed in QW-250 shall also be observed in addi-
tion to the variables of QW-288. A change in the welding
process used shall require requalification.

Table QW-288.1
Essential Variables for Procedure Qualification of Tube-
to-Tubesheet Welding (All Welding Processes Except

Explosion Welding)

Paragraph Brief of Variables
QW-402
Joints

.31 < Ligament size

.32 ϕ Joint configuration
QW-403
Base Metals

.18 ϕ P-Number or A-Number

.32 ϕ Tube thickness

.33 ϕ P-Number
QW-404
Filler Metals

.3 ϕ Filler metal size

.58 ± Preplaced filler metal

.59 ϕ A-number
QW-405
Positions

.3 ϕ ↑↓ Vertical welding

.4 ϕ Position
QW-406
Preheat

.1 Joint spacing > 10%

.3 Increase>100°F (55°C) (IP)
QW-407
PWHT

.1 ϕ PWHT

QW-409
Electrical
Characteristics

.4 ϕ Polarity

.10 ϕ Amperage

QW-410
Technique

.5 ϕ Method of cleaning

.37 ϕ Single to multiple pass

.81 + Tube expansion

Legend:

+ Addition < Decrease or less than
− Deletion ϕ Change

GENERAL NOTE: QW-403.32, QW-404.59, QW-405.3, QW-406.1,
QW-406.3, QW-409.4, QW-409.10, QW-410.25, and QW-410.37 do
not apply to explosion welding.

Table QW-288.2
Essential Variables for Procedure Qualification of Tube-

to-Tubesheet Welding (Explosion Welding)

Paragraph Brief of Variables
QW-403
Base Metals

.34 ϕ Tube thickness

QW-410
Technique

.82 ϕ Pressure application

.83 ϕ Explosive

.84 ϕ Distance charge to tubesheet

.85 ϕ Specified clearance

Legend:

ϕ Change
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QW-289 LOW-ENERGY CAPACITOR DISCHARGE
WELDING

The following requirements apply to low-energy capa-
citor discharge welding:

(a) The energy output shall be limited to 125 W-sec.
(b) A Welding Procedure Specification describing the

capacitor discharge equipment, the combination of mate-
rials to be joined, and the technique of application shall be
prepared; qualification of the welding procedure is not
required.

QW-290 TEMPER BEAD WELDING
When the referencing code, standard, or specification

specifies the use of this paragraph for temper bead
welding, QW-290.1 through QW-290.6 shall apply.

QW-290.1 Basic Qualification and Upgrading of
Existing Welding Procedure Specifications (WPSs). All
WPSs for temper bead welding of groove and fillet
weld shall be qualified for groove welding in accordance
with the rules in QW-202 for qualification by groove
welding or the rules in QW-283 for welds with buttering.
WPSs for overlay shall be qualified in accordance with
QW-214 or QW-216. Once these requirements and any
additional qualification requirements of the referencing
code, standard, or specification have been satisfied,
then it is necessary only to prepare an additional test
coupon using the same procedure with the same essential
variables and, when required, the same supplementary
essential variables with the coupon long enough to
obtain the required temper bead test specimens. Qualifi-
cation for groovewelding, welding with buttering or clad-
ding, and temperbeadweldingmayalsobedone ina single
test coupon.
When aWPS has been previously qualified to satisfy all

requirements including temper bead welding, but one or
more temper bead welding variables are changed, then it

is necessary only to prepare an additional test coupon
using the same WPS with the same variables and new
temper bead welding essential variable(s) with the
coupon longenough toobtain the required test specimens.

QW-290.2 Welding Process Restrictions. Temper
bead welding is limited to SMAW, GTAW, SAW, GMAW
(including FCAW), LLBW, and PAW. Manual and semiau-
tomaticGTAWandPAWareprohibited, except for the root
pass of grooveweldsmade fromone side and as described
formaking repairs to temperbeadwelds inQW-290.6. The
variables listed in Table QW-290.4 apply in addition to the
variables applicable for the process(es) qualified as given
in QW-250. When toughness testing is required by the
referencing code, standard, or specification for accep-
tance, the supplementary essential variables of
QW-250 applicable to the process being qualified shall
apply. When the variables listed in Table QW-290.4
conflict with or provide more stringent limitations
than those of QW-250, the variables listed in Table
QW-290.4 shall govern.

QW-290.3 Variables for Temper Bead Welding Quali-
fications. Table QW-290.4 lists the additional essential
and nonessential variables that apply when temper
bead qualification is required. The essential variables
listed in column A shall apply when the referencing
code, standard, or specification specifies hardness criteria
for temper bead qualification acceptance. The essential
variables listed in column B shall apply when the refer-
encing code, standard, or specification specifies toughness
testing criteria for temper bead qualification acceptance.
The essential variables listed in columnCshall applywhen
the referencing code, standard, or specification specifies
neitherhardnessnor toughness test criteria. Thevariables
listed in the “Nonessential Variables” column apply in all
cases.
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Table QW-290.4
Welding Variables for Temper Bead Procedure Qualification

Paragraph Brief of Variables
Essential Variables [Note (1)] Nonessential

VariablesA B C
QW-402 .23 + Fluid backing X

.24 + Fluid backing X X
QW-403 .25 ϕ P-No. or Gr. No. X X

.26 > Carbon equivalent X

.27 > T X X
QW-404 .51 Storage X

.52 Diffusible hydrogen X X X

QW-406

.9 < Preheat temperature X

.10 Preheat soak time X

.11 Postweld bakeout X
QW-408 .24 Gas moisture X
QW-409 .29 ϕ Heat input ratio X X X
QW-410 .10 ϕ Single to multiple

electrode
X X X

.58 − Surface temper beads X X X

.59 ϕ Type of welding X X X

.60 + Thermal preparation X X X

.61 Surface bead placement X X X

.62 Surface bead removal
method

X

.63 Bead overlap X X X

.65 ± Grinding X X X

Legend:

+ Addition > Increase or greater than ϕ Change
− Deletion < Decrease or less than

NOTE: (1) Construction code or design specification requirements for Essential Variable columns:
A = where maximum hardness is specified
B = where toughness testing is specified
C = where maximum hardness or toughness testing is not specified
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QW-290.5 Test Coupon Preparation and Testing.

(a) The test coupon may be any geometry that is
suitable for removal of the required specimens. It shall
consist of a groove weld, a cavity in a plate, overlay, or
other suitable geometry. The distance from each edge
of the weld preparation to the edge of the test coupon
shall be at least 3 in. measured transverse to the direction
of welding. The depth of preparation shall be such that at
least two layers of weldmetal are deposited, one of which
may be the surface temper bead layer and deep enough to
remove the required test specimens.

(b) Only bend tests in accordance with QW-451 are
required for the additional temper bead qualification
when either hardness or toughness testing is also
required. No qualified limitations or process essential
or supplementary essential variables, if applicable, per
QW-250 may be affected. Where neither maximum hard-
ness nor toughness testing is specified by the referencing
code, standard, or specification, all of the test require-
ments of QW-451 apply.

(c) When hardness testing is specified by a Construc-
tion Code or Design Specification, measurements shall be
taken across the weld metal, heat-affected zone, and base
metal using the Vickers method with a 10-kg load. Incre-
ments between measurements shall be as specified in
ASTM E384. As an alternative to the Vickers method,
Instrumented Indentation Testing in accordance with
ASTM E2546 may be used with test forces in the
macro range of 2.2 lbf to 265 lbf (1 kgf to 120 kgf)
and increments between measurements as determined
in accordance with ASTM E2546.

(1) Measurements shall be taken along a line at
approximately mid-plane of the thickness of the test
coupon weld metal. Along this line, there shall be

(-a) a minimum of two measurements in the weld
metal fill layers.

(-b) at least one measurement on each: the weld
beads against basemetal, first-layer tempering beads, and
the second-layer tempering beads.

(-c) a minimum of three measurements in the
heat-affected zone. These measurements may be taken
in a line approximately parallel to the HAZ when
spacing between impressions does not allow for three
measurements to be taken in a single line transverse
to the HAZ.

(-d) aminimum of twomeasurements in the unaf-
fected base metal.

(2) Additional measurements shall be taken along a
lineapproximately0.04 in. (1mm)belowtheoriginalbase
metal surface. Along this line, there shall be

(-a) a minimum of two measurements in the weld
metal fill layers

(-b) at least one measurement on each: the weld
beads against basemetal, first-layer tempering beads, and
the second-layer tempering beads

(-c) one measurement located immediately below
the toe of the weld bead and at least one measurement on
each side of that impression

(3) When the coupon is a full-penetration groove
weld made from one side, additional measurements
shall be taken along a line approximately 0.04 in.
(1 mm) above the root side surface. Along this line,
there shall be a minimum of two measurements in the
weld metal, two in the heat-affected zone, and two in
the unaffected base metal.
Full-penetration groove weld test coupons qualify full

and partial penetration groove welds, fillet welds, and
weld build-up. Partial penetration groove weld test
coupons only qualify partial penetration groove welds,
fillet welds, and build-up. Overlay test coupons only
qualify overlay welds.
Hardness readings shall not exceed the hardness limits

specified by the Construction Code or Design Specifica-
tion.

(d) When toughness testing is specified by the appli-
cable Construction Code or Design Specification, the
test coupon shall be tested for toughness. The extent
of testing (i.e., weld metal, HAZ, unaffected base
metal), the testing temperature, and the acceptance
criteria shall be as provided in the applicable Construction
Code or Design Specification.

QW-290.6 In-Process Repair Welding.

(a) In-process repairs to welds made using temper
bead welding are permitted. In-process repairs are
defined as repairs in which a flaw is mechanically
removed and a repair weld is made before welding of
a joint is presented for final visual inspection. Examples
of such repairs are areas of removal of porosity, incom-
plete fusion, etc.,where sufficientmetalhasbeenmechani-
cally removed that localized addition of weld metal is
necessary in order to make the surface geometry suitable
for continuation of normal welding.

(b) Surfaces to be repaired shall be prepared by
mechanical removal of flaws and preparation of the
surface to a suitable geometry.

(c) For processes other than manual and semiauto-
matic GTAW and PAW, repairs shall be made using the
parameters given in the WPS for production temper
bead welding. The approximate location of beads to be
deposited relative to the original base metal surface
shall be identified, and the applicable parameters shall
be used for the layers to be deposited as specified by
the WPS.

(d) When it is necessary to make repairs using manual
or semiautomatic GTAWor PAW, aWPS shall be prepared
based on PQRs developed for temper bead welding using
machine or automatic GTAW or PAW, respectively. This
WPS shall describe the size of the beads to be deposited
and the volts, amps, and travel speed to be used for the
beads against the base metal, for each temper bead layer
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and for the fill and surface temper bead layers corre-
sponding to the locations where repair welding is to
be done. These shall be within the equivalent power
ratio for machine or automatic welding for the respective
layers given in QW-409.29.

(e) Welders who will use manual and semiautomatic
GTAW or PAW shall be qualified to use these welding
processes as required by QW-300. In addition, each
welder shall complete a proficiency demonstration. For
this demonstration, each welder shall deposit two or
more weld beads using WPS parameters for each
deposit layer. The test coupon size shall be sufficiently
large to make the required weld bead passes. The
minimum pass length shall be 4 in. (100 mm). The

heat input used by the welder shall be measured for
each pass, and the size of each weld bead shall be
measured for each pass, and they shall be as required
by the WPS. The following essential variables shall
apply for this demonstration:

(1) a change from onewelding procedure to another
(2) a change frommanual to semiautomatic welding

and vice versa
(3) a change in position based on a groove weld in

either plate or pipe as shown in Table QW-461.9
(4) continuity of qualification in accordance with

QW-322 shall be based on following the WPS that was
demonstrated in addition to using the process as required
by QW-322
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ARTICLE III
WELDING PERFORMANCE QUALIFICATIONS

QW-300 GENERAL
QW-300.1ð23Þ This Article lists the welding processes

separately, with the essential variables that apply to
welder and welding operator performance qualifications.
Thewelder qualification is limited by the essential vari-

ables given for each welding process. These variables are
listed in QW-350, and are defined in Article IV Welding
Data. The welding operator qualification is limited by
the essential variables given in QW-360 for each type
of weld.
Welders and welding operators may follow any WPS

specifying the process for which they are qualified
within the limits of the essential variables.
A welder or welding operator may be qualified by volu-

metric NDE of a test coupon or their initial production
welding within the limitations of QW-304 and QW-305
or by bend tests taken from a test coupon.
For the purpose of establishing performance qualifica-

tion continuity, the welder’s or welding operator’s quali-
fication continuity begins from thedatewelding of the test
piece(s) was completed, provided the required testing
was performed and the test results obtained were accept-
able.

QW-301 TESTS

QW-301.1 Intent of Tests. The performance qualifica-
tion tests are intended to determine the ability of welders
and welding operators to make sound welds.

QW-301.2 Qualification Tests. Each organization shall
qualify each welder or welding operator for each welding
process to be used in production welding. The perfor-
mance qualification test shall be welded in accordance
with qualified Welding Procedure Specifications (WPS),
or Standard Welding Procedure Specifications (SWPS)
listed in Mandatory Appendix E, except that when perfor-
mance qualification is done in accordance with a WPS or
SWPS that requires a preheat or postweld heat treatment,
these may be omitted. Changes beyond which requalifi-
cation is required are given in QW-350 for welders
and in QW-360 for welding operators. Allowable
visual,mechanical, andradiographicexaminationrequire-
ments are described in QW-304 and QW-305. Retests and
renewal of qualification are given in QW-320.

The welder or welding operator who prepares the
groove weld WPS qualification test coupons meeting
the requirements of QW-200 is also qualified within
the limits of the performance qualifications, listed in
QW-304 forweldersand inQW-305 forweldingoperators.
The welder or welding operator is qualified only within
the limits for positions specified in QW-303.
The welder or welding operator who prepares the fillet

weldWPS qualification test coupons meeting the require-
ments of QW-200 is qualified to weld non-pressure-
retaining fillet welds only within the limits of the perfor-
mance qualifications listed in QW-304 for welders and in
QW-305 for welding operators. The welder or welding
operator is qualified only within the limits for positions
specified in QW-303.

QW-301.3 Identification of Welders and Welding
Operators. Each qualified welder and welding operator
shall be assigned an identifying number, letter, or
symbol by theorganization,which shall beused to identify
the work of that welder or welding operator.

QW-301.4 Record of Tests. The record of Welder
Performance Qualification (WPQ) tests shall include
the essential variables (see QW-350), the type of test
and test results, and the ranges qualified in accordance
with QW-452 for each welder. The record of Welding
Operator Performance Qualification (WOPQ) tests shall
include the essential variables (see QW-360) and the
type of test and test results for each welding operator.
Suggested forms for these records are given in Forms
QW-484AandQW-484B(seeNonmandatoryAppendixB).

QW-302 TYPE OF TEST REQUIRED

QW-302.1 Mechanical Tests. Except as may be speci-
fied for special processes (see QW-380), the type and
number of test specimens required for mechanical
testing shall be in accordance with QW-452. Groove
weld test specimens shall be removed in a manner
similar to that shown in Figures QW-463.2(a) through
QW-463.2(g). Fillet weld test specimens shall be
removed in a manner similar to that shown in Figures
QW-462.4(a) through QW-462.4(d) and Figure
QW-463.2(h).
All mechanical tests shall meet the requirements

prescribed in QW-160 or QW-180, as applicable.
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QW-302.2 Volumetric NDE. When the welder or
welding operator is qualified by volumetric NDE, as
permitted in QW-304 for welders and QW-305 for
welding operators, the minimum length of coupon(s)
to be examined shall be 6 in. (150 mm) and shall
include the entire weld circumference for pipe(s),
except that for small diameter pipe, multiple coupons
of the same diameter pipe may be required, but the
number need not exceed four consecutively made test
coupons. The examination technique and acceptance
criteria shall be in accordance with QW-191.

QW-302.3 Test Coupons in Pipe. For test coupons
made on pipe in pos i t ion 1G or 2G of F igure
QW-461.4, two specimens shall be removed as shown
for bend specimens in Figure QW-463.2(d) or Figure
QW-463.2(e), omitting the specimens in the upper-
right and lower-left quadrants, and replacing the root-
bend specimen in the upper-left quadrant of Figure
QW-463.2(d) with a face-bend specimen. For test
coupons made on pipe in position 5G or 6G of Figure
QW-461.4, specimens shall be removed in accordance
with Figure QW-463.2(d) or Figure QW-463.2(e) and
all four specimens shall pass the test. For test coupons
made in both positions 2G and 5G on a single pipe test
coupon, specimens shall be removed in accordance
with Figure QW-463.2(f) or Figure QW-463.2(g).

QW-302.4 Visual Examination. For plate coupons all
surfaces (except areas designated “discard”) shall be
examined visually per QW-194 before cutting of bend
specimens. Pipe coupons shall be visually examined
per QW-194 over the entire circumference, inside and
outside.

QW-303 LIMITS OF QUALIFIED POSITIONS AND
DIAMETERS (SEE QW-461)

QW-303.1 Groove Welds — General. Welders and
welding operators who pass the required tests for
groove welds in the test positions of Table QW-461.9
shall be qualified for the positions of groove welds,
tack welds in joints to be groove or fillet welded, and
fillet welds shown in Table QW-461.9. In addition,
welders and welding operators who pass the required
tests for groove welds shall also be qualified to make
fillet welds in all thicknesses and pipe diameters of
any size within the limits of the welding variables of
QW-350 or QW-360 and tack welds in joints to be
groove or fillet welded as limited in Table QW-461.9,
as applicable.

QW-303.2 Fillet Welds — General. Welders and
welding operators who pass the required tests for fillet
welds in the test positions of Table QW-461.9 shall be
qualified for the positions of fillet welds, and tack
welds in joints to be fillet welded, shown in Table
QW-461.9. Welders and welding operators who pass

the tests for fillet welds shall be qualified to make tack
welds in joints to be fillet welded as limited in Table
QW-461.9 and fillet welds only in the thicknesses ofmate-
rial, sizesof filletwelds, anddiametersofpipeand tube27∕8
in. (73 mm) O.D. and over, as shown in Table QW-452.5,
within the applicable essential variables. Welders and
welding operators who make fillet welds on pipe or
tube less than 27∕8 in. (73 mm) O.D. must pass the pipe
fillet weld test per Table QW-452.4 or the required
mechanical tests in QW-304 and QW-305 as applicable.

QW-303.3 Special Positions. An organization who
does production welding in a special orientation may
make the tests for performance qualification in this spe-
cific orientation. Such qualifications are valid only for the
flat position and for the special positions actually tested,
except that an angular deviation of ±15deg is permitted in
the inclinationof theweld axis and the rotation of theweld
face, as defined in Figures QW-461.1 and QW-461.2.

QW-303.4 Stud-WeldPositions.Qualification in the 4S
position also qualifies for the 1S position. Qualification in
the 4S and 2S positions qualifies for all positions.

QW-304 ð23ÞWELDERS

Except for the special requirements of QW-380, each
welder who welds under the rules of the Code shall
have passed the mechanical and visual examinations
prescribed inQW-302.1andQW-302.4respectively.Alter-
natively, welders may be qualified by volumetric NDE per
QW-191 when making a groove weld using SMAW, SAW,
GTAW,PAW, andGMAW(except short-circuitingmode for
radiographic examination) or a combination of these
processes, except for P-No. 21 through P-No. 26, P-No.
51 through P-No. 53, and P-No. 61 through P-No. 62
metals. Welders making groove welds in P-No. 21
through P-No. 26, P-No. 51 through P-No. 53, P-No. 61,
and P-No. 62 metals with the GTAW process may also
be qualified by volumetric NDE per QW-191. The Volu-
metric NDE shall be in accordance with QW-302.2.

QW-304.1 Examination. Welds made in test coupons
for performance qualification may be examined by visual
and mechanical examinations (see QW-302.1, QW-302.4)
or by volumetric NDE (see QW-302.2) for the process(es)
and mode of arc transfer specified in QW-304. Alterna-
tively, a minimum 6 in. (150 mm) length of the first
production weld(s) made by a welder using the
process(es) and/or mode of arc transfer specified in
QW-304 may be examined by volumetric NDE.

(a) For pipe(s) welded in the 5G, 6G, or special posi-
tions, the entire production weld circumference made by
the welder shall be examined.

(b) For small diameter pipe where the required
minimum length of weld cannot be obtained from a
single production pipe circumference, additional consec-
utive circumferences of the same pipe diameter made by
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thewelder shall be examined, except that the total number
of circumferences need not exceed four.

(c) The examination technique and acceptance criteria
for productionwelds shall be in accordancewith QW-191.

QW-304.2 Failure to Meet Examination Standards. If
a production weld is selected for welder performance
qualification and it does not meet the examination stan-
dards, the welder has failed the test. In this event, the
entireproductionweldmadeby thiswelder shall be exam-
ined and repaired by a qualified welder or welding
operator. Alternatively, retests may bemade as permitted
in QW-320.

QW-305ð23Þ WELDING OPERATORS

Except for the special requirements of QW-380, each
welding operator who welds under the rules of this
Code shall have passed the mechanical and visual exam-
inations prescribed in QW-302.1 and QW-302.4, respec-
tively. Alternatively, welding operators may be qualified
by volumetric NDE per QW-191 when making a groove
weld using SMAW, SAW, GTAW, PAW, EGW, LLBW, and
GMAW (except short-circuiting mode for radiographic
examination) or a combination of these processes,
except for P-No. 21 through P-No. 26, P-No. 51
through P-No. 53, P-No. 61, and P-No. 62 metals.
Welding operators making groove welds in P-No. 21
through P-No. 26, P-No. 51 through P-No. 53, P-No. 61,
and P-No. 62 metals with the GTAW process may also
be qualified by volumetric NDE. The volumetric NDE
shall be in accordance with QW-302.2.

QW-305.1 Examination. Welds made in test coupons
may be examined by volumetric NDE (see QW-302.2)
or by visual and mechanical examinations (see
QW-302.1, QW-302.4). Alternatively, a minimum 3 ft (1
m) length of the first production weld(s) made entirely
by the welding operator in accordance with a qualified
WPS may be examined by volumetric NDE.

(a) For pipe(s) welded in the 5G, 6G, or special posi-
tions, the entire production weld circumference made by
the welding operator shall be examined.

(b) For small diameter pipe where the required
minimum length of weld cannot be obtained from a
single production pipe circumference, additional consec-
utive circumferences of the same pipe diameter made by
the welding operator shall be examined except that the
total number of circumferences need not exceed four.

(c) The examination technique and acceptance criteria
for productionwelds shall be in accordancewith QW-191.

QW-305.2 Failure to Meet Examination Standards. If
a portion of a production weld is selected for welding
operator performance qualification, and it does not
meet the examination standards, the welding operator
has failed the test. In this event, the entire production
weld made by this welding operator shall be examined

completely and repaired by a qualified welder or
welding operator. Alternatively, retests may be made
as permitted in QW-320.

QW-306 ð23ÞCOMBINATION OF WELDING PROCESSES

Each welder or welding operator shall be qualified
within the limits given in QW-301 for each welding
process he will use in production welding. A welder or
welding operator may be qualified by making tests
with each welding process using fillet or groove-weld
test coupons, or with a combination of welding processes
in a single groove-weld test coupon. A single groove-weld
test coupon may also be used to qualify two or more
welders or welding operators, each using the same or
a different process. For combination qualifications in a
single test coupon, the limits for thicknesses of deposited
weld metal and the number of bend test specimens are
given in QW-452 and shall be considered individually
for each welder or welding operator for each welding
process orwhenever there is a change in an essential vari-
able. A welder or welding operator qualified in combina-
tion on a single test coupon is qualified to weld in
production using any of his qualified processes individu-
ally or in different combinationswithin the limits of quali-
fication for each process.
Failure of any portion of a combination test in a single

test coupon constitutes failure of the entire combination.

QW-310 QUALIFICATION TEST COUPONS
QW-310.1 Test Coupons. The test coupons may be

plate, pipe, or other product forms. When all position
qualifications for pipe are accomplished by welding
one pipe assembly in both the 2G and 5G positions
(see Figure QW-461.4), NPS 6 (DN 150), NPS 8 (DN
200), NPS 10 (DN 250), or larger diameter pipe shall
be employed to make up the test coupon as shown in
Figure QW-463.2(f) for NPS 10 (DN 250) or larger
pipe and in Figure QW-463.2(g) for NPS 6 (DN 150) or
NPS 8 (DN 200) diameter pipe.

QW-310.2 Welding Groove With Backing. The dimen-
sions of the welding groove on the test coupon used in
making qualification tests for double-welded groove
welds or single-welded groove welds with backing
shall be the same as those for any Welding Procedure
Specification (WPS) qualified by the organization, or
shall be as shown in Figure QW-469.1.
A single-welded groove-weld test coupon with backing

or a double-welded groove-weld test coupon shall be
considered welding with backing. Partial penetration
groove welds and fillet welds are considered welding
with backing.

QW-310.3 Welding Groove Without Backing. The
dimensions of the welding groove of the test coupon
used in making qualification tests for single-welded
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groove welds without backing shall be the same as those
for any WPS qualified by the organization, or as shown in
Figure QW-469.2.

QW-320 RETESTS AND RENEWAL OF
QUALIFICATION

QW-321 RETESTS

A welder or welding operator who fails one or more of
the tests prescribed in QW-304 or QW-305, as applicable,
may be retested under the following provisions.

QW-321.1 Immediate Retest Using Visual Examina-
tion. When the qualification coupon has failed the
visual examination of QW-302.4, retesting shall be by
visual examination before conducting the mechanical
testing.
When an immediate retest is made, the welder or

welding operator shall make two consecutive test
coupons for each position which he has failed, all of
which shall pass the visual examination requirements.
The examiner may select one of the successful test

coupons from each set of retest coupons which pass
the visual examination for conducting the mechanical
testing.

QW-321.2 Immediate Retest Using Mechanical
Testing. When the qualification coupon has failed the
mechanical testing of QW-302.1, retesting shall be by
mechanical testing.
When an immediate retest is made, the welder or

welding operator shall make two consecutive test
coupons for each position which he has failed, all of
which shall pass the test requirements.

QW-321.3 Immediate Retest Using Volumetric NDE.
When the qualification coupon has failed the volumetric
NDE of QW-302.2, the immediate retest shall be by the
same examination method.

(a) For welders and welding operators the retest shall
be to examine two 6 in. (150mm) plate coupons; for pipe,
to examine two or more pipe coupons of the same
diameter for a total of 12 in. (300 mm) of weld, which
shall include the entire weld circumference for pipe or
pipes (for small diameter pipe the total number of conse-
cutively made test coupons need not exceed eight).

(b) At the option of the organization, the welder who
has failed the production weld alternative test may be
retested by examining additional weld areas equal to
twice the required length or number of pipe circumfer-
ences of the same or consecutively made production
weld(s) specified in QW-304.1. If this length of weld
passes the test, the welder is qualified and the area of
weld on which he had previously failed the test shall
be repaired by him or another qualified welder. If this
length does not meet the examination standards, the
welder has failed the retest and all of the production

welds made by this welder shall be examined completely
and repaired by a qualified welder or welding operator.

(c) At the option of the organization, the welding
operator who has failed the production weld alternative
test may be retested by examining additional weld areas
equal to twice the required length or number of pipe
circumferences of the same or consecutively made
production weld(s) specified in QW-305.1. If this
length of weld passes the test, the welding operator is
qualified and the area of weld on which he had previously
failed the test shall be repairedbyhimor another qualified
welder or welding operator. If this length does not meet
the examination standards, the welding operator has
failed the retest and all of the production welds made
by this welding operator shall be examined completely
and repaired by a qualified welder or welding operator.

QW-321.4 Further Training. When the welder or the
welding operator has had further training or practice,
a new test shall be made for each position on which
he failed to meet the requirements.

QW-322 EXPIRATION, REVOCATION, AND
RENEWAL OF QUALIFICATION

QW-322.1 ð23ÞExpiration. The qualification of a welder or
welding operator for a process remains valid provided no
more than 6 months have passed since the welder or
welding operator last used that process. Continuity of
qualification shall be confirmed by the qualifying or parti-
cipating organization(s) as identified in QG-106.2 and
QG-106.3, respectively.
A welder using manual or semiautomatic welding

prolongs qualification for bothmanual and semiautomatic
welding for that process. A welding operator using
machine welding prolongs qualification for machine
and automatic welding for that process. A welding
operator using automatic welding prolongs qualification
for automatic welding for that process.

QW-322.2 Revocation.When there is a specific reason
to question the welder’s or the welding operator’s ability
to make welds that meet the specification, the qualifica-
tions that support the welding being performed shall be
revoked. All other qualifications not questioned remain in
effect.

QW-322.3 Renewal of Qualification.

(a) Renewal of qualification that has expired under the
rules of QW-322.1 may be achieved for any process by
welding a single test coupon of either plate or pipe, of
any material, thickness or diameter, in any position, as
required by QW-301 and successfully completing the
testing required by QW-302. This successful test
renews the welder or welding operator’s previous quali-
fications for that process for those materials, thicknesses,
diameters, positions, and other variables forwhich hewas
previously qualified.
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Providing the requirementsofQW-304andQW-305are
satisfied, renewal of qualification underQW-322.1may be
done on production work.

(b ) Welders and we ld ing opera tors whose
qualification(s) have been revoked under the provisions
of QW-322.2 above shall requalify. Qualification shall
utilize a test coupon appropriate for the revoked qualifi-
cation(s). The coupon shall be welded as required by
QW-301 and tested as required by QW-302. Successful
completion of the qualification test restores the
revoked qualification(s).

QW-350 WELDING VARIABLES FOR WELDERS

QW-351 GENERAL

Awelder shall be requalifiedwheneverachange ismade
in one or more of the essential variables listed for each
welding process.
Where a combination of welding processes is required

tomake aweldment, eachwelder shall be qualified for the
particular welding process or processes he will be
required to use in production welding. A welder may
be qualified by making tests with each individual
welding process, or with a combination of welding
processes in a single test coupon.
The limits of weld metal thickness for which he will be

qualified are dependent upon the approximate thickness
of the weld metal he deposits with each welding process,
exclusive of any weld reinforcement, this thickness shall
be considered the test coupon thickness as given in
QW-452.
In any given production weldment, welders may not

deposit a thickness greater than that permitted by
QW-452 for each welding process in which they are qual-
ified.

Table QW-352
Oxyfuel Gas Welding (OFW)

Essential Variables

Paragraph Brief of Variables
QW-402
Joints

.7 + Backing

QW-403
Base Metals

.2 … Maximum qualified

.18 ϕ P-Number
QW-404
Filler Metals

.14 ± Filler

.15 ϕ F-Number

.31 ϕ t Weld deposit
QW-405
Positions

.1 + Position

QW-408
Gas

.7 ϕ Type fuel gas

Table QW-353
Shielded Metal-Arc Welding (SMAW)

Essential Variables

Paragraph Brief of Variables
QW-402
Joints

.4 − Backing

QW-403
Base Metals

.16 ϕ Pipe diameter

.18 ϕ P-Number
QW-404
Filler Metals

.15 ϕ F-Number

.30 ϕ t Weld deposit
QW-405
Positions

.1 + Position

.3 ϕ ↑↓ Vertical welding

Table QW-354
Semiautomatic Submerged-Arc Welding (SAW)

Essential Variables

Paragraph Brief of Variables
QW-403
Base Metals

.16 ϕ Pipe diameter

.18 ϕ P-Number
QW-404
Filler Metals

.15 ϕ F-Number

.30 … t Weld deposit
QW-405
Positions

.1 + Position

Table QW-355
Semiautomatic Gas Metal-Arc Welding (GMAW)
[This Includes Flux-Cored Arc Welding (FCAW)]

Essential Variables

Paragraph Brief of Variables
QW-402
Joints

.4 − Backing

QW-403
Base Metals

.16 ϕ Pipe diameter

.18 ϕ P-Number
QW-404
Filler Metals

.15 ϕ F-Number

.30 ϕ t Weld deposit

.32 … t Limit (S. Cir. Arc.)
QW-405
Positions

.1 + Position

.3 ϕ ↑↓ Vertical welding
QW-408
Gas

.8 − Backing gas

QW-409
Electrical

.2 ϕ Transfer mode
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Table QW-356
Manual and Semiautomatic Gas
Tungsten-Arc Welding (GTAW)

Essential Variables

Paragraph Brief of Variables
QW-402
Joints

.4 − Backing

QW-403
Base Metals

.16 ϕ Pipe diameter

.18 ϕ P-Number

QW-404
Filler Metals

.14 ± Filler

.15 ϕ F-Number

.22 ± Inserts

.23 ϕ Filler metal product form

.30 ϕ t Weld deposit

QW-405
Positions

.1 + Position

.3 ϕ ↑↓ Vertical welding
QW-408
Gas

.8 − Backing gas

QW-409
Electrical

.4 ϕ Current or polarity

Legend:

ϕ Change ↑ Uphill
+ Addition ↓ Downhill
− Deletion

Table QW-357
Manual and Semiautomatic Plasma-Arc Welding (PAW)

Essential Variables

Paragraph Brief of Variables
QW-402
Joints

.4 − Backing

QW-403
Base Metals

.16 ϕ Pipe diameter

.18 ϕ P-Number

QW-404
Filler Metals

.14 ± Filler

.15 ϕ F-Number

.22 ± Inserts

.23 ϕ Filler metal product form

.30 ϕ t Weld deposit

QW-405
Positions

.1 + Position

.3 ϕ ↑↓ Vertical welding
QW-408
Gas

.8 − Backing gas

Legend:

ϕ Change ↑ Uphill
+ Addition ↓ Downhill
− Deletion

Table QW-358
ð23ÞManual and Semiautomatic Laser Beam Welding (LBW)

Paragraph Brief of Variables
QW-402
Joints

.4 − Backing

QW-403
Base Metals

.16 ϕ Pipe diameter

.18 ϕ P-Number

QW-404
Filler Metals

.14 ± Filler

.15 ϕ F-Number

.22 ± Inserts

.23 ϕ Filler metal product form

.30 ϕ t Weld deposit

QW-405
Positions

.1 + Position

.3 ϕ ↑↓ Vertical welding
QW-408
Gas

.8 − Backing gas

QW-410
Technique

.68 ϕ Type of equipment

.88 ϕ Technique

.89 ± Oscillation

.90 ϕ Mode of operation

Legend:

ϕ Change ↑ Uphill
+ Addition ↓ Downhill
− Deletion

QW-360 WELDING VARIABLES FOR WELDING
OPERATORS

QW-361 GENERAL

A welding operator shall be requalified whenever a
change is made in one of the following essential variables
(see QW-361.1 and QW-361.2). There may be exceptions
or additional requirements for the processes of QW-362,
QW-363, and the special processes of QW-380.

QW-361.1 ð23ÞEssential Variables— Automatic Welding.

(a) A change from automatic to machine welding.
(b) A change in the welding process.
(c) Forelectronbeamand laserwelding, theadditionor

deletion of filler metal.
(d) For laserwelding andhybridweldingusing lasers, a

change in laser type (e.g., a change from CO2 to YAG).
(e) For friction welding (excluding friction stir

welding), a change from continuous drive to inertia
welding or vice versa.

(f) For electron beam welding, a change from vacuum
to out-of-vacuum equipment, and vice versa.

QW-361.2 Essential Variables — Machine Welding.

(a) A change in the welding process.
(b) A change fromdirect visual control to remote visual

control and vice versa.
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(c) The deletion of an automatic arc voltage control
system for GTAW.

(d) The deletion of automatic joint tracking.
(e) The addition of welding positions other than those

already qualified (see QW-120, QW-130, and QW-303).
(f) ForGTAW, PAW, andLLBW, the deletion of consum-

able inserts, except that qualification with consumable
inserts shall also qualify for fillet welds and welds
with backing.

(g) The deletion of backing. Double-welded groove
welds are considered welding with backing.

(h) A change from single pass per side to multiple
passes per side but not the reverse.

(i) For hybrid plasma-GMAW welding, the essential
variable for welding operator qualification shall be in
accordance with Table QW-357.

QW-362ð23Þ ELECTRONBEAMWELDING (EBW), LASER
BEAM WELDING (LBW), HYBRID
WELDING, AND FRICTION WELDING
(FRW)

The welding operator performance qualification test
coupon shall be production parts or test coupons that
have joint designs permitted by any qualified WPS. The
coupon shall be mechanically tested in accordance
with QW-452. Alternatively, when the part or coupon
does not readily lend itself to the preparation of bend
test specimens, the part may be cut so that at least
two full-thickness weld cross sections are exposed.
Those cross sections shall be smoothed and etched
with a suitable etchant (see QW-470) to give a clear defi-
nition of the weld metal and heat-affected zone. The weld
metal and heat-affected zone shall exhibit complete fusion
and freedom from cracks. The essential variables for
welding operator qualification shall be in accordance
with QW-361.

QW-363 STUD WELDING

Stud welding operators shall be performance qualified
in accordancewith the test requirements ofQW-192.2 and
the position requirements of QW-303.4.

QW-380 SPECIAL PROCESSES

QW-381 CORROSION-RESISTANT WELD METAL
OVERLAY

QW-381.1ð23Þ For welders, the limits of base metal thick-
ness qualification shall be as specified in Table QW-453.
Welding operator qualifications are not limited by base
metal thicknesses other than as stated in the WPS. For
welders and welding operators, the required examina-
tions, tests, and test specimens shall be as specified in
QW-381.2 and Table QW-453. Base material test
coupons may be as permitted in QW-423.

QW-381.2 The qualification test coupon for perfor-
mance qualification shall consist of base metal not less
than 6 in. (150 mm) × 6 in. (150 mm). The weld
overlay cladding shall be a minimum of 11∕2 in. (38
mm) wide by approximately 6 in. (150 mm) long. For
qualification on pipe, the pipe length shall be a
minimum of 6 in. (150 mm) and the diameter shall be
the minimum needed to allow the required number of
test specimens. The weld overlay shall be continuous
around the circumference of the test coupon. For
processes depositing a weld bead width greater than
1∕2 in. (13 mm) wide, the weld overlay shall consist of
a minimum of three weld beads in the first layer.

(a) The test coupon shall be sectioned to make side-
bend test specimens perpendicular to the direction of
the welding in accordance with QW-161. For coupons
that are less than 3∕8 in. (10 mm) thick, the width of
the side-bend specimens may be reduced to the thickness
of the test coupon. Test specimens shall be removed at
locations specified in Figure QW-462.5(c) or Figure
QW-462.5(d).

(b) Weldersorweldingoperatorswhopass the tests for
corrosion-resistantweldmetal overlay cladding shall only
be qualified to apply corrosion-resistant weld metal
overlay portion of a groove weld joining clad materials
or lined materials.

(c) The essential variables of QW-350 and QW-360
shall apply for welders and welding operators, respec-
tively, except there is no limit on the maximum thickness
of corrosion-resistant overlay that may be applied in
production. When specified as essential variables, the
limitations of position and diameter qualified for
groove welds shall apply to overlay welds, except the
limitations on diameter qualified shall apply only to
welds deposited in the circumferential direction.

QW-381.3 Qualification on Clad Materials. A welder
or welding operator who has qualified on cladmaterial or
linedmaterial asprovided inQW-383.1(b) is alsoqualified
to deposit corrosion-resistant weld metal overlay.

QW-381.4 Alternative Qualification With Groove
Weld Tests.When a chemical composition is not specified
in the WPS, welders or welding operators who success-
fully complete a groove weld performance qualification
test meeting the corrosion-resistant overlay bend test re-
quirements of QW-163 may be considered qualified for
corrosion-resistant overlay welding within the ranges
defined in QW-350 or QW-360.

QW-382 HARD-FACING WELD METAL OVERLAY
(WEAR RESISTANT)

QW-382.1 ð23ÞQualification Test.

(a) The test base metal coupon for performance quali-
fication shall haveminimumdimensions of 6 in. (150mm)
wide × approximately 6 in. (150 mm) long with a hard-
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faced layer aminimumof 11∕2 in. (38mm)wide ×6 in. (150
mm) long. The minimum hard-faced thickness shall be as
specified in the WPS. Alternatively, the qualification may
be performed on a test base metal coupon that represents
the size of the production part. For qualification on pipe,
the pipe length shall be 6 in. (150 mm) minimum and the
diameter shall be the minimum needed to allow the
required number of test specimens. The weld overlay
shall be continuous around the circumference of the
test coupon.

(b) The base metal shall be sectioned transversely to
the direction of the hard-facing overlay. The two faces of
the hard facing exposed by sectioning shall be polished
and etched with a suitable etchant and shall be visually
examined with 5X magnification for cracks in the base
metal or the heat-affected zone, lack of fusion, or other
linear defects. The overlay and base metal shall meet
the requirements specified in the WPS. All exposed
faces shall be examined. See Figure QW-462.5(b) for
pipe and Figure QW-462.5(e) for plate.

(c) At a thickness greater than or equal to theminimum
thickness specified in the WPS, the weld surface shall be
examined by the liquid penetrant method and shall meet
the acceptance standards in QW-195.2 or as specified in
the WPS. Liquid penetrant examiners shall meet the re-
quirements in QW-195.3. Surface conditioning prior to
liquid penetrant examination is permitted.

(d) For welders, the limits of base metal thickness
qualification shall be as specified in Table QW-453.
Welding operator qualifications are not limited by base
metal thicknesses other than as stated in the WPS. For
welders and welding operators, the required examina-
tions, tests, and test specimens shall be as specified in
Table QW-453. Base material test coupons may be as
permitted in QW-423.

(e) Welders and welding operators who pass the tests
for hard-facing weld metal overlay are qualified for hard-
facing overlay only.

(f) Theessential variable, ofQW-350andQW-360, shall
apply for welders and welding operators, respectively,
except there is no limit on the maximum thickness of
hard-facing overlay that may be applied in production.
When specified as essential variables, the limitations of
position and diameter qualified for groove welds shall
apply to overlay welds except the limitations on diameter
qualified shall applyonly toweldsdeposited in thecircum-
ferential direction.

(g) For welders, qualification with one AWS classifica-
tionwithin an SFA specification qualifies for all other AWS
classifications in that SFA specification. Welding operator
qualifications are not limited by AWS classification other
than as stated in the WPS.

QW-383 JOINING OF CLAD MATERIALS AND
APPLIED LININGS

QW-383.1 Clad Materials.

(a) Welders and welding operators who will join the
base material portion of clad materials shall be qualified
for groove welding in accordance with QW-301. Welders
andweldingoperatorswhowill apply the claddingportion
of a weld between clad materials shall be qualified in
accordancewith QW-381.Welders andwelding operators
need only be qualified for the portions of clad material
welds that they will make in production.

(b) As an alternative to (a),welders andwelding opera-
torsmaybequalifiedusing cladmaterial test coupons. The
test coupon shall be at least 3∕8 in. (10 mm) thick and of
dimensions such that a groove weld can be made to join
the basematerials and the corrosion-resistant weldmetal
overlay canbe applied to the completed grooveweld. Four
side-bend test specimens shall be removed from the
completed test coupon and tested. The groove weld
portion and the corrosion-resistant weld metal overlay
portion of the test coupon shall be evaluated using the
respective criteria in QW-163. Welders and welding
operators qualified using clad material test coupons
are qualified to join base materials as provided by
QW-301, and they are qualified to apply corrosion-resis-
tant weld metal overlay as provided by QW-381.

QW-383.2 Applied Linings.

(a) Welders and welding operators shall be qualified
following the rules for making groove or fillet welds in
accordance with QW-301. Plug welds for attaching
applied linings shall be considered equivalent to fillet
welds for the purpose of performance qualification.

(b) An alternate test coupon shall consist of the
geometry to be welded, except the base material need
not exceed 1 in. (25 mm) in thickness. The welded test
coupon shall be sectioned and etched to reveal the
weld and heat-affected zone. The weld shall show pene-
tration into the base metal.

QW-384 RESISTANCE WELDING OPERATOR
QUALIFICATION

Each welding operator shall be tested on each machine
type which he will use. Qualification testing on any P-No.
21 throughP-No. 26metal shall qualify the operator for all
metals. Qualification on any P-No. 1 through P-No. 15F or
any P-No. 41 through P-No. 49 metals shall qualify the
operator for all P-No. 1 through P-No. 15F and P-No.
41 through P-No. 49 metals. Qualification testing on
any P-No. 51 through P-No. 53, P-No. 61, or P-No. 62
metal shall qualify the operator for all P-No. 51
through P-No. 53, P-No. 61, and P-No. 62 metals.
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(a) Qualification for spot and projection welding shall
consist of making a set of ten consecutive welds, five of
which shall be subjected to mechanical shear tests or peel
tests, and five to macro-examination. Examination,
testing, and acceptance criteria shall be in accordance
with QW-196.

(b) Qualification for seam welding shall consist of that
testing specified in QW-286.3, except that only one trans-
verse cross section and one longitudinal cross section are
required.

QW-385 FLASH WELDING OPERATOR
QUALIFICATION

Each welding operator shall be tested by welding a test
coupon following any WPS. The test coupon shall be
welded and tested in accordance with QW-199. Qualifica-
tion following any flash welding WPS qualifies the
operator to follow all flash welding WPSs.
Production weld sampling tests required by other

Sections may be used to qualify welding operators. The
test method, extent of tests, and acceptance criteria of
the other Sections and QW-199.2 shall be met when
this is done.

QW-386 DIFFUSION WELDING OPERATOR
QUALIFICATION

Each welding operator shall be tested by welding a
procedure qualification test coupon in accordance with
QW-185.1. The coupon shall be metallographically exam-
ined in accordance with QW-185.3.

QW-387 TUBE-TO-TUBESHEET WELDER AND
WELDING OPERATOR QUALIFICATION

(a) When the applicable Code Section requires the use
of QW-193 for tube-to-tubesheet demonstration mockup
qualification tests, QW-193.2 shall apply.

(b) Essential performance qualification variables ap-
plicable for each welding process listed in QW-350 or
QW-360shall apply, in addition toanyapplicablevariables
shown in Table QW-388.

(c) If specific qualification test requirements are not
invoked by the applicable Code Section, welders and
welding operators shall be qualified with one of the
following methods:

(1) ademonstrationmockupper the requirementsof
QW-193.2, except that for welding operators

(-a) the hole pattern does not need to be dupli-
cated

(-b) the type ormodel of equipment is an essential
variable

(2) agroove-weldqualificationper the requirements
of QW-303.1

(3) a fillet weld qualification per the requirements of
QW-303.2 when a tube-to-tubesheet joint is made with a
fillet weld

Table QW-388
Essential Variables for Tube-to-Tubesheet

Performance Qualification
(All Welding Processes)

Paragraph Brief of Variables
QW-402
Joints

.31 ≤ Ligament size

.32 ϕ Joint configuration
QW-403
Base Metals

.16 ϕ Tube diameter

.32 ϕ Tube thickness
QW-404
Filler Metals

.58 ± Preplaced filler metal

QW-409
Electrical

.10 ϕ Amperage

Legend:

ϕ Change ≤ Less than or equal to
± Addition or deletion

QW-389 CAPACITOR DISCHARGE WELDING
OPERATOR QUALIFICATION

Welding operators using low-energy capacitor
discharge welding in accordance with QW-289 are not
required to be qualified.
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ARTICLE IV
WELDING DATA

QW-400 VARIABLES

QW-401 GENERAL

Each welding variable described in this Article is appli-
cable as an essential, supplementary essential, or nones-
sential variable for procedure qualification when
referenced in QW-250 for each specific welding
process. Essential variables for performance qualification
are referenced in QW-350 for each specific welding
process. A change from one welding process to
another welding process is an essential variable and
requires requalification.

QW-401.1ð23Þ Supplementary Essential Variable (Proce-
dure). Supplementary essential variables are in addition
to the essential variables for each welding process.
When a procedure has been previously qualified to

satisfy all requirements other than toughness, it is
then necessary only to prepare an additional test
coupon using the same procedurewith the same essential
variables, but additionally with all of the required supple-
mentary essential variables, with the coupon long enough
to provide the necessary toughness specimens.
When a procedure has been previously qualified to

satisfy all requirements including toughness, but one
or more supplementary essential variables are
changed, then it is only necessary to prepare an additional
test coupon using the same welding procedure and the
new supplementary essential variable(s), with the
coupon long enough to provide the necessary toughness
specimens.
When essential variables are qualified by one or more

PQRs and supplementary essential variables are qualified
by other PQRs, the ranges of essential variables estab-
lished by the former PQRs are only affected by the
latter to the extent specified in the applicable supplemen-
tary essential variable (e.g., essential variable QW-403.8
governs the minimum and maximum thickness of base
metal qualified. When supplementary essential variable
QW-403.6 applies, itmodifies only theminimumthickness
qualified, not the maximum).

QW-401.2 Thewelding data includes thewelding vari-
ables grouped as joints, basemetals, fillermetals, position,
preheat, postweld heat treatment, gas, electrical charac-
teristics, and technique. For convenience, variables for

each welding process are summarized in Table
QW-416 for performance qualification.

QW-402 JOINTS

QW-402.1 A change in the type of groove (Vee-groove,
U-groove, single-bevel, double-bevel, etc.).

QW-402.2 The addition or deletion of a backing.

QW-402.3 A change in the nominal composition of the
backing.

QW-402.4 Thedeletionof thebacking in single-welded
groove welds. Double-welded groove welds are consid-
ered welding with backing.

QW-402.5 The addition of a backing or a change in its
nominal composition.

QW-402.6 An increase in the fit-up gap, beyond that
initially qualified.

QW-402.7 The addition of backing.

QW-402.8 A change in nominal size or shape of the
stud at the section to be welded.

QW-402.9 In stud welding, a change in shielding as a
result of ferrule or flux type.

QW-402.10 A change in the specified root spacing.

QW-402.11 The addition or deletion of nonmetallic
retainers or nonfusing metal retainers.

QW-402.12 The welding procedure qualification test
shall duplicate the joint configuration to be used in
production within the limits listed, except that pipe or
tube to pipe or tube may be used for qualification of a
pipe or tube to other shapes, and solid round to solid
round may be used for qualification of a solid round to
other shapes

(a) any change exceeding ±10 deg in the angle
measured for the plane of either face to be joined, to
the axis of rotation

(b) a change in cross-sectional area of the weld joint
greater than 10%

(c) a change in the outside diameter of the cylindrical
weld interface of the assembly greater than ± 10%

(d) a change from solid to tubular cross section at the
joint or vice versa regardless of (b)
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QW-402.13 A change in the method of joining from
spot to projection to seam or vice versa.

QW-402.14 An increase or decrease ofmore than 10%
in the spacing of the welds when they are within two
diameters of each other.

QW-402.15 A change in the size or shape of the projec-
tion in projection welding.

QW-402.16 A decrease in the distance between the
approximate weld interface and the final surface of the
production corrosion-resistant or hard-facing weld
metal overlay below the minimum thickness qualified
a s s h own i n F i g u r e s QW-462 . 5 ( a ) t h r ou gh
QW-462.5(e). There is no limit on themaximum thickness
for corrosion-resistant or hard-facing weld metal overlay
that may be used in production.

QW-402.17 An increase in the thickness of the produc-
tion spray fuse hard-facing deposit above the thickness
deposited on the procedure qualification test coupon.

QW-402.18 For lap joints,
(a) a decrease of more than 10% in the distance to the

edge of the material
(b) an increase in the number of layers of material
(c) a change in surface preparation or finish from that

qualified

QW-402.19 A change in the nominal diameter or
nominal thickness for tubular cross sections, or an
increase in the total cross section area beyond that qual-
ified for all nontubular cross sections.

QW-402.20 A change in the joint configuration.

QW-402.21 A change in themethodor equipment used
to minimize internal flash.

QW-402.22 A change in the end preparation method.

QW-402.23 For test coupons less than 11∕2 in. (38mm)
thick, theadditionof acoolingmedium(water, flowinggas,
etc.) to the back side of the weld. Qualification on test
coupons less than 11∕2 in. (38 mm) thick with a cooling
medium on the back side of the weld qualifies base
metal thickness equal to or greater than the test
coupon thickness with and without coolant.

QW-402.24 Qualification with a cooling medium
(water, flowing gas, etc.) on the root side of a test
coupon weld that is welded from one side qualifies all
thicknesses of base metal with cooling medium down
to the thickness of the test coupon at the root or 1∕2 in.
(13 mm), whichever is less.

QW-402.25 A change from lap joint to groovewelding,
and vice versa.

QW-402.26 A reduction ofmore than 5 deg in the edge
preparation bevel angle for groove welds.

QW-402.27 Achange inmaterial of fixedbackinganvils
(when used). A change in backing anvil design that affects
the weld cooling rate (e.g., a change from air-cooled to
water-cooled, and vice versa). This variable is not appli-
cable to tube-to-tubesheet or double-sided welds with
overlapping fusion zones, or welds completed using
self-reacting pins.

QW-402.28 A change in joint design from that quali-
fied, including edge preparation geometry (e.g., a change
from square butt edge to beveled edge), reductions in the
smallest joint path radius to less than the shoulder radius,
or joint paths crossing themselves or another HAZ.

QW-402.29 A change in joint spacing greater than
±10% of the qualification test coupon thickness. For
WPSs qualified using intimate edge contact, the
maximum allowable joint spacing is 1∕16 in. (1.5 mm).

QW-402.31 Adecrease of 10%ormore in the specified
width of the ligament between tube holes when the speci-
fied width of the ligament is less than the greater of 3∕8 in.
(10 mm) or three times the specified tube wall thickness.

QW-402.32 For tube-to-tubesheet welding: an
increase in the depth by more than 10%, an increase
or decrease in the preparation angle of the weld
groove bymore than 5 deg, or a change in the groove type.

QW-403 BASE METALS

QW-403.1 A change froma basemetal listed under one
P-Number in Table QW/QB-422 to a metal listed under
another P-Number or to any other base metal. When
joints are made between two base metals that have
different P-Numbers, a procedure qualification shall be
made for the applicable combination of P-Numbers,
even though qualification tests have been made for
each of the two base metals welded to itself.

QW-403.2 The maximum thickness qualified is the
thickness of the test coupon.

QW-403.3

(a) For full penetration single-sided welds without
backing where the verification of penetration can be
made, an increase of more than 20% in base metal thick-
nesswhen the test coupon thickness is less thanorequal to
1 in. (25mm), andmore than 10% in basemetal thickness
when the test coupon thickness is greater than 1 in. (25
mm).

(b) For all otherwelds, an increase ofmore than10% in
base metal thickness when the test coupon thickness is
less than or equal to 1 in. (25 mm), and more than 5%
in base metal thickness when the test coupon thickness
is greater than 1 in. (25 mm).

QW-403.4 Welding procedure qualifications shall be
made using a base metal of the same type or grade or
another base metal listed in the same group (see
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TableQW/QB-422) as thebasemetal tobeused inproduc-
tion welding. When joints are to be made between base
metals from two different groups, a procedure qualifica-
tion must be made for the applicable combination of base
metals, even though procedure qualification tests have
beenmade for each of the twobasemetalswelded to itself.

QW-403.5 Welding procedure specifications shall be
qualified using one of the following:

(a) the same basemetal (including type or grade) to be
used in production welding

(b) for ferrousmaterials, a basemetal listed in the same
P-Number Group Number in Table QW/QB-422 as the
base metal to be used in production welding

(c) for nonferrous materials, a base metal listed with
the same P-Number UNS Number in Table QW/QB-422 as
the base metal to be used in production welding
For ferrousmaterials inTableQW/QB-422, a procedure

qualification shall be made for each P-Number Group
Number combination of base metals, even though proce-
durequalification testshavebeenmade for eachof the two
base metals welded to itself. If, however, two or more
qualification records have the same essential and supple-
mentary essential variables, except that the base metals
are assigned to different Group Numbers within the same
P-Number, then the combination of base metals is also
qualified. In addition, when base metals of two different
Group Numbers within the same P-Number are qualified
using a single test coupon, that coupon qualifies the
welding of those two Group Numbers within the same
P-Number to themselves as well as to each other using
the variables qualified.
This variable does not apply when toughness testing of

the heat-affected zone is not required by the referencing
code, standard, or specification.

QW-403.6 The minimum base metal thickness quali-
fied is the thickness of the test coupon T or 5∕8 in. (16mm),
whichever is less. However, where T is 1∕4 in. (6 mm) or
less, theminimum thickness qualified is 1∕2T. This variable
does not apply for any of the following conditions:

(a) WPS is qualified with a heat treatment above the
upper transformation temperature.

(b) WPS is forwelding austenitic or P-10Hmaterial and
is qualified with a solution heat treatment.

(c) Base metals are assigned to P-No. 8, P-Nos. 21
through 26, and P-Nos. 41 through 49.

QW-403.8 A change in base metal thickness beyond
the range qualified in QW-451, except as otherwise
permitted by QW-202.4(b).

QW-403.9 For single-pass or multipass welding in
which any pass is greater than 1∕2 in. (13 mm) thick,
an increase in base metal thickness beyond 1.1 times
that of the qualification test coupon.

QW-403.10 ð23Þ

DELETED
QW-403.11 Base metals specified in the WPS shall be

qualified by a procedure qualification test that was made
using base metals in accordance with QW-424.

QW-403.12 A change from a base metal listed under
one P-Number of Table QW/QB-422 to a base metal listed
under another P-Number. When joints are made between
two base metals that have different P-Numbers, requal-
ification is required even though the two basemetals have
been independently qualified using the same procedure.
When the melt-in technique is used for joining P-No. 1, P-
No. 3, P-No. 4, and P-No. 5A, a procedure qualification test
with one P-Number metal shall also qualify for that P-
Number metal welded to each of the lower P-Number
metals, but not vice versa.

QW-403.15 Welding procedure qualifications for elec-
tron beamwelding shall bemade using a basemetal of the
same type or grade or another base metal listed in the
same P-Number (and the same group where given —
see Table QW/QB-422) as the base metal to be used in
production welding. When joints are to be made
between base metals from two different P-Numbers
(or two different groups), a procedure qualification
must be made for the applicable combination of base
metals even though procedure qualification tests have
beenmade for each of the twobasemetalswelded to itself.

QW-403.16 A change in the pipe diameter beyond the
range qualified in QW-452, except as otherwise permitted
in QW-303.1, QW-303.2, QW-381.2(c), or QW-382.1(f).
For tube-to-tubesheet welding: an increase or decrease
greater than 10% of the specified tube diameter.

(a) For a groove weld attaching a set-on nozzle or
branch (with the weld preparation on the nozzle or
branch), the range qualified from Table QW-452.3 shall
be based on the nozzle or branch pipe O.D.

(b) For a groove weld attaching a set-in nozzle or
branch (with the weld preparation on the shell, head,
or run pipe), the range qualified from Table QW-452.3
shall be based on the shell, head, or run pipe O.D.

QW-403.17 In studwelding, a change in combinationof
b a s e me t a l l i s t e d u n d e r o n e P -Numbe r i n
Table QW/QB-422 and stud metal P-Number (as
defined in the following Note), or to any other base
metal and stud metal combination.
NOTE: Studmetal shall be classifiedbynominal chemical compo-
sitionandcanbeassignedaP-Numberwhen itmeets thenominal
composition of any one of the P-Number metals.

QW-403.18 A change from one P-Number to any other
P -Numbe r o r t o a b a s e me t a l n o t l i s t e d i n
Table QW/QB-422, except as permitted in QW-423,
and in QW-420. For tube-to-tubesheet welding: a
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change in the P-Number or A-Number of the tubesheet
cladding material (if the cladding material is part of
the weld).

QW-403.19 A change to another base material type or
grade (type or grade are materials of the same nominal
chemical analysis and mechanical property range, even
though of different product form), or to any other base
material type or grade. When joints are made between
twodifferent types or gradesof basematerial, a procedure
qualification must be made for the applicable combina-
tions of materials, even though procedure qualification
tests have been made for each of the two base materials
welded to itself.

QW-403.20 If the chemical composition of the weld
metal overlay is specified in the WPS, a change in the
P-Number listed in Table QW/QB-422 to another P-
Number or unlisted base metal, or a change in Group
Number for P-No. 10 or P-No. 11 base metals.
If the chemical composition of theweldmetal overlay is

not specified in the WPS, qualification on P-No. 5A or any
lower P-Number base metal also qualifies for weld metal
overlay on all lower P-Number base metals.

QW-403.21 The addition or deletion of a coating,
plating or cladding, or a change in the nominal chemical
analysis or thickness range of the plating or cladding, or a
change in type of coating as specified in the WPS.

QW-403.22 A change in the base metal thickness
exceeding 10% of the thickness of the total joint from
that qualified.

QW-403.23 A change in base metal thickness beyond
the range qualified in Table QW-453.

QW-403.24 A change in the specification, type, or
grade of the base metal. When joints are to be made
between two different base metals, a procedure qualifica-
tion must be made for the applicable combination even
though procedure qualifications have been made for
each of the two base metals welded to themselves.

QW-403.25 Welding procedure qualifications shall be
made using a basemetal of the sameP-Number andGroup
Number as the base metal to be temper bead welded.
When joints are to be made between base metals from
twodifferentP-NumberandGroupNumbercombinations,
a temper bead procedure qualification must be made for
each base metal P-Number and Group Number combina-
tion to be used in production; thismaybe done in separate
test coupons or in combination on a single test coupon.
When base metals of different P-Number and Group
Number combinations are tested in the same coupon,
the welding variables utilized and test results on each
member of the coupon shall be documented indepen-
dently but may be reported on the same qualification
record. Where temper bead welding is to be applied to
only one member of a joint (e.g., on the P-No. 1

member of a joint between P-No. 1 and P-No. 8
metals) or where cladding is being applied or repaired
using temper bead techniques, qualification in accordance
with QW-290 is required only for the portion of the WPS
that applies to welding on the member to be temper bead
welded.

QW-403.26 An increase in the base metal carbon
equivalent using the following equation:

= + + + + + +
CE C

Mn
6

Cr Mo V
5

Ni Cu
15

QW-403.27 The maximum thickness qualified is the
thickness of the test coupon, T, or it is unlimited if the
test coupon is 11∕2 in. (38 mm) thick or thicker.
However, where T is 1 ∕4 in. (6 mm) or less, the
maximum thickness qualified is 2T. This limitation
applies to fillet welds as well as to groove welds.

QW-403.28 A change to another base metal type,
grade, or UNS number.

QW-403.29 Achange in the surface finish asdefinedby
the material specification or established surface rough-
ness range as measured in accordance with ASME
B46.1–2006.

QW-403.30 A change in base metal thickness greater
than 20%

(a) of the test coupon thickness for fixed-pin and
retracting-pin rotating tools

(b) beyond the minimum and maximum thickness or
thickness transition slopes of the test coupon for self-
reacting rotating tools

QW-403.32 For tubes of specified wall thickness of
0.100 in. (2.5 mm) or less, a change in tube wall thickness
to increase it tomore than 2T or to decrease it to less than
1∕2T. For tubes of specified wall thickness greater than
0.100 in. (2.5 mm), only one qualification test is required.

QW-403.33 A change in the P-Number of either the
tube or tubesheet material. Where the cladding or
overlay material is part of the weld, a change in the P-
Number or A-Number or in the nominal composition
of the tubesheet cladding or overlay material when a
P-Number or A-Number is not assigned.

QW-403.34 A change in the specified tube wall thick-
ness or diameter greater than 10% for all diameters and
wall thicknesses.

QW-403.35 ð23ÞA change from a base metal listed under
one P-Number in Table QW/QB-422 to a base metal listed
under another P-Number or to an unassigned base metal.
In addition, for basemetals listed inP-Nos. 1 through7and
9A through 15F, an increase in the carbon equivalent as
defined by the formula in QW-403.26. When joints are
made between base metals with different P-Numbers
or unassigned base metals, a procedure qualification
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shall bemade for the applicable combination of P-Number
or unassigned base metal, even though qualification tests
have beenmade for each of the two basemetals welded to
themselves.

QW-403.36ð23Þ A change in the layer width beyond the
range qualified, as shown in Table QW-613.

QW-404 FILLER METALS

QW-404.1 An increase of greater than 10% in the
cross-sectional area of the filler metal added (excluding
buttering) or in thewire-feed speed beyond that qualified.

QW-404.2 A decrease in the thickness or change in
nominal specified chemical analysis of weld metal
buttering beyond that qualified. (Buttering or surfacing
is the deposition of weld metal on one or both faces of
the joint prior to preparation of the joint for final electron
beam welding.)

QW-404.3 A change in the size of the filler metal.

QW-404.4 A change from one F-Number in
Table QW-432 to any other F-Number or to any other
filler metal not listed in Table QW-432.

QW-404.5 (Applicable only to ferrous metals.) A
change in the chemical composition of the weld
deposit from one A-Number to any other A-Number in
Table QW-442. Qualification with A-No. 1 shall qualify
for A-No. 2 and vice versa.
The weld metal chemical composition may be deter-

mined by any of the following:
(a) For all welding processes — from the chemical

analysis of the weld deposit taken from the procedure
qualification test coupon.

(b) For SMAW—from the chemical analysis of an undi-
lutedwelddeposit suchas thatpreparedaccording toSFA-
5.5 filler metal specification, including the chemical
composition as reported either in the filler metal speci-
fication or the manufacturer’s or supplier’s certificate of
conformance.

(c) For GTAW, LBW, and PAW — from the chemical
analysis of an undiluted weld deposit such as that
prepared according to SFA-5.28 GTAW filler metal spec-
ification or from the chemical composition of a fully
metallic solid welding consumable as reported in
either the filler metal specification or the manufacturer’s
or supplier’s certificate of conformance.

(d) For GMAW and EGW— from the chemical analysis
of an undiluted weld deposit such as that prepared
according to SFA-5.28 filler metal specification, including
the manufacturer’s or supplier’s certificate of confor-
mance when the shielding gas used was the same as
that used to weld the procedure qualification test coupon.

(e) For SAW— from the chemical analysis of an undi-
lutedwelddeposit suchas thatpreparedaccording toSFA-
5.23 multiple pass filler metal specification, including the

manufacturer’s or supplier’s certificate of conformance
when the flux used was the same as that used to weld
the procedure qualification test coupon.
In lieu of an A-Number designation, the nominal chem-

ical composition of the weld deposit shall be indicated on
theWPS and on the PQR. Designation of nominal chemical
composition may also be by reference to the AWS classi-
fication except for the “G” suffix classification, by the
manufacturer’s trade name, or by other established
procurement documents.

QW-404.6 A change in the nominal size of the elec-
trode or electrodes specified in the WPS.

QW-404.8 Addition or deletion, or a change of more
than 10% in the nominal amount or composition of
supplementary deoxidation material (in addition to
filler metal) beyond that qualified.

QW-404.9

(a) A change in the indicator for minimum tensile
strength (e.g., the 7 in F7A2-EM12K) when the flux
wire combination is classified in Section II, Part C.

(b) A change in either the flux trade name orwire trade
name when neither the flux nor the wire is classified in
Section II, Part C.

(c) A change in the flux trade name when the wire is
classified in Section II, Part C but the flux is not classified. A
change in the wire classification within the requirements
of QW-404.5 does not require requalification.

(d) Achange in the flux tradename forA-No. 8deposits.

QW-404.10 Where the alloy content of the weld metal
is largelydependentupon thecompositionof the fluxused,
any change in any part of the welding procedure which
would result in the important alloying elements in the
weld metal being outside of the specification range of
chemistry given in the Welding Procedure Specification.

QW-404.12 ð23ÞA change in any of the following:
(a) filler metal classification within an SFA specifica-

tion
(b) tradenameof the fillermetalwhen the fillermetal is

not classified within an SFA specification
(c) trade name of the filler metal when the filler metal

classification within an SFA specification includes a “G”
suffix
When a filler metal conforms to a filler metal classifica-

tion within an SFA specification, except for the “G” suffix
classification, requalification is not required if a change is
made in any of the following:

– from a filler metal that is designated as moisture-
resistant to one that is not designated as moisture-resis-
tant and vice versa (e.g., from E7018R to E7018)

– from one diffusible hydrogen level to another (e.g.,
from E7018-H8 to E7018-H16)
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– for carbon, low alloy, and stainless steel filler metals
having the same minimum tensile strength and the same
nominal chemical composition, a change from one low
hydrogen coating type to another low hydrogen
coating type (e.g., a change among EXX15, 16, or 18 or
EXXX15, 16, or 17 classifications)

– from one position-usability designation to another
for flux-cored electrodes (e.g., a change from E70T-1 to
E71T-1 or vice versa)

– from a classification that requires toughness testing
to the same classification which has a suffix which indi-
cates that toughness testing was performed at a lower
temperature or exhibited greater toughness at the
required temperature or both, as compared to the classi-
fication which was used during procedure qualification
(e.g., a change from E7018 to E7018-1)

– from the classification qualified to another filler
metal within the same SFA specification when the
weld metal is exempt from toughness testing by other
Sections
This exemptiondoesnot apply tohard-facingandcorro-

sion-resistant overlays

QW-404.14 The deletion or addition of filler metal.

QW-404.15 A change from one F-Number in
Table QW-432 to any other F-Number or to any other
filler metal, except as permitted in QW-433.

QW-404.17 A change in the type of flux or composition
of the flux.

QW-404.18 A change from wire to plate electrodes,
and vice versa.

QW-404.19 A change from consumable guide to
nonconsumable guide, and vice versa.

QW-404.20 Any change in the method by which filler
metal is added, such as preplaced shim, top strip, wire,
wire feed, or prior weld metal buttering of one or both
joint faces.

QW-404.21 For fillermetal additions, any change from
the nominal specified analysis of the filler metal qualified.

QW-404.22 The omission or addition of consumable
inserts. Qualification in a single-welded butt joint, with or
without consumable inserts, qualifies for fillet welds and
single-welded butt joints with backing or double-welded
butt joints. Consumable inserts that conform to SFA-5.30,
except that the chemical analysis of the insert conforms to
ananalysis for anybarewiregiven inanySFAspecification
or AWS Classification, shall be considered as having the
same F-Number as that bare wire as given in
Table QW-432.

QW-404.23 A change from one of the following filler
metal product forms to another:

(a) bare (solid or metal cored)
(b) flux cored

(c) flux coated (solid or metal cored)
(d) powder

QW-404.24 The addition, deletion, or change of more
than 10% in the volume of supplemental filler metal.

QW-404.27 Where the alloy content of the weld metal
is largely dependent upon the composition of the supple-
mental filler metal (including powder filler metal for
PAW), any change in any part of the welding procedure
thatwould result in the important alloying elements in the
weld metal being outside of the specification range of
chemistry given in the Welding Procedure Specification.

QW-404.29 A change in the flux trade name and des-
ignation.

QW-404.30 A change in deposited weld metal thick-
ness beyond that qualified in accordancewith QW-451 for
procedurequalificationorQW-452 forperformancequali-
fication, except as otherwise permitted in QW-303.1 and
QW-303.2. When a welder is qualified using volumetric
examination, the maximum thickness stated in Table
QW-452.1(b) applies.

QW-404.31 The maximum thickness qualified is the
thickness of the test coupon.

QW-404.32 For the lowvoltage short-circuiting typeof
gas metal-arc process when the deposited weld metal
thickness is less than 1∕2 in. (13mm) , an increase in depos-
ited weld metal thickness beyond 1.1 times that of the
qualification test deposited weld metal thickness. For
weld metal thicknesses of 1∕2 in. (13 mm) and greater,
use Table QW-451.1, Table QW-451.2, or Tables
QW-452.1(a) and QW-452.1(b), as applicable.

QW-404.33 A change in the filler metal classification
within an SFA specification, or, if not conforming to a filler
metal classification within an SFA specification, a change
in themanufacturer’s tradename for the fillermetal.When
optional supplemental designators, such as those which
indicate moisture resistance (i.e., XXXXR), diffusible
hydrogen (i.e., XXXX H16, H8, etc.), and supplemental
toughness testing (i.e., XXXX-1 or EXXXXM), are specified
on the WPS, only filler metals which conform to the clas-
sification with the optional supplemental designator(s)
specified on the WPS shall be used.

QW-404.34 A change in flux type (i.e., neutral to active
or vice versa) for multilayer deposits in P-No. 1 materials.

QW-404.35 Achange in the flux-wire classificationor a
change in either the electrode or flux trade namewhen the
flux-wire combination is not classified to an SFA specifi-
cation. Requalification is not required when a flux-wire
combination conforms to an SFA specification and the
change in classification is

(a) fromonediffusiblehydrogen level to another (e.g., a
change from F7A2-EA1-A1-H4 to F7A2-EA1-A1-H16), or
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(b) to a larger number in the indicator for toughness,
indicating classification at a lower toughness testing
temperature (e.g., a change from F7A2-EM12K to
F7A4-EM12K)
This variable does not apply when the weld metal is

exempt from toughness testing by other Sections. This
exemption does not apply to hard-facing and corro-
sion-resistant overlays.

QW-404.36 When flux from recrushed slag is used,
each batch or blend, as defined in SFA-5.01, shall be
tested in accordance with Section II, Part C by either
the manufacturer or the user.

QW-404.37 A change in the composition of the depos-
ited weld metal from one A-Number in Table QW-442 to
any other A-Number, or to an analysis not listed in the
table. A change in the UNS number for each AWS classi-
fication of A-No. 8 or A-No. 9 analysis of Table QW-442, or
eachnonferrousalloy inTableQW-432, shall require sepa-
rate WPS qualification. A-Numbers may be determined in
accordance with QW-404.5.

QW-404.38 A change in the nominal electrode
diameter used for the first layer of deposit.

QW-404.39 For submerged-arc welding and electro-
slag welding, a change in the nominal composition or type
of flux used. Requalification is not required for a change in
flux particle size.

QW-404.41 A change of more than 10% in the
powdered metal feed rate recorded on the PQR.

QW-404.42 A change of more than 5% in the particle
size range of the powder.

QW-404.43 A change in the powdered metal particle
size range recorded on the PQR.

QW-404.44 A change from a homogeneous powdered
metal to a mechanical mixed powdered metal or vice
versa.

QW-404.46 A change in the powder feed rate range
qualified.

QW-404.47 A change of more than 10% in the filler
metal size and/or powder metal particle size.

QW-404.48 A change ofmore than 10% in the powder
metal density.

QW-404.49 A change of more than 10% in the filler
metal or powder metal feed rate.

QW-404.50 The addition or deletion of flux to the face
of a weld joint for the purpose of affecting weld penetra-
tion.

QW-404.51 The method of control of moisture pickup
during storage and distribution for SMAW and GMAW-FC
electrodes and flux for SAW (e.g., purchasing in hermeti-

cally sealed containers and storage in heated ovens,
controlled distribution time, high-temperature baking
prior to use).

QW-404.52 An increase in the diffusible hydrogen
designator (e.g., from E7018-H8 to E7018-H16) or to
no diffusible hydrogen designator.

QW-404.53 Theadditionordeletionof fillermetal and,
when used, a change in the filler metal nominal composi-
tion.

QW-404.55 An increase in the thickness or width of
preplaced filler metal.

QW-404.56 A change to another type or grade of
preplaced filler metal (type or grade are materials of
the samenominal chemical analysis andmechanical prop-
erty range, even though of different product form).

QW-404.57 An increase in the nominal thickness or
width of the electrode for strip filler metals used with
the SAW and ESW processes for corrosion-resistant
and hard-facing weld metal overlay.

QW-404.58 The addition or deletion of preplaced filler
metal.

QW-404.59 If filler metal is added, a change in the A-
Number of the weld deposit or a change in the nominal
composition of the deposited weld metal when an A-
Number is not assigned.

QW-405 POSITIONS

QW-405.1 The addition of other welding positions
than those already qualified. see QW-120, QW-130,
QW-203, and QW-303.

QW-405.3 A change from upward to downward, or
from downward to upward, in the progression specified
for any pass of a vertical weld, except that the cover or
wash pass may be up or down. The root pass may also be
run either up or down when the root pass is removed to
sound weld metal in the preparation for welding the
second side.

QW-405.4 Except as specified below, the addition of
other welding positions than already qualified.

(a) Qualification in thehorizontal, vertical, or overhead
position shall also qualify for the flat position. Qualifica-
tion in the horizontal fixed position, 5G, shall qualify for
the flat, vertical, and overhead positions. Qualification in
the horizontal, vertical, and overhead positions shall
qualify for all positions. Qualification in the inclined
fixed position, 6G, shall qualify for all positions.

(b) An organization who does production welding in a
particular orientation may make the tests for procedure
qualification in this particular orientation. Such qualifica-
tions arevalid only for thepositions actually tested, except
that an angular deviation of ±15 deg is permitted in the
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inclination of the weld axis and the rotation of the weld
face as defined in Figure QW-461.1. A test specimen shall
be taken from the test coupon in each special orientation.

(c) For hard-facing and corrosion-resistant weld metal
overlay, qualification in the 3G, 5G, or 6G positions, where
5G or 6G pipe coupons include at least one vertical
segment completed utilizing the up-hill progression or
a 3G plate coupon is completed utilizing the up-hill
progression, shall qualify for all positions. Chemical
analysis, hardness, macro-etch, and at least two of the
bend tests, as required in Table QW-453, shall be
removed from the vertical uphill overlaid segment as
shown in Figure QW-462.5(b).

(d) A change from the vertical down to vertical up-hill
progression shall require requalification.

QW-406 PREHEAT

QW-406.1 Adecrease ofmore than 100°F (55°C) in the
preheat temperature qualified. The minimum tempera-
ture for welding shall be specified in the WPS.

QW-406.2 Achange in themaintenanceor reductionof
preheat upon completion of welding prior to any required
postweld heat treatment.

QW-406.3 An increase of more than 100°F (55°C) in
the maximum interpass temperature recorded on the
PQR. This variable does not apply for any of the following
conditions:

(a) WPS is qualified with a heat treatment above the
upper transformation temperature.

(b) WPS is forwelding austenitic or P-10Hmaterial and
is qualified with a solution heat treatment.

(c) Base metals are assigned to P-No. 8, P-Nos. 21
through 26, and P-Nos. 41 through 49.

QW-406.4 Adecreaseofmore than100°F (55°C) in the
preheat temperature qualified or an increase in the
maximum interpass temperature recorded on the PQR.
The minimum temperature for welding shall be specifed
in the WPS.

QW-406.5 Achange in themaintenanceor reductionof
preheat upon completion of spraying and prior to fusing.

QW-406.7 Achangeofmore than10%in theamplitude
or number of preheating cycles from that qualified, or if
other preheating methods are employed, a change in the
preheating temperature of more than 25°F (15°C).

QW-406.9 Adecrease in thepreheat temperature from
that achieved on the test coupon and recorded on the PQR.

QW-406.10 The minimum preheating soaking time
prior to the start of welding.

QW-406.11 The addition or deletion of a postweld
hydrogen bakeout. When specified, the minimum
soaking temperature and time shall be specified.

QW-406.12 ð23ÞAn increase in the interpass temperature
of ahighheat input/high interpass temperaturebracketed
qualification or a decrease ofmore than 50°F (28°C) in the
interpass temperature of a low heat input/low interpass
temperature bracketed qualification. This variable does
not apply when a WPS is qualified with a PWHT above
the upper transformation temperature.

QW-407 POSTWELD HEAT TREATMENT

QW-407.1 A separate procedure qualification is
required for each of the following:

(a) For P-Numbers 1 through 6 and 9 through 15F
materials, the following postweld heat treatment condi-
tions apply:

(1) no PWHT
(2) PWHT below the lower transformation tempera-

ture
(3) PWHT above the upper transformation tempera-

ture (e.g., normalizing)
(4) PWHT above the upper transformation tempera-

ture followed by heat treatment below the lower trans-
formation temperature (e.g., normalizing or quenching
followed by tempering)

(5) PWHTbetween the upper and lower transforma-
tion temperatures

(b) For all other materials, the following postweld heat
treatment conditions apply:

(1) no PWHT
(2) PWHT within a specified temperature range

QW-407.2 A change in the postweld heat treatment
(see QW-407.1) temperature and time range
The procedure qualification test shall be subjected to

PWHT essentially equivalent to that encountered in the
fabrication of production welds, including at least 80%
of the aggregate times at temperature(s). The PWHT
total time(s) at temperature(s) may be applied in one
heating cycle. This variable does not apply to a WPS qual-
ified for welding base metals that are assigned to P-No. 8,
P-Nos. 21 through 26, and P-Nos. 41 through 49.

QW-407.6 A change in postweld heat treatment condi-
tion in QW-407.1 or an increase of 25% or more in total
time at postweld heat treating temperature.

QW-407.7 A change in the heat treatment temperature
range qualified if heat treatment is applied after fusing.

QW-407.8 A separate PQR is required for each of the
following:

(a) no PWHT
(b) a change of more than 10% in the number of PWHT

heating current cycles following the welding cycle
(c) PWHT within a specified temperature and time

range if heat treatment is performed separately from
the welding operation
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QW-407.9 A separate procedure qualification is
required for each of the following:

(a) For weld corrosion-resistant overlay of A-No. 8 on
all base materials, a change in postweld heat treatment
condition in QW-407.1, orwhen the total time at postweld
heat treatment encountered in fabrication exceeds 20 hr,
an increase of 25% or more in total time at postweld heat
treating temperature.

(b) For weld corrosion-resistant overlay of A-No. 9 on
all base materials, a change in postweld heat treatment
condition in QW-407.1, or an increase of 25% or more
in total time at postweld heat treating temperature.

(c) For all other weld corrosion-resistant overlays on
all base materials, a change in postweld heat treatment
condition in QW-407.1.

QW-407.10 The addition or deletion of PWHT, or a
change of ±45°F (±25°C) in PWHT temperature or an
increase in the holding time by more than 25% or
change in themethodof cooling (e.g., furnace, air, quench).

QW-408 GAS

QW-408.1 The addition or deletion of trailing gas and/
or a change in its composition.

QW-408.2ð23Þ A separate procedure qualification is
required for each of the following:

(a) the addition or omission of shielding gas.
(b) a change in shielding gas composition, with the

following exception: Electrodes classified to SFA-5.18,
SFA-5.20, SFA-5.28, or SFA-5.29 that include an oxygen
equivalent shielding gas range designator (e.g., “OE
50/4” in the ER70S-6 OE 50/4 electrode classification)
do not require a separate qualificationwhen the shielding
gas oxygen equivalent iswithin the range listed in the clas-
sification of that electrode. The shielding gas oxygen
equivalent shall be calculated as follows:

= + ×oxygen equivalent % oxygen (0.5 % carbon dioxide)

The gas designation of SFA-5.32 may be used to specify
the shielding gas composition.

QW-408.3 A change in the specified flow rate range of
the shielding gas or mixture of gases.

QW-408.4 Achange in the compositionof the orifice or
shielding gas.

QW-408.5 The addition or deletion of backing gas, a
change in backing gas composition, or a change in the
specified flow rate range of the backing gas.

QW-408.6 A change of environment shielding such as
from vacuum to an inert gas, or vice versa.

QW-408.7 A change in the type of fuel gas.

QW-408.8 The omission of backing gas except that re-
qualification is not required when welding a single-
welded butt joint with a backing strip or a double-

welded butt joint or a fillet weld. This exception does
not apply to P-No. 51 through P-No. 53, P-No. 61
through P-No. 62, and P-No. 10I metals.

QW-408.9 For groovewelds in P-No. 41 through P-No.
49andallweldsof P-No. 10I, P-No. 10J, P-No. 10K,P-No. 51
through P-No. 53, and P-No. 61 through P-No. 62 metals,
the deletion of backing gas or a change in the nominal
composition of the backing gas from an inert gas to a
mixture including non-inert gas(es).

QW-408.10 For P-No. 10I, P-No. 10J, P-No. 10K, P-No.
51 through P-No. 53, and P-No. 61 through P-No. 62
metals, the deletion of trailing gas, or a change in the
nominal composition of the trailing gas from an inert
gas to amixture including non-inert gas(es), or a decrease
of 10% or more in the trailing gas flow rate.

QW-408.11 The addition or deletion of one or more of
the following:

(a) shielding gas
(b) trailing gas
(c) backing gas
(d) plasma-removing gas

QW-408.12 A decrease of more than 10% in the flow
rate of one ormore of the following: shielding gas, trailing
gas, backing gas, and plasma-removing gas.

QW-408.14 Achange in theoxygenor fuel gaspressure
beyond the range qualified.

QW-408.16 A change of more than 5% in the flow rate
of the plasma-arc gas or powdered metal feed gas
recorded on the PQR.

QW-408.17 A change in the plasma-arc gas, shielding
gas, or powdered metal feed gas from a single gas to any
other single gas, or to a mixture of gases, or vice versa.

QW-408.18 A change of more than 10% in the gas
mixture composition of the plasma-arc gas, shielding
gas, or powdered metal feed gas recorded on the PQR.

QW-408.19 Achange in thenominal compositionof the
powder feed gas or (plasma-arc spray) plasma gas qual-
ified.

QW-408.20 A change of more than 5% in the plasma
gas flow rate range qualified.

QW-408.21 A change in the flow rate of the orifice or
shielding gas.

QW-408.22 A change in the shielding gas type, gas
pressure, or purging time.

QW-408.23 For titanium, zirconium, and their alloys,
the deletion of one or more of the following:

(a) shielding gas
(b) trailing gas
(c) backing gas
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QW-408.24 For gas-shielded processes, the maximum
moisture content (dew point) of the shielding gas.
Moisture control may be by specification of shielding
gas classifications in SFA-5.32.

QW-408.25 A change in the furnace atmosphere from
that qualified.

QW-408.26 For friction stirwelding of P-No. 6, P-No. 7,
P-No. 8, P-No. 10H,P-No. 10I, P-No. 41 throughP-No. 47, P-
No. 51 through P-No. 53, and P-No. 61 through P-No. 62,
the addition or deletion of trailing or tool shielding gas, or
a change in gas composition or flow rate.

QW-409 ELECTRICAL CHARACTERISTICS

QW-409.1ð23Þ An increase in heat input, or an increase in
volumeofweldmetaldepositedperunit lengthofweld, for
each process recorded on the PQR. For arc welding, the
increase shall be determined by (a), (b), or (c) for nonwa-
veform controlled welding, or by (b) or (c) for waveform
controlled welding. See Nonmandatory Appendix H. For
low-power density laser beam welding (LLBW), the
increase shall be determined by (d).

(a) Heat Input

[ ] = × ×
[ ]

Heat input J/in. (J/mm)
voltage amperage 60

travel speed in./min (mm/min)

(b) Volume. Volume of weld metal measured by
(1) an increase in bead size (width × thickness), or
(2) a decrease in length of weld bead per unit length

of electrode
(c) Heat Input Determined Using Instantaneous Energy

or Power
(1) For instantaneous energy measurements in

joules (J)

[ ] =
[ ]
J

Heat input J/in. (J/mm)
energy ( )

weld bead length in. (mm)

(2) For instantaneous power measurements in
joules per second (J/s) or watts (W)

[ ] = ×
[ ]

Heat input J/in. (J/mm)
power ( J/s or W) arc time (s)

weld bead length in.(mm)

(d) LLBW Heat Input

[ ]

= ×
[ ]

(W)
LLBW heat input J/in. (J/mm)

power 60
travel speed in./min (mm/min)

wherePower is thepowerdelivered to thework surface as
measured by calorimeter or other suitable methods.
This variable does not apply for any of the following

conditions:
(1) WPS is qualified with a heat treatment above the

upper transformation temperature.

(2) WPS is for welding austenitic or P-10H material
and is qualified with a solution heat treatment.

(3) Base metals are assigned to P-No. 8, P-Nos. 21
through 26, and P-Nos. 41 through 49.

QW-409.2 A change from globular, spray or pulsed
spray transfer welding to short-circuiting transfer
welding or vice versa.

QW-409.3 The addition or deletion of pulsing current
to dc power source.

QW-409.4 ð23ÞAchange fromACtoDC, or viceversa; and in
DC welding, a change from electrode negative (straight
polarity) to electrode positive (reverse polarity), or
vice versa.

QW-409.5 A change of ±15% in the amperage or
voltage range.

QW-409.6 A change in the beam current of more than
±5%, voltage of more than ±2%, welding speed of more
than ±2%, beam focus current of more than ±5%, gun-to-
work distance ofmore than±5%, or a change in oscillation
length or width of more than ±20%.

QW-409.7 Any change in the beam pulsing frequency
duration.

QW-409.8 A change in the range of amperage, or
except for SMAW, GTAW, or waveform controlled
welding, a change in the range of voltage. A change in
the range of electrode wire feed speed may be used as
an alternative to amperage. See Nonmandatory
Appendix H.

QW-409.9 Achange in thearc timingofmore than±1∕10
sec.

QW-409.10 A change in amperage ofmore than ±10%.

QW-409.11 A change in the power source from one
model to another.

QW-409.12 A change in type or size of tungsten elec-
trode.

QW-409.13 A change from one Resistance Welding
Manufacturer’s Association (RWMA) electrode class to
another. In addition, a change in the following:

(a) for spot and projection welding, a change in the
nominal shape or more than 10% of the contact area
of the welding electrode

(b) for seam welding, a change of thickness, profile,
orientation, or diameter of electrodes exceeding 10%

QW-409.14 Addition or deletion of upslope or down-
slope current control, or a change ofmore than 10% in the
slope current time or amplitude.

QW-409.15

(a) A change of more than 5% in any of the following:
(1) preheating current
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(2) preheating current amplitude
(3) preheating current time duration
(4) electrode pressure
(5) welding current
(6) welding current time duration

(b) A change from AC to DC or vice versa.
(c) The addition or deletion of pulsing current to a DC

power source.
(d) When using pulsing DC current, a change of more

than 5% in the pulse amplitude, frequency, or number of
pulses per cycle.

(e) A change of more than 5% in the post-heating
current time duration.

QW-409.17 A change in the power supply primary
voltage or frequency, or in the transformer turns ratio,
tap setting, choke position, secondary open circuit
voltage or phase control setting.

QW-409.18 A change in the procedure or frequency of
tip cleaning.

QW-409.19 Any change of more than ±10% in the
beam pulsing frequency and pulse duration.

QW-409.20 For LBW and LLBW, a change in the
following variables: mode of operation (from pulsed to
continuous and vice versa), energy distribution across
the beam (i.e., multimode or Gaussian). For LBW, a
change of more than ±10% in the spatial profile [e.g.,
M2 (beam quality factor) or uniformity] of the focused
or unfocused beam.

QW-409.21 For LBW, a decrease of more than 5% in
the power delivered to the work surface as measured by
calorimeter or other suitable methods. For LLBW and
special process LBW, a decrease of more than 10% in
the power delivered to the work surface as measured
by calorimeter or other suitable methods.

QW-409.22 An increase of more than 10% in the
amperage used in application for the first layer.

QW-409.23 Achangeofmore than10%in therangesof
amperage or voltage.

QW-409.24 A change of more than 10% in the filler
wire wattage recorded on the PQR. Wattage is a function
of current voltage, and stickout dimension.

QW-409.25 A change ofmore than 10% in the plasma-
arc current or voltage recorded on the PQR.

QW-409.26ð23Þ For the first layer only, an increase in heat
input of more than 10% or an increase in volume of
weld metal deposited per unit length of weld of more
than 10%.
For arc welding, the heat input shall be determined by

(a), (b), or (c) for nonwaveform controlled welding or by
(b) or (c) for waveform controlled welding (see

Nonmandatory Appendix H). For LLBW, the increase
shall be determined by (d).

(a) Heat Input

= × ×
[ ] × [ ]

( )( )Heat Input J/in. J/mm

Voltage Amperage 60
Travel Speed in./min (mm/min) Bead Width in. (mm)

2 2

(b) Volume. Volumeofweldmetal ismeasuredbyoneof
the following:

(1) bead size (thickness times width measured
transverse to the axis of the weld)

(2) length of weld bead per unit length of electrode
(c) Heat Input Determined Using Instantaneous Energy

or Power
(1) For instantaneous energy measurements in

joules (J)

=
[ ] × [ ]

( )( )Heat Input J/in. J/mm

Energy (J)
Weld Bead Length in. (mm) Bead Width in. (mm)

2 2

(2) For instantaneous power measurements in
joules per second (J/s) or Watts (W)

= ×
[ ] × [ ]

( )( )Heat Input J/in. J/mm

Power (J/s or W) arc time (s)
Weld Bead Length in. (mm) Bead Width in. (mm)

2 2

(d) LLBW Heat Input

= ×
× [ ]

( )( )
W

LLBW Heat Input J/in. J/mm

Power ( ) 60
Travel Speed (in./min)(mm/min) Bead Width in. (mm)

2 2

wherePower is thepowerdelivered to thework surface as
measured by a calorimeter or other suitable methods.
When using strip filler metal, the strip width shall be

considered as the beadwidth. This variable does not apply
for basemetals assigned toP-Nos. 8, 21 through26, and41
through 49.

QW-409.27 A change in the flashing time of more than
10%.

QW-409.28 Achange in theupset current timebymore
than 10%.

QW-409.29

(a) A change in heat input beyond the following (see
Figure QW-462.12):

(1) An increase or decrease in the ratio of heat input
between the first temperingbead layer and theweldbeads
deposited against the base metal of more than 20% for P-
No. 1 and P-No. 3 metals and 10% for all other P-Number
metals.
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(2) An increase or decrease in the ratio of heat input
between the second tempering bead layer and the first
tempering bead layer of more than 20% for P-No. 1
andP-No. 3metals and10%forall otherP-Numbermetals.

(3) The ratio of heat input between subsequent
layers shall be maintained until a minimum of 3∕16 in.
(5 mm) of weld metal has been deposited over the
base metal.

(4) Where the basis for acceptance is toughness
testing and the filler metal is exempt from temper
bead qualification, the heat input may not exceed 50%
above theheat input qualified for the remaining fill passes.

(5) Where the basis for acceptance is hardness
testing, a decrease of more than 20% in heat input for
the remainder of the fill passes.

(b) Heat input shall be determined using the following
methods:

(1) For machine or automatic GTAW or PAW, an
increase or decrease of 10% in the power ratio measured
as:

= ×
×

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) A

power ratio
amperage voltage

WFS TS f

where

Af = cross-section area of the filler metal wire
TS = welding travel speed

WFS = filler metal wire feed speed

(2) For processes other than machine or automatic
GTAW or PAW, heat input shall be determined by the
method of QW-409.1.

(3) If manual GTAW or PAW is used for making in-
process repairs in accordance with QW-290.5, a record of
bead size shall be made.

QW-409.30ð23Þ A change fromAC to DC, or vice versa; and
in DC welding, a change from electrode negative (straight
polarity) to electrode positive (reverse polarity), or vice
versa. This variable does not apply to a WPS qualified for
welding base metals that are assigned to P-Nos. 8, 21
through 26, and 41 through 49.

QW-409.31ð23Þ A heat input below that qualified in a low
heat input/low interpass temperature bracketed qualifi-
cation or a heat input above that qualified in a high heat
input/high interpass temperature bracketed qualifica-
tion. Heat input shall be calculated using the equations
in QW-409.1.

QW-409.32ð23Þ At least one of the following transfer
modes shall be specified:

(a) short-circuiting
(b) globular
(c) spray
(d) pulsed-spray

QW-410 TECHNIQUE
QW-410.1 For manual or semiautomatic welding, a

change from the stringer bead technique to the weave
bead technique, or vice versa.

QW-410.2 A change in the nature of the flame,
oxidizing to reducing, or vice versa.

QW-410.3 A change in the orifice, cup, or nozzle size.

QW-410.4 A change in the welding technique, fore-
hand to backhand, or vice versa.

QW-410.5 A change in the method of initial and inter-
pass cleaning (brushing, grinding, etc.).

QW-410.6 A change in the method of back gouging.

QW-410.7 For the machine or automatic welding
process, a change in width, frequency, or dwell time of
oscillation technique.

QW-410.8 A change in the contact tube to work
distance.

QW-410.9 ð23ÞA change from multiple passes per side to
single pass per side.

QW-410.10 A change from single electrode to multiple
electrode, or vice versa, formachine or automatic welding
only. This variable does not applywhen aWPS is qualified
with a PWHT above the upper transformation tempera-
ture or when an austenitic or P-No. 10H material is solu-
tion annealed after welding.

QW-410.11 A change from closed chamber to out-of-
chamber conventional torch welding in P-No. 51 through
P-No. 53 metals, but not vice versa.

QW-410.14 For LBW, a change of more than ±5 deg in
the relative angle between the axis of the beam and the
workpiece. For EBW, a change ofmore than ±10 deg in the
relative angle between the axis of the beam and the work-
piece.

QW-410.15 A change in the spacing of multiple elec-
trodes for machine or automatic welding.

QW-410.17 A change in the type or model of the
welding equipment.

QW-410.18 An increase in the absolute pressure of the
vacuum welding environment beyond that qualified.

QW-410.19 Any change in filament type, size, or shape.

QW-410.20 The addition of a wash pass.

QW-410.21 For full penetrationgroovewelds, a change
of welding from both sides to welding from one side only,
but not vice versa.

QW-410.22 A change in either of the following stud
welding parameters: a change of stud gun model; a
change in the lift more than ±1∕32 in. (0.8 mm).
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QW-410.25 Achange frommanualor semiautomatic to
machine or automatic welding and vice versa.

QW-410.26 The addition or deletion of peening.

QW-410.27 Achange in the rotational speedproducing
a change in the outside surface velocity [ ft/min (m/min)]
greater than ±10% of the outside surface velocity quali-
fied.

QW-410.28 A change in the thrust load greater than
±10% of the thrust load qualified.

QW-410.29 A change in the rotational energy greater
than ±10% of the rotational energy qualified.

QW-410.30 Any change in upset dimension (overall
loss in length of parts being joined) greater than ±10%
of the upset qualified.

QW-410.31 A change in the method of preparing the
base metal prior to welding (e.g., changing from mechan-
ical cleaning to chemical cleaning or to abrasive cleaning,
or vice versa).

QW-410.32 A change of more than 10% in the holding
(forging) pressure prior to or after welding. A change of
more than 10% in the electrode holding time (electrode
duration sequence).

QW-410.33 A change from one welding type to
another, or modification of equipment, including Manu-
facturer, control panel, model number, electrical rating
or capacity, type of electrical energy source, or method
of applying pressure.

QW-410.34 Addition or deletion of an electrode
cooling medium and where it is used.

QW-410.35 Achange in thedistancebetweenarmsor a
change in the throat depth.

QW-410.37 A change from single to multiple pass or
vice versa.

QW-410.38ð23Þ A change from multiple layer to single
layer or vice versa.

QW-410.39 A change in the torch type or tip size.

QW-410.40 For submerged-arc welding and electro-
slag welding, the deletion of a supplementary device
for controlling the magnetic field acting on the weld
puddle.

QW-410.41 A change of more than 15% in the travel
speed range recorded on the PQR.

QW-410.43 For the torch or workpiece, a change of
more than 10% in the travel speed range qualified.

QW-410.44 A change of more than 15% in the spray-
torch to workpiece distance qualified.

QW-410.45 Achange in themethodof surfaceprepara-
tion of the base metal to be hard-faced (example: sand-
blasting versus chemical cleaning).

QW-410.46 A change in the spray-torch model or tip
orifice size.

QW-410.47 A change of more than 10% in the fusing
temperature range qualified. A change in the rate of
cooling from the fusing temperature of more than
50°F/hr (28°C/h), a change in the fusing method (e.g.,
torch, furnace, induction).

QW-410.48 A change in the constricted arc from trans-
ferable to nontransferable or vice versa.

QW-410.49 A change in the diameter of the plasma
torch-arc constricting orifice.

QW-410.50 A change in the number of electrodes
acting on the same welding puddle.

QW-410.52 A change in the method of delivering the
filler metal to themolten pool, such as from the leading or
trailing edge of the torch, the sides of the torch, or through
the torch.

QW-410.53 A change of more than 20% in the center-
to-center weld bead distance.

QW-410.54 A change in the upset length or force of
more than 10%.

QW-410.55 A change in the distance between the
clamping dies of more than 10% or a change in the
surface preparation of the clamping area.

QW-410.56 A change in the clamping force by more
than 10%.

QW-410.57 A change inmore than 10%of the forward
or reverse speed.

QW-410.58 The deletion of surface temper beads (see
FigureQW-462.12)ora change fromsurface temperbeads
that cover the weld surface to beads that are only depos-
ited along the toes of the weld.

QW-410.59 A change from machine or automatic
welding to manual or semiautomatic welding.

QW-410.60 The addition of thermal methods to
prepare the surface to be welded unless theWPS requires
that the metal be ground to bright metal before welding.

QW-410.61 The distance, S, from the toe of the weld to
the edge of any tempering bead shall be limited to the
distance measured on the test coupon ±1 ∕16 in.
(±1.5 mm) (see Figure QW-462.12). Alternatively, a
range for S may be established by locating temper
beads at various distances from the toe of the weld
followed by hardness traverses or toughness testing,
as applicable. Temper reinforcing beads shall not be
permitted to touch the toe of the weld. In addition, the
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ratios of heat input described in QW-409.29 shall apply to
temper beads.

QW-410.62 The method of removal of surface temper
bead reinforcing layer when it will be removed, including
provisions to prevent overheating of the weld surface.

QW-410.63 For weld beads against the basemetal and
for each tempering bead layer, the range of bead width, b,
relative to overlap of the previous beadwidth, a, as shown
in Figure QW-462.13, shall be specified on the WPS.
Overlap between 25% and 75% does not require quali-
fication.

(a) Overlap greater than 75% shall be qualified by
welding a test coupon using the desired overlap. The
overlapqualified shall be themaximumoverlappermitted
and the minimum overlap shall be 50%.

(b) Overlap less than 25% shall be qualified bywelding
a test coupon using the desired overlap. The overlap qual-
ified shall be the minimum overlap permitted and the
maximum overlap shall be 50%.

QW-410.64 For vessels or parts of vessels constructed
with P-No. 11A and P-No. 11B base metals, weld grooves
for thicknesses less than 5∕8 in. (16mm) shall be prepared
by thermal processes when such processes are to be
employed during fabrication. This groove preparation
shall also include back gouging, back grooving, or
removal of unsound weld metal by thermal processes
when these processes are to be employed during fabrica-
tion.

QW-410.65 The addition or deletion of grinding
beyond that required to clean the surface or remove
minor surface flaws (i.e., use or nonuse of half-bead tech-
nique or similar technique).

QW-410.66 A change of more than ±10% in the travel
speed, the ratio of thebeamdiameter to focal length, or the
lens to work distance.

QW-410.67 A change in the optical technique used to
focus the welding energy from that qualified.

QW-410.68 A change in welding equipment type (e.g.,
YAG, TAG, etc.).

QW-410.70 A change in the method of preparing the
base metal surface prior to insertion into the furnace.

QW-410.71 A decrease in the percentage of block
compression (original stack height compared to height
after welding) from that of the test coupon.

QW-410.72 A decrease in the welding temperature or
time from that used on the procedure qualification test
coupon.

QW-410.73 A change in joint restraint fixtures from
that qualified (e.g., fixed anvil to self-reacting, and vice
versa) or from single-sided to two-sided welding, and
vice versa.

QW-410.74 A change in the welding control method
from that qualified (e.g., force control method to position
control method, or vice versa, in the plunge direction; and
force control method to travel control method, or vice
versa, in the travel direction).

QW-410.75 A change in the rotating tool
(a) typeordesign fromthequalified “family” toanother

(i.e., threaded pin, smooth pin, fluted, self-reacting,
retracting-pin, or other tool types)

(b) configuration or dimensions from that qualified
beyond the following limits (as applicable):

(1) shoulder diameter greater than 10%
(2) shoulder scroll pitch greater than 10%
(3) shoulder profile (e.g., addition or deletion of

shoulder feature)
(4) pin diameter greater than 5%
(5) pin length greater than the lesser of 5% of qual-

ified pin length or 1% of base metal thickness (not
minimum pin length for retracting-pin tools, and not ap-
plicable for self-reacting rotating tools)

(6) pin taper angle greater than 5 deg
(7) flute pitch greater than 5%
(8) pin tip geometry or shape
(9) thread pitch greater than 10% (as applicable)
(10) flat design resulting in a change of the total flat

surface area greater than 20%
(11) number of flats
(12) cooling characteristics of the rotating pin (e.g.,

change from water-cooled to air-cooled, and vice versa)
(c) pin material specification, nominal chemical

composition, and minimum hardness

QW-410.76 A change in the rotating tool operation
from that qualified beyond the following limits (as appli-
cable):

(a) decrease in rotation speed, or increase greater than
10%

(b) direction of rotation
(c) plunge force greater than 10% or plunge position

set point greater than 5% when controlling the plunge
direction (except during ramp-up and ramp-down
when starting and stopping)

(d) angular tilt greater than 1 deg in any direction
(e) travel force or travel speed greater than 10%when

controlling travel direction (except during ramp-up and
ramp-down when starting and stopping)

(f) range of relative motion between tool components
when using self-reacting or retractable-pin tools

(g) reduction in the smallest radius of travel path
curvature that results in reversing the travel direction
of the pin or the shoulder

(h) manner or angle of intersection, or number of coin-
cident intersections, within the sameweld or between the
weld and the HAZ of other welds

QW-410.77 A change in the laserwavelength (e.g., CO2,
Nd:YAG, fiber, disk, diode) from that qualified.
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QW-410.80 A change of ±5% in the diameter of the
focused spot size.

QW-410.81 The addition of tube expansion prior to
welding.

QW-410.82 A change in the method of pressure appli-
cation.

QW-410.83 A change in the type of explosive or a
change in the energy content greater than ±10%.

QW-410.84 A change in the distance between the
explosive charge and the tubesheet face greater than
±10%.

QW-410.85 A change in the specified clearance
between the tube and the tubesheet greater than ±10%.

QW-410.86 For the machine or automatic welding
process, a change of more than ±10% inwidth, frequency,
or dwell time of oscillation technique.

QW-410.87 ð23ÞAchange frommultiple passesper side to a
single pass per side. This variable does not apply to any of
the following conditions:

(a) The WPS is qualified with a heat treatment above
the upper transformation temperature.

(b) TheWPS is forwelding austenitic orP-10Hmaterial
and is qualified with a solution heat treatment.

(c) Thebasemetals areassigned toP-Nos. 8, 21 through
26, and 41 through 49.

QW-410.88 ð23ÞA change from keyhole LBW to LLBW, and
vice versa.

QW-410.89 ð23ÞAnaddition or deletion of torch-controlled
oscillation.

QW-410.90 ð23ÞAchange frompulsedmodeofoperation to
continuous mode of operation, and vice versa.
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Table QW-416
ð23Þ Welding Variables Welder Performance

Paragraph [Note (1)] Brief of Variables

Essential

OFW
Table

QW-352

SMAW
Table

QW-353

SAW
Table

QW-354

GMAW
[Note (2)]

Table
QW-355

GTAW
Table

QW-356

PAW
Table

QW-357

LBW
Table

QW-358
QW-402
Joints

.4 − Backing X X X X X

.7 + Backing X
QW-403
Base Metal

.2 Maximum qualified X

.16 ϕ Pipe diameter X X X X X X

.18 ϕ P-Number X X X X X X X
QW-404
Filler Metals

.14 ± Filler X X X X

.15 ϕ F-Number X X X X X X X

.22 ± Inserts X X X

.23 ϕ Filler metal product
form

X X X

.30 ϕ t Weld deposit X X X X X X

.31 ϕ t Weld deposit X

.32 t Limit (s. cir. arc) X
QW-405
Positions

.1 + Position X X X X X X X

.3 ϕ ↑↓ Vert. welding X X X X X
QW-408
Gas

.7 ϕ Type fuel gas X

.8 − Backing gas X X X X
QW-409
Electrical

.2 ϕ Transfer mode X

.4 ϕ Current or polarity X
QW-410
Technique

.68 ϕ Type of equipment X

.88 ϕ Technique X

.89 ± Oscillation X

.90 ϕ Mode of operation X

Welding Processes:

OFW = Oxyfuel gas welding
SMAW = Shielded metal-arc welding
SAW = Submerged-arc welding

GMAW = Gas metal-arc welding
GTAW = Gas tungsten-arc welding
PAW = Plasma-arc welding
LBW = Laser beam welding

Legend:

ϕ Change t Thickness
+ Addition ↑ Uphill
− Deletion ↓ Downhill

NOTES:
(1) For description, see Article IV.
(2) Flux-cored arc welding as shown in Table QW-355, with or without additional shielding from an externally supplied gas or gas mixture, is

included.

ASME BPVC.IX-2023

98

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


QW-420 P-NUMBERS

QW-421 P-NUMBERS AND GROUP NUMBERS

(a) P-Numbers. P-Numbers (P-No.) are assigned tobase
metals for the purpose of reducing the number of welding
and brazing procedure qualifications required.
P-Numbers are alphanumeric designations; accord-

ingly, each P-Number designation shall be considered a
separate P-Number (e.g., base metals assigned P-No.
5A are considered a separate P-Number from those
assigned P-No. 5B or P-No. 5C).

(b) Group Numbers. Ferrous base metals have been
assigned Group Numbers creating subsets of P-
Numbers that are used when WPSs are required to be
qualified by toughness testing by other Sections or Codes.

QW-421.1ð23Þ Assignments of P-Numbers and Group
Numbers.

(a) P-Number and Group Number assignments are
listed in Table QW/QB-422. If an unlisted base metal
has the same UNS number designation as a base metal
listed in Table QW/QB-422, that base metal is also
assigned thatP-NumberorP-NumberplusGroupNumber.
These assignments arebased essentially on comparable

base metal characteristics, such as composition, weld-
ability, brazeability, and mechanical properties, where
this can logically be done. These assignments do not
imply that base metals may be indiscriminately substi-
tuted for a base metal that was used in the qualification
test without consideration of compatibility from the
standpoint of metallurgical properties, postweld heat
treatment, design, mechanical properties, and service re-
quirements.
P-number assignments listed at https://pnumbers.org

but not included in Table QW/QB-422 may also be used.
Table QW/QB-421.2 shows the assignment groups for

various alloy systems.
(b) Material specifications that have been adopted by

ASME for use in theASMEBoiler andPressureVessel Code
are provided the prefix SA, SB, or SFA, and P-Numbers are
assigned per Table QW/QB-422
Material produced to the source material specification

is unass igned unless separate ly c lass i f ied in
Table QW/QB-422.

QW-421.3ð23Þ Other Groupings. Table QW/QB-422
contains other groupings.

(a) In 2023, brazing P‐Numberswere replaced by AWS
Base Metal Numbers (BM No.) by adoption of the brazing
basemetal classificationofAWSB2.2/B2.2M, Specification
for Brazing Procedure and Performance Qualification.

(b) The column “ISO/TR 15608 Group” in Table
QW/QB-422 is a listing of the assignments of materials
in accordance with the grouping criteria of ISO/TR
15608, Welding — Guidelines for a metallic materials
grouping system, and it is consistent with the assignments

found in ISO/TR 20173, Grouping systems for materials—
American materials. While this listing is provided as a
convenience to users worldwide, it is provided for infor-
mation only. Section IX does not refer to this grouping as a
basis for establishing the rangeof basemetals qualified for
either procedure or performance qualification.

(c) In 2009, S-Numbers were removed from
TableQW/QB-422. S-Numberswere assigned tomaterials
that were acceptable for use by the ASME B31 Code for
Pressure Piping, or by selected Boiler and Pressure Vessel
Code Cases, but which were not included within ASME
Boiler and Pressure Vessel Code Material Specifications
(Section II). Base metals previously assigned S-
Numbers were reassigned the corresponding P-
Numbers or P-Numbers plus Group Numbers.

QW-421.4 ð23ÞReassignments of P-Numbers and Group
Numbers. There are instances where materials assigned
to one P- or S-Number or Group Number have been reas-
signed to a different P- or S-Number or Group Number in
later editions. Procedure and performance qualifications
that were qualified under the previous P-, S-, or BM-
Numbers or Group Number assignment may continue
to be used under the new P-Number or Group Number
assignment [see QW-200.2(c) or QB‐200.2(c)], provided
the WPS or BPS is revised to limit the materials qualified
for welding or brazing to those assigned to the new P-
Number(s) or Group Number(s) for the specific mate-
rial(s) originally used for the procedure qualification
test coupon. Other materials from the original P-, S-, or
BM-Number or Group Number must be reassigned to
the same P-Number or Group Number to be considered
qualified for welding or brazing under the revisedWPS or
BPS.

Table QW/QB-421.2
Base Metal Assignment Groups

Base Metal Welding Brazing
Steel and steel
alloys

P-No. 1 through
P-No. 15F

P-No. 101 through
P-No. 103

Aluminum and
aluminum-
base alloys

P-No. 21 through
P-No. 26

P-No. 104 and
P-No. 105

Copper and
copper-base
alloys

P-No. 31 through
P-No. 35

P-No. 107 and
P-No. 108

Nickel and nickel-
base alloys

P-No. 41 through
P-No. 49

P-No. 110 through
P-No. 112

Titanium and
titanium-base
alloys

P-No. 51 through
P-No. 53

P-No. 115

Zirconium and
zirconium-base
alloys

P-No. 61 and
P-No. 62

P-No. 117
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QW-421.5 Acceptance Tensile Values.

(a) BaseMetals Listed in Table QW/QB-422. The column
“Minimum Specified Tensile” in Table QW/QB-422 lists
the acceptance values for the tensile tests of the
welding or brazing procedure qualification, except as
otherwise allowed in QW-153 or QB-153.
Base metals listed with minimum specified tensile

values may be used for procedure qualification.
Base metals listed without a minimum specified tensile

value shall not be used for the purpose of groove weld
procedure qualification.

(b) Base Metals Not Listed in Table QW/QB-422. If an
unlisted base metal having the same UNS number of a
listed base metal is used for procedure qualification,
the minimum tensile value of the listed base metal
shall apply for the tension test specimens.
For unassigned unlisted base metals, the minimum

tensile strength definition requirements of QW-424.1
apply.
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QW-423 ALTERNATE BASE MATERIALS FOR
WELDER QUALIFICATION

QW-423.1 Base metal used for welder qualification
may be substituted for the base metal specified in the
WPS in accordance with the following table. Any base
metal shown in the same row may be substituted in
the performance qualification test coupon for the base
metal(s) specified in the WPS followed during welder
qualification. When a base metal shown in the left
column of the table is used for welder qualification,
the welder is qualified to weld all combinations of
base metals shown in the right column, including unas-
signed metals of similar chemical composition to these
metals.

Base Metal(s) Used for
Performance Qualification Base Metals Qualified
P-No. 1 through P-No. 15F,
P-No. 34, or P-No. 41
through P-No. 49

P-No. 1 through P-No. 15F,
P-No. 34, and P-No. 41 through
P-No. 49

P-No. 21 through P-No. 26 P-No. 21 through P-No. 26
P-No. 51 through P-No. 53 or
P-No. 61 or P-No. 62

P-No. 51 through P-No. 53 and
P-No. 61 and P-No. 62

Any unassigned metal to the
same unassigned metal

The unassigned metal to itself

Any unassigned metal to any
P-Number metal

The unassigned metal to any metal
assigned to the same P-Number as
the qualified metal

Any unassigned metal to any
other unassigned metal

The first unassigned metal to the
second unassigned metal

QW-423.2 A base metal used for welder qualification
conforming to national or international standards or
specifications may be considered as having the same
P-Number as an assigned metal provided it meets the
mechanical and chemical requirements of the assigned
metal. The base metal specification and corresponding
P-Number shall be recorded on the qualification record.

QW-424 BASE METALS USED FOR PROCEDURE
QUALIFICATION

QW-424.1 Base metals are assigned P-Numbers in
Table QW/QB-422 ; metals that do not appear in Table
QW/QB-422 are considered to be unassigned metals
except as otherwise defined for base metals having the
same UNS numbers. Unassignedmetals shall be identified
in the WPS and on the PQR by specification, type, and
grade, or by chemical analysis andmechanical properties.
The minimum tensile strength shall be defined by the
organization that specified the unassigned metal if the
tensile strength of thatmetal is not defined by thematerial
specification.

Base Metal(s) Used for
Procedure Qualification

Coupon Base Metals Qualified
One metal from a P-Number to
any metal from the same
P-Number

Any metals assigned that
P-Number

One metal from a P-Number to
any metal from any other
P-Number

Any metal assigned the first
P-Number to any metal
assigned the second
P-Number

Onemetal fromP-No.15E toany
metal from P-No. 15E

Any P-No. 15E or 5B metal to
any metal assigned P-No. 15E
or 5B

Onemetal fromP-No.15E toany
metal from any other
P-Number

Any P-No. 15E or 5B metal to
any metal assigned the
second P-Number

One metal from P-No. 3 to any
metal from P-No. 3

Any P-No. 3 metal to any metal
assigned P-No. 3 or 1

One metal from P-No. 4 to any
metal from P-No. 4

Any P-No. 4 metal to any metal
assigned P-No. 4, 3, or 1

One metal from P-No. 5A to any
metal from P-No. 5A

Any P-No. 5Ametal to anymetal
assigned P-No. 5A, 4, 3, or 1

One metal from P-No. 5A to a
metal fromP-No. 4, orP-No.3,
or P-No. 1

Any P-No. 5Ametal to anymetal
assigned to P-No. 4, 3, or 1

One metal from P-No. 4 to a
metal from P-No. 3 or P-No. 1

Any P-No. 4 metal to any metal
assigned to P-No. 3 or 1

Any unassigned metal to the
same unassigned metal

The unassigned metal to itself

Any unassigned metal to any
P-Number metal

The unassigned metal to any
metal assigned to the same
P-Number as the qualified
metal

Any unassigned metal to any
metal from P-No. 15E

The unassigned metal to any
metal assigned P-No. 15E or
5B

Any unassigned metal to any
other unassigned metal

The first unassigned metal to
the second unassigned metal

QW-424.2 Forwelds joining basemetals toweldmetal
buildup or corrosion-resistant weld metal overlay, the
buildup or overlay portion of the joint may be substituted
in the test coupon by any P-Number base material that
nominally matches the chemical analysis of the buildup
or overlay.

QW-424.3 ð23ÞBase metals (e.g., additively manufactured
products or components) producedbyweldingusing filler
metal meeting the requirements of a welding consumable
classification listed in Table QW/QB-422 are assigned the
P-number and Group number shown in that table.
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QW-430 F-NUMBERS

QW-431 GENERAL

The following F-Number grouping of electrodes and
welding rods in Table QW-432 is based essentially on
their usability characteristics,which fundamentally deter-
mine theabilityofwelders tomakesatisfactoryweldswith
a given filler metal. This grouping is made to reduce the
number of welding procedure and performance qualifica-

tions, where this can logically be done. The grouping does
not imply that base metals or filler metals within a group
may be indiscriminately substituted for a metal that was
used in the qualification test without consideration of the
compatibility of the base and filler metals from the stand-
point ofmetallurgical properties, postweldheat treatment
design and service requirements, andmechanical proper-
ties.

Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification

F-No. ASME Specification AWS Classification UNS No.
Steel and Steel Alloys

1 SFA-5.1 EXX20 ...
1 SFA-5.1 EXX22 ...
1 SFA-5.1 EXX24 ...
1 SFA-5.1 EXX27 ...
1 SFA-5.1 EXX28 ...

1 SFA-5.4 EXXX(X)-26 ...
1 SFA-5.5 EXX20-X ...
1 SFA-5.5 EXX27-X ...

2 SFA-5.1 EXX12 ...
2 SFA-5.1 EXX13 ...
2 SFA-5.1 EXX14 ...
2 SFA-5.1 EXX19 ...
2 SFA-5.5 E(X)XX13-X ...

3 SFA-5.1 EXX10 ...
3 SFA-5.1 EXX11 ...
3 SFA-5.5 E(X)XX10-X ...
3 SFA-5.5 E(X)XX11-X ...

4 SFA-5.1 EXX15 ...
4 SFA-5.1 EXX16 ...
4 SFA-5.1 EXX18 ...
4 SFA-5.1 EXX18M ...
4 SFA-5.1 EXX48 ...

4 SFA-5.4 other than austenitic and
duplex EXXX(X)-15 ...

4 SFA-5.4 other than austenitic and
duplex EXXX(X)-16 ...

4 SFA-5.4 other than austenitic and
duplex EXXX(X)-17 ...

4 SFA-5.5 E(X)XX15-X ...
4 SFA-5.5 E(X)XX16-X ...

4 SFA-5.5 E(X)XX18-X ...
4 SFA-5.5 E(X)XX18M ...
4 SFA-5.5 E(X)XX18M1 ...
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Steel and Steel Alloys (Cont’d)

4 SFA-5.5 E(X)XX45 ...

5 SFA-5.4 austenitic and duplex EXXX(X)-15 ...
5 SFA-5.4 austenitic and duplex EXXX(X)-16 ...
5 SFA-5.4 austenitic and duplex EXXX(X)-17 ...

6 SFA-5.2 All classifications ...
6 SFA-5.9 All classifications ...
6 SFA-5.17 All classifications ...
6 SFA-5.18 All classifications ...
6 SFA-5.20 All classifications ...

6 SFA-5.22 All classifications ...
6 SFA-5.23 All classifications ...
6 SFA-5.25 All classifications ...
6 SFA-5.26 All classifications ...
6 SFA-5.28 All classifications ...

6 SFA-5.29 All classifications ...
6 SFA-5.30 INMs-X ...
6 SFA-5.30 IN5XX ...
6 SFA-5.30 IN3XX(X) ...
6 SFA-5.39 All classifications …

Aluminum and Aluminum Alloys
21 SFA-5.3 E1100 A91100
21 SFA-5.3 E3003 A93003
21 SFA-5.10 ER1070 A91070
21 SFA-5.10 ER1080A A91080
21 SFA-5.10 ER1100 A91100
21 SFA-5.10 ER1188 A91188
21 SFA-5.10 ER1200 A91200
21 SFA-5.10 ER1450 A91450
21 SFA-5.10 ER3103 A93103
21 SFA-5.10 R1070 A91070
21 SFA-5.10 R1080A A91080
21 SFA-5.10 R1100 A91100
21 SFA-5.10 R1188 A91188
21 SFA-5.10 R1200 A91200
21 SFA-5.10 R1450 A91450
21 SFA-5.10 R3103 A93103

22 SFA-5.10 ER5087 A95087
22 SFA-5.10 ER5183 A95183
22 SFA-5.10 ER5183A A95183
22 SFA-5.10 ER5187 A95187
22 SFA-5.10 ER5249 A95249

22 SFA-5.10 ER5356 A95356
22 SFA-5.10 ER5356A A95356
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Aluminum and Aluminum Alloys (Cont’d)

22 SFA-5.10 ER5554 A95554
22 SFA-5.10 ER5556 A95556

22 SFA-5.10 ER5556A A95556
22 SFA-5.10 ER5556B A95556

22 SFA-5.10 ER5556C A95556
22 SFA-5.10 ER5654 A95654
22 SFA-5.10 ER5654A A95654

22 SFA-5.10 ER5754 A95754

22 SFA-5.10 R5087 A95087
22 SFA-5.10 R5183 A95183
22 SFA-5.10 R5183A A95183
22 SFA-5.10 R5187 A95187

22 SFA-5.10 R5249 A95249

22 SFA-5.10 R5356 A95356
22 SFA-5.10 R5356A A95356
22 SFA-5.10 R5554 A95554
22 SFA-5.10 R5556 A95556

22 SFA-5.10 R5556A A95556

22 SFA-5.10 R5556B A95556

22 SFA-5.10 R5556C A95556
22 SFA-5.10 R5654 A95654
22 SFA-5.10 R5654A A95654
22 SFA-5.10 R5754 A95754

23 SFA-5.3 E4043 A94043
23 SFA-5.10 ER4010 A94010
23 SFA-5.10 ER4018 A94018
23 SFA-5.10 ER4043 A94043
23 SFA-5.10 ER4043A A94043
23 SFA-5.10 ER4046 A94046
23 SFA-5.10 ER4047 A94047
23 SFA-5.10 ER4047A A94047
23 SFA-5.10 ER4643 A94643
23 SFA-5.10 ER4943 A94943
23 SFA-5.10 R4010 A94010
23 SFA-5.10 R4011 A94011
23 SFA-5.10 R4018 A94018
23 SFA-5.10 R-A356.0 A13560
23 SFA-5.10 R357.0 A03570
23 SFA-5.10 R-A357.0 A13570

23 SFA-5.10 R4043 A94043
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Aluminum and Aluminum Alloys (Cont’d)

23 SFA-5.10 R4043A A94043
23 SFA-5.10 R4046 A94046
23 SFA-5.10 R4047A A94047
23 SFA-5.10 R4047 A94047
23 SFA-5.10 R4643 A94643
23 SFA-5.10 R4943 A94943

25 SFA-5.10 ER2319 A92319
25 SFA-5.10 R2319 A92319
25 SFA-5.10 R206.0 A02060

26 SFA-5.10 ER4009 A94009
26 SFA-5.10 ER4145 A94145
26 SFA-5.10 R4009 A94009
26 SFA-5.10 R4145 A94145
26 SFA-5.10 R-C355.0 A33550

Copper and Copper Alloys
31 SFA-5.6 ECu W60189
31 SFA-5.7 ERCu C18980

32 SFA-5.6 ECuSi W60656
32 SFA-5.7 ERCuSi-A C65600

33 SFA-5.6 ECuSn-A W60518
33 SFA-5.6 ECuSn-C W60521
33 SFA-5.7 ERCuSn-A C51800
33 SFA-5.7 ERCuSn-C C52100

34 SFA-5.6 ECuNi W60715
34 SFA-5.7 ERCuNi C71580
34 SFA-5.30 IN67 C71581

35 SFA-5.8 RBCuZn-A C47000
35 SFA-5.8 RBCuZn-B C68000
35 SFA-5.8 RBCuZn-C C68100
35 SFA-5.8 RBCuZn-D C77300

36 SFA-5.6 ECuAl-A2 W60614
36 SFA-5.6 ECuAl-B W60619
36 SFA-5.7 ERCuAl-A1 C61000
36 SFA-5.7 ERCuAl-A2 C61800
36 SFA-5.7 ERCuAl-A3 C62400

37 SFA-5.6 ECuMnNiAl C60633
37 SFA-5.6 ECuNiAl C60632
37 SFA-5.7 ERCuMnNiAl C63380
37 SFA-5.7 ERCuNiAl C63280

Nickel and Nickel Alloys
41 SFA-5.11 ENi-1 W82141
41 SFA-5.14 ERNi-1 N02061
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Nickel and Nickel Alloys (Cont’d)

41 SFA-5.30 IN61 N02061

42 SFA-5.11 ENiCu-7 W84190
42 SFA-5.14 ERNiCu-7 N04060
42 SFA-5.14 ERNiCu-8 N05504
42 SFA-5.30 IN60 N04060

43 SFA-5.11 ENiCr-4 W86172
43 SFA-5.11 ENiCrCoMo-1 W86117
43 SFA-5.11 ENiCrFe-1 W86132
43 SFA-5.11 ENiCrFe-2 W86133
43 SFA-5.11 ENiCrFe-3 W86182

43 SFA-5.11 ENiCrFe-4 W86134
43 SFA-5.11 ENiCrFe-7 W86152
43 SFA-5.11 ENiCrFe-9 W86094
43 SFA-5.11 ENiCrFe-10 W86095
43 SFA-5.11 ENiCrFe-12 W86025
43 SFA-5.11 ENiCrFe-15 W86056
43 SFA-5.11 ENiCrMo-2 W86002

43 SFA-5.11 ENiCrMo-3 W86112
43 SFA-5.11 ENiCrMo-4 W80276
43 SFA-5.11 ENiCrMo-5 W80002
43 SFA-5.11 ENiCrMo-6 W86620
43 SFA-5.11 ENiCrMo-7 W86455

43 SFA-5.11 ENiCrMo-10 W86022
43 SFA-5.11 ENiCrMo-12 W86032
43 SFA-5.11 ENiCrMo-13 W86059
43 SFA-5.11 ENiCrMo-14 W86026

43 SFA-5.11 ENiCrMo-17 W86200
43 SFA-5.11 ENiCrMo-18 W86650
43 SFA-5.11 ENiCrMo-19 W86058
43 SFA-5.11 ENiCrWMo-1 W86231
43 SFA-5.11 ENiMoCr-1 N10362
43 SFA-5.14 ERNiCr-3 N06082

43 SFA-5.14 ERNiCr-4 N06072
43 SFA-5.14 ERNiCr-6 N06076
43 SFA-5.14 ERNiCr-7 N06073
43 SFA-5.14 ERNiCrCo-1 N07740
43 SFA-5.14 ERNiCrCoMo-1 N06617
43 SFA-5.14 ERNiCrCoMo-2 N07208
43 SFA-5.14 ERNiCrFe-5 N06062
43 SFA-5.14 ERNiCrFe-6 N07092

43 SFA-5.14 ERNiCrFe-7 N06052
43 SFA-5.14 ERNiCrFe-7A N06054
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Nickel and Nickel Alloys (Cont’d)

43 SFA-5.14 ERNiCrFe-8 N07069
43 SFA-5.14 ERNiCrFe-11 N06601
43 SFA-5.14 ERNiCrFe-12 N06025
43 SFA-5.14 ERNiCrFe-13 N06055
43 SFA-5.14 ERNiCrFe-14 N06043
43 SFA-5.14 ERNiCrFe-15 N06056

43 SFA-5.14 ERNiCrFeAl-1 N06693
43 SFA-5.14 ERNiCrMo-2 N06002
43 SFA-5.14 ERNiCrMo-3 N06625
43 SFA-5.14 ERNiCrMo-4 N10276
43 SFA-5.14 ERNiCrMo-7 N06455

43 SFA-5.14 ERNiCrMo-10 N06022
43 SFA-5.14 ERNiCrMo-13 N06059
43 SFA-5.14 ERNiCrMo-14 N06686
43 SFA-5.14 ERNiCrMo-16 N06057
43 SFA-5.14 ERNiCrMo-17 N06200

43 SFA-5.14 ERNiCrMo-18 N06650
43 SFA-5.14 ERNiCrMo-19 N06058
43 SFA-5.14 ERNiCrMo-20 N06660
43 SFA-5.14 ERNiCrMo-21 N06205
43 SFA-5.14 ERNiCrMo-22 N06035
43 SFA-5.14 ERNiCrWMo-1 N06231
43 SFA-5.14 ERNiCrMoWNb-1 N06680

43 SFA-5.30 IN52 N06052
43 SFA-5.30 IN62 N06062
43 SFA-5.30 IN6A N07092
43 SFA-5.30 IN82 N06082
43 SFA-5.34 All classifications ...

44 SFA-5.11 ENiMo-1 W80001
44 SFA-5.11 ENiMo-3 W80004
44 SFA-5.11 ENiMo-7 W80665
44 SFA-5.11 ENiMo-8 W80008

44 SFA-5.11 ENiMo-9 W80009
44 SFA-5.11 ENiMo-10 W80675
44 SFA-5.11 ENiMo-11 W80629
44 SFA-5.14 ERNiMo-1 N10001
44 SFA-5.14 ERNiMo-2 N10003
44 SFA-5.14 ERNiMo-3 N10004

44 SFA-5.14 ERNiMo-7 N10665
44 SFA-5.14 ERNiMo-8 N10008
44 SFA-5.14 ERNiMo-9 N10009
44 SFA-5.14 ERNiMo-10 N10675
44 SFA-5.14 ERNiMo-11 N10629
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Nickel and Nickel Alloys (Cont’d)

44 SFA-5.14 ERNiMo-12 N10242
44 SFA-5.14 ERNiMoCr-1 N10362

45 SFA-5.11 ENiCrMo-1 W86007
45 SFA-5.11 ENiCrMo-9 W86985
45 SFA-5.11 ENiCrMo-11 W86030
45 SFA-5.14 ERNiCrMo-1 N06007
45 SFA-5.14 ERNiCrMo-8 N06975

45 SFA-5.14 ERNiCrMo-9 N06985
45 SFA-5.14 ERNiCrMo-11 N06030
45 SFA-5.14 ERNiFeCr-1 N08065
45 SFA-5.14 ERNiFeCr-3 N09946

46 SFA-5.11 ENiCrFeSi-1 W86045
46 SFA-5.14 ERNiCrFeSi-1 N06045
46 SFA-5.14 ERNiCoCrSi-1 N12160

Titanium and Titanium Alloys
51 SFA-5.16 ERTi-1 R50100
51 SFA-5.16 ERTi-11 R52251
51 SFA-5.16 ERTi-13 R53423
51 SFA-5.16 ERTi-17 R52253
51 SFA-5.16 ERTi-27 R52255

51 SFA-5.16 ERTi-2 R50120
51 SFA-5.16 ERTi-7 R52401
51 SFA-5.16 ERTi-14 R53424
51 SFA-5.16 ERTi-16 R52403
51 SFA-5.16 ERTi-26 R52405

51 SFA-5.16 ERTi-30 R53531
51 SFA-5.16 ERTi-33 R53443
51 SFA-5.16 ERTi-3 R50125
51 SFA-5.16 ERTi-15A R53416
51 SFA-5.16 ERTi-31 R53533
51 SFA-5.16 ERTi-34 R53444

52 SFA-5.16 ERTi-4 R50130

53 SFA-5.16 ERTi-9 R56320
53 SFA-5.16 ERTi-9ELI R56321
53 SFA-5.16 ERTi-18 R56326
53 SFA-5.16 ERTi-28 R56324

54 SFA-5.16 ERTi-12 R53400

55 SFA-5.16 ERTi-5 R56400
55 SFA-5.16 ERTi-23 R56408
55 SFA-5.16 ERTi-29 R56414
55 SFA-5.16 ERTi-24 R56415
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Titanium and Titanium Alloys (Cont’d)

55 SFA-5.16 ERTi-25 R56413
55 SFA-5.16 ERTi-38 R54251

56 SFA-5.16 ERTi-32 R55112
Zirconium and Zirconium Alloys

61 SFA-5.24 ERZr2 R60702
61 SFA-5.24 ERZr3 R60704
61 SFA-5.24 ERZr4 R60705

Hard-Facing Weld Metal Overlay
71 SFA-5.13 ECoCr-A W73006
71 SFA-5.13 ECoCr-B W73012
71 SFA-5.13 ECoCr-C W73001
71 SFA-5.13 ECoCr-E W73021
71 SFA-5.13 ECuAl-A2 W60617

71 SFA-5.13 ECuAl-B W60619
71 SFA-5.13 ECuAl-C W60625
71 SFA-5.13 ECuAl-D W61625
71 SFA-5.13 ECuAl-E W62625
71 SFA-5.13 ECuMnNiAl W60633

71 SFA-5.13 ECuNi W60715
71 SFA-5.13 ECuNiAl W60632
71 SFA-5.13 ECuSi W60656
71 SFA-5.13 ECuSn-A W60518
71 SFA-5.13 ECuSn-C W60521

71 SFA-5.13 EFe1 W74001
71 SFA-5.13 EFe2 W74002
71 SFA-5.13 EFe3 W74003
71 SFA-5.13 EFe4 W74004
71 SFA-5.13 EFe5 W75110

71 SFA-5.13 EFe6 W77510
71 SFA-5.13 EFe7 W77610
71 SFA-5.13 EFeCr-A1A W74011
71 SFA-5.13 EFeCr-A2 W74012
71 SFA-5.13 EFeCr-A3 W74013

71 SFA-5.13 EFeCr-A4 W74014
71 SFA-5.13 EFeCr-A5 W74015
71 SFA-5.13 EFeCr-A6 W74016
71 SFA-5.13 EFeCr-A7 W74017
71 SFA-5.13 EFeCr-A8 W74018

71 SFA-5.13 EFeCr-E1 W74211
71 SFA-5.13 EFeCr-E2 W74212
71 SFA-5.13 EFeCr-E3 W74213
71 SFA-5.13 EFeCr-E4 W74214
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Hard-Facing Weld Metal Overlay (Cont’d)

71 SFA-5.13 EFeMn-A W79110

71 SFA-5.13 EFeMn-B W79310
71 SFA-5.13 EFeMn-C W79210
71 SFA-5.13 EFeMn-D W79410
71 SFA-5.13 EFeMn-E W79510
71 SFA-5.13 EFeMn-F W79610

71 SFA-5.13 EFeMnCr W79710

71 SFA-5.13 ENiCr-C W89606
71 SFA-5.13 ENiCrFeCo W83002
71 SFA-5.13 ENiCrMo-5A W80002
71 SFA-5.13 EWCX-12/30 ...

71 SFA-5.13 EWCX-20/30 ...
71 SFA-5.13 EWCX-30/40 ...
71 SFA-5.13 EWCX-40 ...
71 SFA-5.13 EWCX-40/120 ...

72 SFA-5.21 ERCCoCr-A W73036
72 SFA-5.21 ERCCoCr-B W73042
72 SFA-5.21 ERCCoCr-C W73031
72 SFA-5.21 ERCCoCr-E W73041
72 SFA-5.21 ERCCoCr-G W73032

72 SFA-5.21 ERCCuAl-A2 W60618
72 SFA-5.21 ERCCuAl-A3 W60624
72 SFA-5.21 ERCCuAl-C W60626
72 SFA-5.21 ERCCuAl-D W61626
72 SFA-5.21 ERCCuAl-E W62626

72 SFA-5.21 ERCCuSi-A W60657
72 SFA-5.21 ERCCuSn-A W60518
72 SFA-5.21 ERCCuSn-D W60524
72 SFA-5.21 ERCFe-1 W74030
72 SFA-5.21 ERCFe-1A W74031

72 SFA-5.21 ERCFe-2 W74032
72 SFA-5.21 ERCFe-3 W74033
72 SFA-5.21 ERCFe-5 W74035
72 SFA-5.21 ERCFe-6 W77530
72 SFA-5.21 ERCFe-8 W77538

72 SFA-5.21 ERCFeCr-A W74531
72 SFA-5.21 ERCFeCr-A1A W74530
72 SFA-5.21 ERCFeCr-A3A W74533
72 SFA-5.21 ERCFeCr-A4 W74534
72 SFA-5.21 ERCFeCr-A5 W74535

72 SFA-5.21 ERCFeCr-A9 W74539
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Hard-Facing Weld Metal Overlay (Cont’d)

72 SFA-5.21 ERCFeCr-A10 W74540
72 SFA-5.21 ERCFeMn-C W79230
72 SFA-5.21 ERCFeMn-F W79630
72 SFA-5.21 ERCFeMn-G W79231

72 SFA-5.21 ERCFeMn-H W79232
72 SFA-5.21 ERCFeMnCr W79730
72 SFA-5.21 ERCNiCr-A W89634
72 SFA-5.21 ERCNiCr-B W89635
72 SFA-5.21 ERCNiCr-C W89636

72 SFA-5.21 ERCNiCrFeCo W83032
72 SFA-5.21 ERCNiCrMo-5A W80036
72 SFA-5.21 ERCoCr-A R30006
72 SFA-5.21 ERCoCr-B R30012
72 SFA-5.21 ERCoCr-C R30001

72 SFA-5.21 ERCoCr-E R30021
72 SFA-5.21 ERCoCr-F R30002
72 SFA-5.21 ERCoCr-G R30014
72 SFA-5.21 ERCuAl-A2 C61800
72 SFA-5.21 ERCuAl-A3 C62400

72 SFA-5.21 ERCuAl-C C62580
72 SFA-5.21 ERCuAl-D C62581
72 SFA-5.21 ERCuAl-E C62582
72 SFA-5.21 ERCuSi-A C65600
72 SFA-5.21 ERCuSn-A C51800

72 SFA-5.21 ERCuSn-D C52400
72 SFA-5.21 ERFe-1 T74000
72 SFA-5.21 ERFe-1A T74001
72 SFA-5.21 ERFe-2 T74002
72 SFA-5.21 ERFe-3 T74003

72 SFA-5.21 ERFe-5 T74005
72 SFA-5.21 ERFe-6 T74006
72 SFA-5.21 ERFe-8 T74008
72 SFA-5.21 ERFeCr-A ...
72 SFA-5.21 ERFeCr-A1A ...

72 SFA-5.21 ERFeCr-A3A ...
72 SFA-5.21 ERFeCr-A4 ...
72 SFA-5.21 ERFeCr-A5 ...
72 SFA-5.21 ERFeCr-A9 ...
72 SFA-5.21 ERFeCr-A10 ...

72 SFA-5.21 ERFeMn-C ...
72 SFA-5.21 ERFeMn-F ...
72 SFA-5.21 ERFeMn-G ...
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Table QW-432
F-Numbers

Grouping of Electrodes and Welding Rods for Qualification (Cont’d)

F-No. ASME Specification AWS Classification UNS No.
Hard-Facing Weld Metal Overlay (Cont’d)

72 SFA-5.21 ERFeMn-H ...
72 SFA-5.21 ERFeMnCr ...

72 SFA-5.21 ERNiCr-A N99644
72 SFA-5.21 ERNiCr-B N99645
72 SFA-5.21 ERNiCr-C N99646
72 SFA-5.21 ERNiCr-D N99647
72 SFA-5.21 ERNiCr-E N99648

72 SFA-5.21 ERNiCrFeCo F46100
72 SFA-5.21 ERNiCrMo-5A N10006
72 SFA-5.21 ERWCX-20/30 ...
72 SFA-5.21 ERWCX-30/40 ...
72 SFA-5.21 ERWCX-40 ...

72 SFA-5.21 ERWCX-40/120 ...
72 SFA-5.21 RWCX-20/30 ...
72 SFA-5.21 RWCX-30/40 ...
72 SFA-5.21 RWCX-40 ...
72 SFA-5.21 RWCX-40/120 ...
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QW-433 ALTERNATE F-NUMBERS FOR WELDER PERFORMANCE QUALIFICATION
The following tables identify the fillermetal or electrode that thewelder used during qualification testing as “Qualified

With,” and the electrodes or filler metals that the welder is qualified to use in production welding as “Qualified For.” See
Table QW-432 for the F-Number assignments.

Qualified With → F-No. 1
With

Backing

F-No. 1
Without
Backing

F-No. 2
With

Backing

F-No. 2
Without
Backing

F-No. 3
With

Backing

F-No. 3
Without
Backing

F-No. 4
With

Backing

F-No. 4
Without
Backing

F-No. 5
With

Backing

F-No. 5
Without
BackingQualified For ↓

F-No. 1 With Backing X X X X X X X X X X
F-No. 1 Without Backing … X … … … … … … … …
F-No. 2 With Backing … … X X X X X X … …
F-No. 2 Without Backing … … … X … … … … … …
F-No. 3 With Backing … … … … X X X X … …
F-No. 3 Without Backing … … … … … X … … … …
F-No. 4 With Backing … … … … … … X X … …
F-No. 4 Without Backing … … … … … … … X … …
F-No. 5 With Backing … … … … … … … … X X
F-No. 5 Without Backing … … … … … … … … … X

Qualified With Qualified For
Any F-No. 6 All F-No. 6 [Note (1)]
Any F-No. 21 through F-No. 26 All F-No. 21 through F-No. 26
Any F-No. 31, F-No. 32, F-No. 33,
F-No. 35, F-No. 36, or F-No. 37

Only the same F-Number as was used
during the qualification test

F-No. 34 or any F-No. 41 through
F-No. 46

F-No. 34 and all F-No. 41 through F-No. 46

Any F-No. 51 through F-No. 55 All F-No. 51 through F-No. 55
Any F-No. 61 All F-No. 61
Any F-No. 71 through F-No. 72 Only the same F-Number as was used

during the qualification test

NOTE: (1) Deposited weld metal made using a bare rod not covered by an SFA Specification but which conforms to an
analysis listed in Table QW-442 shall be considered to be classified as F-No. 6.
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QW-440 WELD METAL CHEMICAL COMPOSITION

QW-441 GENERAL
Identification of weld metal chemical composition designated on the PQR and WPS shall be as given in QW-404.5.

Table QW-442
A-Numbers

Classification of Ferrous Weld Metal Analysis for Procedure Qualification

A-No. Types of Weld Deposit
Analysis, % [Notes (1), (2)]

C Cr Mo Ni Mn Si
1 Mild Steel 0.20 0.20 0.30 0.50 1.60 1.0
2 Carbon-Molybdenum 0.15 0.50 0.40–0.65 0.50 1.60 1.0

3 Chrome (0.4% to 2%)-
Molybdenum 0.15 0.40–2.00 0.40–0.65 0.50 1.60 1.0

4 Chrome (2% to 4%)-
Molybdenum 0.15 2.00–4.00 0.40–1.50 0.50 1.60 2.0

5 Chrome (4% to 10.5%)-
Molybdenum 0.15 4.00–10.5 0.40–1.50 0.80 1.20 2.0

6 Chrome-Martensitic 0.15 11.0–15.0 0.70 0.80 2.00 1.0
7 Chrome-Ferritic 0.15 11.0–30.0 1.00 0.80 1.00 3.0
8 Chromium-Nickel 0.15 14.5–30.0 4.00 7.50–15.0 2.50 1.0
9 Chromium-Nickel 0.30 19.0–30.0 6.00 15.0–37.0 2.50 1.0
10 Nickel to 4% 0.15 0.50 0.55 0.80–4.00 1.70 1.0
11 Manganese-Molybdenum 0.17 0.50 0.25–0.75 0.85 1.25–2.25 1.0
12 Nickel–Chrome—Molybdenum 0.15 1.50 0.25–0.80 1.25–2.80 0.75–2.25 1.0

NOTES:
(1) Single values shown above are maximum.
(2) Only listed elements are used to determine A-numbers.
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QW-450 SPECIMENS

QW-451 PROCEDURE QUALIFICATION THICKNESS LIMITS AND TEST SPECIMENS

Table QW-451.1
Groove-Weld Tension Tests and Transverse-Bend Tests

Thickness T of Test
Coupon, Welded,

in. (mm)

Range of Thickness T of Base
Metal, Qualified,

in. (mm) [Notes (1), (2)]
Maximum Thickness t of
Deposited Weld Metal,

Qualified, in. (mm)
[Notes (1), (2)]

Type and Number of Tests Required (Tension and
Guided-Bend Tests) [Note (2)]

Min. Max.
Tension,
QW-150

SideBend,
QW-160

FaceBend,
QW-160

RootBend,
QW-160

Less than 1∕16 (1.5) T 2T 2t 2 ... 2 2
1∕16 to 3∕8 (1.5 to 10),
incl.

1∕16 (1.5) 2T 2t 2 [Note (5)] 2 2

Over 3∕8 (10), but less
than 3∕4 (19)

3∕16 (5) 2T 2t 2 [Note (5)] 2 2

3∕4 (19) to less than
11∕2 (38)

3∕16 (5) 2T 2t when t < 3∕4 (19) 2 [Note (4)] 4 ... ...

3∕4 (19) to less than
11∕2 (38)

3∕16 (5) 2T 2T when t ≥ 3∕4 (19) 2 [Note (4)] 4 ... ...

11∕2 (38) to 6 (150),
incl.

3∕16 (5) 8 (200) [Note (3)] 2t when t < 3∕4 (19) 2 [Note (4)] 4 ... ...

11∕2 (38) to 6 (150),
incl.

3∕16 (5) 8 (200) [Note (3)] 8 (200) [Note (3)] whent ≥ 3∕4 (19)
2 [Note (4)] 4 ... ...

Over 6 (150)
[Note (6)]

3∕16 (5) 1.33T 2t when t < 3∕4 (19) 2 [Note (4)] 4 ... ...

Over 6 (150)
[Note (6)]

3∕16 (5) 1.33T 1.33T when t ≥ 3∕4 (19) 2 [Note (4)] 4 ... ...

NOTES:
(1) The following variable further restricts the limits shown in this table when they are referenced in QW-250 for the process under considera-

tion: QW-403.9. Also, QW-202.2, QW-202.3, and QW-202.4 provide exemptions that supersede the limits of this table. Supplementary
essential variable requirements may also further limit thickness ranges in this table.

(2) For combination of welding procedures, see QW-200.4.
(3) For the SMAW, SAW, GMAW, PAW, LLBW, and GTAWwelding processes only; otherwise per Note (1) or 2T, or 2t, whichever is applicable.
(4) See QW-151.1, QW-151.2, and QW-151.3 for details on multiple specimens when coupon thicknesses are over 1 in. (25 mm).
(5) Four side-bend tests may be substituted for the required face- and root-bend tests, when thickness T is 3∕8 in. (10 mm) and over.
(6) For test coupons over 6 in. (150 mm) thick, the full thickness of the test coupon shall be welded.
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Table QW-451.2
Groove-Weld Tension Tests and Longitudinal-Bend Tests

Thickness T of Test Coupon
Welded, in. (mm)

Range of Thickness T
of Base Metal Qualified,
in. (mm) [Notes (1), (2)]

Thickness t of Deposited
Weld Metal Qualified,

in. (mm) [Notes (1), (2)]

Type and Number of Tests Required
(Tension and Guided-Bend Tests)

[Note (2)]

Min. Max. Max.
Tension,
QW-150

Face Bend,
QW-160

Root Bend,
QW-160

Less than 1∕16 (1.5) T 2T 2t 2 2 2
1∕16 to 3∕8 (1.5 to 10), incl. 1∕16 (1.5) 2T 2t 2 2 2
Over 3∕8 (10) 3∕16 (5) 2T 2t 2 2 2

NOTES:
(1) The following variable further restricts the limits shown in this table when they are referenced in QW-250 for the process under considera-

tion: QW-403.9. Also, QW-202.2, QW-202.3, and QW-202.4 provide exemptions that supersede the limits of this table. Supplementary
essential variable requirements may also further limit thickness ranges in this table.

(2) For combination of welding procedures, see QW-200.4.

Table QW-451.3
Fillet-Weld Tests

Type of
Joint

Thickness of Test Coupons
as Welded, in. Range Qualified

Type and Number of
Tests Required

[Figure QW-462.4(a) or
Figure QW-462.4(d)] Macro

Fillet Per Figure QW-462.4(a) All fillet sizes on all base metal thicknesses and all diameters 5
Fillet Per Figure QW-462.4(d) … 4

GENERAL NOTE: A production assembly mockup may be substituted in accordance with QW-181.1.1.

Table QW-451.4
Fillet Welds Qualified by Groove-Weld Tests

Thickness T of Test Coupon
(Plate or Pipe) as Welded Range Qualified Type and Number of Tests Required
All groove tests All fillet sizes on all base metal

thicknesses and all diameters
Fillet welds are qualified when the groove weld is qualified in accordance
with either Table QW-451.1 or Table QW-451.2 (see QW-202.2)
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QW-452 PERFORMANCE QUALIFICATION THICKNESS LIMITS AND TEST SPECIMENS
QW-452.1 Groove-Weld Test.The following tables identify the required type andnumber of tests and the thickness of

weld metal qualified.

Table QW-452.1(a)
Test Specimens

Thickness ofWeldMetal,
in. (mm)

Type and Number of Examinations and Test Specimens Required

Visual Examination
per QW-302.4

Side Bend
Figure QW-462.2

[Note (1)]

Face Bend
Figure QW-462.3(a)

or Figure QW-462.3(b)
[Notes (1), (2)]

Root Bend
Figure QW-462.3(a)

or Figure QW-462.3(b)
[Notes (1), (2)]

Less than 3∕8 (10) X … 1 1
3∕8 (10) to less than 3∕4 (19) X 2 [Note (3)] … …
3∕4 (19) and over X 2 … …

GENERAL NOTE: The “Thickness of Weld Metal” is the total weld metal thickness deposited by all welders and all processes in the test coupon
exclusive of the weld reinforcement.

NOTES:
(1) To qualify using positions 5G or 6G, a total of four bend specimens are required. To qualify using a combination of 2G and 5G in a single test

coupon, a total of six bend specimens are required. see QW-302.3. The type of bend test shall be based on weld metal thickness.
(2) Coupons testedby face androotbends shall be limited towelddepositmadebyonewelderwithoneor twoprocessesor twowelderswithone

process each. Weld deposit by each welder and each process shall be present on the convex surface of the appropriate bent specimen.
(3) One face and root bend may be substituted for the two side bends. For a test coupon welded in the 5G or 6G position, two face and two root

bendsmaybe substituted for the four sidebends in accordancewith FigureQW-463.2(d). For a test couponweldedusing a combination of 2G
and 5G positions, three face and three root bendsmay be substituted for the six side bends in accordance with Figure QW-463.2(f) or Figure
QW-463.2(g).

Table QW-452.1(b)
Thickness of Weld Metal Qualified

Thickness, t, of Weld Metal in the Coupon, in. (mm)
[Notes (1), (2)] Thickness of Weld Metal Qualified [Note (3)]

All 2t
1∕2 (13) and over with a minimum of three layers Maximum to be welded

NOTES:
(1) Whenmore than onewelder, process, or set of essential variables is usedduringwelding of a test coupon, the thickness, t, of theweldmetal in

the coupon deposited by eachwelder, for each process, andwith each set of essential variables shall be determined and used individually in
the “Thickness, t, of Weld Metal in the Coupon” column to determine the “Thickness of Weld Metal Qualified.”

(2) Two or more pipe test coupons with different weld metal thickness may be used to determine the weld metal thickness qualified and that
thicknessmay be applied to productionwelds to the smallest diameter forwhich thewelder is qualified in accordancewith Table QW-452.3.

(3) Thickness of test coupon of 3∕4 in. (19mm) or over shall be used for qualifying a combination of three ormorewelders each ofwhommay use
the same or a different welding process.

Table QW-452.3
Groove-Weld Diameter Limits

Outside Diameter of Test Coupon, in. (mm)
Outside Diameter Qualified, in. (mm)

Min. Max.
Less than 1 (25) Size welded Unlimited
1 (25) to 27∕8 (73) 1 (25) Unlimited
Over 27∕8 (73) 27∕8 (73) Unlimited

GENERAL NOTES:
(a) Type and number of tests required shall be in accordance with QW-452.1.
(b) 27∕8 in. (73 mm) O.D. is the equivalent of NPS 21∕2 (DN 65).
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Table QW-452.4
ð23ÞSmall Diameter Fillet-Weld Test

Outside Diameter of Test Coupon,
in. (mm)

Minimum Outside Diameter,
Qualified, in. (mm) Qualified Thickness

Less than 1 (25) Size welded All
1 (25) to 27∕8 (73) 1 (25) All
Over 27∕8 (73) 27∕8 (73) All

GENERAL NOTES:
(a) The type and number of tests required and the qualified fillet sizes shall be in accordance with Table QW-452.5.
(b) 27∕8 in. (73 mm) O.D. is considered the equivalent of NPS 21∕2 (DN 65).

Table QW-452.5
Fillet-Weld Test

Type of Joint
Thickness of Test Coupon

as Welded, in. (mm) Qualified Range, in. (mm)

Type and Number of
Tests Required

[Figure QW-462.4(b)
or Figure

QW-462.4(c)]
Macro Fracture

Tee fillet
[Figure QW-462.4(b)]

3∕16 (5) or greater All base material thicknesses, fillet sizes, and diameters 27∕8
(73) O.D. and over [Note (2)]

1 1

Less than 3∕16 (5) T to 2T base material thickness, Tmaximum fillet size, and all
diameters 27∕8 (73) O.D. and over [Note (2)]

1 1

GENERAL NOTE: Production assembly mockups may be substituted in accordance with QW-181.2.1.

NOTES:
(1) Test coupon prepared as shown in Figure QW-462.4(b) for plate or Figure QW-462.4(c) for pipe.
(2) 27∕8 in. (73mm) O.D. is considered the equivalent of NPS 21∕2 (DN 65). For smaller diameter qualifications, refer to Table QW-452.4 or Table

QW-452.6.

Table QW-452.6
Fillet Qualification by Groove-Weld Tests

Type of Joint
Thickness of Test Coupon

as Welded, in. (mm) Qualified Range
Type and Number
of Tests Required

Any groove All thicknesses All base material thicknesses, fillet sizes,
and diameters

Fillet welds are qualified when a welder or
welding operator qualifies on a groove weld test
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Table QW-453
Procedure andPerformanceQualification Thickness Limits and Test Specimens for Hard-Facing (Wear-Resistant) and

Corrosion-Resistant Overlays

Thickness of
Test Coupon (T)

Corrosion-Resistant Overlay Hard-Facing Overlay (Wear-Resistant)
Nominal Base Metal

Thickness Qualified (T) Type and Number of Tests Required
Nominal Base Metal

Thickness Qualified (T)
TypeandNumberof

Tests Required
Procedure Qualification Testing

Less than 1 in.
(25 mm) T

T qualified to unlimited Liquid penetrant T qualified up to 1 in. (25
mm)

Liquid penetrant
3 hardness readings
per specimen

1 in. (25mm)and
over T

1 in. (25mm) to unlimited 2 transverse sidebendand2 longitudinal side
bend, or 4 transverse side bend

1 in. (25mm) to unlimited Macro test

Performance Qualification Testing
Less than 1 in.
(25 mm) T

T qualified to unlimited 2 transverse side bend per position T qualified to unlimited Liquid penetrant

1 in. (25mm)and
over T

1 in. (25mm) to unlimited 1 in. (25mm) to unlimited Macro test
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QW-460 GRAPHICS

QW-461 POSITIONS

Figure QW-461.1
Positions of Welds — Groove Welds

GENERAL NOTES:
(a) The horizontal reference plane is taken to lie always below the weld under consideration.
(b) Inclination of axis is measured from the horizontal reference plane toward the vertical.
(c) Angle of rotation of face is measured from a line perpendicular to the axis of the weld and lying in a vertical plane containing this axis. The

reference position (0 deg) of rotation of the face invariably points in the direction opposite to that inwhich the axis angle increases. The angle
of rotation of the face of weld is measured in a clockwise direction from this reference position (0 deg) when looking at point P.
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Figure QW-461.2
Positions of Welds — Fillet Welds
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Figure QW-461.3
Groove Welds in Plate — Test Positions

Figure QW-461.4
Groove Welds in Pipe — Test Positions

Figure QW-461.5
Fillet Welds in Plate — Test Positions
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Figure QW-461.6
Fillet Welds in Pipe — Test Positions
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Figure QW-461.7
Stud Welds — Test Positions

Figure QW-461.8
Stud Welds — Welding Positions
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Table QW-461.9
Performance Qualification — Position and Diameter Limitations

(Within the Other Limitations of QW-303)

Qualification Test
Position and Type Weld Qualified [Note (1)]

Groove Fillet or Tack [Note (2)]
Plate and Pipe Over
24 in. (610 mm) O.D. Pipe≤24 in. (610mm)O.D.Weld Position Plate and Pipe

Plate — Groove 1G F F [Note (3)] F
2G F, H F, H [Note (3)] F, H
3G F, V F [Note (3)] F, H, V
4G F, O F [Note (3)] F, H, O
3G and 4G F, V, O F [Note (3)] All
2G, 3G, and 4G All F, H [Note (3)] All
Special Positions (SP) SP, F SP, F SP, F

Plate — Fillet 1F ... ... F [Note (3)]
2F ... ... F, H [Note (3)]
3F ... ... F, H, V [Note (3)]
4F ... ... F, H, O [Note (3)]
3F and 4F ... ... All [Note (3)]
Special Positions (SP) ... ... SP, F [Note (3)]

Pipe — Groove
[Note (4)]

1G F F F
2G F, H F, H F, H
5G F, V, O F, V, O All
6G All All All
2G and 5G All All All
Special Positions (SP) SP, F SP, F SP, F

Pipe — Fillet
[Note (4)]

1F ... ... F
2F ... ... F, H
2FR ... ... F, H
4F ... ... F, H, O
5F ... ... All
Special Positions (SP) ... ... SP, F

NOTES:
(1) Positions of welding as shown in Figures QW-461.1 and QW-461.2.

F = Flat
H = Horizontal
V = Vertical
O = Overhead
SP = Special Positions (see QW-303.3)

(2) Tack welds are not limited by pipe or tube diameters when their aggregate length does not exceed 25% of the weld circumference.
(3) Pipe 27∕8 in. (73 mm) O.D. and over.
(4) See diameter restrictions in Tables QW-452.3, QW-452.4, and QW-452.6.
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QW-462 TEST SPECIMENS

The purpose of the QW-462 figures is to give the orga-
nizationguidance indimensioning test specimens for tests
required for procedure and performance qualifications.
Unless a minimum, maximum, or tolerance is given in
the figures (or as QW-150, QW-160, or QW-180 requires),
the dimensions are to be considered approximate. All
welding processes and filler material to be qualified
must be included in the test specimen.
The following nomenclature is in reference to Figures

QW-462.1(a) through QW-462.1(e):

T = coupon thickness excluding reinforcement
W = specimen width, 3∕4 in. (19 mm)

x = coupon thickness including reinforcement
y = specimen thickness

As an alternative, any tension specimen dimensional
geometry meeting the requirements of another
welding qualification standard is acceptable as long as
a cross section can be measured so that an ultimate
tensile strength can be determined. All welding processes,
filler materials, and heat-affected zones to be qualified
shall be included in the test specimen.Weld reinforcement
shall be removed prior to testing.
Single ormultiple bend test specimens and jigsmeeting

thedimensional requirements of ISO5173are also accept-
able, provided the bend-radius-to-specimen-thickness
ratios shown in Figure QW-466.1 are met.

Figure QW-461.10
Rotating Tool Design Characteristics (FSW) Referenced in QW-410
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Figure QW-462.1(a)
ð23Þ Tension — Reduced Section — Plate

Cold straightening
    of the test coupon
    is permitted prior
    to removal of weld
    reinforcement

Parallel length equals
    widest width of weld
    plus 1/2 in. (13 mm)
    added length

This section prepared
  preferably by machining

These edges may
    be thermally cut

y

x

W

1/4 in. (6 mm) 1/4 in. (6 mm)

1/4 in.
    (6 mm)

1/4 in.
    (6 mm) 1 in. (25 m

m
)

    R m
in.

Edge of widest
     face of weld

Length sufficient
    to extend into grip
    equal to two-thirds
    grip length

Distortion

Weld reinforcement shall be 
   made approximately flush
   with base metal. Grind
   or machine the minimum
   amount of material necessary
   to obtain approximately
   parallel surfaces over the
   reduced section W. 10 in. (250 mm) or as required

GENERAL NOTE: Specimens having a reduced section nominal width,W, that is greater than the nominal 3∕4-in. (19-mm) width may be used.
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Figure QW-462.1(b)
ð23Þ Tension — Reduced Section — Pipe

This section prepared
   preferably by machining

y

W

x 1/4 in. (6 mm)

1/4 in.
   (6 mm)

1/4 in.
    (6 mm)

1/4 in.
    (6 mm)

1 
in

. (
25

 m
m

)
   

 R
 m

in
.

Edge of widest
     face of weld

On ferrous material
    these edges may
 be thermally cut10 in. (250 mm) or

    as required

Weld reinforcement shall be 
   made approximately flush
   with base metal. Grind
   or machine the minimum
   amount of material necessary
   to obtain approximately
   parallel surfaces over the
   reduced section W.

GENERAL NOTE: Specimens having a reduced section nominal width,W, that is greater than the nominal 3∕4 -in. (19-mm) width may be used.

Figure QW-462.1(c)
Tension — Reduced Section Alternate for Pipe

T  [Note (1)]

y

x

3 in. (75 mm) min.

11/16 in. (27 mm)

1/2 in. (13 mm)

Rad. 1 in. (25 mm) min.

Edge of widest face of weld

Reduced section
    [Note (2)]

NOTES:
(1) The weld reinforcement shall be ground or machined so that the weld thickness does not exceed the base metal thickness T. Machine

minimum amount to obtain approximately parallel surfaces.
(2) The reduced section shall not be less than the width of the weld plus 2y.
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Figure QW-462.1(d)
Tension — Reduced Section — Turned Specimens

D

A B

C

B

R

Weld

Standard Dimensions, in. (mm)
(a) 0.505 Specimen (b) 0.353 Specimen (c) 0.252 Specimen (d) 0.188 Specimen

A – Length of reduced
section

[Note (1)[ [Note (1)] [Note (1)] [Note (1)]

D – Diameter 0.500±0.010 (12.7 ± 0.25) 0.350±0.007 (8.89 ±0.18) 0.250±0.005 (6.35 ±0.13) 0.188 ± 0.003 (4.78 ± 0.08)
R – Radius of fillet 3∕8 (10) min. 1∕4 (6) min. 3∕16 (5) min. 1∕8 (3) min.
B – Length of end section 13∕8 (35) approx. 11∕8 (29) approx. 7∕8 (22) approx. 1∕2 (13) approx.
C – Diameter of end section 3∕4 (19) 1∕2 (13) 3∕8 (10) 1∕4 (6)

GENERAL NOTES:
(a) Use maximum diameter specimen (a), (b), (c), or (d) that can be cut from the section.
(b) Weld should be in center of reduced section.
(c) Where only a single coupon is required, the center of the specimen should be midway between the surfaces.
(d) The ends may be of any shape to fit the holders of the testing machine in such a way that the load is applied axially.
(e) When the diameter, D, of the reduced section is measured and the actual value is used to calculate the tensile stress, specimens of nominal

diameters other than those shown above may be used.

NOTE: (1) Reduced section A should not be less than width of weld plus 2D.
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Figure QW-462.1(e)
Tension — Full Section — Small Diameter Pipe

NOTE: (1)Theoutside surface of theweld shall bemadeapproximately flushwith thebasemetal to obtain auniformcross section. Theaverageof
four equally spaced wall thickness measurements shall be used to calculate the tensile strength.
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Figure QW-462.2
Side Bend

x Ty

w

1/8 in. (3 mm) min.

R1 =
1/8 in.

    (3 mm) max.6 in. (150 mm) or as required

(1a) For procedure qualification of materials other than P-No. 1 in Table QW/QB-422
        if the surfaces of the side-bend test specimens are gas cut, removal by 
        machining or grinding of not less than 1/8 in. (3 mm) from the surface 
        shall be required.

(1b) Such removal is not required for P-No. 1 materials, but any resulting 
        roughness shall be dressed by machining or grinding.

(2) For performance qualification of all materials in Table QW/QB-422, if the surfaces of
      specimens are gas cut, any resulting roughness shall be dressed by machining or grinding. 

1/8 (3) 3/8 (10)

1/8 (3) 3/8 (10)

w, in. (mm)
y, in. (mm)

Notes (1)
and (2)

T, in. (mm)

T
[Note (1)]

P-No. 23,
F-No. 23,
F-No. 26, or
P-No. 35

All other
    metals

GENERAL NOTE: Weld reinforcement and backing strip or backing ring, if any, may be removed flush with the surface of the specimen. Thermal
cutting, machining, or grinding may be employed. Cold straightening is permitted prior to removal of the reinforcement.

NOTES:
(1) When weld deposit t is less than coupon thickness T, side-bend specimen thickness may be t.
(2) When coupon thickness T equals or exceeds 11∕2 in. (38 mm), use one of the following:

(a) Cut specimen into multiple test specimens of thickness y of approximately equal dimensions 3∕4 in. to 11∕2 in. (19 mm to 38 mm).

y = tested specimen thickness when multiple specimens are taken from one coupon.

(b) The specimen may be bent at full width. See requirements on jig width in Figure QW-466.1.
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Figure QW-462.3(a)
Face and Root Bends — Transverse

y

y

6 in. (150 mm) or 

    as required

11/2 in. (38 mm)
R = 1/8 in. (3 mm)

	 max.

T

T

T
y

(Pipe)(Plate)

Face-Bend Specimen — Plate and Pipe

y

y

6 in. (150 mm) or 

    as required

11/2 in. (38 mm)
R = 1/8 in. (3 mm)

	 max.

T
T

T
y

(Pipe)(Plate)

Root-Bend Specimen — Plate and Pipe

Y, in. (mm)

T, in. (mm)
P-No. 23, F-No. 23,

F-No. 26, or P-No. 35
All Other
Metals

<1∕8 (3) T T
1∕8 to 3∕8 (3 to 10) 1∕8 (3) T
3∕8 (10) 1∕8 (3) 3∕8 (10)

GENERAL NOTES:
(a) Weld reinforcement and backing strip or backing ring, if any,may

be removed flush with the surface of the specimen. If a recessed
ring is used, this surface of the specimen may be machined to a
depth not exceeding the depth of the recess to remove the ring,
except that in such cases the thickness of the finished specimen
shall be that specified above. Do not flame-cut nonferrous mate-
rial.

(b) If the pipe being tested has a diameter of NPS 4 (DN 100) or less,
the width of the bend specimen may be 3∕4 in. (19 mm) for pipe
diameters NPS 2 (DN 50) to and including NPS 4 (DN 100). The
bend specimen width may be 3∕8 in. (10 mm) for pipe diameters
less thanNPS2(DN50)downtoand includingNPS3∕8 (DN10)and
as an alternative, if the pipe being tested is equal to or less than
NPS 1 (DN 25) pipe size, the width of the bend specimensmay be
that obtained by cutting the pipe into quarter sections, less an
allowance for saw cuts or machine cutting. These specimens cut
into quarter sections are not required to have one surface
machined flat as shown in this figure. Bend specimens taken
from tubing of comparable sizes may be handled in a similar
manner.

Figure QW-462.3(b)
Face and Root Bends — Longitudinal

y

6 in. (150 mm) or 
    as required

11/2 in. (38 mm)
R = 1/8 in. (3 mm) max.

T
Face
Bend

Root
Bend

y

T

Y, in. (mm)

T, in. (mm)
P-No. 23, F-No. 23,

or P-No. 35
All Other
Metals

<1∕8 (3) T T
1∕8 to 3∕8 (3 to 10) 1∕8 (3) T
>3∕8 (10) 1∕8 (3) 3∕8 (10)

GENERAL NOTE: Weld reinforcements and backing strip or backing
ring, if any, shall be removed essentially flush with the undisturbed
surface of the base material. If a recessed strip is used, this surface of
the specimen may be machined to a depth not exceeding the depth of
the recess to remove the strip, except that in such cases the thickness
of the finished specimen shall be that specified above.
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Figure QW-462.4(a)
ð23Þ Fillet Welds in Plate — Procedure

12
 in

. (
30

0 m
m

) m
in

.

6 in. (150 mm) min.

Discard 1 in. (25 mm)

Discard 1 in. (25 mm)

Size of fillet = thickness
    of T2 not greater than
    3/4 in. (19 mm)

1/8 in. (3 mm) and less

    Over 1/8 in. (3 mm) Equal to or less than T1, but 
    not less than 1/8 in. (3 mm)

6 in. (150 mm)
    min.

T1

T2

T2T1

T1

Macro-Test Specimen

GENERAL NOTE: A pipe or tube may be substituted for the horizontal plate.

Figure QW-462.4(b)
Fillet Welds in Plate — Performance

Direction of bending 

Stop and restart 
    weld near the 
    center 

4 in. (100 mm) 
    min. 

Max. fillet size = T

3 in. (75 mm) 
    min. 

T 

Macro-Test Specimen 

6 in. (1
50 mm)

    m
in.4 in. (1

00 mm)

     
    a

pprox.

GENERAL NOTE: Refer to Table QW-452.5 for T thickness and qualification ranges.
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Figure QW-462.4(c)
Fillet Welds in Pipe — Performance

Base metal thickness $ T

3 in. (75 mm)
    min.

2 in. (50 mm)
    min.

Direction of bend
Quarter section: Macro specimen

Quarter section:
    Fracture specimen

Start and stop of weld
    near center of bend

Wall thickness $ T

T = wall thickness

Max. fillet size = T

GENERAL NOTE: Either pipe-to-plate or pipe-to-pipe may be used as shown.
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Figure QW-462.4(d)
Fillet Welds in Pipe — Procedure

Base metal thickness $ T

3 in. (75 mm)
    min.

2 in. (50 mm)
    min.

Quarter section:
    Macro specimen
    (four required)

Start and stop of weld
    near center of specimen

Wall thickness $ T

T = wall thickness

Max. fillet size = T

GENERAL NOTE: Either pipe-to-plate or pipe-to-pipe may be used as shown.

Figure QW-462.5(a)
Chemical Analysis and Hardness Specimen Corrosion-Resistant and Hard-Facing Weld Metal Overlay

Note (1) Note (2) Note (3)

Original test coupon thickness

Approximate weld interface

Prepared surface
As-welded surface

Fusion face

Chemistry samples

NOTES:
(1) Whenachemical analysis orhardness test is conductedontheas-weldedsurface, thedistance fromtheapproximateweld interface to the final

as-welded surface shall become theminimumqualified overlay thickness. The chemical analysismaybeperformeddirectly on the as-welded
surface or on chips of material taken from the as-welded surface.

(2) When a chemical analysis or hardness test is conducted after material has been removed from the as-welded surface, the distance from the
approximate weld interface to the prepared surface shall become the minimum qualified overlay thickness. The chemical analysis may be
made directly on the prepared surface or from chips removed from the prepared surface.

(3) When a chemical analysis test is conducted on material removed by a horizontal drilled sample, the distance from the approximate weld
interface to the uppermost side of the drilled cavity shall become the minimum qualified overlay thickness. The chemical analysis shall be
performed on chips of material removed from the drilled cavity.
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Figure QW-462.5(b)
ð23Þ Chemical Analysis Specimen, Hard-Facing Overlay Hardness, andMacro Test Location(s) for Corrosion-Resistant and

Hard-Facing Weld Metal Overlay

GENERAL NOTE: Overlay may be on the inside or outside of pipe.

NOTES:
(1) Locationof required test specimen removal (seeTableQW-453). Refer to FigureQW-462.5(a) for chemical analysis andhardness test surface

locations and minimum qualified thickness.
(2) Testing of pipemay be performed on a 5G or a 6G pipe coupon using a vertically welded segment or segments, as necessary, for the chemical

analysis, hardness, and macro-etch tests as required.
(3) Location of test specimens shall be in accordance with the angular position limitations of QW-120.
(4) When overlay welding is performed usingmachine or automatic welding and the vertical travel direction of adjacent weld beads is reversed

on alternate passes, only one chemical analysis or hardness specimen is required to represent the vertical portion. Qualification is then
restricted in production to require alternate pass reversal of rotation direction method.
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Figure QW-462.5(c)
Pipe Bend Specimen — Corrosion-Resistant Weld Metal Overlay

GENERAL NOTE: Overlay may be on the inside or outside of pipe.

NOTES:
(1) Location for required test specimen removal — Procedure (see Table QW-453).
(2) Location for required test specimen removal — Performance (see Table QW-453).
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Figure QW-462.5(d)
Plate Bend Specimens — Corrosion-Resistant Weld Metal Overlay

Discard

Discard

Discard

Discard

Longitudinal
    side bends
    [Note (1)]

Transverse
    side bends
    [Notes (1), (2)]

A
s 

re
q

u
ir

ed
 6

 in
. (

15
0 

m
m

) 
m

in
.

6 
in

. (
15

0 
m

m
) 

m
in

.

6 in. (150 mm) min.

6 in. (150 mm) min.

Transverse
    side bends
    [Note (1)]

NOTES:
(1) Location for required test specimen removal—Procedure (seeTableQW-453). Four side-bend test specimens are required for eachposition.
(2) Location for required test specimen removal — Performance (see Table QW-453). Two side-bend test specimens are required for each

position.
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Figure QW-462.5(e)
PlateMacro,Hardness,andChemicalAnalysisSpecimens—Corrosion-ResistantandHard-FacingWeldMetalOverlay

GENERAL NOTES:
(a) Location of required test specimen removal (see Table QW-453). One required for each position. Refer to Figure QW-462.5(a) for chemical

analysis and hardness test surface locations and minimum qualified thickness.
(b) Removal required for a change from vertical up to vertical down and vice versa.

Figure QW-462.7.1
Resistance Seam Weld Test Coupon

Resistance
    seam weld

Weld or braze

6 in. (150 mm)

6 
in

. (
15

0 
m

m
)
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Figure QW-462.7.2
Seam Weld Section Specimen Removal

Discard Discard

Transverse specimens Longitudinal specimens

D-1 T-1 T-2 T-3 T-4 L-1 L-2

10 in. (250 mm) min.

L-3 L-4 D-2

GENERAL NOTE: Mark the coupon into ten equal length specimens, label one end of the coupon D-1 the other end D-2. Cut the 10 in. (250 mm)
coupon (transverse to the weld length) into pieces 5 in. (125 mm) long each.

(1) Transverse Weld Cross Section Instructions
(a) Cut five specimens each approximately 1 in. (25 mm) in length from the coupon labeled D-1 and discard the piece marked D-1.
(b) Mark the remaining four specimens T-1 through T-4, prepare the specimens as detailed in (2)(b)(-1) below for examination,

adjacent faces at the cut shall not be used.
(2) Longitudinal Weld Cross Section Instructions

(a) Cut five specimens each approximately 1 in. (25mm) in length from the coupon labeled D-2 and discard the piece marked D-2.
(b) Mark the remaining four specimens L-1 through L-4, cut the specimens at approximately 1∕3 of the weld width from the weld

centerline through the length of each specimen in the longitudinal weld direction. Discard the four specimens containing approximately the
1∕3 weld width, the remaining four specimens containing approximately the 2∕3 weld width shall be prepared as detailed in (-1) below for
examination.

(-1) The specimens shall be smoothedandetchedwith a suitable etchant (seeQW-470) to givea clear definition to theweldmetal and
heat-affected zone.

Figure QW-462.7.3
Resistance Weld Nugget Section Test Specimens

Longitudinal weld cross section
 specimen, smoothed and etched
 in preparation for 103 magnification
 inspection

Cut line

1 in. (25 mm)

Transverse weld cross section
 specimen, smoothed and etched
 in preparation for 103 magnification
 inspection

1.50 in.–2.00 in.

(38 mm–
 50 mm)
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Figure QW-462.8.1
Spot Welds in Sheets
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Figure QW-462.8.2
Seam Weld Peel Test Specimen and Method

Slot 1/4 3 2 in. (6 3 50 mm) in a
 round bar 11/4 in. (30 mm) to 11/2 in.
 (38 mm) diameter

Step 1 — Separate coupon plies in nonwelded end.
Step 2 — Grip in vise or other suitable device, bend specimen.
Step 3 — Peel pieces apart with pincers or other suitable tool.

Prior to Peel Test

Step 1

Step 2

Test Peel Tool

Coupon Side View

Coupon End View

Coupon Top View

Not welded

10 in. (250 mm) min.

Step 3

Peel Test
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Figure QW-462.9
Spot Welds in Sheet

5 in. (125 mm) min.

(a) Single Spot

Shear Specimen

(b) Multiple Spot

Shear Specimen


[Note (2)]

W W

W

W

L [Note (1)]

L

Nominal Thickness of Thinner
Sheet, in. (mm)

W, in.
(mm) Min.

Over 0.008 to 0.030 (0.20 to 0.8) 0.68 (17)
Over 0.030 to 0.100 (0.8 to 2.5) 1.00 (25)
Over 0.100 to 0.130 (2.5 to 3) 1.25 (30)
Over 0.130 (3) 1.50 (38)

NOTES:
(1) L shall be not less than 4W.
(2) Sketch (b) shall be made of 5 specimens or more.
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Figure QW-462.13
Measurement of Temper Bead Overlap

Overlap length

a

b

Direction of 
   bead sequence

GENERAL NOTE: Measurement of bead overlap –% overlap length =
(a − b)/a × 100%. In this figure, the shaded bead overlaps previous
bead by 30% to 40%. The distance a ismeasured before the next bead
is deposited.

Figure QW-463.1(a)
Plates — Less Than 3⁄4 in. (19 mm) Thickness Procedure

Qualification

Figure QW-463.1(b)
Plates — 3⁄4 in. (19 mm) and Over Thickness and

Alternate From 3⁄8 in. (10 mm) but Less Than 3⁄4 in. (19
mm) Thickness Procedure Qualification

Figure QW-463.1(c)
Plates — Longitudinal Procedure Qualification
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Figure QW-463.1(d)
Procedure Qualification

Figure QW-463.1(e)
Procedure Qualification
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Figure QW-463.1(f)
Toughness Test Specimen Location

Figure QW-463.2(a)
ð23Þ Plates — Less Than 3⁄4 in. (19 mm) Thickness

Performance Qualification

Discard this piece

Root-bend specimen

Face-bend specimen

Discard this piece

Figure QW-463.2(b)
ð23ÞPlates — 3⁄4 in. (19 mm) and Over Thickness and

Alternate From 3⁄8 in. (10 mm) but Less Than 3⁄4 in. (19
mm) Thickness Performance Qualification

Discard this piece

Side-bend specimen

Side-bend specimen

Discard this piece
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Figure QW-463.2(c)
ð23Þ Plates — Longitudinal Performance Qualification

Discard this piece

Discard this piece

Longitudinal
  face-bend
  specimen

Longitudinal
  root-bend
  specimen

Figure QW-463.2(d)
Performance Qualification

Figure QW-463.2(e)
Performance Qualification
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Figure QW-463.2(f)
Pipe — NPS 10 (DN 250) Assembly Performance Qualification
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Figure QW-463.2(g)
NPS 6 (DN 150) or NPS 8 (DN 200) Assembly Performance Qualification
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Figure QW-463.2(h)
Performance Qualification
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Figure QW-464.1
Procedure Qualification Test Coupon and Test Specimens

Discard

Discard

Tension shear specimen

Transverse metal specimen

Longitudinal metal specimen

Transverse metal specimen

Longitudinal metal specimen

Transverse metal specimen

Longitudinal metal specimen

Transverse metal specimen

Longitudinal metal specimen

Tension shear specimen

Tension shear specimen

Tension shear specimen

Tension shear specimen

 1 in. (25 mm) min.

 1 in. (25 mm) min.

3/4 in. (19 mm) min.

Tension shear specimen

W

W

L

T

Thickness of Thinner,
Sheet, T, in. (mm)

Specimen Width,
W, in. (mm)

Recommended Length,
L, in. (mm)

Up to 0.029 (0.74) 5∕8 (16) 3 (75)
0.031 to 0.050 (0.79 to 1.2) 3∕4 (19) 3 (75)
0.051 to 0.100 (1.3 to 2.54) 1 (25) 4 (100)
0.101 to 0.130 (2.57 to 3.30) 11∕4 (32) 5 (125)
0.131 to 0.190 (3.33 to 4.83) 11∕2 (38) 5 (125)
0.191 (4.85) and over 2 (50) 6 (150)
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Figure QW-464.2
Performance Qualification Test Coupons and Test Specimens

Discard

Peel test specimen

Peel test specimen

Discard

 1 in. (25 mm) min. Discard

Discard

11/2 in. (38 mm) min.
1/2 in. (13 mm)

 (b) Metallurgical Examination
Coupon and Transverse Specimens

 (a) Peel Test Coupon and Specimens

 1 in. (25 mm)
    min.

3/4 in. (19 mm) min.

W

L
T

C
u

t 
in

to
 6

 s
tr

ip
s

   
 o

f 
eq

u
al

 w
id

th

6 
in

. (
15

2 
m

m
) 

m
in

.
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Figure QW-466.1
ð23ÞTest Jig Dimensions

As required As required

Tapped hole to suit

    testing machine

Hardened rollers 11/2 in. (38 mm)

    may be substituted for jig shoulders

Shoulders hardened

    and greased

3/4 in. (19 mm)

3/4 in. (19 mm)

3/4 in. R

(19 mm)

B   R

D   RC

A

3/4 in. (19 mm)

71/2 in. (190 mm)
9 in. (225 mm)

3/4 in. (19 mm)
1/2 in. (13 mm)

11/8 in. (29 mm)

1/8 in. (3 mm)

6
3 /

4 
in

.

   

 (
17

0 
m

m
)

3 
in

. m
in

.

   

 (
75

 m
m

)
2 

in
. m

in
.


   
 (

50
 m

m
)

3/4 in. (19 mm)

11/8 in. (29 mm)

37/8 in. (97 mm)

2 in. (50 mm)

1/4 in. (6 mm)

Yoke

Plunger

U.S. Customary Units

Material
Thickness of

Specimen, t, in.
A, in.
Max.

B, in.
Max. C, in. D, in.

P-No. 23 to P-No. 21 through P-No. 25; P-No. 21 through
P-No. 25 with F-No. 23 or 26; P-No. 35; any P-No. metal
with F-No. 33, 36, or 37

1∕8 21∕16 11∕32 23∕8 max. 13∕16 max.
Less than 1∕8 161∕2 t 81∕4t A + 2t + 1∕8 C/2 + 1∕16

P-No. 11A, P-No. 11B; P-No. 25 to P-No. 21 or P-No. 22
or P-No. 25

3∕8 21∕2 11∕4 33∕8 max. 111∕16 max.
Less than 3∕8 62∕3 t 31∕3t A + 2t + 1∕8 C/2 + 1∕16

P-No. 51; P-No. 49 3∕8 3 11∕2 37∕8 max. 115∕16 max.
Less than 3∕8 8t 4t A + 2t + 1∕8 C/2 + 1∕16

P-No. 52; P-No. 53; P-No. 61; P-No. 62 3∕8 33∕4 17∕8 45∕8 max. 25∕16 max.
Less than 3∕8 10t 5t A + 2t + 1∕8 C/2 + 1∕16

All others with greater than or equal to 20% elongation 3∕8 11∕2 3∕4 23∕8 max. 13∕16 max.
Less than 3∕8 4t 2t A + 2t + 1∕8 C/2 + 1∕16

All others with 3% to less than 20% elongation [Note (1)] 323∕8t 163∕16t A + 2t + 1∕8 C/2 + 1∕16
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Figure QW-466.1
Test Jig Dimensions (Cont’d)

SI Units

Material
Thickness of

Specimen, t, mm
A, mm
Max.

B, mm
Max. C, mm D, mm

P-No. 23 to P-No. 21 through P-No. 25; P-No. 21 through
P-No. 25 with F-No. 23 or 26; P-No. 35; any P-No. metal
with F-No. 33, 36, or 37

3 50 25 57 max. 29 max.
Less than 3 161∕2t 81∕4t A + 2t + 3.0 C/2 + 1.5

P-No. 11A, P-No. 11B; P-No.25 to P-No. 21 or P-No. 22 or
P-No. 25

10 67 33 90 max. 45 max.
Less than 10 62∕3t 31∕3t A + 2t + 3.0 C/2 + 1.5

P-No. 51; P-No. 49 10 80 40 103 max. 52 max.
Less than 10 8t 4t A + 2t + 3.0 C/2 + 1.5

P-No. 52; P-No. 53; P-No. 61; P-No. 62 10 100 50 123 max. 62 max.
Less than 10 10t 5t A + 2t + 3.0 C/2 + 1.5

All others with greater than or equal to 20% elongation 10 40 20 63 max. 32 max.
Less than 10 4t 2t A + 2t + 3.0 C/2 + 1.5

All others with 3% to less than 20% elongation [Note (1)] 323∕8t 163∕16t A + 2t + 3.0 C/2 + 1.5

GENERAL NOTES:
(a) For P-Numbers, see Table QW/QB-422; for F-Numbers, see Table QW-432.
(b) For guided-bend jig configuration, see Figures QW-466.2, QW-466.3, and QW-466.4.
(c) Theweld and heat-affected zone, in the case of a transverseweld bend specimen, shall be completelywithin the bent portion of the specimen

after testing.
(d) When the bending properties of the weldment make it unlikely that the requirements of General Note (c) can be met, the wrap around jig

shown in Figure QW-466.3 should be considered.

NOTE: (1) Thedimensions of the test jig shall be such as to give thebend test specimena calculatedpercent outer fiber elongation equal to at least
that of the base material with the lower minimum elongation as specified in the base material specification.

=
+

t
A t

percent outer fiber elongation
100

The following equation is provided for convenience in calculating the bend specimen thickness:

= ×Ä
Ç
ÅÅÅÅÅÅÅÅÅ

i
k
jjj y

{
zzz

É
Ö
ÑÑÑÑÑÑÑÑÑ

t
A

thickness of specimen,
percent elongation

100 percent elongation

ASME BPVC.IX-2023

244

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


Figure QW-466.2
Guided-Bend Roller Jig

Notes (1), (2)

Note (3)

Notes (4), (5)

C

A

R min.

R min. = 3/4 in. (19 mm)

B = 1/2 A 

GENERAL NOTES:
(a) See Figure QW-466.1 for jig dimensions and general notes.
(b) When the bending properties of theweldmentmake it unlikely that the requirements of General Note (c) of Figure QW-466.1 can bemet, the

wrap around jig shown in Figure QW-466.3 should be considered.

NOTES:
(1) Either hardened and greased shoulders or hardened rollers free to rotate shall be used.
(2) Theshouldersor rollers shall haveaminimumbearingsurfaceof2 in. (50mm)forplacementof thespecimen.Therollers shall behighenough

above the bottom of the jig so that the specimens will clear the rollers when the ram is in the low position.
(3) The ram shall be fittedwith an appropriate base and provisionmade for attachment to the testingmachine, and shall be of a sufficiently rigid

design to prevent deflection and misalignment while making the bend test. The body of the ram may be less than the dimensions shown in
column A of Figure QW-466.1.

(4) If desired, either the rollers or the roller supportsmay bemade adjustable in the horizontal direction so that specimens of t thicknessmay be
tested on the same jig.

(5) The roller supports shall be fitted with an appropriate base designed to safeguard against deflection and misalignment and equipped with
means for maintaining the rollers centered midpoint and aligned with respect to the ram.

Figure QW-466.3
ð23ÞGuided-Bend Wrap Around Jig

A

T

T + 1/16 in. (1.5 mm) max. 
 

B = 1/2 A 

Roller

GENERAL NOTES:
(a) See Figure QW-466.1 for jig dimensions and other general notes.
(b) Dimensions not shown are the option of the designer. The essential consideration is to have adequate rigidity so that the jig parts will not

spring.
(c) The specimen shall be firmly clamped on one end so that there is no sliding of the specimen during the bending operation.
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Figure QW-466.4
Stud-Weld Bend Jig




Bend adapter

Max. diameter of stud + 1/64 in. (0.40 mm)

Weld

15 deg min.

A

11/4 in. (32 mm)

12 in. (300 mm)

For Stud
Diameter,
in. (mm)

Use Adapter Gap,
A, in. (mm)

1∕8 (3) 1∕8 (3)
3∕16 (5) 1∕8 (3)
1∕4 (6) 3∕16 (5)
3∕8 (10) 7∕32 (5.5)
1∕2 (13) 5∕16 (8)
5∕8 (16) 11∕32 (9)
3∕4 (19) 15∕32 (12)
7∕8 (22) 15∕32 (12)
1 (25) 19∕32 (15)
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Figure QW-466.5
Torque Testing Arrangement for Stud Welds

GENERAL NOTES:
(a) Dimensions are appropriate to the size of the stud.
(b) Threads of the stud shall be clean and free of lubricant other than

residual cutting oil.

Figure QW-466.6
Suggested Type Tensile Test Figure for Stud Welds

Figure QW-469.1
Butt Joint
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QW-470 ETCHING — PROCESSES AND
REAGENTS

QW-471 GENERAL

The surfaces to be etched should be prepared by filing,
machining, grinding, or polishing to delineate the macro-
features of the specimen's weld and HAZ after etching.
With different alloys and tempers, the etching period
will vary from a few seconds to several minutes, and
should be continued until the desired contrast is obtained.
As a protection from the fumes liberated during the
etching process, this work should be done under a
hood. After etching, the specimens should be thoroughly
rinsed and then driedwith a blast of warm air. Coating the
surfacewith a thin clear lacquer will preserve the appear-
ance. (Reference ASTM E340, Standard Test Method for
Macroetching Metals and Alloys, or other industry-
accepted standards.)

QW-472 FOR FERROUS METALS

Etching solutions suitable for carbon and low alloy
steels, togetherwithdirections for their use, are suggested
in QW-472.1 through QW-472.4.

QW-472.1 Hydrochloric Acid. Hydrochloric (muriatic)
acid and water, equal parts, by volume. The solution
should be kept at or near the boiling temperature
during the etching process. The specimens are to be
immersed in the solution for a sufficient period of time
to reveal all lack of soundness that might exist at their
cross-sectional surfaces.

QW-472.2 Ammonium Persulfate. One part of ammo-
niumpersulfate toninepartsofwater, byweight. Thesolu-
tion should be used at room temperature, and should be
applied by vigorously rubbing the surface to be etched
with a piece of cotton saturated with the solution. The
etching process should be continued until there is a
clear definition of the structure in the weld.

QW-472.3 Iodine and Potassium Iodide. One part of
powdered iodine (solid form), two parts of powdered
potassium iodide, and ten parts of water, all by weight.
The solution should be used at room temperature, and

brushed on the surface to be etched until there is a
clear definition or outline of the weld

QW-472.4 Nitric Acid.One part of nitric acid and three
parts of water, by volume.
Always pour the acid into the water. Nitric acid causes bad
stains and severe burns.

The solution may be used at room temperature and
applied to the surface to be etched with a glass stirring
rod.Thespecimensmayalsobeplaced inaboiling solution
of the acid, but the work should be done in a well-venti-
lated room. The etching process should be continued for a
sufficientperiodof time to reveal all lackof soundness that
might exist at the cross-sectional surfaces of the weld.

QW-473 FOR NONFERROUS METALS

The following etching reagents and directions for their
use are suggested for revealing the macrostructure.

QW-473.1 Aluminum and Aluminum-Base Alloys.

Solution Volume
Hydrochloric acid (concentrated) 15 ml
Hydrofluoric acid (48%) 10 ml
Water 85 ml

This solution is to be used at room temperature, and
etching is accomplished by either swabbing or immersing
the specimen.

QW-473.2 For Copper and Copper-Base Alloys: Cold
Concentrated Nitric Acid. Etching is accomplished by
either flooding or immersing the specimen for several
seconds under a hood. After rinsing with a flood of
water, the process is repeated with a 50-50 solution of
concentrated nitric acid and water.
In the case of the silicon bronze alloys, it may be nec-

essary to swab the surface to remove a white (SiO2)
deposit.

QW-473.3 For Nickel and Nickel-Base Alloys.

Material Formula
Nickel Nitric Acid or Lepito’s Etch
Low Carbon Nickel Nitric Acid or Lepito’s Etch
Nickel–Copper (400) Nitric Acid or Lepito’s Etch
Nickel–Chromium–Iron
(600 and 800)

Aqua Regia or Lepito’s Etch

Figure QW-469.2
Alternative Butt Joint

371/2 deg max.

T /2 max. T /3 max. but not greater

    than 1/8 in. (3 mm)

T
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QW-473.4 For Titanium.

Solution Kroll’s Etch Keller’s Etch
Hydrofluoric acid (48%) 1 to 3 ml 1∕2 ml
Nitric acid (concentrated) 2 to 6 ml 21∕2 ml
Hydrochloric Acid
(concentrated)

11∕2 ml

Water To make 100 ml To make 100 ml

QW-473.5 For Zirconium.

Solution Volume
Hydrofluoric acid 3 ml
Nitric acid (concentrated) 22 ml
Water 22 ml

Apply by swab and rinse in cold water.
Thesearegeneralpurposeetchantswhichareappliedat

room temperature by swabbing or immersion of the
specimen.

Table QW-473.3-1
Makeup of Equations for Aqua Regia and Lepito’s Etch

Solution
Aqua Regia

[Notes (1), (2)]
Lepito’s Etch

[Notes (2), (3)]
Nitric Acid, Concentrated
— HNO3

1 part 3 ml

Hydrochloric Acid,
Concentrated — HCL

2 parts 10 ml

Ammonium Sulfate —
(NH4)2 (SO4)

1.5 g

Ferric Chloride — FeCl3 2.5 g
Water 7.5 ml

NOTES:
(1) Warm the parts for faster action.
(2) Etching is accomplished by either swabbing or immersing the

specimen.
(3) Mix solution as follows:

(a) Dissolve (NH4)2 (SO4) in H2O.
(b) Dissolve powdered FeCl3 in warm HCl.
(c) Mix (a) and (b) and add HNO3.
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ARTICLE V
STANDARD WELDING PROCEDURE SPECIFICATIONS (SWPSS)

QW-500 GENERAL
TheSWPSs listed inMandatoryAppendix Emaybeused

when the requirements of the ASME Boiler and Pressure
Vessel Code, Section IX are specified.
Organizations adopting new SWPSs shall adopt the

SWPS edition listed in the current edition of Section IX
[see QG-100(d)].
Earlier editions of SWPSs, listed in the 1998 Edition of

Section IX or later, that have been adopted and properly
demonstrated as required herein remain valid.
Listed SWPSs that have been reaffirmed as indicated by

“(Rxx)” or “(Rxxx)” or amended as indicated by “AMDy”
remain valid.
SWPSs are not permitted for constructionwhere tough-

ness testing of the WPS is required by the Construction
Code.

QW-510 ADOPTION OF SWPSS
Prior touse, theorganization thatwill be responsible for

and provide operational control over production welding
shall comply with the following for each SWPS that it
intends to use, except as noted in QW-520.

(a) Enter the name of the organization on the SWPS.
(b) Anemployeeof thatorganizationshall signanddate

the SWPS.
(c) The applicable Code Section(s) (Section VIII, B31.1,

etc.) and/or any other fabrication document (contract,
specification, etc.) that must be followed during
welding shall be listed on the SWPS.

(d) The organization shall weld and test one groove
weld test coupon following that SWPS. The following
information shall be recorded:

(1) the specification, type, and grade of the base
metal welded

(2) groove design
(3) initial cleaning method
(4) presence or absence of backing
(5) The ASME or AWS specification and AWS classi-

fication of electrode or filler metal used and manufac-
turer’s trade name

(6) size and classification of tungsten electrode for
GTAW

(7) size of consumable electrode or filler metal
(8) shielding gas and flow rate for GTAW and GMAW
(9) preheat temperature

(10) position of the groove weld and, if applicable,
the progression

(11) if more than one process or electrode type is
used, the approximate weld metal deposit thickness for
each process or electrode type

(12) maximum interpass temperature
(13) post weld heat treatment used, including

holding time and temperature range
(14) visual inspection andmechanical testing results
(15) the results of volumetric examination when

permitted as an alternative to mechanical testing by
QW-304

(e) The coupon shall be visually examined in accor-
dance with QW-302.4 and mechanically tested in accor-
dance with QW-302.1 or volumetrically examined in
accordance with QW-302.2. If visual examination, volu-
metric examination, or any test specimen fails to meet
the required acceptance criteria, the test coupon shall
be considered as failed and a new test coupon shall be
welded before the organization may use the SWPS.

QW-511 USE OF DEMONSTRATED SWPSS

Code Sections or fabrication documents that are
required to be referenced by QW-510(c) may be added
or deleted from a demonstrated SWPS without further
demonstrations.

QW-520 USE OF SWPSS WITHOUT DISCRETE
DEMONSTRATION

Once an SWPS has been demonstrated, additional
SWPSs that are similar to theSWPSthatwasdemonstrated
may be used without further demonstration. Such addi-
tional SWPSs shall be compared to theSWPS thatwasused
for the demonstration, and the following limitations shall
not be exceeded:

(a) a change in the welding process.
(b) a change in the P-Number.
(c) a change from the as-welded condition to the heat-

treated condition. This limitation also applies for SWPSs
that allow use in both conditions (e.g., SWPS B2.1-021
allows production welding with or without heat treat-
ment; if the demonstration was performed without
heat treatment, production welding with heat treatment
is not permitted). Once heat treatment has been demon-
strated for any SWPS, this limitation no longer applies.
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(d) a change from a gas-shielded flux-cored wire or
solid wire to a self-shielded flux-cored wire or vice versa.

(e) a change from globular, spray or pulsed spray
transfer welding to short-circuiting transfer welding or
vice versa.

(f) a change in the F-Number of the welding electrode.
(g) theadditionofpreheat aboveambient temperature.
(h) a change fromanSWPS that is identified as for sheet

metal to one that is not and vice versa.

QW-530 FORMS
AsuggestedFormQW-485 fordocumenting thewelding

variables and test results of thedemonstration is provided
in Nonmandatory Appendix B.

QW-540 PRODUCTION USE OF SWPSS
As with any WPS, welding that is done following an

SWPS shall be done in strict accordance with the
SWPS. In addition, the following requirements apply to
the use of SWPSs:

(a) The organizationmay not deviate from thewelding
conditions specified on the SWPS.

(b) SWPSs may not be supplemented with PQRs or
revised in any manner except for reference to the appli-
cable Code Section or other fabrication documents as
provided by QW-511.

(c) Only theweldingprocesses shownonanSWPS shall
be used in given production joint. When a multi-process
SWPS is selected, the processes shown on the SWPS shall
be used in the order and manner specified on the SWPS.

(d) SWPSs shall not be used in the same production
joint together with WPSs qualified by the organization.

(e) The organization may supplement an SWPS by
attaching additional instructions to provide the welder
with further direction for making production welds to
Code or other requirements. When SWPSs are supple-
mented with instructions that address any condition
shown on the SWPS, such instructions shall be within
the limits of the SWPS. For example, when an SWPS
permits use of several electrode sizes, supplemental
instructions may direct the welder to use only one elec-
trode size out of those permitted by the SWPS; however,
the supplemental instructions may not permit the welder
to use a size other than one ormore of those permitted by
the SWPS.

(f) SWPSs may not be used until the demonstration of
QW-510 has been satisfactorily welded, tested, and certi-
fied.

(g) The identification number of the Supporting
Demonstration shall be noted on each SWPS that it
supports prior to using the SWPS.

(h) The certified Supporting Demonstration Record
shall be available for review.
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ARTICLE VI
MATERIAL MANUFACTURING USING WIRE-ADDITIVE WELDINGð23Þ

QW-600 GENERAL

QW-601 SCOPE

Wire-additivewelding is theprocessofbuildingparts or
assembliesmainly or entirely fromweldmetal, using filler
metal in the form of a wire. The rules for welding proce-
dure qualification differ from joining, repair, surfacing, or
buildup welding. Because weld metal makes up a large
portion of the weldment, the rules for qualification of
wire-additive welding procedures are more extensive
and require bracketed qualifications that will bound
the cooling rates to be used in production. They also
require qualification of the thinnest and thickest sections,
although qualification of a section greater than 2 in.
(50 mm) qualifies unlimited thickness. These require-
ments are further detailed in QW-610.

QW-602 GENERAL REQUIREMENTS

Wire-additive welding follows all rules and definitions
in Part QG.

QW-603 WELDING PROCEDURE QUALIFICATION
TESTS AND ACCEPTANCE CRITERIA

Requirements for test specimens removed from wire-
additive welding procedure qualification weldments are
given in QW-620. Some tests are mandatory, with accep-
tance criteria referring to Part QW, Article I, and other
tests are also mandatory, with acceptance criteria
based on the corresponding material specification. Test
methods and acceptance criteria are contained therein.
The corresponding material specification is most often
a material specification for another form (e.g., casting,
forging, plate) of metal. The corresponding material spec-
ificationmay be based on a referencing document (e.g., an
ASME BPVC Section, a code, or a standard). In wire-addi-
tive welding, it would be common for the corresponding
material specification to be an SA- or an SB- specification
from Section II, Part A, or Section II, Part B, including the
designation, type, or grade of the specific material. Proce-
dure qualifications may support wire-additive welding
procedures for multiple corresponding materials, as
long as the testing and test results comply with each
of the corresponding material specifications. More
details of the testing and acceptance criteria are in
QW-620. Wire-additive welding procedures and their

qualification shall follow the rules in Part QW, Articles
I, II, and IV, with the addition of the rules of this
Article. When there are differences, the rules of this
Article shall prevail.

QW-604 WELDING PERFORMANCE
QUALIFICATIONS

Wire-additive welding operators shall be qualified in
accordance with Part QW, Article III for the welding
processes they perform.

QW-605 INTEGRATED BACKING

Weldments can be made by adding weld metal to
backing and removing the backing after the part is
built, or weld metal can be deposited directly on
backing (e.g., a forging or a plate) that will remain in
place on the finished part. If the weldment contains an
integratedbacking, additional test specimensare required
to qualify the P-number of the backing.

QW-610 QUALIFICATION VARIABLES FOR
WIRE-ADDITIVE WELDING
PROCEDURES

QW-611 VARIABLES FOR WELDING PROCEDURE
SPECIFICATIONS

The variables for Welding Procedure Specifications are
listed by welding process, beginning with Table QW-651.
As newwelding processes are approved for wire-additive
welding, new tables will be added in this Article.

QW-612 WIRE-ADDITIVE WELDING
QUALIFICATION LIMITS

A wire-additive Welding Procedure Specification shall
be qualified bymultiple welding procedure qualifications.
Qualification is required at the lowest cooling rate, which
is the combination of the highest heat input and the
highest interpass temperature. Qualification is also
required at the highest cooling rate, which is the combina-
tion of the lowest heat input and the lowest interpass
temperature. These qualifications are required at both
extremes of layer width (wall thickness). The limits of
layer width qualification are shown in Table QW-613.
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QW-620 SPECIMEN TESTING AND
ACCEPTANCE CRITERIA FOR WIRE-
ADDITIVE WELDING

Weldments produced at the extremes of the bracketed
qualification (high and low cooling rates for thin and thick
sections) shall be tested as required in QW-621 through
QW-626. Additional or modified mechanical property or
chemical composition testing may be required by the
referencing document or the corresponding material
specification. Where there are conflicts, the requirements
of the referencing document shall prevail over those of the
corresponding material specification, and those of the
corresponding material specification shall prevail over
those of this paragraph.

QW-621 SPECIMENREMOVALANDPREPARATION

Test specimens for tension and guided bend testing
shall be removed fromqualificationweldmentsasdetailed
in Figure QW-661(a) or Figure QW-661(b), as applicable.
Specimens for toughness testing, when required, shall be
removed in accordance with Figure QW-661(a) or Figure
QW-661(b) unless otherwise specified by the corre-
sponding material specification. Specimens for chemical
composition or hardness, when required, shall be
removed from a location at least 1 in. from any
backing material. Test specimens shall be prepared
and tested in accordance with QW-100, unless otherwise
specified in the corresponding material specification.
When qualifying procedures for use with integrated

backing, the removal and testing of specimens from
the heat-affected zone of the backing metal shall be in
accordance with QW-100.

QW-622 GUIDED-BEND TESTS

QW-622.1 General. Guided-bend testing shall be as
described in QW-160. Single-bead-per-layer welds shall
be tested using face and root bends. Multiple-bead-per-
layer welds shall be tested using a side bend. Guided-
bend testing is a requirement of this Section and shall
be performed even when not required by the corre-
sponding material specification.

QW-622.2 Acceptance. The acceptance criteria of
QW-160 shall be used unless otherwise specified in the
corresponding material specification.

QW-623 TENSION TESTS

QW-623.1 General. Tension tests shall be performed
when required in the corresponding material specifica-
tion. The test specimens and procedures shall be those
given in QW-150. If the corresponding material specifica-
tion requires a specific geometry, test method, or test
temperature, those shall be utilized. The required
measurements shall be as specified in the corresponding
material specification and may include ultimate tensile
strength, yield strength, elongation, reduction of area,
or other measurements.

QW-623.2 Acceptance. Minimum, maximum, or
ranges of values for acceptance are as specified by the
corresponding material specification. All tensile require-
ments that are specified in the corresponding material
specification shall meet the specified acceptance criteria
contained therein.

QW-624 TOUGHNESS TESTS

QW-624.1 General. Toughness tests shall be
performed when required by the corresponding material
specification. Test procedures and apparatus shall
conform to the requirements of the corresponding mate-
rial specification. When not specified, the test procedures
and apparatus shall conform to the requirements of
SA-370.

QW-624.2 Acceptance. The acceptance criteria shall
be in accordance with the corresponding material spec-
ification. Testingmaybedone at a lower temperature than
that specified in the correspondingmaterial specification,
but the acceptance values do not change.

QW-625 CHEMICAL COMPOSITION TESTS

QW-625.1 General.Chemical composition testing shall
be performed when required in the corresponding mate-
rial specification. Because of weldability and deoxidation
requirements, it is possible that a referencing document
(e.g., an ASME BPVC Section, a code, or a standard) will
modify the acceptance criteria to require lower carbon
and higher manganese and silicon contents.

QW-625.2 Acceptance. Minima, maxima, or ranges of
values for acceptance are as specified by the corre-
sponding material specification, including modifications
from a referencing document as described in QW-625.1.

QW-626 HARDNESS TESTS

QW-626.1 General. Hardness testing shall be
performed when required in the corresponding material
specification.

Table QW-613
Wire-Additive Welding Qualification Layer Width Limits

Procedure Qualification
Weld Layer Width Qualified, in. (mm)

Number
of Beads

per
Layer

Layer Width
of Test
Coupon,

W, in. (mm) Min. Max.
1 … Unlimited 3∕4 (19)
2–8 … W 2W (50W)
>8 ≥2 (50) 3∕4 (19) Unlimited

ASME BPVC.IX-2023

253

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.IX
 (A

SME BPVC Sec
tio

n 5
) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.IX (ASME BPVC Section 5) 2023.pdf


QW-626.2 Acceptance. Minima, maxima, or ranges of
values for acceptance are as specified by the corre-
sponding material specification.

QW-650 WELDING VARIABLES
Thewelding variables listed inTableQW-651are subdi-

vided into essential variables and nonessential variables.
Supplementary essential variables and special processes
arenotused in thisArticle. The “Brief ofVariables” listed in
the table are for reference only. See the complete variable
in the welding data of Part QW, Article IV.

Table QW-651
Wire-Additive Welding Variables Procedure Specifications (WPS) — Gas Metal-Arc Welding (GMAW)

Paragraph Brief of Variables
Essential

NonessentialWith Integrated Backing Without IntegratedBacking
QW-403
Base Metals

.5 ϕ Group number X

.9 t Pass > 1∕2 in. (13 mm) X

.36 W limits X X
QW-404
Filler Metals

.4 ϕ F-Number X X

.5 ϕ A-Number X X

.6 ϕ Diameter X

.12 ϕ Classification X X

.23 ϕ Filler metal product form X X

.24 ± or ϕ Supplemental X X

.27 ϕ Alloy elements X X
QW-406
Preheat

.2 ϕ Preheat maint. X

.12 ϕ Interpass X X
QW-407
PWHT

.1 ϕ PWHT X X

.2 ϕ PWHT (T&T range) X X
QW-408
Gas

.1 ± Trail or ϕ comp. X

.2 ϕ Single, mixture, or % X X

.3 ϕ Flow rate X

.5 ± or ϕ Backing flow X

.10 − Trail or ϕ comp. X X
QW-409
Electrical
Characteristics

.2 ϕ Transfer mode X X

.4 ϕ Current or polarity X X

.8 ϕ I&E range X

.31 ϕ Heat input X X
QW-410
Technique

.3 ϕ Orifice, cup, or nozzle size X

.5 ϕ Method cleaning X

.7 ϕ Oscillation X

.8 ϕ Tube-work distance X

.10 ϕ Single to multiple electrodes X X

.15 ϕ Electrode spacing X X

.26 ± Peening X

Legend:

+ Addition > Increase or greater than ↑ Uphill ← Forehand ϕ Change
− Deletion < Decrease or less than ↓ Downhill → Backhand
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QW-660 GRAPHICS

Figure QW-661(a)
Layer Width, W, >½ in. (13 mm) Procedure Qualification

Full-width side-bend specimen

Full-width tension specimen

Full-width side-bend specimen

Top View
Side View

Full-width side-bend specimen
Full-width side-bend specimen

Full-width tension specimen

Centerline Charpy V-notch
   specimens (set of three),
   when required

Edge Charpy V-notch 
  specimens (set of three),
  when required

2 in. (50 mm)
  minimum

Figure QW-661(b)
Layer Width, W, ≤½ in. (13 mm) Procedure Qualification

2 in. (50 mm)
   minimum

Side View

Face bend

Face bend
Tensile Tensile

Root bend

Root bend
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PART QB
BRAZING

ARTICLE XI
BRAZING GENERAL REQUIREMENTS

QB-100 SCOPE
The rules in this Part apply to the preparationof brazing

procedure specifications, and the qualification of brazing
procedures, brazers, and brazing operators for all types of
manual and machine brazing processes permitted in this
Section. These rules may also be applied, insofar as they
are applicable, to other manual or machine brazing
processes, permitted in other Sections.

QB-101

In performance qualification, the basic criterion estab-
lished for brazer qualification is to determine the brazer’s
ability to make a sound brazed joint. The purpose of the
performance qualification test for the brazing operator is
to determine the operator’s mechanical ability to operate
the brazing equipment to make a sound braze joint.

QB-103 RESPONSIBILITY

QB-103.1 Brazing. Each organization shall conduct the
tests required in this Section to qualify the brazing proce-
dures used in the construction of the brazed assemblies
built under this Code and the performance of brazers and
brazing operators who apply these procedures.

QB-103.2 Records. Each organization shall maintain a
record of the results obtained in brazing procedure and
brazer or brazing operator performance qualifications.
Refer to recommended Forms in Nonmandatory
Appendix B.

QB-110 BRAZE ORIENTATION
NOTE: In the following paragraphs the word position is synon-
ymous with flow position.

The orientations of brazes with respect to planes of
reference are classified in accordance with Figure
QB-461.1 into four positions (A, B, C, and D in column
1), based on the basic flow of brazing filler metal
through joints. These positions are flat flow, vertical
downflow, vertical upflow, and horizontal flow.

The maximum permitted angular deviation from the
specified flow plane is ±45 deg.

QB-120 TEST POSITIONS FOR LAP, BUTT,
SCARF, OR RABBET JOINTS

Brazed joints may be made in test coupons oriented in
anyof thepositions in FigureQB-461.2 andasdescribed in
the following paragraphs, except that angular deviation
from the specified horizontal and vertical flow planes
in accordance with column 1 of Figure QB-461.2 is
permitted during brazing.

QB-121 FLAT-FLOW POSITION

The test coupon joints in position suitable for applying
brazing filler metal in rod, strip, or other suitable form
under the flat-flow conditions are shown in illustrations
(1) through (5) of Line A in Figure QB-461.2. The
maximum permitted angular deviation from the specified
flow plane is ±15 deg.

QB-122 VERTICAL-DOWNFLOW POSITION

The test coupon joints in a position suitable for applying
brazing filler metal in rod, strip, or other suitable form
under the vertical-downflow conditions are shown in
illustrations (1) through (4) of Line B in Figure
QB-461.2. The brazing filler metal flows by capillary
action with the aid of gravity downward into the joint.
The maximum permitted angular deviation from the
specified flow plane is ±15 deg.

QB-123 VERTICAL-UPFLOW POSITION

The test coupon joints in position suitable for applying
brazing filler metal in rod, strip, or other suitable form
under the vertical-upflow conditions are shown in illus-
trations (1) through (4) of Line C in Figure QB-461.2. The
brazing filler metal flows by capillary action through the
joint. Themaximumpermitted angular deviation from the
specified flow plane is ±15 deg.
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QB-124 HORIZONTAL-FLOW POSITION

The test coupon joints in a position suitable for applying
brazing filler metal in rod, strip, or other suitable form
under the horizontal-flow conditions are shown in illus-
trations (1) and (2) of Line D of Figure QB-461.2. The
brazing filler metal flows horizontally by capillary
action through the joint. The maximum permitted
angular deviation from the specified flowplane is ±15deg.

QB-140 TYPESANDPURPOSESOFTESTSAND
EXAMINATIONS

QB-141 TESTS

Testsused inbrazingprocedureandperformancequali-
fications are specified in QB-141.1 through QB-141.6.

QB-141.1 Tension Tests. Tension tests, as described in
QB-150, are used to determine the ultimate strength of
brazed butt, scarf, lap, and rabbet joints.

QB-141.2 Guided-Bend Tests. Guided-bend tests, as
described in QB-160, are used to determine the degree
of soundness and ductility of butt and scarf joints.

QB-141.3 Peel Tests. Peel tests, as described in
QB-170, are used to determine the quality of the bond
and the amount of defects in lap joints.

QB-141.4 Sectioning Tests. Sectioning tests, i.e., the
sectioning of test coupons, as described in QB-180, are
used to determine the soundness of workmanship
coupons or test specimens. Sectioning tests are also a
substitute for thepeel testwhen thepeel test is impractical
to perform.

QB-141.5 Workmanship Coupons. Workmanship
coupons, as described in QB-182, are used to determine
the soundness of joints other than the standard butt, scarf,
lap, and rabbet joints.

QB-141.6 Visual Examination. Visual examination of
brazed joints is used for estimating the soundness by
external appearance, such as continuity of the brazing
filler metal, size, contour, and wetting of fillet along
the joint and, where appropriate, to determine if filler
metal flowed through the joint from the side of application
to the opposite side.

QB-150 TENSION TESTS

QB-151 SPECIMENS

Tension test specimens shall conformtooneof the types
illustrated in Figures QB-462.1(a) through QB-462.1(f),
and shall meet the requirements of QB-153.

QB-151.1 Reduced Section — Plate. Reduced-section
specimens conforming to the requirements given in
Figures QB-462.1(a) and QB-462.1(c) may be used for

tension tests on all thicknesses of plate. The specimens
may be tested in a support fixture in substantial accor-
dance with Figure QB-462.1(f).

(a) For thicknesses up to and including 1 in. (25mm), a
full thickness specimen shall be used for each required
tension test.

(b) Forplate thicknessesgreater than1 in. (25mm), full
thickness specimens or multiple specimens may be used,
provided (c) and (d) are complied with.

(c) When multiple specimens are used in lieu of full
thickness specimens, each set shall represent a single
tension test of the full plate thickness. Collectively, all
of the specimens required to represent the full thickness
of the brazed joint at one location shall comprise a set.

(d) Whenmultiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements of
QB-153.

QB-151.2 Reduced Section — Pipe. Reduced-section
specimens conforming to the requirements given in
Figure QB-462.1(b) may be used for tension tests on
all thicknesses of pipe or tube having an outside diameter
greater than3 in. (75mm).Thespecimensmaybe tested in
a support fixture in substantial accordance with Figure
QB-462.1(f).

(a) For thicknesses up to and including 1 in. (25mm), a
full thickness specimen shall be used for each required
tension test.

(b) For pipe thicknesses greater than 1 in. (25mm), full
thickness specimens or multiple specimens may be used,
provided (c) and (d) are complied with.

(c) When multiple specimens are used in lieu of full
thickness specimens, each set shall represent a single
tension test of the full pipe thickness. Collectively, all
of the specimens required to represent the full thickness
of the brazed joint at one location shall comprise a set.

(d) Whenmultiple specimens are necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that
can be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements of
QB-153.

QB-151.3 Full-Section Specimens for Pipe. Tension
specimens conforming to the dimensions given in
Figure QB-462.1(e) may be used for testing pipe with
an outside diameter of 3 in. (75 mm) or less. The
cross-sectional area of the pipe before testing shall be
used to establish the tensile strength of the test specimen.
As an alternative to full-section specimen for pipe, tension
specimens in accordance with Figure QB-463.1(e),
General Note (b) may be used.
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QB-152 TENSION TEST PROCEDURE

The tension test specimen shall be ruptured under
tensile load. The tensile strength shall be computed by
dividing theultimate total loadby the least cross-sectional
area of the specimen as measured before the load is
applied.

QB-153 ACCEPTANCE CRITERIA — TENSION
TESTS

QB-153.1 TensileStrength.Minimumvalues forproce-
dure qualification are provided under the columnheading
“Minimum Specified Tensile” of Table QW/QB-422. In
order to pass the tension test, the specimen shall have
a tensile strength that is not less than

(a) the specified minimum tensile strength of the base
metal in the annealed condition; or

(b) the specified minimum tensile strength of the
weaker of the two in the annealed condition, if base
metals of different specified minimum tensile strengths
are used; or

(c) if the specimen breaks in the base metal outside of
the braze, the test shall be accepted as meeting the re-
quirements, provided the strength is not more than
5% below the minimum specified tensile strength of
the base metal in the annealed condition.

(d) the specified minimum tensile strength is for full
thickness specimens including clad brazing sheets for
Aluminum Alclad materials (P-No. 104 and P-No. 105)
less than 1∕2 in. (13 mm). For Aluminum Alclad materials
1∕2 in. (13mm) and greater, the specifiedminimum tensile
strength is for both full thickness specimens that include
clad brazing sheets.

QB-153.2 UnassignedMetals.Unassignedmetals shall
be identified in the BPS and on the PQR by specification,
type, and grade, or by chemical analysis and mechanical
properties. Theminimum tensile strength shall be defined
by the organization that specified the unassigned metal if
the tensile strength of that metal is not defined by the
material specification (see QW-421.5).

QB-160 GUIDED-BEND TESTS

QB-161 SPECIMENS

Guided-bend test specimens shall be prepared by
cutting the test plate or pipe to formspecimensof approxi-
mately rectangular cross section. The cut surfaces shall be
designated the sides of the specimen. The other two
surfaces shall be designated the first and second surfaces.
The specimen thickness and bend radius are shown in
Figures QB-466.1, QB-466.2, and QB-466.3. Guided-
bend specimens are of five types, depending on
whether the axis of the joint is transverse or parallel
to the longitudinal axis of the specimen, and which
surface (first or second) is on the convex (outer) side

of the bent specimen. The five types are defined as
follows (see QB-161.1 through QB-161.6).

QB-161.1 Transverse First Surface Bend. The joint is
transverse to the longitudinal axis of the specimen, which
is bent so that the first surface becomes the convex surface
of the bent specimen. In general, the first surface is defined
as that surface from which the brazing filler metal is
applied and is fed by capillary attraction into the joint.
Transverse first surface bend specimens shall conform
to the dimensions shown in Figure QB-462.2(a). For
subsize first surface bends, see QB-161.3.

QB-161.2 ð23ÞTransverse Second Surface Bend. The joint
is transverse to the longitudinal axis of the specimen,
which is bent so that the second surface becomes the
convex surface of the bent specimen. In general, the
second surface is defined as the surface opposite to
that from which the brazing filler metal is placed or
fed, but definitely is the surface opposite to that desig-
nated as the first surface, irrespective of how the
brazing filler metal is fed. Transverse second surface
bend specimens shall conform to the dimensions
shown in Figure QB-462.2(a). For subsize second
surface bends, see QB-161.3.

QB-161.3 Subsize Transverse Bend. In those cases
where the wall thickness of the tube or pipe is less
than 3∕8 in. (10 mm) and the diameter-to-thickness
ratio does not permit the preparation of full-size rectan-
gular guided-bend specimens, the 11∕2 in. (38 mm) wide
standard guided-bend specimen shown in Figure
QB-462.2(a) may be replaced by three subsize specimens
having a width of 3∕8 in. (10 mm) or 4t, whichever is less.

QB-161.4 Longitudinal-Bend Tests. Longitudinal-
bend tests may be used in lieu of the transverse-bend
tests for testing braze metal or base metal combinations,
which differ markedly in bending properties between

(a) the two base metals; or
(b) the braze metal and the base metal.

QB-161.5 Longitudinal First SurfaceBend.The joint is
parallel to the longitudinal axis of the specimen, which is
bent so that the first surfacebecomes the convex surfaceof
thebent specimen.Thedefinitionof first surface is asgiven
in QB-161.1. Longitudinal first surface bend specimens
shall conform to the dimensions given in Figure
QB-462.2(b).

QB-161.6 Longitudinal Second Surface Bend. The
joint is parallel to the longitudinal axis of the specimen,
which is bent so that the second surface becomes the
convex surface of the specimen. The definition of the
second surface is given in QB-161.2. Longitudinal
second surface bend specimens shall conform to the
dimensions given in Figure QB-462.2(b).
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QB-162 GUIDED-BEND TEST PROCEDURE

QB-162.1 Jigs.Guided-bend specimens shall be bent in
test jigs that are in substantial accordance with QB-466.
Whenusing the jigs in accordancewith FigureQB-466.1 or
Figure QB-466.2, the side of the specimen turned toward
the gap of the jig shall be the first surface for first surface
bend specimens (defined in QB-161.1), and the second
surface for second surface bend specimens (defined in
QB-161.2). The specimen shall be forced into the die
by applying load on the plunger until the curvature of
the specimen is such that a 1∕8 in. (3 mm) diameter
wire cannot be inserted between the specimen and the
die of Figure QB-466.1, or the specimen is bottom
ejected, if the roller type of jig (see Figure QB-466.2) is
used.
When using the wrap around jig (see Figure QB-466.3)

the side of the specimen turned toward the roller shall be
the first surface for first surface bend specimens, and the
second surface for second surface bend specimens.

QB-163 ACCEPTANCE CRITERIA — BEND TESTS

The joint of a transverse-bend specimen shall be com-
pletely within the bent portion of the specimen after
testing.
The guided-bend specimens shall have no open discon-

tinuities exceeding 1∕8 in. (3 mm), measured in any direc-
tion on the convex surface of the specimen after bending.
Cracks occurring on the corners of the specimen during
testing shall not be considered, unless there is definite
evidence that they result from flux inclusions, voids, or
other internal discontinuities.

QB-170 PEEL TESTS

QB-171 SPECIMENS

The dimensions and preparation of the peel test
specimen shall conform to the requirements of
Figure QB-462.3.

QB-172 ACCEPTANCE CRITERIA — PEEL TEST

In order to pass the peel test, the specimens shall show
evidenceofbrazing fillermetal alongeachedgeof the joint.
Specimens shall be separatedorpeeled either by clamping
Section A and striking Section B with a suitable tool such
that the bending occurs at the fulcrum point (see
Figure QB-462.3), or by clamping Section A and
Section B in amachine suitable for separating the sections
under tension. Theseparated faying surfacesof joints shall
meet the following criteria:

(a) The total area of discontinuities (unbrazed areas,
flux inclusions, etc.) shall not exceed 25% of the total
area of any individual faying surface.

(b) The sum of the lengths of the discontinuities
measured on any one line in the direction of the lap
shall not exceed 25% of the lap.

(c) No discontinuity shall extend continuously from
one edge of the joint to the other edge, irrespective of
its direction.

QB-180 SECTIONING TESTS AND
WORKMANSHIP COUPONS

QB-181 SECTIONING TEST SPECIMENS

The dimensions and configuration of the sectioning test
specimens shall conform to the requirements of
Figure QB-462.4. Each side of the specimen shall be
polished and visually examined with at least a four-
powermagnifyingglass. Thesumof the lengthofunbrazed
areas on either side, considered individually, shall not
exceed 20% of the length of the joint overlap.

QB-182 WORKMANSHIP COUPONS

The dimensions and configuration of the workmanship
coupon shall conform to the nearest approximation of the
actual application. Some typical workmanship coupons
are shown in Figure QB-462.5. Each side of the specimen
shall be polished and visually examined with at least a
four-power magnifying glass. The sum of the length of
unbrazed areas on either side, considered individually,
shall not exceed 20% of the length of the joint overlap.
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ARTICLE XII
BRAZING PROCEDURE QUALIFICATIONS

QB-200 GENERAL
QB-200.1ð23Þ ABrazing Procedure Specification is defined

as follows:
(a) Brazing Procedure Specification (BPS). A BPS is a

written qualified brazing procedure prepared to
provide direction for making production brazes to
Code requirements. The BPS or other documents may
be used to provide direction to the brazer or brazing
operator to assure compliance with the Code require-
ments.

(b) Contents of the BPS. The completed BPS shall
describe all of the essential and nonessential variables
for each brazing process used in the BPS. These variables
are listed inQB-250 and are defined inArticle XIV, Brazing
Data.
The BPS shall reference the supporting Procedure

Qualification Record(s) (PQR) described in QB-200.2.
The BPS may include any other information that might
be helpful in making a brazed joint.

(c) Changes to the BPS. Changes may be made in the
nonessential variables of a BPS to suit production require-
ments without requalification provided such changes are
documented with respect to the essential and nonessen-
tial variables for each process. Thismay be by amendment
to the BPS or by use of a new BPS.
Changes in essential variables require requalification of

the BPS [new or additional PQRs to support the change in
essential variable(s)].

(d) Format of theBPS. The information required tobe in
the BPSmay be in any format, written or tabular, to fit the
needs of each organization, as long as every essential and
nonessential variable outlined in QB-250 is included or
referenced.
Form QB-482 (see Nonmandatory Appendix B) has

been provided as a guide for the BPS. It is only a guide
anddoesnot list all requireddata for all brazingprocesses.

QB-200.2ð23Þ A Procedure Qualification Record is defined
as follows:

(a) Procedure Qualification Record (PQR). The PQR is a
record of variables recorded during the brazing of the test
coupons. It also contains the test results of the tested
specimens. Recorded variables normally fall within a
small range of the actual variables that will be used in
production brazing.

(b) Contents of the PQR. The completed PQR shall docu-
ment all essential variables of QB-250 for each brazing
process usedduring the brazing of the test coupon.Nones-
sential or other variables used during the brazing of the
test couponmay be recorded at the organization’s option.
All variables, if recorded, shall be the actual variables
(including ranges) used during the brazing of the test
coupon. If variables are not monitored during brazing,
they shall not be recorded. It is not intended that the
full range or the extreme of a given range of variables
to be used in production be used during qualification
unless required due to a specific essential variable.
The PQR shall be certified accurate by the organization.

The organization may not subcontract the certification
function. This certification is intended to be the organiza-
tion’s verification that the information in the PQR is a true
record of the variables that were used during the brazing
of the test couponand that the resulting tensile, bend, peel,
or section (as required) test results are in compliancewith
Section IX.

(c) Changes to the PQR. Changes to the PQR are not
permitted, except as described below. It is a record of
what happened during a particular brazing test. Editorial
corrections or addenda to the PQR are permitted. An
example of an editorial correction is an incorrect P-
Number or F-Number that was assigned to a particular
base material or filler metal. An example of an addendum
would be a change resulting from a Code change. For
example, Section IX may assign a new F-Number to a
filler material or adopt a new filler material under an
established F-Number. This may permit, depending on
the particular construction Code requirements, an orga-
nization touseother fillermetals that fallwithin thatparti-
cular F-Number where, prior to the Code revision, the
organizationwas limited to the particular fillermetal clas-
sification that was used during qualification. Additional
information can be incorporated into a PQR at a later
date provided the information is substantiated as
having been part of the original qualification condition
by lab record or similar data.
All changes to a PQR require recertification (including

date) by the organization.
( d ) Fo rmat o f t h e PQR . F o rm QB-483 ( see

Nonmandatory Appendix B) has been provided as a
guide for the PQR. The information required to be in
the PQR may be in any format, to fit the needs of each
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organization, as long as every essential variable, required
by QB-250, is included. Also the type of tests, number of
tests, and test results shall be listed in the PQR. Additional
sketches or information may be attached or referenced to
record the required variables.

(e) Availabilityof thePQR. ThePQRshallbeavailable for
review but need not be made available to the brazer or
brazing operator.

(f) Multiple BPSs With One PQR or Multiple PQRs With
One BPS. Several BPSsmay be prepared from the data on a
single PQR (e.g., a vertical-upflow pipe PQR may support
BPSs for the vertical-upflow and downflow positions on
pipewithin all other essential variables). A single BPSmay
cover several essential variable changes as long as a
supporting PQR exists for each essential variable.

QB-200.3 To reduce the number of brazing procedure
qualifications required, P-Numbers are assigned to base
metals dependent on characteristics such as composition,
brazability, and mechanical properties, where this can
logically be done, and for ferrous and nonferrous metals.
The assignments do not imply that base metals may be

indiscriminately substituted for a base metal which was
used in the qualification test without consideration of the
compatibility fromthe standpoint ofmetallurgical proper-
ties, postbrazeheat treatment, design,mechanical proper-
ties, and service requirements.

QB-200.4 Dissimilar Base Metal Thicknesses. A BPS
qualified on test coupons of equal thickness shall be ap-
plicable for production brazements between dissimilar
base metal thicknesses provided the thickness of both
base metals are within the qualified thickness range
permitted by QB-451. A BPS qualified on test coupons
of different thicknesses shall be applicable for production
brazements between dissimilar base metal thicknesses
provided the thickness of each base metal is within the
qualified range of thickness (based on each test
coupon thickness) permitted by QB-451.

QB-201 ORGANIZATIONAL RESPONSIBILITY

The organization shall certify that they have qualified
each Brazing Procedure Specification, performed the
procedure qualification test, and documented it with
the necessary Procedure Qualification Record (PQR).

QB-202 TYPE OF TESTS REQUIRED

QB-202.1 Tests. The type and number of test speci-
mens which shall be tested to qualify a brazing procedure
are given in QB-451, and shall be removed in a manner
similar to that shown in QB-463. If any test specimen
required by QB-451 fails to meet the applicable accep-
tance criteria, the test couponshall be consideredas failed.
When it canbedetermined that thecauseof failure isnot

related tobrazingparameters, another test couponmaybe
brazed using identical brazing parameters. Alternatively,
if adequate material of the original test coupon exists,

additional test specimens may be removed as close as
practicable to the original specimen location to replace
the failed test specimens.
When it has been determined that the test failure was

caused by an essential variable, a new test couponmay be
brazed with appropriate changes to the variable(s) that
were determined to cause the test failure. If the new test
passes, the essential variables shall be documented on the
PQR.
When it isdetermined that the test failurewascausedby

one or more brazing related factors other than essential
variables, a new test coupon may be brazed with the
appropriate changes to brazing related factors that
were determined to cause the test failure. If the new
test passes, the brazing related factors that were deter-
mined to cause the previous test failure shall be addressed
by the organization to assure that the required properties
are achieved in the production brazement.

QB-202.2 Base Metals. The procedure qualification
shall encompass the thickness ranges to be used in
production for the base metals to be joined or repaired.
The range of thickness qualified is given in QB-451.

QB-203 LIMITS OF QUALIFIED FLOW POSITIONS
FOR PROCEDURES

(See Figures QB-461.1 and QB-461.2 and Table
QB-461.3.)

QB-203.1 For plate, qualification in the flat-flow,
vertical-upflow, or horizontal-flow position shall
qualify for the vertical-downflowposition. For pipe, quali-
fication in the horizontal-flow or vertical-upflow position
shall qualify for the vertical-downflow position.
Qualification in pipe shall qualify for plate, but not vice

versa. Horizontal-flow in pipe shall also qualify for flat-
flow in plate.

QB-203.2 Special Flow Positions. An organization
who does production brazing in a special orientation
maymake the tests for procedure qualification in this spe-
cific orientation. Such qualifications are valid only for the
flow positions actually tested, except that an angular
deviation of ±15 deg is permitted in the inclination of
the braze plane, as defined in Figures QB-461.1 and
QB-461.2.

QB-203.3 The brazing process must be compatible,
and the brazing filler metals, such as defined in the speci-
fications of Section II, Part C, must be suitable for their use
in specific flow positions. A brazer or brazing operator
making and passing the BPS qualification test is
thereby qualified for the flow position tested (see
QB-301.2).
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QB-210 PREPARATION OF TEST COUPON

QB-211ð23Þ BASE METAL AND FILLER METAL

The basemetals and fillermetals shall be one ormore of
those listed in the BPS. The dimensions of the test
assembly shall be sufficient to provide the required
test specimens.
The base metals may consist of either plate, pipe, or

otherproduct forms.Qualificationusingpipealsoqualifies
for plate brazing, but not vice versa.

QB-212ð23Þ TYPE AND DIMENSION OF JOINTS

When workmanship coupons are used to qualify a
brazing procedure, the test coupon shall be brazed
using the joint design to be used in construction.

QB-250 BRAZING VARIABLES

QB-251 GENERAL

QB-251.1 Types of Variables for Brazing Procedure
Specification (BPS). Brazing variables (listed for each
brazing process in Tables QB-252 through QB-257) are
subdivided into essential and nonessential variables
(see QB-401).

QB-251.2 Essential Variables. Essential variables are
those in which a change, as described in the specific vari-
ables, is considered to affect the mechanical properties of
the brazement, and shall require requalification of the
BPS.

QB-251.3 Nonessential Variables. Nonessential vari-
ables are those in which a change, as described in the spe-
cific variables, may be made in the BPS without
requalification.

Table QB-252
ð23Þ Torch Brazing (TB)

Paragraph Essential Variables Nonessential Variables
QB-402 Base Metal QB-402.1 ...

QB-402.3 ...

QB-403 Brazing Filler Metal QB-403.1 ...
QB-403.2 ...
QB-403.3 ...

QB-406 Brazing Flux, Gas, or Atmosphere QB-406.1 QB-406.3

QB-407 Flow Position QB-407.1 ...

QB-408 Joint Design QB-408.2 ...
QB-408.4 ...

QB-409 Postbraze Heat Treatment QB-409.1 ...

QB-410 Technique ... QB-410.1
... QB-410.2
... QB-410.3
... QB-410.4
... QB-410.5
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Table QB-253
ð23ÞFurnace Brazing (FB)

Paragraph Essential Variables Nonessential Variables
QB-402 Base Metal QB-402.1 ...

QB-402.3 ...

QB-403 Brazing Filler Metal QB-403.1 ...
QB-403.2 ...
QB-403.3 ...

QB-404 Brazing Temperature QB-404.1 ...

QB-406 Brazing Flux, Gas, or Atmosphere QB-406.1 ...
QB-406.2 ...

QB-407 Flow Position QB-407.1 ...

QB-408 Joint Design QB-408.2 ...
QB-408.4 ...

QB-409 Postbraze Heat Treatment QB-409.1 ...

QB-410 Technique ... QB-410.1
... QB-410.2

QB-411 Brazing Time ... QB-411.1

Table QB-254
ð23ÞInduction Brazing (IB)

Paragraph Essential Variables Nonessential Variables
QB-402 Base Metal QB-402.1 ...

QB-402.3 ...

QB-403 Brazing Filler Metal QB-403.1 ...
QB-403.2 ...
QB-403.3 ...

QB-404 Brazing Temperature QB-404.1 ...

QB-406 Brazing Flux, Gas, or Atmosphere QB-406.1 ...

QB-407 Flow Position QB-407.1 ...

QB-408 Joint Design QB-408.2 ...
QB-408.4 ...

QB-409 Postbraze Heat Treatment QB-409.1 ...

QB-410 Technique ... QB-410.1
... QB-410.2

QB-411 Brazing Time ... QB-411.1
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Table QB-255
ð23Þ Resistance Brazing (RB)

Paragraph Essential Variables Nonessential Variables
QB-402 Base Metal QB-402.1 ...

QB-402.3 ...

QB-403 Brazing Filler Metal QB-403.1 ...
QB-403.2 ...
QB-403.3 ...

QB-404 Brazing Temperature QB-404.1 ...

QB-406 Brazing Flux, Gas, or Atmosphere QB-406.1 ...

QB-407 Flow Position QB-407.1 ...

QB-408 Joint Design QB-408.2 ...
QB-408.4 ...

QB-409 Postbraze Heat Treatment QB-409.1 ...

QB-410 Technique ... QB-410.1
... QB-410.2

QB-411 Brazing Time ... QB-411.1

Table QB-256
ð23Þ Dip Brazing — Salt or Flux Bath (DB)

Paragraph Essential Variables Nonessential Variables
QB-402 Base Metal QB-402.1 ...

QB-402.3 ...

QB-403 Brazing Filler Metal QB-403.1 ...
QB-403.2 ...
QB-403.3 ...

QB-404 Brazing Temperature QB-404.1 ...

QB-406 Brazing Flux, Gas, or Atmosphere QB-406.1 ...

QB-407 Flow Position QB-407.1 ...

QB-408 Joint Design QB-408.2 ...
QB-408.4 ...

QB-409 Postbraze Heat Treatment QB-409.1 ...

QB-410 Technique ... QB-410.1
... QB-410.2

QB-411 Brazing Time ... QB-411.1
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Table QB-257
ð23ÞDip Brazing — Molten Metal Bath (DB)

Paragraph Essential Variables Nonessential Variables
QB-402 Base Metal QB-402.1 ...

QB-402.3 ...

QB-403 Brazing Filler Metal QB-403.1 ...
QB-403.2 ...
QB-403.3 ...

QB-404 Brazing Temperature QB-404.1 ...

QB-406 Brazing Flux, Gas, or Atmosphere QB-406.1 ...

QB-407 Flow Position QB-407.1 ...

QB-408 Joint Design QB-408.2 ...
QB-408.4 ...

QB-409 Postbraze Heat Treatment QB-409.1 ...

QB-410 Technique ... QB-410.1
... QB-410.2

QB-411 Brazing Time ... QB-411.1
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ARTICLE XIII
BRAZING PERFORMANCE QUALIFICATIONS

QB-300 GENERAL
QB-300.1ð23Þ This Article lists the brazing processes sepa-

rately, with the essential variables which apply to brazer
and brazing operator performance qualifications.
Brazers and brazing operators shall be qualified for

each brazing process they will use. The range of variables
abrazerorbrazingoperator isqualified fordependson the
test coupon brazed and the essential variables in QB-350.
Brazers or brazing operators may follow any BPS speci-
fying that process for which they are qualified within the
limits of the essential variables.

QB-301 TESTS

QB-301.1 Intent of Tests. The performance qualifica-
tion tests are intended to determine the ability of brazers
and brazing operators to make sound braze joints.

QB-301.2 Qualification Tests. Each organization shall
qualify each brazer or brazing operator for each brazing
process to be used in production brazing. The perfor-
mance qualification test coupon shall be brazed in accor-
dance with a qualified Brazing Procedure Specification
(BPS).
The brazer or brazing operator who brazes the proce-

dure qualification test coupons is also qualifiedwithin the
limits of the performance qualifications listed in QB-304
or QB-305 for the positions tested in the procedure quali-
fication in accordance with QB-407.

QB-301.3 Identification of Brazers and Brazing
Operators. Each qualified brazer and brazing operator
shall be assigned an identifying number, letter, or
symbol by theorganization,which shall beused to identify
the work of that brazer or brazing operator.

QB-301.4 Record of Tests. The record of Brazer or
Brazing Operator Performance Qualification (BPQ)
tests shall include the essential variables (see QB-350),
the type of tests and the test results, and the ranges qual-
ified in accordance with QB-452 for each brazer and
brazing operator. A suggested form for these records is
given in Form QB-484 (see Nonmandatory Appendix B).

QB-302 TYPE OF TEST REQUIRED

QB-302.1 TestSpecimens.The typeandnumberof test
specimens required shall be in accordance with QB-452,
and shall be removed in amanner similar to that shown in
QB-463.
All test specimens shall meet the requirements

prescribed in QB-170 or QB-180, as applicable. Tests
for brazing operators shall meet the requirements of
QB-305.

QB-302.2 TestCoupons inPipe.For test couponsmade
in pipe, specimens shall be removed as shown in
Figure QB-463.2(c) at approximately 180 deg apart.

QB-302.3 Combination of Base Metal Thicknesses.
When joints are brazed between two base metals of
different thicknesses, a performance qualification shall
be made for the applicable combination of thicknesses,
even though qualification tests have been made for
each of the individual base metals brazed to itself. The
rangeof thicknessof eachof thebasemetals shall bedeter-
mined individually per QB-452.

QB-303 LIMITS OF QUALIFIED POSITIONS

(See Figures QB-461.1 and QB-461.2 and Table
QB-461.3.)

QB-303.1 For plate, qualification in the flat-flow,
vertical-upflow, or horizontal-flow positions shall
qualify for the vertical-downflow position.

QB-303.2 For pipe, qualification in either the hori-
zontal-flow or vertical-upflow position shall qualify for
the vertical-downflow position.

QB-303.3 Qualification in pipe shall qualify for plate,
but not vice versa. Horizontal-flow in pipe shall qualify for
flat-flow in plate.

QB-303.4 SpecialPositions.Anorganizationwhodoes
production brazing in a special orientation may make the
tests for performance qualification in this specific orien-
tation. Such qualifications are valid only for the flow posi-
tions actually tested, except that an angular deviation of
±15 deg is permitted in the inclination of the braze plane,
as defined in Figures QB-461.1 and QB-461.2.
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QB-304ð23Þ BRAZERS

Each brazer who brazes under the rules of this Code
shall have passed the tests prescribed in QB-302 for
performance qualifications.

QB-305 BRAZING OPERATORS

The brazing operator who prepares brazing procedure
qualification test coupons meeting the requirements of
QB-451 as described in QB-202.1 is thereby qualified
within the limits of QB-350. Alternatively, each brazing
operator shall be qualified for each combination of essen-
tial variables under which brazing is performed, as
follows:

(a) A typical joint or workmanship coupon shall be
brazed and sectioned as described in QB-182 and QB-452.

(b) The section specimens shall be visually examined
and shall meet the requirements of QB-182.

QB-310 QUALIFICATION TEST COUPONS
QB-310.1 Test Coupons. The test coupons may be

plate, pipe, or other product forms. The dimensions of
the test coupon and length of braze shall be sufficient
to provide the required test specimens.

QB-310.2 Braze Joint. The dimensions of the braze
joint at the test coupon used in making qualification
tests shall be the same as those in the Brazing Procedure
Specification (BPS).

QB-310.3 Base Metals. When a brazer or brazing
operator is to be qualified, the test coupon shall be
base metal of the P-Number or P-Numbers to be joined
in production brazing.

QB-320 RETESTS AND RENEWAL OF
QUALIFICATION

QB-321 RETESTS

A brazer or brazing operator who fails to meet the re-
quirements for one or more of the test specimens
prescribed inQB-452may be retested under the following
conditions.

QB-321.1 Immediate Retest. When an immediate
retest is made, the brazer or brazing operator shall
make two consecutive test coupons for each position
which he has failed, all ofwhich shall pass the test require-
ments.

QB-321.2 Further Training. When the brazer or
brazing operator has had further training or practice, a
complete retest shall be made for each position on
which he failed to meet the requirements.

QB-322 ð23ÞEXPIRATION, REVOCATION, AND
RENEWAL OF QUALIFICATION

Renewal of a performance qualification is required
(a) when a brazer or brazing operator has not used the

specific brazing process for a period of 6 months or more,
or

(b) when there is a specific reason to question the
person’s ability to complete brazed joints that meet
the specification

QB-322.1 Renewal of Qualification. A brazer or
brazing operator whose qualifications for a process
have expired under QB-322(a) may be requalified for
that process by either of the following:

(a) repeating any previous qualification test using that
process

(b) taking a new test using that process
Either testwill reinstate all previousqualifications for that
process.

QB-350 BRAZING VARIABLES FOR BRAZERS
AND BRAZING OPERATORS

QB-351 GENERAL

A brazer or brazing operator shall be requalified when-
ever a change is made in one ormore of the essential vari-
ables for each brazing process, as follows:

(a) Torch Brazing (TB)
(b) Furnace Brazing (FB)
(c) Induction Brazing (IB)
(d) Resistance Brazing (RB)
(e) Dip Brazing (DB)

QB-351.1 Essential Variables — Manual, Semiauto-
matic, and Machine Brazing.

(a) QB-402 Base Metal
(1) QB-402.2
(2) QB-402.3

(b) QB-403 Brazing Filler Metal
(1) QB-403.1
(2) QB-403.2
(3) QB-403.4

(c) QB-407 Flow Position
(1) QB-407.1

(d) QB-408 Joint Design
(1) QB-408.1
(2) QB-408.3

(e) QB-410 Technique
(1) QB-410.5

QB-351.2 ð23ÞEssential Variables — Automatic Brazing.

(a) A change from automatic to machine brazing.
(b) A change in brazing process.
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ARTICLE XIV
BRAZING DATA

QB-400 VARIABLES

QB-401 GENERAL

QB-401.1 Each brazing variable described in this
Article is applicable as an essential or nonessential vari-
able for procedure qualification when referenced in
QB-250 for each specific process. Essential variables
for performance qualification are referenced in QB-350
for each specific brazing process. A change from one
brazing process to another brazing process is an essential
variable and requires requalification.

QB-402 BASE METAL

QB-402.1 A change from a basemetal listed under one
P-Number in Table QW/QB-422 to any of the following:

(a) a metal listed under another P-Number
(b) any other base metal not l isted in Table

QW/QB-422
The brazing of dissimilarmetals need not be requalified

if each basemetal involved is qualified individually for the
same brazing filler metal, flux, atmosphere, and process.
Similarly, the brazing of dissimilar metals qualifies for the
individual base metal brazed to itself and for the same
brazing filler metal, flux, atmosphere, and process,
provided the requirements of QB-153.1(a) are met.

QB-402.2 A change from a basemetal listed under one
P-Number in Table QW/QB-422 to any of the following:

(a) a metal listed under another P-Number
(b) any other metal not listed in Table QW/QB-422
The brazing of dissimilarmetals need not be requalified

if each basemetal involved is qualified individually for the
same brazing filler metal, flux, atmosphere, and process.
Similarly, the brazing of dissimilar metals qualifies for the
individual base metal brazed to itself and for the same
brazing filler metal, flux, atmosphere, and process.

QB-402.3 A change in basemetal thickness beyond the
range qualified in QB-451 for procedure qualification, or
QB-452 for performance qualification.

QB-403 BRAZING FILLER METAL

QB-403.1 A change from one F-Number in
Table QB-432 to any other F-Number, or to any other
filler metal not listed in Table QB-432.

QB-403.2 A change in filler metal from one product
form to another (for example, from preformed ring to
paste).

QB-403.3 A change frommechanically fed ormanually
fed filler metal to preplaced filler metal and vice versa.

QB-403.4 A change from preplaced filler metal to
mechanically fed or manually fed filler metal.

QB-404 BRAZING TEMPERATURE

QB-404.1 A change in brazing temperature to a value
outside the range specified in the BPS.

QB-406 BRAZING FLUX, FUEL GAS, OR
ATMOSPHERE

QB-406.1 The addition or deletion of brazing flux or a
change in AWS classification of the flux. Nominal chemical
composition or the trade name of the flux may be used as
an alternative to the AWS classification.

QB-406.2 A change in the furnace atmosphere from
one basic type to another type. For example

(a) reducing to inert
(b) carburizing to decarburizing
(c) hydrogen to disassociated ammonia

QB-406.3 A change in the type of fuel gas(es).

QB-407 FLOW POSITIONS

QB-407.1 The addition of brazing positions other than
those already qualified (see Table QB-461.3) shall require
requalification if

(a) the brazing fillermetal is preplaced or face fed from
outside the joint in such a manner that major flow is
required to complete the brazed joint, or

(b) thebrazing fillermetal is preplaced in a joint in such
a manner that major flow does occur

QB-407.2 If the brazing filler metal is preplaced in a
joint in such amanner thatmajor flowdoesnot occur, then
the joint may be brazed in any position without requal-
ification.
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QB-408 JOINT DESIGN

QB-408.1 Achange in the joint type, i.e., fromabutt to a
lap or socket, from that qualified. For lap or socket joints,
an increase in lap length of more than 25% from the
overlap used on the brazer performance qualification
test coupon (a decrease in overlap is permitted
without requalification).

QB-408.2 A change in the joint clearances to a value
outside the range specified in the BPS and as recorded in
the PQR.

QB-408.3 A change in the joint clearances to a value
outside the range specified in the BPS.

QB-408.4 A change in the joint type, e.g., from a butt to
a lap or socket, from that qualified. For lap and socket
joints, a decrease in overlap length from the overlap
used on the procedure qualification test coupon (an
increase in overlap is permitted without requalification).

QB-409 POSTBRAZE HEAT TREATMENT

QB-409.1 A separate procedure qualification is
required for each of the following:

(a) the addition or deletion of a postbraze heat treat-
ment (PBHT)

(b) a change in the postbraze heat treatment tempera-
ture more than ±25°F (±14 °C) or a change in postbraze
heat treatment time of the greater of 15min or 10%of the
postbraze heat treatment time recorded on the PQR

QB-410 TECHNIQUE
QB-410.1 Achange in themethodof preparing thebase

metal, such as mechanical cleaning, coating, plating, or
surface treatment by chemical means.

QB-410.2 A change in the method of postbraze
cleaning (for example, from chemical cleaning to cleaning
by wire brushing or wiping with a wet rag).

QB-410.3 A change in the nature of the flame (for
example, a change from neutral or slightly reducing).

QB-410.4 A change in the brazing tip sizes.

QB-410.5 A change from manual to machine or semi-
automatic torch brazing, and vice versa.

QB-411 BRAZING TIME

QB-411.1 A change in the brazing time at temperature.

QB-420 P-NUMBERS
(See Part QW, Welding — QW-420.)

QB-430 F-NUMBERS

QB-431 GENERAL

The following F-Number grouping of brazing filler
metals in Table QB-432 is based essentially on their
usability characteristics, which fundamentally determine
the ability of brazers and brazing operators tomake satis-
factorybrazementswith agiven fillermetal. This grouping
is made to reduce the number of brazing procedure and
performance qualifications, where this can logically be
done. The grouping does not imply that filler metals
within a group may be indiscriminately substituted for
a filler metal which was used in the qualification test
without considerationof the compatibility from the stand-
point of metallurgical properties, design, mechanical
properties, postbraze heat treatment, and service require-
ments.
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Table QB-432
ð23Þ F-Numbers

Grouping of Brazing Filler Metals for Procedure and Performance Qualification SFA-5.8

F-No. AWS Classification No.

101 BAg-1
BAg-1a
BAg-8
BAg-8a
BAg-22
BAg-23
BVAg-0
BVAg-8
BVAg-8b
BVAg-30

102 BAg-2
BAg-2a
BAg-3
BAg-4
BAg-5
BAg-6
BAg-7
BAg-9
BAg-10
BAg-13
BAg-13a
BAg-18
BAg-19
BAg-20
BAg-21
BAg-24
BAg-26
BAg-27
BAg-28
BAg-33
BAg-34
BAg-35
BAg-36
BAg-37
BVAg-6b
BVAg-8
BVAg-8a
BVAg-18
BVAg-29
BVAg-31
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Table QB-432
F-Numbers

Grouping of Brazing Filler Metals for Procedure and Performance Qualification SFA-5.8 (Cont’d)

F-No. AWS Classification No.

102 (cont’d) BVAg-32

103 BCuP-2
BCuP-3
BCuP-4
BCuP-5
BCuP-6
BCuP-7
BCuP-8
BCuP-9

104 BAlSi-2
BAlSi-3
BAlSi-4
BAlSi-5
BAlSi-7
BAlSi-9
BAlSi-11

105 BCu-1
BCu-1a
BCu-2
BCu-3
BVCu-1a
BVCu-1b

106 RBCuZn-A
RBCuZn-B
RBCuZn-C
RBCuZn-D

107 BNi-1
BNi-1a
BNi-2
BNi-3
BNi-4
BNi-5
BNi-5a
BNi-5b
BNi-6
BNi-7
BNi-8
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Table QB-432
F-Numbers

Grouping of Brazing Filler Metals for Procedure and Performance Qualification SFA-5.8 (Cont’d)

F-No. AWS Classification No.

107 (cont’d) BNi-9
BNi-10
BNi-11
BNi-12
BNi-13

108 BAu-1
BAu-2
BAu-3
BAu-4
BAu-5
BAu-6
BVAu-2
BVAu-3
BVAu-4
BVAu-7
BVAu-8
BVAu-9
BVAu-10

109 BMg-1

110 BCo-1

111 BVPd-1
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QB-450 SPECIMENS

QB-451 PROCEDURE QUALIFICATION SPECIMENS

Table QB-451.1
Tension Tests and Transverse-Bend Tests — Butt and Scarf Joints

Thickness T of Test Coupon as
Brazed, in. (mm)

Range of Thickness of
Materials Qualified by

Test Plate or Pipe,
in. (mm)

Type and Number of Test Specimens Required

Tension
[Note (1)]

First Surface Bend
[Note (2)]

Second Surface Bend
[Note (2)]Min. Max.

Less than 1∕8 (3) 0.5T 2T 2 2 2
1∕8 to 3∕8 (3 to 10), incl. 1∕16 (1.5) 2T 2 2 2
Over 3∕8 (10) 3∕16 (5) 2T 2 [Note (3)] 2 2

NOTES:
(1) For specimen dimensions, see Figure QB-462.1(a) for plate specimens, or Figure QB-462.1(b) for pipe specimens. For pipe specimens not

greater than NPS 3 (DN 75), full section testing may be substituted; see Figure QB-462.1(e).
(2) Forspecimendimensions, seeFigureQB-462.2(a). For specimenremoval, seeFigureQB-463.1(a) forplate coupons, orFigureQB-463.1(e) for

pipe coupons.
(3) See QB-151 for details on multiple specimens when coupon thicknesses are over 1 in. (25 mm).

Table QB-451.2
Tension Tests and Longitudinal Bend Tests — Butt and Scarf Joints

Thickness T of Test Coupon as
Brazed, in. (mm)

Range of Thickness of
Materials Qualified by

Test Plate or Pipe,
in. (mm)

Type and Number of Test Specimens Required

Tension
[Note (1)]

First Surface Bend
[Note (2)]

Second Surface Bend
[Note (2)]Min. Max.

Less than 1∕8 (3) 0.5T 2T 2 2 2
1∕8 to 3∕8 (3 to 10), incl. 1∕16 (1.5) 2T 2 2 2
Over 3∕8 (10) 3∕16 (5) 2T 2 [Note (3)] 2 2

NOTES:
(1) For specimen dimensions, see Figure QB-462.1(a) for plate specimens, or Figure QB-462.1(b) for pipe specimens. For pipe specimens not

greater than NPS 3 (DN 75), full section testing may be substituted; see Figure QB-462.1(e).
(2) For specimen dimensions, see Figures QB-462.2(b) and QB-463.1(b) for specimen removal.
(3) See QB-151 for details on multiple specimens when coupon thicknesses are over 1 in. (25 mm).
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Table QB-451.3
Tension Tests and Peel Tests — LAP Joints

Thickness T of Test Coupon
as Brazed, in. (mm)

Range of Thickness of Materials Qualified by
Test Plate or Pipe, in. (mm)

Type and Number of Test Specimens Required
[Note (1)]

Tension
[Note (2)]

Peel and Section
[Notes (3), (4)]Min. Max.

Less than 1∕8 (3) 0.5T 2T 2 2
1∕8 to 3∕8 (3 to 10), incl. 1∕16 (1.5) 2T 2 2
Over 3∕8 (10) 3∕16 (5) 2T 2 2

NOTES:
(1) Whenmaterials of a representative geometry and thickness are not available to prepare butt or lap joint test coupons,workmanship coupons

may be prepared and examined perQB-182 andTableQB-451.5 to establish the range of thickness of basemetal qualified.When this is done,
the properties of the joint shall be validated using butt or lap joint test coupons of any thickness.

(2) For specimendimensions, seeFigureQB-462.1(c). Forpipe specimensnot greater thanNPS3 (DN75), full section testingmaybe substituted;
see Figure QB-462.1(e).

(3) For peel specimens, see Figure QB-462.3 for specimen dimensions, and Figure QB-463.1(d) for specimen removal.
(4) Sectioning tests may be substituted for peel tests. For section specimens, see Figure QB-462.4 for specimen dimensions, and Figure

QB-463.1(c) for specimen removal.

Table QB-451.4
ð23Þ Tension Tests and Section Tests — Rabbet Joints

Thickness T of Test Coupon as
Brazed, in. (mm)

Range of Thickness of Materials Qualified by
Test Plate or Pipe, in. (mm)

Type and Number of Test Specimens
Required

Tension
[Note (1)]

Section
[Note (2)]Min. Max.

Less than 1∕8 (3) 0.5T 2T 2 2
1∕8 to 3∕8 (3 to 10), incl. 1∕16 (1.5) 2T 2 2
Over 3∕8 (10) 3∕16 (5) 2T 2 2

NOTES:
(1) For specimendimensions, seeFigureQB-462.1(c). Forpipe specimensnot greater thanNPS3 (DN75), full section testingmaybe substituted;

see Figure QB-462.1(e).
(2) For specimen dimensions, see Figure QB-462.4; for specimen removal, see Figure QB-463.1(c).

Table QB-451.5
ð23Þ Section Tests — Workmanship Coupon Joints

Thickness T of Test Coupon
as Brazed, in. (mm)

Range of Thickness of Materials Qualified by
Test Plate or Pipe, in. (mm)

Type and Number of Test
Specimens Required
Section [Note (1)]Min. Max.

Less than 1∕8 (3) 0.5T 2T 2
1∕8 to 3∕8 (3 to 10), incl. 1∕16 (1.5) 2T 2
Over 3∕8 (10) 3∕16 (5) 2T 2

NOTE: (1) This test in itself does not constitute procedure qualification but must be validated by conductance of tests of butt or lap joints as
appropriate. For joints connecting tensionmembers, such as the stay or partition type in Figure QB-462.5, the validation datamay be based upon
butt joints; for joints connecting members in shear, such as saddle or spud joints, the validation data may be based on lap joints.
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QB-452 PERFORMANCE QUALIFICATION SPECIMENS

Table QB-452.1
ð23ÞPeel or Section Tests — Butt, Scarf, Lap, Rabbet Joints

Thickness T of Test Coupon
as Brazed, in. (mm)

Range of Thickness of Materials Qualified by
Test Plate or Pipe, in. (mm)

Type and Number of Test
Specimens Required

Peel or Section [Notes (1)–(3)]Min. Max.
Less than 1∕8 (3) 0.5T 2T 2
1∕8 to 3∕8 (3 to 10), incl. 1∕16 (1.5) 2T 2
Over 3∕8 (10) 3∕16 (5) 2T 2

NOTES:
(1) Sectioning tests may be substituted for the peel test when the peel test is impractieal to perform (e.g., when the strength of the brazing filler

metal is equal to or greater than the strength of the base metals).
(2) For specimen dimensions, see Figure QB-462.3 for peel test specimens or Figure QB-462.4 for section specimens.
(3) For specimen removal, see FigureQB-463.2(a) for section specimens or FigureQB-463.2(b) for peel specimens fromplate coupons, or Figure

QB-463.2(c) for pipe coupons.

Table QB-452.2
ð23ÞSection Tests — Workmanship Specimen Joints

Thickness T of Test Coupon
as Brazed, in. (mm)

Range of Thickness of Materials Qualified by
Test Plate or Pipe, in. (mm)

Type and Number of Test
Specimens Required
Section [Note (1)]Min. Max.

Less than 1∕8 (3) 0.5T 2T 1
1∕8 to 3∕8 (3 to 10), incl. 1∕16 (1.5) 2T 1
Over 3∕8 (10) 3∕16 (5) 2T 1

NOTE: (1) For section specimen removal, see Figure QB-462.5.
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QB-460 GRAPHICS

QB-461 POSITIONS

Figure QB-461.1
Flow Positions

L

L

L

L

C

C

C

C

B

A

C

D

(1)

(1)

(1)

(1)

(4)

(4)

(3)

(3)

(3)

(2)

(2)

(2)

(2) (4) (5)

Horizontal Flow

Vertical Upflow

Vertical Downflow

Flat Flow

45 deg

45 deg

Flow

Flow

Flow

Flat flow

45 deg

45 deg

45 deg

C

C

C

C

C

C

C

C

C

Legend: C = joint clearance; L = length of lap or thickness
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Figure QB-461.2
Test Flow Positions
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L
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L

C

C

C

C
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D
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(1)

(1)

(1)

(4)
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(3)

(3)

(3)

(2)

(2)

(2)

(2) (4) (5)

Horizontal Flow

Vertical Upflow

Vertical Downflow

Flat Flow

15 deg

15 deg

Flow

Flow

Flow

Flat flow

15 deg

15 deg

15 deg

C

C

C

C

C

C

C
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Legend:
C = joint clearance
L = length of lap or thickness
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Table QB-461.3
Procedure and Performance Qualification Position Limitations

(As Given in QB-203 and QB-303)

Coupon Type
Test Flow Position

[Note (1)]
Qualified Flow Position [Note (2)]

Plate Pipe
Plate Flat Flat, vertical down None

Vertical down Vertical down None
Vertical up Vertical up, vertical down None
Horizontal Horizontal, vertical down None

Pipe Vertical down Vertical down Vertical down
Vertical up Vertical up, vertical down Vertical up, vertical down
Horizontal Flat, horizontal, vertical down Horizontal, vertical down

NOTES:
(1) Brazing qualification test flow positions are described in QB-121 through QB-124 and shown in Figure QB-461.2.
(2) Qualified brazing positions are shown in Figure QB-461.1.
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QB-462 TEST SPECIMENS

Figure QB-462.1(a)
ð23Þ Tension — Reduced Section for Butt and Scarf Joints — Plate

10 in. (250 mm) 
  approx. [Note (1)]

2 in. 
  (50 mm) R Edge of joint

This section prepared
   preferably by machining

1/4 in. (6 mm) 1/4 in. (6 mm)

1/4 in. (6 mm)

3/4 in. (19 mm)

This section prepared
   preferably by machining

3/4 in. (19 mm)

1/4 in. (6 mm)

1/4 in. (6 mm)

21/4 in.
  (57 mm)
   min.

10 in. (250 mm) approx. [Note (1)]

A, min.
  [Note (2)]

2 in. (50 mm) R 

A, min.
  [Note (2)]

Alternate Pin-Loaded Specimen

2 in. (50 mm)
   approx. [Note (1)]

0.5 in. 
  (13 mm)
  diameter

1 in.
   (25 mm)

NOTES:
(1) Length may vary to fit testing machine.
(2) A = greater of 1∕4 in. (6 mm) or 2T
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Figure QB-462.1(b)
ð23Þ Tension — Reduced Section for Butt, Lap, and Scarf Joints — Pipe

10 in. (250 mm)
  approx. [Note (1)]

2 in. 
  (50 mm) R Edge of joint Machine the minimum amount

  needed to obtain plane parallel
  faces over the 3/4 in. (19 mm)
  wide reduced section

This section prepared
   preferably by machining

1/4 in. (6 mm) 1/4 in. (6 mm)

1/4 in. (6 mm)

3/4 in. (19 mm)

X
[Note (3)]

T

As specified
    by design

For Lap Joints

T

This section prepared
   preferably by machining

3/4 in. (19 mm)

1/4 in. (6 mm)

1/4 in. (6 mm)

21/4 in.
  (57 mm)
   min.

10 in. (250 mm) approx. [Note (1)]

A, min.
  [Note (2)]

2 in. (50 mm) R 

A, min.
  [Note (2)]

Alternate Pin-Loaded Specimen

2 in. (50 mm)
   approx. [Note (1)]

0.5 in. 
  (13 mm)
  diameter

1 in.
   (25 mm)

NOTES:
(1) Length may vary to fit testing machine.
(2) A = greater of 1∕4 in. (6 mm) or 2T
(3) X = test specimen overlap
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Figure QB-462.1(c)
ð23Þ Tension — Reduced Section for Lap and Rabbet Joints — Plate

This section prepared
   preferably by machining

X
[Note (3)]

T
T min.

X X

XX

X

T

T

T

T min.

3/4 in. (19 mm)

1/4 in. (6 mm)

1/4 in. (6 mm)

21/4 in.
  (57 mm)
   min.

10 in. (250 mm) approx. [Note (1)]

A, min.
  [Note (2)]

2 in. (50 mm) R 

As specified
    by design

As specified
    by design

As specified
    by design

For Rabbet Joints

Alternate Designs

For Lap Joints

T

T

A, min.
  [Note (2)]

This section prepared
   preferably by machining

3/4 in. (19 mm)

1/4 in. (6 mm)

1/4 in. (6 mm)

21/4 in.
  (57 mm)
   min.

10 in. (250 mm) approx. [Note (1)]

A, min.
  [Note (2)]

2 in. (50 mm) R 

A, min.
  [Note (2)]

Alternate Pin-Loaded Specimen

2 in. (50 mm)
   approx. [Note (1)]

0.5 in. 
  (13 mm)
  diameter

1 in.
   (25 mm)

NOTES:
(1) Length may vary to fit testing machine.
(2) A = greater of 1∕4 in. (6 mm) or 2T
(3) X = test specimen overlap
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Figure QB-462.1(e)
Tension — Full Section for Lap, Scarf, and Butt Joints — Small Diameter Pipe
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Figure QB-462.1(f)
Support Fixture for Reduced-Section Tension Specimens

Jaws of testing machine

Front View Side View

Restrainer bars

Spacers
Reduced-section
  tension specimen

Reduced-section
  tension specimen

Spacers

Restrainer bars

Reduced-section
    tension specimen

Bolts, body-bound

4 locknuts
4 nuts

Bolts, body-bound

GENERALNOTE: The restraining fixture is intended to provide a snug fit between the fixture and the contour of the tension specimen. The fixture
shall be tightened, but only to the pointwhere aminimumof 0.001 in. (0.03mm) clearance exists between the sides of the fixture and the tension
specimen.
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Figure QB-462.2(a)
Transverse First and Second Surface Bends — Plate and Pipe

6 in. (150 mm) min.

y

y, in. (mm)
T, in. (mm)

All ferrous and nonferrous materials

3/8 (10)>3/8 (>10)

1/16 – 3/8 (1.5–10) T

y

T

T

Plate

yT

y

T

Pipe

11/2 in. (38 mm)

GENERALNOTE: For the first surfacebend specimens,machine from the second surface as necessaryuntil the required thickness is obtained. For
second surface bend specimens, machine from the first surface as necessary until the required thickness is obtained.

Figure QB-462.2(b)
Longitudinal First and Second Surface Bends — Plate

y, in. (mm)
T, in. (mm)

All ferrous and nonferrous materials

3/8 (10)>3/8 (>10)

1/16 – 3/8 (1.5–10) T

6 in. (150 mm) min.
T

R

y

y

T

11/2 in.
    (38 mm)

T

R = 1/8 in.
    (3 mm) max.

y

y

T

GENERALNOTE: For the first surfacebend specimens,machine from the second surface as necessaryuntil the required thickness is obtained. For
second surface bend specimens, machine from the first surface as necessary until the required thickness is obtained.
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Figure QB-462.3
Lap Joint Peel Specimen

10 in. (250 mm) approx.
    [Note (1)]

Section A

Approximately, or sufficient
    for peeling purposesFulcrum point

T

X
Z

Y

11/2 in. (38 mm)

Section B

X = 4T min. or as
    required by design

GENERAL NOTES:
(a) Flange Y may be omitted from Section B when “peeling” is to be accomplished in a suitable tension machine.
(b) Specimen shall be brazed from side marked Z.

NOTE: (1) Length may vary to fit testing machine.

Figure QB-462.4
Lap Joint Section Specimen (See QB-181)

Section A

Discard

Section

Discard

this piece

specimen

this piece

T

X

1/3 W

1/3 W

1/3 W

W = 11/2 in.
    (38 mm)

11/2 in. (38 mm)

Alternate for Rabbet Joint

Section B

X = 4T min. or as required by design

GENERALNOTE: Lapor socket joint specimens in thepipe and tube shall be sectionedby cutting thepipeor tube specimen inhalf lengthwise, and
the cut edges of at least one-half prepared and visually examined.
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Figure QB-462.5
Workmanship Coupons

NOTES:
(1) Workmanship coupons shall be 10 in. (250 mm) in length or represent one-half the typical joint, whichever is less.
(2) Circular coupons shall be sectioned in half, and one-half shall be used as the test specimen.
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QB-463 ORDER OF REMOVAL

Figure QB-463.1(a)
Plates Procedure Qualification

Figure QB-463.1(b)
Plates Procedure Qualification
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Figure QB-463.1(c)
Plates Procedure Qualification

Discard this piece

specimenReduced section
    tensile Alternate Lap Joint

[Note (2)]

Rabbet Joint

Alternate Lap Joint
[Note (2)]

Alternate Lap Joint
[Note (2)]

[Note (1)]

specimenReduced section
    tensile

Sectioning specimen

Sectioning specimen

Discard this piece

NOTES:
(1) Required for rabbet joints.
(2) The sectioning specimen in this viewmay be used as an alternate to sectioning the peel test specimens of Figure QB-463.1(d) when the peel

test cannot be used. This section test specimen should be approximately 1∕2 in. (13 mm) wide.
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