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FOREWORD

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Vessel Committee was superseded by the following committees: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

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

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

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

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

The Committee’s function is to establish rules of safety relating to‘pressure integrity, which govern the construction” of
boilers, pressure vessels, transport tanks, and nuclear components/and the inservice inspection of nuclear components
and transport tanks. The Committee also interprets these rules when questions arise regarding their intent. The technical
consistency of the Sections of the Code and coordination ‘of standards development activities of the Committees is
supported and guided by the Technical Oversight-Management Committee. 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 relévant documents for safety issues other than those relating to pressure
integrity. Except for Sections XI and XII, and with a few other exceptions, the rules do not, of practical necessity, reflect the
likelihood and consequences of deterioration in 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 €Eommittee recognizes that tools and techniques used for design and analysis change as technology progresses and
expectsengineers to use good judgment in the application of these tools. The designer is responsible for complying with
Gode 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 the programs they use and the application of these programs to their
design.

*

The-nformationecontainedinthisForewordis-notpartefthisAmericanNational-Standard-{ANS-and-hasnetbeen-processed-inaceordanecwith
ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or 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 comprising materials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.
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The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any
proprietary or specific design, or as limiting in any way the manufacturer’s freedom to choose any method of design or any

form of construction-that conforms-to-the Code rules

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary in writing
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 the Committee for appropriate action. The action of the Committee becomes effective only after confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committeé are
submitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview
to invite comments from all interested persons. After public review and final approval by ASME, revisions are published at
regular intervals in Editions of the Code.

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

Questions or issues regarding compliance of a specific component with the 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 ther ASME Single Certification
Mark.

When required by contextin this Section, the singular shall be interpreted as the plural, and vice versa, and the feminine,
masculine, or neuter gender shall be treated as such other gender as appropriate.

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

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

Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessél-Code are issued Certificates
of Authorization. Itis the aim of the Society to maintain the standing of the ASME Single Certification Mark for the benefit of
the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with all
requirements.

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

The ASME Single Certification Mark shall be used only for stamping and nameplates as specifically provided in the Code.
However, facsimiles may be used for the purpose offostering the use of such construction. Such usage may be by an
association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile in advertising
to show that clearly specified items will carry the ASME Single Certification Mark.

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

The ASME Boiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This.ineludes requirements for materials, design, fabrication, examination, inspection, and stamping. [tems
constructed in-aceordance 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 be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply that
all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.

XV



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

(23)

PERSONNEL
ASME Boiler and Pressure Vessel Standards Committees,
Subgroups, and Working Groups

January 1, 2023

TECHNICAL OVERSIGHT MANAGEMENT COMMITTEE (TOMC)
R. E. McLaughlin, Chair W. M. Lundy
N. A. Finney, Vice Chair D. I. Morris
S. ]. Rossi, Staff Secretary T. P. Pastor
G. Aurioles, Sr. M. D. Rana
R. W. Barnes S. C. Roberts
T. L. Bedeaux F. ]. Schaaf, Jr.
C. Brown G. Scribner
D. B. DeMichael W. J. Sperko
R. P. Deubler D. Srnic
J. G. Feldstein R. W. Swayne
G. W. Galanes J. Vattappilly
J. A. Hall M. Wadkinson
T. E. Hansen B. K. Nutter, Ex-Officio Member
G. W. Hembree M. J. Pischke, Ex-Officio Member
R. B. Keating J. F. Henry, Honorary Member
B. Linnemann

Subgroup on Research and Development (TOMC)

S. C. Roberts, Chair R. B. Keating
S. J. Rossi, Staff Secretary R. E. McLaughlin
R. W. Barnes T. P. Pastor
N. A. Finney D. Andrei, Contributing Member*
W. Hoffelner

Subgroup on Strategic Initiatives (TOMC)

N. A. Finney, Chair M. H. Jawad

S. ]. Rossi, Staff Secretary R. B. Keating

R. W. Barnes R. E. McLaughlin
T. L. Bedeaux T. P. Pastor

G. W. Hembree S. C-Roberts

Task Group on Remote Inspection and Examination (SI-TOMC)

S. C. Roberts, Chair M. Tannenbaum

P. J. Coco J. Cameron, Alternate

N. A. Finney A. Byk, Contributing Member

S. A. Marks J. Pang, Contributing Member

R. Rockwood S. J. Rossi, Contributing Member
C. Stevens C. A. Sanna, Contributing Member

Special Working Group on High Temperature Technology (TOMC)

DN\Dewees, Chair B. F. Hantz
F/W. Brust R. I. Jetter
T. D. Burchell P. Smith

P. R. Donavin

ADMINISTRATIVE COMMITTEE

R. E. McLaughlin, Chair
N. A. Finney, Vice Chair
S. ]. Rossi, Staff Secretary
J. Cameron

R. B. Keating

B. Linnemann

B. K. Nutter

M. J. Pischke
M. D. Rana

S. C. Roberts
R. R. Stevensef
R. W. Swayne
M. Wadkinson

MARINE CONFERENCE GROUP

J. Oh, Staff Secretary
J. G. Hungerbuhler, Jr.
G. Nain

H. N. Patel
N. Prokopuk
J. D. Reynolds

CONFERENCE COMMITTEE

R. D. Troutt — Texas, Chair

J. T. Amato — Ohio, Secretary

W. Anderson — Mississippi

R. Becker — Colorado

T. D. Boggs — Missouri

R. A. Boillard — Indiana

D. P. Brockerville — Newfoundland
and Labrador, Canada

R. J. Bunte — lowa

J. H. Burpee — Maine

M. Carlson — Washington

T. G. Clark — Oregon

B. ]J. Crawford — Georgia

E. L. Creaser — New Brunswick,
Canada

J. ]. Dacanay — Hawaii

R. DeLury — Manitoba, Canada

A. Denham — Michigan

C. Dinic — Ontario, Canada

D. A. Ehler — Nova Scotia, Canada

S. D. Frazier — Washington

T. J. Granneman II — Oklahoma

S. Harder — Arizona

M. L. Jordan — Kentucky

R. Kamboj — British Columbia,
Canada

J. LeSage, Jr. — Louisiana

A. M. Lorimor — South Dakota

M. Mailman — Northwest Terri-
tories, Canada

W. McGivney — City of New York,
New York

S. F. Noonan — Maryland

. L. O'Guin — Tennessee
S. Oliver — New Hampshire

L. Oliver — Nevada

. B. Polick — Illinois

F. Porcella — West Virginia

. Ricks — Montana

W. J. Ross — Pennsylvania

M. H. Sansone — New York

T. S. Seime — North Dakota

C. S. Selinger — Saskatchewan,
Canada

J. E. Sharier — Ohio

R. Spiker — North Carolina

D. Srnic — Alberta, Canada

D. J. Stenrose — Michigan

R. J. Stimson II — Kansas

R. K. Sturm — Utah

D. K. Sullivan — Arkansas

J. Taveras — Rhode Island

C
B
J.
P
J

B

XVi

E. Kawa — Massachusetts

A. Khssassi — Quebec, Canada
D. Kinney — North Carolina
K. S. Lane — Alaska

G. Teel — California

D. M. Warburton — Florida
M. Washington — New Jersey
E. Wiggins — Alabama



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

INTERNATIONAL INTEREST REVIEW GROUP

Subgroup on General Requirements and Piping (BPV I)

V. Felix C. Minu D. E. Tompkins, Chair B. ]. Mollitor
Y.-G. Kim Y.-W. Park M. Wadkinson, Vice Chair Y. Qishi
S. H. Leong A. R. Reynaga Nogales M. Lemmons, Secretary E. M. Ortman
W. Lin P. Williamson R. Antoniuk D. E. Tuttle
0. F. Manafa T. E. Hansen J. Vattappilly
M. Ishikawa R. V. Wielgoszinski
R. E. McLaughlin W. L. Lowry, Contributing Membeér.
COMMITTEE ON POWER BOILERS (BPV 1) L. Moedinger
R. E. McLaughlin, Chair J. Vattappilly
E. M. Ortman, Vice Chair M. Wadkinson . .
U. D’Urso, Staff Secretary R. V. Wielgoszinski Subgroup on Locomotive Boilers (BPV 1)
D. I. Anderson F. Zeller J. R. Braun, Chair S. A. Lee
J. L. Arnold H. Michael, Delegate S. M. Butler, Secretary L. Moedinger
K. K. Coleman D. L. Berger, Honorary Member G. W. Galanes G. M. Ray,
J. G. Feldstein P. D. Edwards, Honorary Member D. W. Griner M. W. Westland
S. Fincher D. N. French, Honorary Member M. A. Janssen
G. W. Galanes J. Hainsworth, Honorary Member
T. E. Hansen J. F. Henry, Honorary Member
J. S. Hunter W. L. Lowry, Honorary Member Subgroup on‘Materials (BPV I)
M. Ishikawa J. R. MacKay, Honorary Member
M. Lemmons P. A. Molvie, Honorary Member K. K. Coleman, Chair F. Masuyama
L. Moedinger J. T. Pillow, Honorary Member K. Hayes, Vice Chair L. S. Nicol
Y. Oishi B. W. Roberts, Honorary Member M. Lewis, Secretary M. Ortolani
M. Ortolani R. D. Schueler, Jr, Honorary Member S. H. Bowes D. W. Rahoi
A. Spangenberg J. M. Tanzosh, Honorary Member G. W. Galanes F. Zeller
D. E. Tompkins R. L. Williams, Honorary Member P. F. Gilston B. W. Roberts, Contributing Member
D. E. Tuttle L. W. Yoder, Honorary Member J. S. Hunter J. M. Tanzosh, Contributing Member
E. Liebl
Executive Committee (BPV I)
Subgroup on Solar Boilers (BPV 1)
E. M. Ortman, Chair U. D’Urso
R. E. McLaughlin, Vice Chair P. F. Gilston P. Jennings, Chair J. S. Hunter
D. L. Anderson K. Hayes R. E. Hearne, Secretary P. Swarnkar
J. L. Arnold P. Jennings S. Fincher
J. R. Braun A. Spangenberg
K. K. Coleman D. E. Tompkins
H. Dalal M. Wadkinson Task Group on Modernization (BPV 1)
T. Dhanraj D. I. Anderson, Chair T. E. Hansen
U. D’Urso, Staff Secretary R. E. McLaughlin
J. L. Arnold E. M. Ortman
Subgroup on Design (BPV1) D. Dewees D. E. Tuttle
D. I. Anderson, Chair N. S. Rafick G. W. Galanes J. Vattappilly
L. S. Tsai, Secretary J. Vattappilly J. P. Glaspie
P. Becker M. Wadkinson
L. Krupp D. Dewees, Contributing Member
C. T. McDaris J. P. Glaspie, Contributing Member Germany International Working Group (BPV 1)
A. Spangenberg, Chair R. A. Meyers
P. Chavdarov, Secretary H. Michael
Subgroup on\Fabrication and Examination (BPV I) B. Daume F. Miunske
J. L. Arnold, Chaif P. Jennings ]. Fleischfresser M. Sykora
P. F. Gilston, Vice Chair M. Lewis C. Jaekel R. Helmholdt, Contributing Member
P. Becker, Seoretary C. T. McDaris R. Kauer J. Henrichsmeyer, Contributing
K. K. Colénmian R. E. McLaughlin D. Koelbl Member
S. Finéher R. J. Newell S. Krebs B. Miiller, Contributing Member
G/WhGalanes Y. Oishi T. Ludwig
T, E. Hansen R. V. Wielgoszinski

xXvii



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

India International Working Group (BPV 1)

Subgroup on International Material Specifications (BPV II)

H. Dalal, Chair S. Purkait M. Ishikawa, Chair F. Zeller

T. Dhanraj, Vice Chair M. G. Rao P. Chavdarov, Vice Chair C. Zhou

K. Thanupillai, Secretary G. U. Shanker A. Chaudouet 0. Oldani, Delegate

P. Brahma D. K. Shrivastava H. Chen H. Lorenz, Contributing Member

S. Chakrabarti K. Singha A. F. Garbolevsky T. F. Miskell, Contributing Member
A. Hantodkar R. Sundararaj D. O. Henry E. Upitis, Contributing Member
A.]. Patil S. Venkataramana W. M. Lundy

COMMITTEE ON MATERIALS (BPV 11)

J. Cameron, Chair

G. W. Galanes, Vice Chair
C. E. Rodrigues, Staff Secretary
A. Appleton

P. Chavdarov

K. K. Coleman

D. W. Gandy

J. F. Grubb

J. A. Hall

D. 0. Henry

K. M. Hottle

M. Ishikawa

K. Kimura

M. Kowalczyk

D. L. Kurle

F. Masuyama

S. Neilsen

L. S. Nicol

M. Ortolani

D. W. Rahoi

W. Ren

E. Shapiro

R. C. Sutherlin

F. Zeller

0. Oldani, Delegate

A. Chaudouet, Contributing Member
J. D. Fritz, Contributing Member
W. Hoffelner, Contributing Member
K. E. Orie, Contributing Member

D. T. Peters, Contributing Member
B. W. Roberts, Contributing Member
J. M. Tanzosh, Contributing Member
E. Upitis, Contributing Member

R. G. Young, Contributing Member

Executive Committee (BPV II)

J. Cameron, Chair

C. E. Rodrigues, Staff Secretary
A. Appleton

K. K. Coleman

G. W. Galanes

J. F. Grubb

S. Guzey

W. Hoffelner
M. Ishikawa
M. Ortolani
P. K. Rai

J. Robertson
E. Shapiro

Subgroup on External Pressure (BPV II)

S. Guzey, Chair

E. Alexis, Vice Chair

J. A. A. Morrow, Secretary
L. F. Campbell

H. Chen

D. S. Griffin

J. F. Grubb

M. H. Jawad

S. Krishnamurthy
D. L. Kurle

R. Wi Mijkitka

R: K. Rai
M,"Wadkinson

Subgroup/on-Ferrous Specifications (BPV II)

A. Appleton, Chair

K. M. Hottle, Vigé Chair
C. Hyde, Secreétary

D. Amire-Brahimi

G. Cuccio

0. Elkadim

D. ‘Fialkowski

].'E. Grubb

D’ S. Janikowski

Y.-]. Kim

S. G. Lee

W. C. Mack

J. Nickel

K. E. Orie

D. Poweleit

E. Upitis

L. Watzke

J. D. Fritz, Contributing Member
C. Meloy, Contributing Member

Subgroup on Nonferrous Alloys (BPV II)

E. Shapiro, Chair

W. MacDonald, Vice Chair
J. Robertson, Secretary

R. M. Beldyk

J. M. Downs

J. F. Grubb

J. A. Hall

D. Maitra

J. A. McMaster
D. W. Rahoi
W. Ren

R. C. Sutherlin

R. Wright

S. Yem

D. B. Dénis,, Contributing Member
D. TaReters, Contributing Member

Subgroup on Physicat-Properties (BPV Il)

P. K. Rai, Chair

S. Neilsen, Vice Chair
G. Aurioles, Sr.

D. Chandiramani

P. Chavdarov

H. Eshraghi

J. F. Grubb

B. F. Hantz

R. D. Jones

P. K. Lam

D. W. Rahoi

E. Shapiro

D. K. Verma

S. Yem

D. B. Denis, Contributing Member

Subgroup on Strength, Ferrous Alloys (BPV II)

M. Ortolani, Chair
L. S. Nicol, Secretary
G. W. Galanes

J. A. Hall

M. Ishikawa

S. W. Knowles

F. Masuyama

M. Osterfoss

D. W. Rahoi

S. Rosinski

M. Ueyama

F. Zeller

F. Abe, Contributing Member

R. G. Young, Contributing Member

Subgroup on Strength of Weldments (BPV Il & BPV IX)

K. K. Coleman, Chair
K. L. Hayes, Vice Chair
S. H. Bowes, Secretary
M. Denault

G. W. Galanes

D. W. Gandy

M. Ghahremani

W. F. Newell, Jr.

]. Penso

D. W. Rahoi

W. J. Sperko

J. P. Swezy, Jr.

M. Ueyama

P. D. Flenner, Contributing Member
B. W. Roberts, Contributing Member

Working Group on Materials Database (BPV II)

W. Hoffelner, Chair

C. E. Rodrigues, Staff Secretary

F. Abe

W. MacDonald

R. C. Sutherlin

D. Andrei, Contributing Member
J. L. Arnold, Contributing Member

J. Cameron, Contributing Member
J. F. Grubb, Contributing Member
D. T. Peters, Contributing Member
W. Ren, Contributing Member

B. W. Roberts, Contributing Member
E. Shapiro, Contributing Member

xviii



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

Working Group on Creep Strength Enhanced Ferritic Steels (BPV II)

M. Ortolani, Chair
G. W, Galanes, Vice Chair

T. Melfi
W, F. Newell, Ir.

Executive Committee (BPV IlI)

P. Becker, Secretary
S. H. Bowes

K. K. Coleman

K. Kimura

M. Lang

S. Luke

F. Masuyama

J. ]. Sanchez-Hanton

]. A. Siefert

W. J. Sperko

F. Zeller

F. Abe, Contributing Member

P. D. Flenner, Contributing Member
J. M. Tanzosh, Contributing Member

Working Group on Data Analysis (BPV II)

]J. F. Grubb, Chair
W. Ren, Vice Chair
K. Kimura

F. Masuyama

S. Neilsen

M. Ortolani

M. J. Swindeman

F. Abe, Contributing Member

W. Hoffelner, Contributing Member
W. C. Mack, Contributing Member
D. T. Peters, Contributing Member
B. W. Roberts, Contributing Member

China International Working Group (BPV II)

T. Xu, Secretary
W. Cai

W. Fang

Q. C. Feng
S. Huo

F. Kong

H. Leng
Hli Li
Hongbin Li
J. Li

S. Liu

Z. Rongcan

S. Tan

C. Wang
Jinguang Wang
Jiongxiang Wang
Q.-]. Wang

X. Wang

H.-C. Yang

J. Yang

L. Yin

H. Zhang

X.-H. Zhang

Y. Zhang

COMMITTEE ON CONSTRUCTION OF NUCLEAR FACILITY
COMPONENTS (BPV I11)

Keating, Chair

Adams, Vice Chair
Matthews, Vice Chair
aslowski, Staff Secretary
. Appleton

. Asada

. W. Barnes
. H. Borter
. E. Cohen
. P.

. R.

. C.

. B.
. M.
. E.
.M

g;uw:>a>c—1;u

Deubler

Donavin

Eberhardt
. Gardiner

O<
=
2
3

. Hunter

. M. Jessee

. L. Jetter

«Ki

Ko

. Lewis

Lockwood
Manoly

S

KZUDO?U?UV"-_‘"_‘D>'U;UZ
=]

::>>g:|:n

K. Matsunaga

B. McGlone

S. McKillop

J. McLean

J. C. Minichiello

M>N..Mitchell

T. Nagata

J. B. Ossmann

S. Pellet

E. L. Pleins

T.-L. Sham

W. J. Sperko

W. Windes

C. Basavaraju, Alternate

C. T. Smith, Contributing Member

W. K. Sowder, Jr,, Contributing
Member

M. Zhou, Contributing Member

E. B. Branch, Honorary Member

G. D. Cooper, Honorary Member

D. F. Landers, Honorary Member

C. Pieper, Honorary Member

R. B. Keating, Chair K. A. Manoly

A. Maslowski, Secretary D. E. Matthews

T. M. Adams S. McKillop

P. R. Donavin ]J. McLean

J. V. Gardiner T.-L. Sham

J. Grimm W. K. Sowder, Jr.

D. W. Lewis K. A. Kavanagh, Alternate

Argentina International Working Group (BPV IlI)

M. F. Liendo, Chair

J. Fernandez, Vice Chair
0. Martinez, Staff Secretary
0. A. Verastegui, Secretary
E. H. Aldaz

G. O. Anteri

A. P. Antipasti

D. 0. Bordato

G. Bourguigne

M. Brusa

A. Claus

R. G. Cocco

A. ]. Dall'Osto

China International Working Group (BPV IlI)

Y. Wang, Chair.
H. Yu, Secretary
L. Feng

J. Gw

LA\Guo

C. Jiang

D. Kang

Y. Li

H. Lin

S. Liu

W. Liu

J. Ma

K. Mao

D. E. Matthews
J. Ming

W. Pei

C. Peiyin
Z. Sun
G. Tang
L. Ting
F. Wu

C. Yang
P. Yang
W. Yang
H. Yin
D. Yuangang
G. Zhang
D. Zhao
Z. Zhong
Q. Zhou
H. Zhu

Germany International Working Group (BPV III)

J. Wendt, Chair

D. Koelbl, Vice Chair
R. Gersinska, Secretary
P. R. Donavin

R. Déring

C. G. Frantescu

A. Huber

R. E. Hueggenberg
C. Huttner

E. Iacopetta

M. H. Koeppen

C. Kuschke
H.-W. Lange
T. Ludwig
X. Pitoiset
M. Reichert
G. Roos

J. Rudolph
L. Sybertz
I. Tewes

R. Tiete

F. Wille

Xix



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

India International Working Group (BPV III)

United Kingdom International Working Group

R. N. Sen, Chair R. Kumar (BPV 1II)
S. B. Parkash, Vice Chair S. Kumar C. D, Bell, Chair G. Innes
A. D. Bagdare, Secretary M. Lakshminarasimhan P. M. James, Vice Chair S. A. Jones
S. Aithal T. Mukherjee C. B. Carpenter, Secretary B. Pellereau
S. Benhur D. Narain T. M. Adams C. R. Schneider
N. M. Borwankar A. D. Paranjpe T. Bann J. W. Stairmand
M. Brijlani J. R. Patel M. J. Chevalier J. Sulley
H. Dalal E. L. Pleins A.]. Cole-Baker J. Talamantes-Silva
S. K. Goyal T. ]. P. Rao M. Consonni A. ]. Holt, Contributing Member
A. Johori V. Sehgal M. J. Crathorne
A. P. Kishore S. Singh
D. Kulkarni B. K. Sreedhar
Special Working Group on New Plant Construction Issues (BPV Il1)
. . J. B. Ossmann, Chair R. E. McLaughlirt
Korea International Working Group (BPV Il1) A. Maslowski, Staff Secretary E L Pleins
G. H. Koo, Chair Y.-S. Kim M. C. Buckley, Secretary D. W. Sandusky
0.-S. Kim, Secretary D. Kwon M. Arcaro M. C. Scett
H. Ahn B. Lee A. Cardillo R. RaStevenson
S. Cho D. Lee P. ]. Coco H.( X
G.-S. Choi S. Lee K. Harris J.¥an
M.-]. Choi S.-G. Lee J. Honcharik J._C. Minichiello, Contributing
S. Choi H. Lim M. Kris Member
J. Y. Hong L.-K. Nam
N.-S. Huh C.-K. Oh
J.-K. Hwang C-Y. Oh Special Working Group on Editing and Review (BPV IlI)
S. S. Hwang E.-J. Oh
C. Jang C. Park D. E. Matthews, ,Chair S. Hunter
1. 1 Jeong H. Park R. P. Deubler J. C. Minichiello
S. H. Kang Y. S. Pyun A. C. Eberhardt J. F. Strunk
J.-L Kim T. Shin J. V. Gardirter C. Wilson
J.-S. Kim S. Song
M.-W. Kim W. ]. Sperko
S.-S. Kim J. S. Yang Special Working Group on HDPE Stakeholders (BPV IiI)
Y.-B. Kim 0. Yoo S. Patterson, Secretary D. P. Munson
S. Choi T. M. Musto
C. M. Faidy J. E. O’Sullivan
Seismic Design Steering Committee (BPV I1I) M. Golliet V. Rohatgi
T. M. Adams, Chair G. H. Koo R. M. Jessee F.]. Schaaf, Jr.
F. G. Abatt, Secretary A. Maekawa J. Johnston, Jr. R. Stakenborghs
G. A. Antaki K. Matsunaga M. Kuntz M. Troughton
C. Basavaraju J. McLean M. Lashley B. Lin, Alternate
D. Chowdhury R. M. Pace K. A. Manoly
R. Doring D. Watkins

Task Group on Alternate-Réquirements (BPV Il1)

Wen, Chair

R. Romano, Secretary

J.

R.

P. ]. Coco

P. R. Donavin
J. V. Gardiner
J. Grimm
R.
M.
M.

. Lockwoed

D. E. Matthews
S. McKillop

B. P. Nolan

J. B. Ossmann
E. C. Renaud
M. A. Richter

I. H. Tseng

Y. Wang

Special Working Group on Honors and Awards (BPV Iil)

J. C. Minichiello, Chair
A. Appleton
R. W. Barnes

R. M. Jessee
D. E. Matthews

Special Working Group on International Meetings and IWG Liaisons

D. E. Matthews, Chair

A. Maslowski, Staff Secretary

T. M. Adams
R. W. Barnes

(BPV 111)

P. R. Donavin
E. L. Pleins
W. J. Sperko

XX



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

Joint ACI-ASME Committee on Concrete Components for Nuclear
Service (BPV IlI)

Subcommittee on Design (BPV IIl)

P. R. Donavin, Chair B. Pellereau
I. MclLean, Chair I E. Strunk S. McKillop, Vice Chair T.-L. Sham
L. J. Colarusso, Vice Chair G. Thomas R. P. Deubler W. F. Weitze
J. Cassamassino, Staff Secretary A. Varma M. A. Gray C. Basavaraju, Alternate
A. Dinizulu, Staff Secretary S. Wang R. L. Jetter G. L. Hollinger, Contributing Member
C. J. Bang A. Istar, Alternate R. B. Keating M. H. Jawad, Contributing Member
A. C. Eberhardt A. Adediran, Contributing Member J.-I. Kim W. ]J. O’'Donnell, Sr., Contributing
B. D. Hovis S. Bae, Contributing Member K. A. Manoly Member
T. C. Inman J.-B. Domage, Contributing Member D. E. Matthews K. Wright, Contributing Member
C. Jones P. S. Ghosal, Contributing Member M. N. Mitchell
T. Kang B. B. Scott, Contributing Member
N.-H. Lee M. R. Senecal, Contributing Member
J. A. Munshi Z. Shang, Contributing Member Subgroup on Component Design (SC-D)(BPV lil)
T. Muraki M. Sircar, Contributing Member
J. S. Saini C. T. Smith, Contributing Member D. E. Matthews, Chair T. Mitsuhashi
P. Vock, Vice Chair D. Murphy
S. Pellet, Secretary T. M. Musto
. " " T. M. Adams T.‘Nagata
Special Working Group on Modernization (BPV I1I-2) D. J. Ammerman MM okarski
S. Wang, Chair A. Varma G. A. Antaki S: Willoughby-Braun
J. McLean, Vice Chair F. Lin, Contributing Member J. J. Arthur C. Wilson
A. Adediran J. A. Pires, Contributing Member S. Asada A. A. Dermenjian, Contributing
S. Malushte 1. Zivanovic, Contributing Member J. F. Ball Member
J. S. Saini C. Basavaraju P. Hirschberg, Contributing Member

Task Group on Steel-Concrete Composite Containments (BPV I1I-2)

A. Varma, Chair
S. Malushte
J. McLean

Working Group on

N.-H. Lee, Chair
S. Wang, Vice Chair
M. Allam
S. Bae
L. J. Colarusso
A. C. Eberhardt
D. Hovis
C. Inman
Jones
Munshi

B.
T.
C.
J.
T.
J. S. Saini

]J. A. Pires
J. S. Saini

Design (BPV 111-2)

G. Thomas

A. Istar, Alternate

P. S. Ghosal, Contributing \Member

S.-Y. Kim, Contributing«<Member

J. Kwon, Contributing Member

S. E. Ohler-Schmi€z\Contributing
Member

B. B. Scott,.Contributing Member

Z. Shang\Contributing Member

M. Shin,Contributing Member

M>Sicear, Contributing Member

D. Chowdhury
N. A. Costanzo

R. B. Keating, Contributing Member
0.-S. Kim, Contributing Member

R. P. Deubler R. J. Masterson, Contributing

M. Kassar Member

D. Keck H. S. Mehta, Contributing Member
T. B~Liszkai 1. Saito, Contributing Member

Ke A“Manoly J. P. Tucker, Contributing Member

J. €. Minichiello

Task Group to Improve Section 111/XI Interface (SG-CD) (BPV IlI)

P. Vock, Chair C. A. Nove
E. Henry, Secretary T. Nuoffer

G. A. Antaki J. B. Ossmann

A. Cardillo A. T. Roberts III

D. Chowdhury J. Sciulli

J. Honcharik A. Udyawar

J. Hurst S. Willoughby-Braun
J. Lambin

Working Group on Core Support Structures (SG-CD) (BPV IIl)

D. Keck, Chair M. D. Snyder
Working Group on Materials, Fabrication, and Examination R. Z. Ziegler, Vice Chair R. Vollmer
(BPV 111-2) R. Martin, Secretary T. M. Wiger
G. W. Delport C. Wilson
C. Jones, Chair Z. Shang L. C. Hartless Y. Wong
A. Eberhardt, Vice Chair J. F. Strunk T. R. Liszkai H. S. Mehta, Contributing Member
C.J. Bang A. A. Aboelmagd, Contributing M. Nakajima
B. Birch Member
J.-B. Dorhage P. S. Ghosal, Contributing Member
;‘ _I;ariie FZ?VSSE:CCZZ;?:ZZZ;z MIEIZ;:Z; Working Group on Design of Division 3 Containment Systems
¥ : g 9 (SG-CD) (BPV III)
D. J. Ammerman, Chair D. Siromani
S. Klein, Secretary R. Sypulski
G. Bjorkman X. Zhai
V. Broz X. Zhang
D. W. Lewis C. R. Sydnor, Alternate
]. M. Piotter I. C. Minichiello, Contributing
A. Rigato Member

Xxi

P. Sakalaukus, Jr.



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

Working Group on HDPE Design of Components (SG-CD) (BPV III)

Working Group on Valves (SG-CD) (BPV IiI)

T. M. Musto, Chair K. A. Manoly P. Vock, Chair H. O’Brien
1. B. Ossmann, Secretary D. P. Munson S. Jones, Secretary . O’Callaghan
M. Brandes F. J. Schaaf, Jr. M. C. Buckley M. Rain
S. Choi R. Stakenborghs A. Cardillo K. E. Reid II
J. R. Hebeisen M. T. Audrain, Alternate G. A. Jolly J. Sulley
P. Krishnaswamy J. C. Minichiello, Contributing J. Lambin I. H. Tseng
M. Kuntz Member T. Lippucci J. P. Tucker
C. A. Mizer Y. Wong, Alternate

Working Group on Piping (SG-CD) (BPV Ill)
G. A. Antaki, Chair J. O’Callaghan
G. Z. Tokarski, Secretary K. E. Reid II
C. Basavaraju D. Vlaicu
J. Catalano S. Weindorf
F. Claeys T. M. Adams, Contributing Member .
C. M. Faidy R. B. Keating, Contributing Member Working Group on Vessels (SG-CD)(BPV IIl)
R. G. Gilada T. B. Littleton, Contributing Member D. Murphy, Chair T. J. Schriefer
N. M. Graham Y. Liu, Contributing Member S. Willoughby-Braun, Secretary M. C&Scott
M. A. Gray J. F. McCabe, Contributing Member J. ]. Arthur P.‘k"Shah
R. . Gurdal J. C. Minichiello, Contributing C. Basavaraju D7 Vlaicu
R. W. Haupt Member M. Brijlani €. Wilson
A. Hirano A. N. Nguyen, Contributing Member L. Constantinescu R. Z. Ziegler
P. Hirschberg M. S. Sills, Contributing Member J. 1. Kim R. J. Huang Alternate
M. Kassar N. C. Sutherland, Contributing 0.-S. Kim B. Basu, Contributing Member
J. Kawahata Member D. E. Matthews R. B. Keating, Contributing Member
D. Lieb E. A. Wais, Contributing Member T. Mitsuhashi W. F. Weitze, Contributing Member
I.-K. Nam C.-1. Wu, Contributing Member

Working Group on Pressure Relief (SG-CD) (BPV Iil)

K. R. May, Chair
R. Krithivasan, Secretary
M. Brown

J.
S.
R
D

W. Dickson
Jones

. Lack

. Miller

T. Patel

R
K

J.

IS ="

Dz ™ =2

D.
J.

B.
M

K. Shores

I. H. Tseng

B. ]. Yonsky

Y. Wong, Alternate

J. Yu, Alternate

S. T. French, Contributing Member
D. B. Ross, Contributing Member
S.Ruesenberg, Contributing Member

Working Group on Pumps (SG-CD) (BPY, i)

Chowdhury, Chair

V. Gregg, Jr., Secretary
Busse

. D. Eftychiou

. A. Fleming

. J. Noel

Sulley

K. B. Wilson

Y. Wong

I. H.“Tseng, Alternate
X:Di,)Contributing Member
C4'Gabhart, Contributing Member
R. Ladefian, Contributing Member

Working Greup on Supports (SG-CD) (BPV IIl)

. A. Costanzo, Chair

. S. Bandyopadhyay, Secretary
. Avrithi

. M. Bisgeglia

. P/Deubler

.‘MGraham

“Matsubara

Pellet

G. Thomas

G. Z. Tokarski

L. Vandersip

P. Wiseman

R. J. Masterson, Contributing
Member

J. R. Stinson, Contributing Member

Subgroup on Design Methods (SC-D) (BPV IlI)

S. McKillop, Chair
P. R. Donavin, Vice Chair
J. Wen, Secretary
K. Avrithi

L. Davies

M. A. Gray

J. V. Gregg, Jr.

K. Hsu

R. Kalnas

D. Keck

J. L. Kim

B. Pellereau

W. D. Reinhardt

P. Smith

R. Vollmer

W. F. Weitze

T. M. Adams, Contributing Member

C. W. Bruny, Contributing Member

S. R. Gosselin, Contributing Member

H. T. Harrison III, Contributing
Member

W. ]J. O’Donnell, Sr., Contributing
Member

K. Wright, Contributing Member

Special Working Group on Computational Modeling for Explicit
Dynamics (SG-DM) (BPV II1)

G. Bjorkman, Chair

D. J. Ammerman, Vice Chair
V. Broz, Secretary

S. Kuehner

D. Molitoris

W. D. Reinhardt

D. Siromani

C.-F. Tso

M. C. Yaksh

U. Zencker

X. Zhang

Y. Wong, Contributing Member

xxii



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

Working Group on Design Methodology (SG-DM) (BPV IiI)

Subgroup on Containment Systems for Spent Nuclear Fuel and
High-Level Radioactive Material (BPV IIl)

B. Pellereau, Chair J. Wen

R. Vollmer., Secretary T. M. Wiger D. W. Lewis. Chair R. Sypulski
K. Avrithi K. Hsu, Alternate D. J. Ammerman, Vice Chair ]J. Wellwood
C. Basavaraju G. Banyay, Contributing Member S. Klein, Secretary X. J. Zhai

F. Berkepile D. S. Bartran, Contributing Member G. Bjorkman X. Zhang

C. M. Faidy
Y. Gao

M. Kassar

J. L. Kim

T. R. Liszkai
D. Lytle

K. Matsunaga
S. McKillop
S. Ranganath
W. D. Reinhardt
P. K. Shah

S. Wang

W. F. Weitze

R. D. Blevins, Contributing Member

M. R. Breach, Contributing Member

C. W. Bruny, Contributing Member

D. L. Caldwell, Contributing Member

H. T. Harrison III, Contributing
Member

C. F. Heberling 11, Contributing
Member

P. Hirschberg, Contributing Member

R. B. Keating, Contributing Member

A. Walker, Contributing Member

K. Wright, Contributing Member

Working Group on Environmental Fatigue Evaluation Methods

M. A. Gray, Chair
W. F. Weitze, Secretary
Asada

. Avrithi

. C. Cipolla

. M. Damiani
M. Faidy

. Hirano
Hirschberg

. Hsu

.-S. Park

ROPOHTR®

—

(SG-DM) (BPV 1I)

B. Pellereau

D. Vlaicu

K. Wang

R. Z. Ziegler

S. Cuvilliez, Contributing Member
T. D. Gilman, Contributing Member
S. R. Gosselin, Contributing Member
Y. He, Contributing Member

H. S. Mehta, Contributing Member
K. Wright, Contributing Member

Working Group on Fatigue Strength (SG-DM) (BPV Iil)

o)
el

. R. Donavin, Chair
. S. Shelton, Secretary

eberling 11
innant

ROPOmYTOUA®E

TTmm—®
janjian)

J. L. Kim

S. H. Kleinsmith

B. Pellereau

S. Ranganath

Y. Wang

W. F. Weitze

Y. Zovu,

S. Majumdar, Contributing Member

H=S. Mehta, Contributing Member

W. J. O’'Donnell, Sr., Contributing
Member

K. Wright, Contributing Member

Working, Group on Probabilistic Methods in Design

(SG-DM) (BPV 111)

V. Broz

A. Rigato

P. Sakalaukus, Jr.
D. Siromani

D. B. Spencer

D. Dunn, Alternate

W. H. Borter, Contributing Member,
E. L. Pleins, Contributing Member
N. M. Simpson, Contributing Mémber

Subgroup on Fusion Energy Devices (BPV Til)

W. K. Sowder, Jr, Chair

A. Maslowski, Staff Secretary

M. Ellis, Secretary
M. Bashir

J. P. Blanchard

T. P. Davis

B. R. Doshi

L. El-Guebaly

G. Holtmeier

D. Johnson

I. Kimihiro

C. J. Lammi

S. Lawler

P. Mokaria

D.9J/Roszman

E.\J+ Schaaf, Jr.

P. Smith

Y. Song

C. Vangaasbeek

. ]. Zatz

R. W. Barnes, Contributing Member

Special Working Group on Fusion Stakeholders (BPV I1I-4)

T. P. Davis, Chair
R. W#Barnes
Vi\Chugh

S. S. Desai

F. Deschamps

M. Hua

S. Lawler

S. C. Middleburgh
R. ]. Pearson

W. K. Sowder, Jr.
D. A. Sutherland

N. Young

J. Zimmermann

Working Group on General Requirements (BPV 111-4)

D. J. Roszman, Chair
M. Ellis

P. Mokaria
W. K. Sowder, Jr.

Working Group on In-Vessel Components (BPV IlI-4)

M. Bashir, Chair
Y. Carin
T. P. Davis

M. Kalsey
S. T. Madabusi

Working Group on Magnets (BPV IlI-4)

W. K. Sowder, Jr., Chair

D. S. Bartran

Working Group on Materials (BPV I1I-4)

M. Golliet, Chair A. Hirano

R. Kalnas, Vice Chair K. A. Manoly M. Porton, Chair P. Mummery

K Avrithi P. ]. O'Regan T. P. Davis

G Brouette B. Pellereau

J- Hakii M. Yagodich

D. 0. Henry R. S. Hill Ill, Contributing Member Working Group on Vacuum Vessels (BPV I1I-4)
I. Kimihiro, Chair D. Johnson
L. C. Cadwallader Q. Shijun
B. R. Doshi Y. Song

xxiii



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

Subgroup on General Requirements (BPV IIl)

Subgroup on High Temperature Reactors (BPV Ill)

J. V. Gardiner, Chair E. C. Renaud T.-L. Sham, Chair A. Mann
N, DeSantis, Secretary T. N, Rezk Y. Wang. Secretary M. C. Messner
V. Apostolescu J. Rogers M. Ando X. Wei
A. Appleton R. Spuhl N. Broom W. Windes
S. Bell D. M. Vickery F. W. Brust R. Wright
J. R. Berry J. DeKleine, Contributing Member P. Carter G. L. Zeng
G. Brouette H. Michael, Contributing Member M. E. Cohen D. S. Griffin, Contributing Member
G. C. Deleanu D. ]. Roszman, Contributing Member W. ]. Geringer X. Li, Contributing Member
J. W. Highlands C. T. Smith, Contributing Member B. F. Hantz W. O’Donnell, Sr, Contributing
E. V. Imbro W. K. Sowder, Jr, Contributing M. H. Jawad Member
K. A. Kavanagh Member W. T. Jessup L. Shi, Contributing Member.
Y.-S. Kim G. E. Szabatura, Contributing R. L Jetter R. W. Swindeman, Contributing
B. McGlone Member K. Kimura Member

G. H. Koo

Special Working Group on General Requirements Consolidation
(SG-GR) (BPV IlI)

J. V. Gardiner, Chair E. C. Renaud
J. Grimm, Vice Chair J. L. Williams
G. C. Deleanu C. T. Smith, Contributing Member

A. C. Eberhardt

Working Group on General Requirements (SG-GR) (BPV Il1)

B. McGlone, Chair Y. K. Law

J. Grimm, Secretary D. T. Meisch

V. Apostolescu E. C. Renaud

A. Appleton T. N. Rezk

S. Bell J. Rogers

J. R. Berry B. S. Sandhu

G. Brouette R. Spuhl

P. ]. Coco J. F. Strunk

N. DeSantis D. M. Vickery

Y. Diaz-Castillo J. L. Williams

0. Elkadim J. DeKleine, Contributing Member
J. Harris S. F. Harrison, Jr,, Contributing

J. W. Highlands Member

E. V. Imbro D. ]. Roszman, Contributing Member
K. A. Kavanagh G. E. Szabatura, Contributing
Y.-S. Kim Member

Working Group on General Requirements for-Graphite and Ceramic
Composite Core Components and Assemblies (SG-GR) (BPV III)

W. ]. Geringer, Chair M. N. Mitchell
A. Appleton ]. Potgieter

J. R. Berry E. C. Renaud

C. Cruz R. Spuhl

Y. Diaz-Castillo W. Windes

J. Lang B. Lin, Alternate

Special Working Group on High Temperature Reactor Stakeholders
(SG-HTR) (BPV i)

M. E. Cohen, Chair G.(H"Koo

M. C. Albert N#J: McTiernan

M. Arcaro T. Nguyen

R. W. Barnes K. J. Noel

N. Broom T.-L. Sham

R. Christensen B. Song

V. Chugh X. Wei

W. Corwin G. L. Zeng

G. C. Deleanu T. Asayama, Contributing Member
R. A. Fleming X. Li, Contributing Member
K. Harris L. Shi, Contributing Member
R. L. Jetter G. Wu, Contributing Member
Y. W, Kiin

Task Group on Division 5 AM Components (SG-HTR) (BPV Ill)

R. Wright, Chair M. McMurtrey
R. Bass, Secretary M. C. Messner
M. C. Albert T. Patterson

R. W. Barnes E. C. Renaud

F. W. Brust D. Rudland

Z. Feng T.-L. Sham

S. Lawler I. ]. Van Rooyen
X. Lou X. Wei

Working Group on Allowable Stress Criteria (SG-HTR) (BPV IlI)

R. Wright, Chair W. Ren

M. McMurtrey, Secretary T.-L. Sham

R. Bass Y. Wang

K. Kimura X. Wei

D. Maitra M. Yoo, Alternate

R. J. McReynolds R. W. Swindeman, Contributing
M. C. Messner Member

J. C. Poehler

XXiv



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

Working Group on Analysis Methods (SG-HTR) (BPV III)

H. Mahajan, Secretary

Subgroup on Materials, Fabrication, and Examination (BPV IlI)

M. C. Messner, Chair T.-L. Sham J. Grimm, Chair M. Kris
X, Wej S. Hunter, Secretary D. W, Mann
R. W. Barnes S. X. Xu W. H. Borter T. Melfi
J. A. Blanco J. Young M. Brijlani I.-K. Nam
P. Carter M. R. Breach, Contributing Member G. R. Cannell J. B. Ossmann
W. T. Jessup T. Hassan, Contributing Member A. Cardillo J. E. O’Sullivan
R. L. Jetter S. Krishnamurthy, Contributing S. Cho M. C. Scott
G. H. Koo Member P. J. Coco W. J. Sperko
H. Qian M. J. Swindeman, Contributing R. H. Davis J. R. Stinson
T. Riordan Member D. B. Denis J. F. Strunk
B. D. Frew W. Windes
D. W. Gandy R. Wright
Working Group on Creep-Fatigue and Negligible Creep S. E. Gingrich S. Yee
(SG-HTR) (BPV III) M. Golliet H. Michael, Delegate
L. S. Harbison A. L. Hiser)Jr3 Alternate
Y. Wang, Chair M. C. Messner R. M. Jessee R. W. Barhes, Contributing Member
M. Ando T. Nguyen C. C. Kim
P. Carter J. C. Poehler
M. E. Cohen H. Qian
J. 1. Duo R. Rajasekaran Task Group on Advanceéd/Manufacturing (BPV IIl)
R. L. Jetter T.-L. Sham
G. H. Koo X. Wei D. W. Mann, Chair T. Melfi
H. Mahajan J. Young D. W. Gandy, Secretary E. C. Renaud
M. McMurtrey M. Yoo, Alternate R. Bass W. J. Sperko
D. Chowdhury J. E. Strunk
P. J. Coco J. Sulley
Working Group on High Temperature Flaw Evaluation B. D. Frew S. Tate
(SG-HTR) (BPV II) J. Grimm S. Wolbert
A. L. Hiser\Jft. H. Xu
C. ). Sallaberry, Chair H. Qian ]. Lambin D. W. Pratt, Alternate
F. W. Brust D. A. Scarth T.Lippucci S. Malik, Contibuting Member
P. Carter D. J. Shim K\Matsunaga
S. Kalyanam A. Udyawar
B.-L. Lyow X. Wei
M. C. Messner S. X. Xu . .
J. C. Poehler M. Yoo, Alternate Joint Working Group on HDPE (SG-MFE) (BPV IIl)

Working Group on Nonmetallic Design and Materials

W. Windes, Chair

W. ]. Geringer, Vice Chair
]. Potgieter, Secretary
G. Beirnaert

C. Chen

A. N. Chereskin

V. Chugh

C. Contescu

N. Gallego

S. T. Gonczy

K. Harris

M. G. Jenkins

J. Lang

M. P. Metcalfe

(SG-HTR) (BPV IlI)

M. N. Mitchell

J. Parks

T.-L. Sham

A. Tzelepi

G.*LZeng

M. Yoo, Alternate

A. Appleton, Contributing Member
R. W. Barnes, Contributing Member
A.A.Campbell, Contributing Member
S.-H. Chi, Contributing Member

Y. Katoh, Contributing Member

A. Mack, Contributing Member

J. B. Ossmann, Contributing Member

M. Brandes, Chair
T. M. Musto, Chair
J. B. Ossmannn, Secretary
G. Brouette

M. C. Buckley

S. Choi

M. Golliet

]. Hebeisen

J. Johnston, Jr.

P. Krishnaswamy
M. Kuntz

B. Lin

K. Manoly

D. P. Munson

J. O’Sullivan

V. Rohatgi

F. Schaaf, Jr.

S. Schuessler

R. Stakenborghs
M. Troughton
P. Vibien

J. Wright

T. Adams, Contributing Member

COMMITTEE ON HEATING BOILERS (BPV 1V)

M. Wadkinson, Chair

]. L. Kleiss, Vice Chair

C. R. Ramcharran, Staff Secretary
B. Ahee

L. Badziagowski

T. L. Bedeaux

B. Calderon

J. P. Chicoine

C. Dinic

J. M. Downs

J. A. Hall

M. Mengon

D. Nelson

H. Michael, Delegate

D. Picart, Delegate

P. A. Molvie, Contributing Member

Executive Committee (BPV IV)

Wadkinson, Chair

J. P. Chicoine
[. A. Hall

Badziagowski

M.
C. R. Ramcharran, Staff Secretary
L.
T. L. Bedeaux

J. L. Kleiss



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

Subgroup on Cast Boilers (BPV IV)

Subgroup on General Requirements/Personnel Qualifications and
Inquiries (BPV V)

J. P. Chicoine, Chair J. A. Hall
1. M. Downs, Vice Chair I L. Kleiss C. Vorwald, Chair F. B. Kovacs
C. R. Ramcharran, Staff Secretary ~ M. Mengon D. Bajula K. Krueger
T. L. Bedeaux N. Carter C. May
P. Chavdarov S. J. Akrin, Contributing Member
T. Clausing N.Y. Faransso, Contributing Member
Subgroup on Materials (BPV IV) C. Emslander J. F. Halley, Contributing Member
N. A. Finney D. I. Morris, Contributing Member
J. A. Hall, Chair T. L. Bedeaux G. W. Hembree ]. P. Swezy, Jr, Contributing Member:
J. M. Downs, Vice Chair Y. Teng
C. R. Ramcharran, Staff Secretary =~ M. Wadkinson
L. Badziagowski

Subgroup on Water Heaters (BPV IV)

J. L. Kleiss, Chair

L. Badziagowski, Vice Chair

C. R. Ramcharran, Staff Secretary
B. Ahee

J. P. Chicoine

C. Dinic

B. J. Iske

M. Mengon

Y. Teng

T. E. Trant

P. A. Molvie, Contributing Member

Subgroup on Welded Boilers (BPV IV)

L. Bedeaux, Chair

R. Ramcharran, Staff Secretary
Ahee

Badziagowski

Calderon

P. Chicoine

T.
C.
B.
L.
B.
J.
C. Dinic

J. L. Kleiss

M. Mengon

M. Wadkinson

M. J. Melita, Alternate

D. Nelson, Alternate

P. A. Molvie, Contributing Member

Europe International Working Group (BPV V)

L. Badziagowski, Chair
D. Picart, Vice Chair
R. Lozny

E. Van Bruggen
G. Vicchi
A. Alessandrini, Alternate,

COMMITTEE ON NONDESTRUCTIVE EXAMINATION (BPV V)

N. A. Finney, Chair
C. May, Vice Chair
C. R. Ramcharran, Staff Secretary
D. Bajula

P. L. Brown

M. A. Burns

N. Carter

T. Clausing

C. Emslander

A. F. Garbolevsky
P. T. Hayes

G. W. Hembree

F. B. Kovacs

K. Krueger

B. D. Laite

P. B. Shaw

C. Vorwald

S. J./AKrin, Contributing Member
JNE. Batey, Contributing Member
A) S. Birks, Contributing Member
N.Y. Faransso, Contributing Member
]. F. Halley, Contributing Member
R. W. Kruzic, Contributing Member
L. E. Mullins, Contributing Member
F. ]. Sattler, Contributing Member
H. C. Graber, Honorary Member

T. G. McCarty, Honorary Member

Executive Committee (BPV V)

C.,May, Chair

N. A. Finney, Vice Chair

C. R. Ramcharran, Staff Secretary
N. Carter

G. W. Hembree
F. B. Kovacs

K. Krueger

E. Peloquin

Project Team on Assisted Analysis (BPV V)

K. Hayes, Chair C. Hansen

J. Aldrin G. W. Hembree
J. Chen R. S. F. Orozeo
N. A. Finney E. Peloquin

V. F. Godinez-Azcuaga T. Thulien

Subgroup on Volumetri¢*Methods (BPV V)

C. May, Chair K. Krueger

P. T. Hayes, Vice Chair E. Peloquin

D. Adkins C. Vorwald

P. L. Brown S. J. Akrin, Contributing Member

N. A. Finney N.Y. Faransso, Contributing Member
A. F. Garbolevsky J. F. Halley, Contributing Member
R. W. Hardy R. W. Kruzic, Contributing Member
G. W. HembBree L. E. Mullins, Contributing Member
F. B. Kovacs F. ]. Sattler, Contributing Member

Working Group on Radiography (SG-VM) (BPV V)

C. Vorwald, Chair T. R. Lerohl

D. M. Woodward, Vice Chair C. May

J. Anderson R. J. Mills

P. L. Brown J. F. Molinaro

C. Emslander T. Vidimos

A. F. Garbolevsky B. White

R. W. Hardy S. J. Akrin, Contributing Member

G. W. Hembree T. L. Clifford, Contributing Member
F. B. Kovacs N.Y. Faransso, Contributing Member
B. D. Laite R. W. Kruzic, Contributing Member

Working Group on Ultrasonics (SG-VM) (BPV V)

K. Krueger, Chair D. Tompkins

D. Bajula, Vice Chair D. Van Allen

D. Adkins J. Vinyard

C. Brown C. Vorwald

C. Emslander C. Wassink

N. A. Finney N.Y. Faransso, Contributing Member
P. T. Hayes ]. F. Halley, Contributing Member
G. W. Hembree R. W. Kruzic, Contributing Member
B. D. Laite P. Mudge, Contributing Member

T. R. Lerohl L. E. Mullins, Contributing Member
C. May M. J. Quarry, Contributing Member
E. Peloquin F. ]. Sattler, Contributing Member

J. Schoneweis J. Vanvelsor, Contributing Member

M Cade A
Vo I OoaireZAzZetaga

P. T. Hayes

Jalik ¢4 1d
cvorwara

XXVi



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

Working Group on Acoustic Emissions (SG-VM) (BPV V)

India International Working Group (BPV V)

V. F. Godinez-Azcuaga, Chair N. F. Douglas, Jr. P. Kumar, Chair G. R. Joshi

I, Catty, Vice Chair R. K Miller A. V. Bhagwat A. Relekar

S. R. Doctor N.Y. Faransso, Contributing Member J. Chahwala V. ]. Sonawane
S. Jobanputra D. B. Tanpure
D. Joshi

Working Group on Full Matrix Capture (SG-VM) (BPV V)

E. Peloquin, Chair G. W. Hembree

C. Wassink, Vice Chair K. Krueger

D. Bajula M. Lozev

D. Bellistri R. Nogueira

J. Catty D. Richard

N. A. Finney M. Sens

J. L. Garner D. Tompkins

R. T. Grotenhuis ]. F. Halley, Contributing Member
P. T. Hayes L. E. Mullins, Contributing Member

Subgroup on Inservice Examination Methods and Techniques

(BPV V)
P. T. Hayes, Chair G. W. Hembree
E. Peloquin, Vice Chair K. Krueger
M. A. Burns C. May
M. Carlson D. D. Raimander
N. A. Finney C. Vorwald

V. F. Godinez-Azcuaga

Subgroup on Surface Examination Methods (BPV V)

N. Carter, Chair P. B. Shaw

B. D. Laite, Vice Chair R. Tedder

R. M. Beldyk C. Vorwald

P. L. Brown C. Wassink

T. Clausing D. M. Woodward

C Akrin, Contributing Member

. Emslander S. J.
N. Farenbaugh N.Y. Faransso, Contributing Member
N. A. Finney ]. F. Halley, Contributing\Member
A. F. Garbolevsky R. W. Kruzic, Contributing Member
K. Hayes L. E. Mullins, Cehfributing Member
G. W. Hembree F. ]. Sattler, Contributing Member

C. May

Germany International Working Group (BPV V)

P. Chavdarov, Chair D. Kaiser
C. Kringe, Vice Chair S. Mann
H.-P. Schmitz, Secretary V. Reusch

K.-H. Gischler

Italy International Working Group (BPV V)

D. D. Raimander, Chair E. Ferrari
0. Oldani, Vice Chair M. A. Grimoldi
C. R. Ramcharran, Staff Secretary ~ G. Luoni

P. Campli, Secretary U. Papponetti

M. Agostini P. Pedersoli

T. Aldo A. Veroni

F. Bresciani M. Zambon

N. Caputo V. Calog Contributing Member

M. Colombo G.‘GObbi, Contributing Member

P. L. Dinelli A)\Gusmaroli, Contributing Member

F. Ferrarese G. Pontiggia, Contributing Member

COMMITTEE'ON PRESSURE VESSELS (BPV VIII)

S. C. Roberts, Chair C. D. Rodery
M. D. Lower, Vice\Chair J. C. Sowinski
S. ]. Rossi, Staff Secretary D. Srnic

G. Aurioles, St D. B. Stewart

S. R. Babkd P. L. Sturgill

R. . Basile K. Subramanian

P. Chaydarov D. A. Swanson

D\BDeMichael J. P. Swezy, Jr.

J. F. Grubb S. Terada

B. F. Hantz E. Upitis

M. Kowalczyk A. Viet

D. L. Kurle K. Xu

R. Mahadeen P. A. McGowan, Delegate

S. A. Marks H. Michael, Delegate

P. Matkovics K. Oyamada, Delegate

R. W. Mikitka M. E. Papponetti, Delegate

B. R. Morelock A. Chaudouet, Contributing Member
T. P. Pastor ]. P. Glaspie, Contributing Member
D. T. Peters K. T. Lau, Contributing Member

M. J. Pischke U. R. Miller, Contributing Member
M. D. Rana K. Mokhtarian, Contributing Member
G. B. Rawls, Jr G. G. Karcher, Honorary Member

F. L. Richter K. K. Tam, Honorary Member

Executive Committee (BPV VIII)

M. D. Lower, Chair S. A. Marks
S. J. Rossi, Staff Secretary P. Matkovics
G. Aurioles, Sr. S. C. Roberts

C. W. Cary J. C. Sowinski
J. Hoskinson K. Subramanian
M. Kowalczyk K. Xu

xxvii



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

Subgroup on Design (BPV VIiI)

Subgroup on General Requirements (BPV VIII)

J. C. Sowinski, Chair M. D. Rana J. Hoskinson, Chair F. L. Richter
C. S. Hinson, Vice Chair G. B. Rawls, IJr M. Faulkner, Vice Chair S. C. Roberts
G. Aurioles, Sr. S. C. Roberts N. Barkley J. Rust
S. R. Babka C. D. Rodery R. ]. Basile J. C. Sowinski
0. A. Barsky T. G. Seipp T. P. Beirne P. Speranza
R. ]. Basile D. Srnic D. B. DeMichael D. Srnic
D. Chandiramani D. A. Swanson M. D. Lower D. B. Stewart
M. D. Clark S. Terada T. P. Pastor D. A. Swanson
M. Faulkner J. Vattappilly I. Powell ]. P. Glaspie, Contributing Member
B. F. Hantz K. Xu G. B. Rawls, Jr. Y. Yang, Contributing Member
C. E. Hinnant K. Oyamada, Delegate
M. H. Jawad M. E. Papponetti, Delegate
S. Krishnamurthy P. K. Lam, Contributing Member Task Group on Fired Heater Pressure Vessels (BPV VIIl)
D. L. Kurle K. Mokhtarian, Contributing Member
K. Kuscu T. P. Pastor, Contributing Member J. Hoskinson, Chair R. Robles
M. D. Lower S. C. Shah, Contributing Member W. Kim J. Rust
R. W. Mikitka K. K. Tam, Contributing Member S. Kirk P. Shanks
B. Millet E. Upitis, Contributing Member D. Nelson E. Smith
T. P. Pastor D. Srnic

Working Group on Design-by-Analysis (BPV VIiI)

B. F. Hantz, Chair
T. W. Norton, Secretary
D. A. Arnett

M. H. Jawad

S. Kataoka

S. Kilambi

K. D. Kirkpatrick

S. Krishnamurthy

A. Mann

C. Nadarajah

P. Prueter

T. G. Seipp

M. A. Shah

S. Terada

R. G. Brown, Contributing Member
D. Dewees, Contributing Member
K. Saboda, Contributing Member

Working Group on Elevated Temperature Design (BPV | and VIiI)

A. Mann, Chair

C. Nadarajah, Secretary
D. Anderson

D. Dewees

B. F. Hantz

M. H. Jawad

R. L. Jetter

S. Krishnamurthy

T. Le

M. C. Messner

M. N. Mitchell

P. Prueter

M. J. Swindeman

J. P. Glaspie, Contributing Member

N. McMurray, \Contributing Member
B. J. Molliter, Contributing Member

Subgroup on Fabrication and Examination (BPV VIII)

S. A. Marks, Chair

D. 1. Morris, Vice Chair
T. Halligan, Secretary
N. Carter

Lu

R. Morelock
Mulet

J. Pischke

J. Rice
Roberts

J.

B.
0.
M.
M.
J.

C. D{ Rodery

B. F. Shelley

D. Smith

P. L. Sturgill

J. P. Swezy, Jr.

E. Upitis

C. Violand

K. Oyamada, Delegate

W. ]. Bees, Contributing Member

L. F. Campbell, Contributing Member
R. Uebel, Contributing Member

Task Group on Subsea Applications (BPV VIiI)

M. Sarzynski, Chair

A.]. Grohmann, Vice Chair

L. P. Antalffy
R. C. Biel

J. Ellens

J. Hademenos;
J. Kaculi

K. Karpahai)

F. Kirkemo

C. Lan

P. Lutkiewicz

N. McKie

S. K. Parimi

R. H. Patil

M. P. Vaclavik

R. Cordes, Contributing Member
D. T. Peters, Contributing Member
J. R. Sims, Contributing Member

Subgroup on Heat Transfer Equipment (BPV VIII)

P. Matkovics, Chair

M. D. Clark, Vice Chair
L. Bower, Secretary

G. Aurioles, Sr.

S.

J.

H. Barbee
0. A. Barsky
T. Bunyarattaphantu
A. Chaudouet
D. L. Kurle

R. Mahadeen

S. Mayeux

S. Neilsen

E. Smith

A. M. Voytko

R. P. Wiberg

]. Pasek, Contributing Member
D. Srnic, Contributing Member
Z. Tong, Contributing Member

Working Group on Plate Heat Exchangers (BPV VIII)

Morris, Chair
Babka
Grubb

V. Gudge

R. Mahadeen

S. A. Marks

D. L
S.R.
J.F.

P. Matkovics
M. J. Pischke
P. Shanks

E. Smith

D. Srnic

S. Sullivan

xxviii



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

Subgroup on High Pressure Vessels (BPV VIII)

K. Subramanian, Chair
M. Sarzynski, Vice Chair

S. Terada
Y. Xu

Argentina International Working Group (BPV VIII)

A. Dominguez, Chair
R. Robles, Vice Chair

M. Favareto
M. D. Kuhn

A. Dinizulu, Staff Secretary

L. P. Antalffy
J. Barlow

R. C. Biel

P. N. Chaku

L. Fridlund

D. Fuenmayor
J. Gibson

R. T. Hallman
K. Karpanan
J. Keltjens

A. K. Khare

G. T. Nelson
D. T. Peters
D. Roll
R. Sims
S

E.
J.
E. Smith
F.

A. M. Clayton, Contributing Member

R. Cordes, Contributing Member

R. D. Dixon, Contributing Member

Q. Dong, Contributing Member

T. A. Duffey, Contributing Member

R. M. Hoshman, Contributing
Member

F. Kirkemo, Contributing Member

R. A. Leishear, Contributing Member

G. M. Mital, Contributing Member

M. Parr, Contributing Member

M. D. Rana, Contributing Member

C. Romero, Contributing Member

C. Tipple, Contributing Member

K.-J. Young, Contributing Member

D. ]. Burns, Honorary Member

G. J. Mraz, Honorary Member

Subgroup on Materials (BPV VIII)

M. Kowalczyk, Chair

P. Chavdarov, Vice Chair
S. Kilambi, Secretary

J. Cameron

]J. F. Grubb

D. Maitra

D. W. Rahoi

J. Robertson

R. C. Sutherlin

E. Upitis

K. Xu

S. Yem

A. Di Rienzo, Contributing Member
J. D. Fritz, Contributing Member

M. Katcher, Contributing Member
W. M. Lundy, Contributing Member
J. Penso, Contributing Member

Subgroup on Toughness (BPV VIII)

K. Xu, Chair

T. Halligan, Vice Chair
T. Finn

C. S. Hinson

S. Kilambi

D. L. Kurle

T. Newman

J. Qu

M. D. Rana

F. L. Richter

K. Subramanian

D. A. Swanson

J. P. Swezy, Jr.

S. Terada

E. Upitis

J. Vattappilly.

K. Oyamada;, Delegate

L. Dong\Contributing Member

S. Krishnamurthy, Contributing
Member

K-Mokhtarian, Contributing Member

Subgroup on Graphite Pressure Equipment (BPV VIII)

C. W. Cary, Chair
A. Viet, Vice Chair
G. C. Becherer,

F. L. Brown

R. J. Bulgin

J. D. Clements
H. Lee, Jr.

S. Mehrez

T. Rudy

A. A. Stupica

G. Glissenti, Secretary
M. M. Acosta

R. A. Barey

C. Alderetes

F. A. Andres

A. Antipasti

D. A. Bardelli
L. F. Boccanera
0. S. Bretones
A. Burgueno

G. Casanas

D. H. Da Rold
D. A. Del Teglia
J. 1. Duo

F. P. Larrosa
L. M. Leccese
C. Meinl

M. A. Mendez
J. J. Monaco

C. Parente

M. A. A. Pipponzi
L. C. Rigoli

A. Rivas

D. Rizzo

J. C. Rubeo

S. Schamun

G. Telleria

M. M. £)Tecco

China International Working Group (BPV VIII)

X. Chen, Chair

B. Shou, Vice Chair
Z. Fan, Secretary
Y. Chen

J. Cui

R. Duan

C. Miao

L. Sun

C. Wu

J. Xiaobin

F. Xu

G. Xu

F. Yang

Y. Yang

Y. Yuan
Yanfeng Zhang
Yijun Zhang
S. Zhao

J. Zheng

G. Zhu

Germany International Working Group (BPV VIiI)

R. Kauer, Chair

M. Sykora, Vice Chair
A. Aloui

P. Chavdarov

A. Emrich

J. Fleischfresser

C. Jaekel

D. Koelbl

S. Krebs

T. Ludwig

R. A. Meyers

H. Michael

S. Reich

A. Spangenberg

C. Stobbe

G. Naumann, Contributing Member

India International Working Group (BPV VIII)

D. Chandiramani, Chair
D. Kulkarni, Vice Chair
. D. Dalal, Secretary
P. Arulkumar
B. Basu

P. Gandhi

U. Ganesan
S. K. Goyal
V. Jayabalan
V. K. Joshi

>

A. Kakumanu

V. V. P. Kumar

T. Mukherjee

P. C. Pathak

D. Prabhu

A. Sadasivam

M. P. Shah

R. Tiru

V. T. Valavan

M. Sharma, Contributing Member

XXix



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

Italy International Working Group (BPV VIII)

COMMITTEE ON WELDING, BRAZING, AND FUSING (BPV IX)

A. Teli, Chair M. Guglielmetti M. J. Pischke, Chair M. B. Sims
M. Millefanti, Vice Chair A. F. Magri P. L. Sturgill, Vice Chair W. ]. Sperko
P. Campli, Secretary P. Mantovani R. Rahaman, Staff Secretary J. P. Swezy, Jr.
B. G. Alborali L. Moracchioli M. Bernasek A. D. Wilson
P. Aliprandi P. Pacor M. A. Boring E. W. Woelfel
A. Avogadri S. Sarti D. A. Bowers D. Pojatar, Delegate
A. Camanni V. Calo, Contributing Member N. Carter A. Roza, Delegate
N. Caputo G. Gobbi, Contributing Member J. G. Feldstein M. Consonni, Contributing Member
M. Colombo A. Gusmaroli, Contributing Member P. Gilston P. D. Flenner, Contributing Member,
P. Conti G. Pontiggia, Contributing Member S. E. Gingrich S. A. Jones, Contributing Member
D. Cortassa D. D. Raimander, Contributing K. L. Hayes D. K. Peetz, Contributing Member
P. L. Dinelli Member R. M. Jessee S. Raghunathan, Contribiuting
F. Finco J. S. Lee Member
W. M. Lundy M. ]. Stanko, Contributing Member
D. W. Mann P. L. Van Fossen, Contributing
Special Working Group on Bolted Flanged Joints (BPV VIII) S. A. Marks Member
T. Melfi R. K. Brown, ¢, Honorary Member
W. Brown, Chair W. McDaniel W. F. Newell, Jr. M. L. Garpenter, Honorary Member
M. Osterfoss, Vice Chair R. W. Mikitka E. G. Reichelt B. R"\Néwmark, Honorary Member
G. Aurioles, Sr. D. Nash M. J. Rice S. D Reynolds, Jr, Honorary Member
D. Bankston, Jr. M. Ruffin
H. Bouzid R. Wacker
A. Chaudouet E. Jamalyaria, Contributing Member .
H. Chen J. R. Payne, Contributing Member Subgroup on Brazing (BPV IX)
D. Francis G. Van Zyl, Contributing Member S. A. Marks, Chair M. J. Pischke
H. Lejeune J. Veiga, Contributing Member E. W. Beckman P. L. Sturgill
A. Mann A. F. Garbolevsky J. P. Swezy, Jr.
N. Mohr
Subgroup on Interpretations (BPV VIII)
G. Aurioles, St, Chair J. C. Sowinski Subgroup on General Requirements (BPV IX)
J. Oh, Staff Secretary D. B. Stewart N. Caxter, Chair P. L. Sturgill
S. R. Babka K. Subramanian P. Gilston, Vice Chair J. P. Swezy, Jr.
J. Cameron D. A. Swanson J. P. Bell E. W. Woelfel
C. W. Cary J. P. Swezy, Jr. D. A. Bowers E. W. Beckman, Contributing
B. F. Hantz J. Vattappilly M. Heinrichs Member
M. Kowalczyk A. Viet A. Howard A. Davis, Contributing Member
D. L. Kurle K. Xu R. M. Jessee D. K. Peetz, Contributing Member
M. D. Lower R. ]. Basile, Contributing Member S. A. Marks B. R. Newmark, Honorary Member
S. A. Marks D. B. DeMichael, Contributing H. B. Porter
P. Matkovics Member
D. I. Morris R. D. Dixon, Contributing Member
D. T. Peters S. Kilambi, Contributing Member Subgroup on Materials (BPV IX)
F. L. Richter R. Mahadeen, Contributing Member
S. C. Roberts T. P. Pastor, Contributing Member M. Bernasek, Chair M. J. Pischke
C. D. Rodery P. L-Sturgill, Contributing Member T. Anderson A Roza
T. G. Seipp L. Constantinescu C. E. Sainz
E. Cutlip P. L. Sturgill
M. Denault C. Zanfir

S. E. Gingrich
L. S. Harbison

V. G. V. Giunto, Delegate
D. ]J. Kotecki, Contributing Member

M. James B. Krueger, Contributing Member
R. M. Jessee W. ]. Sperko, Contributing Member
T. Melfi M. J. Stanko, Contributing Member
S. D. Nelson
Subgroup on Plastic Fusing (BPV IX)
K. L. Hayes, Chair S. Schuessler
R. M. Jessee M. Troughton
]. Johnston, Jr. C. Violand
J. E. O’Sullivan E. W. Woelfel
E. G. Reichelt J. Wright
M. ]. Rice

XXX



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

Subgroup on Welding Qualifications (BPV IX)

T. Melfi, Chair

E. G. Reichelt

COMMITTEE ON FIBER-REINFORCED PLASTIC PRESSURE VESSELS

(BPV X)

A. D. Wilson, Vice Chair M. ], Rice B. Linnemann, Chair D. H. McCauley

K. L. Hayes, Secretary M. B. Sims D. Eisberg, Vice Chair N. L. Newhouse

M. Bernasek W. J. Sperko P. D. Stumpf, Staff Secretary G. Ramirez

M. A. Boring P. L. Sturgill A. L. Beckwith J. R. Richter

D. A. Bowers J. P. Swezy, Jr. F. L. Brown B. F. Shelley

R. Campbell C. Violand J. L. Bustillos G. A. Van Beek

R. B. Corbit D. Chandiramani, Contributing B. R. Colley S. L. Wagner

L. S. Harbison Member T. W. Cowley D. 0. Yancey, Jr.

M. Heinrichs M. Consonni, Contributing Member I. L. Dinovo P. H. Ziehl

J. S. Lee M. Dehghan, Contributing Member J. Eihusen D. H. Hodgkinson, Contributing
W. M. Lundy P. D. Flenner, Contributing Member M. R. Gorman Member

D. W. Mann T. C. Wiesner, Contributing Member B. Hebb D. L. Keeler, Contribtuting Member
W. F. Newell, Jr. L. E. Hunt

Argentina International Working Group (BPV IX)

A. Burgueno, Chair

A. R. G. Frinchaboy, Vice Chair
R. Rahaman, Staff Secretary
M. D. Kuhn, Secretary

B. Bardott

L. F. Boccanera
P. ]. Cabot

J. Caprarulo

M. Favareto

J. A. Gandola
C. A. Garibotti
J. A. Herrera
M. A. Mendez
A. E. Pastor

G. Telleria

M. M. C. Tocco

Germany International Working Group (BPV 1X)

A. Roza, Chair

A. Spangenberg, Vice Chair
R. Rahaman, Staff Secretary

P. Chavadarov
B. Daume

J. Fleischfresser
P. Khwaja

S. Krebs

T. Ludwig

S. Wegener

F. Wodke

J. Daldrup, Contributing Member

E. Floer, Contributing Member

R. Helmholdt, Contributing Mewtber
G. Naumann, Contributing.Mémber
K.-G. Toelle, Contributing\Member

Italy International Working Group (BP\MIX)

D. D. Raimander, Chair
F. Ferrarese, Vice Chair
R. Rahaman, Staff Secretary

M. Bernasek
A. Camanni

P. L. Dinelli
M. Mandina
A. S. Monastra

L. Moracchipli

P. Pacor

P. Sibont

V.%Cale, Contributing Member
G..Gobbi, Contributing Member

A. Gusmaroli, Contributing Member
G. Pontiggia, Contributing Member

Spain“International Working Group (BPV IX)

. Garcia

F.
F.
R.
F.
C
M.
R! G. Garcia

R.
A. €elimendiz
A.
G.

J. Q. Pandelo, Chair

L. Villabfille,*Vice Chair

Rahamap,-Staff Secretary
Hermiida, Secretary

F. Manas

B. B. Miguel

A. D. G. Munoz

A. B. Pascual

S. Sevil

G. Gobbi, Contributing Member

COMMITTEE ON NUCLEAR INSERVICEYNSPECTION (BPV XI)

R. W. Swayne, Chair T.\Nuoffer

D. W. Lamond, Vice Chair J. Nygaard

A. T. Roberts III, Vice Chair J. E. O’Sullivan

D. Miro-Quesada, Staff Secretary. N. A. Palm

J. F. Ball G. C. Park

W. H. Bamford D. A. Scarth

M. L. Benson F. ]. Schaaf, Jr.

J. M. Boughman, S. Takaya

C. Brown D. Vetter

S. B. Brown T. V. Vo

T. L. Chan J. G. Weicks

R. C~Cipolla M. Weis

D..R..Cordes Y.-K. Chung, Delegate

HXDo C. Ye, Delegate

E. V. Farrell, Jr. B. Lin, Alternate

M. J. Ferlisi R. 0. McGill, Alternate

T. J. Griesbach L. A. Melder, Alternate

J. Hakii A. Udyawar, Alternate

M. L. Hall E. B. Gerlach, Contributing Member
P. ]. Hennessey C. D. Cowfer, Honorary Member

D. 0. Henry R. E. Gimple, Honorary Member

K. Hojo F. E. Gregor, Honorary Member

S. D. Kulat R. D. Kerr, Honorary Member

C. Latiolais P. C. Riccardella, Honorary Member
J. T. Lindberg R. A. West, Honorary Member

H. Malikowski C. ]. Wirtz, Honorary Member

S. L. McCracken R. A. Yonekawa, Honorary Member
S. A. Norman

Executive Committee (BPV XI)

W. Lamond, Chair S. L. McCracken

D.

R. W. Swayne, Vice Chair T. Nuoffer

D. Miro-Quesada, Staff Secretary N. A. Palm

M. L. Benson G. C. Park

M. J. Ferlisi A. T. Roberts III

S. D. Kulat B. L. Lin, Alternate
J.

T. Lindberg

Argentina International Working Group (BPV XI)

0. Martinez, Staff Secretary F. ]J. Schaaf, Jr.
A. Claus F. M. Schroeter
I. M. Guerreiro P. Yamamoto
L. R. Mifio

XXXi



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

China International Working Group (BPV XI)

Working Group on Spent Nuclear Fuel Storage and Transportation
Containment Systems (BPV XI)

J. H. Liu, Chair S. Shuo

J_F. Cai, Vice Chair Y. Sixin K. Hunter, Chair K. Mauskar

C. Ye, Vice Chair Y. X. Sun M. Orihuela, Secretary R. M. Meyer

M. W. Zhou, Secretary G. X. Tang D. J. Ammerman R. M. Pace

H. Chen Q. Wang W. H. Borter E. L. Pleins

H. D. Chen Q. W. Wang J. Broussard M. A. Richter

Y. Cheng Z. S. Wang C. R. Bryan B. Sarno

Y. B. Guo L. Xing T. Carraher R. Sindelar

Y. Honggqi F. Xu S. Corcoran M. Staley

D. R. Horn S. X. Xu D. Dunn ]. Wellwood

Y. Hou Q. Yin N. Fales K. A. Whitney

S. X. Lin K. Zhang R. C. Folley X. J. Zhai

Y. Nie Y. Zhe G. Grant P.-S. Lam, Alternate

W. N. Pei Z. M. Zhong B. Gutherman G. White, Alternaté,

L. Shiwei M. W. Joseph ]. Wise, Alternate
M. Keene H. Smith, Contributing Member
M. Liu

Germany International Working Group (BPV XI)

R. Doring, Chair

M. Hagenbruch, Vice Chair
R. Piel, Secretary

A. Casse

C. G. Frantescu

E. lacopetta

S. D. Kulat

H.-W. Lange

N. Legl

T. Ludwig
X. Pitoiset
M. Reichert
L. Sybertz
I. Tewes

R. Tiete

J. Wendt

India International Working Group (BPV XI)

S. B. Parkash, Chair
D. Narain, Vice Chair
K. K. Rai, Secretary
Z. M. Mansuri

M. R. Nadgouda

N. Palm
D. Rawal
R. Sahai
R. K. Sharma

Special Working Group on Editing and Review (BPV XI)

R. W. Swayne, Chair
R. C. Cipolla
D. 0. Henry

M. Orihuela
D. A. Scarth

Task Group on Inspectability (BPV XI)

J. T. Lindberg, Chair
E. Henry, Secretary
A. Bushmire

A. Cardillo

K. Caver

D. R. Cordes

P. Gionta

D. 0. Henry

]..Honcharik
C.\Latiolais

G. A. Lofthus
S. Matsumoto
D. E. Matthews
P. J. O'Regan

J. B. Ossmann
C. Thomas

Task Group on Mitigation and Repair of Spent Nuclear Fuel
Canisters (WG-SNES(& TCS) (BPV XI)

J. Tatman, Chair
D. J. Ammerman
J. Broussard

C. R. Bryan

G. R. Cannell

K. Dietrich

D. Dunn

N. Fales

R. C. Folley

D. Jacobs

N. Klymyshyn

M. Kris

M. Liu

K. Mauskar
S. L. McCracken
M. Orihuela
M. Richter
K. E. Ross
B. Sarno

R. Sindelar
J. Wellwood
A. Williams

Subgroup on Evaluation Standards (SG-ES) (BPV XI)

N. A. Palm, Chair
S. X. Xu, Secretary
W. H. Bamford

M. Brumovsky

H. D. Chung

R. C. Cipolla

C. M. Faidy

M

B. R. Ganta

T. J. Griesbach
K. Hasegawa
K.

D. N. Hopkins
D. R. Lee

H
H
N
R

Y. S. Li

R. 0. McGill
K. Miyazaki
R. M. Pace

J. C. Poehler
S. Ranganath
D. A. Scarth
D. J. Shim

A. Udyawar
Vo
Wilkowski
enson, Alternate

V.
.M.
.L.B

. S. Mehta, Contributing Member

Task Group on Evaluation of Beyond Design Basis Events

(SG-ES) (BPV XI)

K. Hojo

S. A. Kleinsmith

S. M. Moenssens

T. V. Vo

G. M. Wilkowski

H. S. Mehta, Contributing Member
T. Weaver, Contributing Member

xxxii



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

Working Group on Flaw Evaluation

(SG-ES) (BPV XI)

Working Group on Pipe Flaw Evaluation (SG-ES) (BPV XI)

Working Group on Flaw Evaluation Reference Curves

Udyawar, Chair

. A. Scarth, Secretary
. H. Bamford

. L. Benson

. W. Brust

. C. Cipolla
. M. Farooq
. E. Freed

. Gil

. Hasegawa
. Hojo

xzv>gw~nzgc;>

(SG-ES) (BPV XI)

V. Lacroix

K. Miyazaki
B. Pellereau
S. Ranganath
D. J. Shim

S. Smith

M. Uddin

T. V. Vo

G. White

S. X. Xu

H. S. Mehta, Contributing\Member

Working Group on Operating Plant Criteria (SG-ES)(BPV XI)

N. A. Palm, Chair
A. E. Freed, Secretary
W. H. Bamford
M. Brumovsky
M. A. Erickson
T. J. Griesbach
M. Hayashi

R. Janowiak

M. Kirk

S. A. Kleinsmith
H. Kobayashi

A. D. Odell

R. M. Pace

J. C. Poehler

S. Ranganath

WL Server

C-A. Tomes

A. Udyawar

T. V. Vo

H. Q. Xu

H. S. Mehta, Contributing Member

Task Group on Appendix L (WG-OPC) (BPV XI)

Task. Group on Code Case

D. A. Scarth, Chair Y. Kim

R. C. Cipolla, Chair Y. S Li S. Kalvanam, Secretary V. Lacroix

S. X. Xu, Secretary C. Liu K. Azuma Y. S. Li

W. H. Bamford M. Liu W. H. Bamford R. 0. McGill

M. L. Benson G. A. Miessi M. L. Benson G. A. Miessi

M. Brumovsky K. Miyazaki M. Brumovsky K. Miyazaki

H. D. Chung S. Noronha F. W. Brust S. M. Parker

N. G. Cofie R. K. Qashu H. D. Chung S. H. Pellet

M. A. Erickson S. Ranganath R. C. Cipolla C. J. Sallaberry

C. M. Faidy D. A. Scarth N. G. Cofie W. L. Server

M. M. Farooq W. L. Server C. M. Faidy D. J. Shim

B. R. Ganta D. J. Shim M. M. Farooq S. Smith

R. G. Gilada S. Smith B. R. Ganta M. F. Uddin

C. Guzman-Leong M. Uddin R. G. Gilada A. Udyawar

P. H. Hoang A. Udyawar S. R. Gosselin T. V. Vo

K. Hojo T. V. Vo C. E. Guzman-Leong K. Wang

D. N. Hopkins K. Wang K. Hasegawa B. Wasiluk

S. Kalyanam B. Wasiluk P. H. Hoang G M. Wilkowski

Y. Kim G. M. Wilkowski K. Hojo S=X. Xu

V. Lacroix H. S. Mehta, Contributing Member D. N. Hopkins Y. Zou

D. R. Lee E. ]. Houston K. Gresh, Alternate
R. Janowiak H. S. Mehta, Contributing Member
K. Kashima

N-513 (WG-PFE) (BPV XI)

E. ]. Houston
R. Janowiak
S. H. Pellet
D. Rudland
D. A. Scarth
S. X. Xu

Task Group on Evaluation Procedures for Degraded Buried Pipe

R. 0. McGill, Chair
S. X. Xu, Secretary
F. G. Abatt

G. A. Antaki

R. C. Cipolla

R. G. Gilada

K. Hasegawa

K. M. Hoffman

(WG-PFE) (BPV XI)

R. Janowiak
M. Kassar

M. Moenssens
D. P. Munson
R. M. Pace

S. H. Pellet

D. Rudland

D. A. Scarth

Task Group on Flaw Evaluation for HDPE Pipe (WG-PFE) (BPV XI)

S. Kalyanam, Chair
P. Krishnaswamy
M. Moenssens

D. P. Munson

D. A. Scarth

D. J. Shim

M. Troughton
J. Wright

S. X. Xu

N. Glunt, Chair C.-S. Oh
R. M.Pace, Secretary H. Park Subgroup on Nondestructive Examination (SG-NDE) (BPV XI)
J<1/Dio S. Ranganath
A\E. Freed A. Scott J. T. Lindberg, Chair S. E. Cumblidge
M. A. Gray D. J. Shim D. O. Henry, Vice Chair K. J. Hacker
T. . Griesbach S. Smith T. Cinson, Secretary J. Harrison
H. Nam A. Udyawar M. Briley D. A. Kull
A. Nana T. V. Vo C. Brown C. Latiolais
A. D. Odell A. Bushmire F. J. Schaaf, Jr.
T. L. Chan R. V. Swain
D. R. Cordes C. A. Nove, Alternate

XxXiii



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

Working Group on Personnel Qualification and Surface Visual and

Eddy Current Examination (SG-NDE) (BPV XI)

ASME/JSME Joint Working Group on RIM Processes and
System-Based Code (SG-RIM) (BPV XI)

C. Brown, Chaijr D. Q. Henry S. Takava, Chair R. Mever
M. Orihuela, Secretary J. T. Lindberg R. J. McReynolds, Vice Chair T. Muraki
J. Bennett C. Shinsky M. T. Audrain S. Okajima
T. Cinson R. Tedder K. Dozaki A. T. Roberts III
S. E. Cumblidge T. Thulien J. T. Fong C. J. Sallaberry
A. Diaz J. T. Timm J. Hakii F. J. Schaaf, Jr.
N. Farenbaugh K. Harris R. Vayda

M. Hayashi D. Watanabe

S. Kalyanam H. Yada

Working Group on Procedure Qualification and Volumetric D. R. Lee K. Yamada
Examination (SG-NDE) (BPV XI) H. Machida T. Asayama, Contributing.Member

J. Harrison, Chair
D. A. Kull, Secretary
M. Briley

A. Bushmire

D. R. Cordes

K. J. Hacker

R. E. Jacob

W. A. Jensen

C. Latiolais

C. A. Nove

D. R. Slivon

R. V. Swain

D. Van Allen

J. Williams

B. Lin, Alternate

Subgroup on Reliability and Integrity Management Program

A. T. Roberts IlII, Chair
D. Vetter, Secretary
T. Anselmi

M. T. Audrain

N. Broom

F. W. Brust

V. Chugh

S. R. Doctor

J. D. Fletcher

J. T. Fong

R. Grantom

K. Harris

(SG-RIM) (BPV XI)

P. ]. Hennessey
S. Kalyanam

D. R. Lee

R. J. McReynolds
R. Meyer

M. Orihuela

C. J. Sallaberry
F. ]. Schaaf, Jr.
H. M. Stephens, Jr.
R. W. Swayne

S. Takaya

R. Vayda

Working Group on MANDE (SG-RIM) (BPV XI)

H. M. Stephens, Jr,, Chair
S. R. Doctor, Vice Chair
M. Turnbow, Secretary
T. Anselmi

M. T. Audrain

N. A. Finney

J. T. Fong

D. O. Henry

R. J. McReynolds
R. Meyer,

M. Oxihuela
K:.Yamada

Task Group on Nonmetallic.Component Degradation and Failure
Monitoring (SG-RIM) (BPV XI)

M. P. Metcalfe, Chair
A. Tzelepi, Secretany
M. T. Audrain

G. Beirnaert

C. Chen

W. ]. Geringer
K. Harris

J. Lang

]. Potgieter

Subgroup on Repair/Replacement Activities (SG:RRA) (BPV XI)

S. L. McCracken, Chair

E. V. Farrell, Jr, Secretary
J. F. Ball

M. Brandes

S. B. Brown

R. Clow

S. J. Findlan

M. L. Hall

J. Honcharik

A. B. Meichler

L. A. Melder*

S. A. Norman

G. T«Qlson

J. E~#Q’Sullivan
G7€. Park

R. R. Stevenson
R. W. Swayne
D. J. Tilly

J. G. Weicks

B. Lin, Alternate

Working\Group on Design and Programs (SG-RRA) (BPV XI)

S. B. Brown,) Chair
R. A, Patel, Secretary
0. Bhatty

R. Glow

R. R. Croft

E. V. Farrell, Jr.

K. Harris

B. Lin

H. Malikowski
A. B. Meichler
G. C. Park

M. A. Pyne

R. R. Stevenson
K. Sullivan

R. W. Swayne

Task Group on Repair and Replacement Optimization
(WG-D&P) (BPV XI)

L. McCracken, Chair
J. Findlan, Secretary
Basso

V. Farrell, Jr.
J. Ferlisi

S.
S.
T.
R.
K. Dietrich
E.
M.
R. C. Folley

M. L. Hall

D. Jacobs

H. Malikowski
T. Nuoffer

G. C. Park

A. Patel

R. R. Stevenson
J. G. Weicks

Working Group on Nonmetals Repair/Replacement Activities
(SG-RRA) (BPV XI)

J. E. O’Sullivan, Chair
S. Schuessler, Secretary
M. Brandes

D. R. Dechene

M. Golliet

]. Johnston, Jr.

B. Lin

T. M. Musto

A. Pridmore

F. ]. Schaaf, Jr.

R. Stakenborghs

P. Vibien

M. P. Marohl, Contributing Member

XXXiV



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

Task Group on HDPE Piping for Low Safety Significance Systems

(WG-NMRRA) (BPV XI)

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

H. Malikowski, Chair H. Kobayashi
M. Brandes. Chair T. M. Musto C. Waskev, Secretary S. E. Marlette
J. E. O’Sullivan, Secretary F. J. Schaaf, Jr. E. Blackard G. C. Park
M. Golliet S. Schuessler T. Cinson C. Wax
B. Lin R. Stakenborghs J. Collins G. White

K. Dietrich K. A. Whitney

Task Group on Repair by Carbon Fiber Composites
(WG-NMRRA) (BPV XI)

P. R. Donavin

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

J. E. O’Sullivan, Chair C. A. Nove
S. F. Arnold R. P. Ojdrovic M. J. Ferlisi, Chair P. Leininger
S. W. Choi A. Pridmore R. Thames, Secretary J. A. Munshi
D. R. Dechene S. Rios P. S. Ghosal M. Sircar
M. Golliet C. W. Rowley H. T. Hill P. C. Smith
L. S. Gordon J. Sealey S. Johnson S. Walden
P. Krishnaswamy R. Stakenborghs A. E. Keyser M. Wei§
M. Kuntz N. Stoeva B. Lehman S. G/Brown, Alternate
H. Lu M. F. Uddin
M. P. Marohl J. Wen
L. Nadeau B. Davenport, Alternate Working Group on Inspection of Systems and Components
(SG-WCS) (BPV XI)
Working Group on Welding and Special Repair Processes H.Q D.O’ Chair J. Howard
(SG-RRA) (BPV XI) M. Weis, Secretary A. Keller
I. A. Anchondo-Loepez S. D. Kulat
J. G. Weicks, Chair D. Jacobs R. W. Blyde E. Lantz
G. T. Olson, Secretary M. Kris K. Caver A. Maekawa
D. Barborak S. E. Marlette C. CuetosFélgueroso T. Nomura
S. J. Findlan S. L. McCracken M. J. Ferlisi J. C. Nygaard
R. C. Folley L. A. Melder M. L~Garcia Heras S. Orita
M. L. Hall J. E. O’Sullivan K\W: Hall A. W. Wilkens
J. Honcharik D. J. Tilly
Working Group on Pressure Testing (SG-WCS) (BPV XI)
Task Group on Temper Bead Welding (WG-W&SRP) (BPV X1) J. M. Boughman, Chair D. W. Lamond
S. J. Findlan, Chair S. L. McCracken S. A. Norman, Secretary M. Moenssens
D. Barborak N. Mohr T. Anselmi R. A. Nettles
R. C. Folley G. T. Olson M. J. Homiack C. Thomas
J. Graham J. E. O’Sullivan A. E. Keyser K. Whitney
M. L. Hall A. Patel
D. Jacobs J. Tatman
H. Kobayashi J. G. Weicks Working Group on Risk-Informed Activities (SG-WCS) (BPV XI)
M. A. Pyne, Chair M. J. Homiack
S. T. Chesworth, Secretary S. D. Kulat
Task Group on Weld Overlay. (WG-W&SRP)(BPV XI) G. Bronette D. W. Lamond
S. L. McCracken, Chair C. Lohse C. Cueto-Felgueroso E. Lantz
S. Hunter, Secretary S. E. Marlette R. Haessler P. J. O'Regan
D. Barborak G. T. Olson J. Hakii N. A. Palm
S. J. Findlan A. Patel K. W. Hall D. Vetter
J. Graham D. W. Sandusky
M. L. Hall D. E. Waskey
D. Jacobs J. G. Weicks Working Group on General Requirements (BPV XI)
T. Nuoffer, Chair T. N. Rezk
J. Mayo, Secretary A. T. Roberts III
Subgroup on Water-Cooled Systems (SG-WCS) (BPV XI) I F. Ball S R Scott
My -"Ferlisi, Chair S. D. Kulat T. L. Chan D. Vetter
J.Nygaard, Secretary D. W. Lamond P. ]. Hennessey S. E. Woolf
J. M. Boughman T. Nomura K. A. Kavanagh B. Harris, Alternate
S. T. Chesworth T. Nuoffer G. Ramaraj R. S. Spencer, Alternate
J. Collins M. A. Pyne
H. Q. Do H. M. Stephens, Jr.
K. W. Hall R. Thames
P.]. Hennessey M. Weis
A. E. Keyser I. A. Anchondo-Lopez, Alternate

XXXV



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

COMMITTEE ON TRANSPORT TANKS (BPV XII)

Subgroup on Nonmandatory Appendices (BPV XII)

N. J. Paulick, Chair M. Pitts T. A. Rogers, Chair R. C. Sallash

M. D. Rana, Vice Chair . Roberts S. StaniszewskKi, Secretary D. G. Shelton

]. Oh, Staff Secretary T. A. Rogers P. Chilukuri D. D. Brusewitz, Contributing
A. N. Antoniou R. C. Sallash N. J. Paulick Member

K. W. A. Cheng M. Shah M. Pitts Y. Doron, Contributing Member
P. Chilukuri S. Staniszewski T. ]. Rishel

W. L. Garfield A. P. Varghese

P. Miller R. Meyers, Contributing Member

Executive Committee (BPV XII)

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

M. D. Rana, Chair

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

Subgroup on Design and Materials (BPV XII)

S. Staniszewski
A. P. Varghese

R. C. Sallash, Chair
D. K. Chandiramani
K
P

. W. A. Cheng K. Xu

. Chilukuri Y. Doron, Contributing Member
S. L. McWilliams A.T.Duggleby, Contributing Member
N. J. Paulick R. D. Hayworth, Contributing
M. D. Rana Member
T. J. Rishel B. E. Spencer, Contributing Member
T. A. Rogers J. Zheng, Contributing Member
M. Shah

Subgroup on Fabrication, Inspection, and Continued Service

(BPV XII)
M. Pitts, Chair T. A. Rogers
K. W. A. Cheng R. C. Sallash
P. Chilukuri S. Staniszewski
M. Koprivnak Y. Doron, Contributing Meniber.
P. Miller R. D. Hayworth, Contributing
0. Mulet Member
T. J. Rishel G. McRae, Contributing“Member
J. Roberts

Subgroup on General Requirements (BPV XII)

M. Pitts
RANC: Sallash

S. Staniszewski, Chair
A. N. Antoniou

P. Chilukuri Y. Doron, Contributing Member

H. Ebben III T.]. Hitchcock, Contributing Member
J. L. Freiler S. L. McWilliams, Contributing

W. L. Garfield Member

0. Mulet T. A. Rogers, Contributing Member
B. F. Pittel D. G. Shelton, Contributing Member

COMMITTEE ON OVERPRESSURE PROTECTION (BPV XIiI)

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

R. W. Barnes, Contributing Member
R. D. Danzy, Contributing- Meimber
A. Frigerio, Contributing Member

J. F. Ball J. P. Glaspie, Contributing Member
J. Burgess S. F. Harrison, Jii~Contributing

B. Calderon Member

D. B. DeMichael A. Hassan, Cantributing Member

J. W. Dickson P. K. Lamy Contributing Member

J. M. Levy M. Mengen, Contributing Member
D. Miller ]. Mize; Contributing Member

T. Patel Mr=Mullavey, Contributing Member
B. F. Pittel S. K. Parimi, Contributing Member
T. R. Tarbay J. Phillips, Contributing Member
D. E. Tompkins M. Reddy, Contributing Member

Z. Wang S.Ruesenberg, Contributing Member
J. A. West K. Shores, Contributing Member

B. Engman, Alterndte
H. Aguilar, Contributing Member

D. E. Tezzo, Contributing Member
A. Wilson, Contributing Member

Executive Committee (BPV Xill)

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

A. Donaldson, Chair

B. KZ/Nutter, Vice Chair

C. E. Rodrigues, Staff Secretary
J. F. Ball

Subgroup on Design and Materials (BPV XIiI)

D. Miller, Chair
T. Patel, Vice Chair

J. A. West
A. Williams

T. K. Acharya D. J. Azukas, Contributing Member
C. E. Beair R. D. Danzy, Contributing Member
W. E. Chapin A. Hassan, Contributing Member
J. L. Freiler R. Miyata, Contributing Member

B. Joergensen

V. Kalyanasundaram
R. Krithivasan

B. ]. Mollitor

T. R. Tarbay

M. Mullavey, Contributing Member
S. K. Parimi, Contributing Member
G. Ramirez, Contributing Member

K. Shores, Contributing Member

XXXVi



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

Subgroup on General Requirements (BPV XiII)

US TAG to ISO TC 185 Safety Devices for Protection Against
Excessive Pressure (BPV XIII)

A. Donaldson, Chair D. E. Tezzo

B. F. Pittel, Vice Chair D. E. TompKins D. Miller, Chair B. K. Nutter

J. M. Levy, Secretary J. F. White C. E. Rodrigues, Staff Secretary T. Patel

R. Antoniuk B. Calderon, Contributing Member J. F. Ball J. R. Thomas, Jr.

D. J. Azukas P. Chavdarov, Contributing Member T. J. Bevilacqua D. Tuttle

J. F. Ball T. M. Fabiani, Contributing Member D. B. DeMichael J. A. West

J. Burgess J. L. Freiler, Contributing Member J. W. Dickson J. F. White

D. B. DeMichael ]. P. Glaspie, Contributing Member

S. T. French G. D. Goodson, Contributing Member

J. Grace B.Joergensen, Contributing Member COMMITTEE ON BOILER AND PRESSURE VESSEL CONFORMITY
C. Haldiman C. Lasarte, Contributing Member ASSESSMENT (CBPVCA)

J. Horne M. Mengon, Contributing Member

R. Klimas, Jr. D. E. Miller, Contributing Member R. V. Wielgoszinski, Chair T. P. Beirne, Alternate
7. E. Kumana R. Miyata, Contributing Member G. Scribner, Vice Chair N. Caputo, Alternate

P. K. Lam B. Mruk, Contributing Member G. Moino, Staff Secretary P. Chavdarow,\Alternate
D. Mainiero-Cessna J. Phillips, Contributing Member M. Blankinship J. M. Doywis, Alternate
K. R. May M. Reddy, Contributing Member J. P. Chicoine P. D. Edwards, Alternate
J. Mize S.Ruesenberg, Contributing Member T. E. Hansen Y.55/Kim, Alternate

L. Moedinger R. Sadowski, Contributing Member W. Hibdon B\Morelock, Alternate
M. Mullavey A. Swearingin, Contributing Member B. L. Krasiun M. Prefumo, Alternate
K. Shores A.P.Varghese, Contributing Member L. E. McDonald R. Rockwood, Alternate

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)

K. Nutter, Chair

W. Dickson, Vice Chair
Houk, Secretary

P. Beirne
Brown
Calderon
V. Chicola III
B. Engman
R. ]. Garnett
R. Lack

M. Mengon

B.
J.
R.
T.
M.
B.

C. Sharpe

J. R. Thomas, Jr.

Z. Wang

D. Nelson, Altérnate

]. Mize, Contributing Member

M. Mulldvey, Contributing Member
S.Ruesenberg, Contributing Member
K.'Shores, Contributing Member
‘A=Strecker, Contributing Member
A. Wilson, Contributing Member

N. Murugappan
I. Powell

D. E. Tuttle

E. A. Whittle

P. Williams

K. Roewe, Alternate

B. C. Turczynski, Alternate

J. Yu, Alternate

D. Cheetham, Contributing Member
A.]. Spencer, Honorary Member

COMMITTEE ON NUCLEAR CERTIFICATION (CNC)

ReStevenson, Chair

A: Lockwood, Vice Chair
Khan, Staff Secretary
Appleton

Claffey
DeSantls

W. Highlands

R.

My

S.

A.

J.

G.

N.

C.

G. Gobbi
J.

K. A. Kavanagh
J.
T.
E.
T.
T.
D.
E.

T. Aldo, Alternate

M. Blankinship, Alternate

G. Brouette, Alternate

M. Burke, Alternate

P. ]. Coco, Alternate

Y. Diaz-Castillo, Alternate

P. D. Edwards, Alternate

J. Grimm, Alternate

K. M. Hottle, Alternate

P. Krane, Alternate

S. J. Montano, Alternate

I. Olson, Alternate

L. Ponce, Alternate

M. Wilson, Alternate

S. Yang, Alternate

S. F. Harrison, Jr., Contributing
Member

XXXVii



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

(23) CORRESPONDENCE WITH THE COMMITTEE

General

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

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section [I;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 incorpotrate 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 become effective on the date posted. Users can register on the committee web page to receive e-mail notifications
of posted errata and Special Notices.

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

Cases

(a) The most common applications for cases are
(1) to permit early implementationof 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 ew material or process
(b) Users are cautionedthat 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 Cede.
(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)(Aproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall also
include the following information:
(1) a 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 s eltective for use when the public review process has been completed and 1t 1s approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases books,
“Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supplements.
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Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the next edition
of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a

Code Case anp]nmnnf‘ or-Editionof the npprnpriafn 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 supportthe inter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code,

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

(c) ASME does notactas a consultant for specific engineering problems or for the generalapplication or understanding
of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtained. 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,” “
device, or activity.

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

»u

certify,” “rate,” orendorse” any item, construction, proprietary

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the public. Persons wishing to attend any meeting
should contact the secretary of the applicable ‘€committee. Information on future committee meetings can be found at
http://go.asme.org/BCW.
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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, wélding operators,
brazers, brazing operators, and fusing operators, and the procedures employed in welding, brazing, or/plastic fusing in
accordance with the ASME Boiler and Pressure Vessel Code and the ASME B31 Code for Pressure Piping. As such, this is an
active document subject to constant review, interpretation, and improvement to recognize .hew developments and
research data. Section IX is a document referenced for the qualification of material joining préeesses by various construc-
tion codes such as Section [, II1, 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 bé.a¢ceptable 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-
tion material joining properties under all circumstances. Where such factors-are determined by the organization to affect
material joining properties, the organization shall address those factorsinthe Procedure Specification to ensure that the
required properties are achieved in the production material joiningZprocess.

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 isto'establish the mechanical 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 tequired. The supplementary essential variables apply only when
toughness testing is required by the referencing’code, standard, or specification.

The purpose of Performance Qualification iste determine the ability of the person using a material joining process to
produce a sound joint. In Operator Performanee Qualification, the basic criterion is to determine the ability of the operator
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
(called variables) that have an effect upon the material joining operations as applied to procedure or performance criteria.

The user of Section IX should.be aware of how Section IXis organized. It is divided into four Parts: general requirements,
welding, brazing, and plasti¢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 Il Welding, Article XII Brazing, and Article XXII Plastic Fusing)

(c) performange 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 1980 Edition of Section IX (the Preamble has since been deleted). The general
réquirementarticles reference the data articles for specific details of the testing equipment and removal of the mechanical
test specimens.
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PROCEDURE QUALIFICATIONS

Each material 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 correctan error, requalification of the procedure specification is required. If a change is made in a nonessential
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 thésé-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
existing P-Number groupings to specify PWHT parameters can lead to variations in heat treatments that may 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 pfocesses with the essential variables that apply to the performance quali-
fications of each process. The performanee. 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 pfoduction 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 I or I1I for welding, Article XII or XIII for brazing, and Article 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 of welding and brazing P-Numbers to particular base materials and F-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-

Nnmhnrc) were deleted.The new Table Q\/\’/QR-A?? was-divided-into ferrous-and nenferrous sections-Metals

were listed in numerical order by material specification number to aid users inlocating the appropriate grouping number.

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.

The QW-451 and QB-451 tables for procedure qualification thickness requirements and the QW-452 and QB-452 tables
for performance qualification thickness are given and may be used only as referenced by 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 to complement the groove-weld orientation sketch. The new revision to position indicates that a welder qdalifies 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 dildensions. These
are referenced by Articles I, XI, and XX

QW-470 describes etching processes and reagents.

Within Part QG is a list of general definitions applicable to Section IX-adopted material joiding processes. These may
differ slightly from other welding documents.

Nonmandatory Forms for documenting procedure and performance qualifications atie provided for the aid of those
who do not wish to design their own forms. Any form(s) that address all applicable-regquirements 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 te 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 érrata
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, matetial-joining processes, and wire-additive welding
added
(2) Definitions of fusing gauge pressure, fusing operator, fusing procedure
specification,heqt 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 QW3217 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
4% 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

xliii
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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 QwW-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 Revisedrin‘its entirety

92 QW-409.1 Editerially 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

104 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

xliv
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Page Location Change
207 Table QW-452.4 General Note (a) revised
216 Eigure 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 “% s max.” to
“1%,¢ 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 columh,/heads revised
263 Table QB-254 Second and third éelwmnn heads revised
264 Table QB-255 Second and thirdycolumn 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 FigurenQB-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 QE-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

xlv
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Page Location Change

340 Form QF-483(c) “Thermal Conditions (QF-405)” box revised

347 B.101 Eirst 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

xlvi
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——CROSS-REFERENCING IN THE ASME BPVC )

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a 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 alphabumerically 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 whieh the breakdown appears. The
following examples show the format:

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

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

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

xlvii


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

INTENTIONALEY<LEFT BLANK

xlviii



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

ASME BPVC.IX-2023

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-1092Whenever
the word “pipe” is used, “tube” shall also ‘be applicable.

(d) New editions to Section IX may-be used beginning
with the date of issuance and become ntandatory 6 months
after the date of issuance.

(e) Code Cases are permissiblé and may be used, begin-
ning with the date of approval by ASME. Only Code Cases
that are specifically ideftified as being applicable to this
Section may be used. At the time a Code Case is applied,
only the latest reviSion may 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©fja’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 PROCEDURE SPECIFICATION

A procedure specification is a written document
providing direction to the person“dpplying the mate-
rial-joining process. Details for the preparation and quali-
fication of procedure specifications for welding (WPS),
brazing (BPS), and fusing (FBS) 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 ghall be a standard procedure specification
acceptablé/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 the mechanical properties of the joint made using a
joining process, and not the skill of the person using the
joining process.

The procedure qualification record (PQR) documents
what occurred during the production of a procedure quali-
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

(23)

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 for qualification of the
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procedure, the applicable supplementary essential vari-
ables shall be recorded for each process. The organization

shall Pnrfify the DQD ]r\y a cignnfnrn or-other means-as

QG-105.3 Supplementary Essential Variables.
Supplementary essential variables are conditions in

which 3 rhannn will affect the fnnrrhnncc prnpnrhnc of

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
PQR may be used to support one or more 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 Sectign, 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 Variableés/{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-precedure specification whose essen-
tial variables have been revised and fall outside their qual-
ified rangesthe 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-
sien.is necessary to correct an error, as permitted by the
rules of the Partapplicable to the material-joining process.

QG-105.2 Essential Variables (Performance). Essen-
tial variables are conditions in which a change, as

the joint, heat- affected zone, or base materlal 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.L;

QG-105.4 Nonessential Variables. Nonessential vari-
ables are conditions in which a change, as deseribed in the
specific variables, is not considered to affect the mechan-
ical properties of the joint. These vabiables 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 proceduré specification.

QG-105.5 Special Process Variables. Special process
variables are‘conditions that apply only to special
processes thdt are described in the Part that addresses
those procésses. When these special processes are
used,conly 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, they shall be qualified by education, experience,
or training in the following areas:

(1) knowledge ofthe 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 Procedure Qualifications. Each organiza-

(23)
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ability of the person to produce a sound joint.

tion is responsible for conducting the tests required hy
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.

provided the organization accepts full responsibility
for any such work.

lfﬂ) The pnrcnnnn] who prr\ﬂnr‘n test }'ninfc for prnr‘n_

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 and mechanical 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 Performance Qualifications. Each organiza-
tion is responsible for the supervision and control of mate-
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 componients
under the rules of the Codes, standards, and specifications
that reference this Section. This requirement gnsures that
the qualifying organization has determined that the per-
sonnel using its procedures are capable'of achieving the
minimum requirements specified for@n acceptable joint.
This responsibility cannot be delegated to another orga-
nization.

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

(b) The performarnce 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
pérformance 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 subseguent work for preparing test specimens
T g =] r

lfr]) The pnrfnrmanrn qna]ifirnfinn 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 couponchas
been tested and found acceptable, the person.who
prepared the test coupon is also qualified for the
joining process used, within the ranges §pecified for
performance qualification for the applicdble process(es).

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

(g) If effective operational control of performance
qualifications for two o¥’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 £his case, requalification of persons working
within thé«ompanies 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 and may 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
employee with designated responsibility for performance
qualifications.

(a) The essential variables of the procedure specifica-
tions to be followed during simultaneous performance
qualifications shall be compared by the participating 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

from the completed test joint, and the performance of
nondestructive examination and mechanical tests,

(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

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

organization

lf?} vnrify thatthe pr\ciﬁnna] 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 are mechanically 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 qualificatiofi
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 thi§ paragraph.

QG-106.4 Simultanéous Procedure Qualifications.
When expressly permitted by the referencing code, mate-
rial-joining proceduyés may be simultaneously qualified
by more than onhe erganization, provided that each orga-
nization accépts 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-
tionof 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

(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 opetational
control of PQRs, procedure specifications; 'and perfor-
mance qualification records under different ownership
than existed during the original procedure qualification.
Multiple organizations under a comimon 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 contrel and authority for technical
direction of welding,

When an organjzation 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 thenew owner(s) PQRs, procedure specifications, and
performance qualification records become valid for use by
theiacquired 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 program documents the original source
of the PQRs, procedure specifications, and performance
qualification records as being from the original qualifying
organization.

QG-108 SPECIFICATIONS 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
earlier Editions or Addenda may be used to support proce-
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.

(23)

nonessential variables anr‘, when npp]irah]n, the cnpp]n_

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

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
hy QF-1 nn(h), the qnn]iﬁrafir\n rnqnirnmnnfc ofthe refer-

backing gas: a gas, such as argon, helium, nitrogen, or reac-
tive gas, which is employed to exclude oxygen from the

rootside (nppncifn from-the welding cir‘n) ofweld }'ninfc
5

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 the more common terms relating to mate-
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-109.2 DEFINITIONS

arc seam weld: a seam weld made by an arc welding
process.

arc spot weld: a spot weld made by an arc welding 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 electtical
cable.

arc welding: a group of welding processes whérein coales-
cence is produced by heating with an arc‘erarcs, with or
without the application of pressure, andwith or without
the use of filler metal.

as-brazed: adj. pertaining to the €ondition 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: a material placed at the root of a weld joint for the

base metal: the metal or alloy that is welded, 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 atbutt-
fusing pressure until an indication of melt is pbserved
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«colipons using combinations
of high and low values of specified variables to establish
the upper and lower range of qualification for those vari-
ables.

braze: ajoint produced by heating an assembly to suitable
temperatures-and by using a filler metal having a liquidus
above 840°E (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 the base materials. The filler metal is distributed
between the closely fitted surfaces of the joint by capillary
action.

brazing operator: one who operates machine or automatic
brazing equipment.

brazing temperature: the temperature to which the base
metal(s) is heated to enable the filler metal to wet 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

purbose of sunporting molten weld metal-The material
r r rr (=]

may or may not fuse into the joint. See also retainer.

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): abrazing process in which the work-
pieces are placed in a furnace and heated to the brazing

clad or cladding: weld metal overlay or bonded corrosion-
resistant material added to a metal surface.

temperature
r

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): abrazing process thatuses heatfroma
fuel gas flame.

build-up of base metal (restoration of base metal thickness):
this is the application of a weld material to a base metal so
as to restore the design thickness and/or structural integ-
rity. This build-up may be with 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 sum of 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 gpecification (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
pressuré'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 ajoint, prior to the preparation of the joint for

clad brazing sheet: a metal Sheet on which one or both
sides are clad with brazing filler metal.

coalescence: the growing together or growth into one body
of the materials being joined.

complete fusion: fusion which has occurred over the entire
base material surfaces intended for welding, and betweén
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 cdrrent 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 joiint~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, thé.plunge depth or travel speed can vary,
within @.specified range, during welding.

control method, position (FSW): a control method that uses
a set plunge position relative to the plate 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

final welding, for the purpose of providing a suitable tran-
sition weld deposit for the subsequent completion of the
joint.

enhanced by the creation of a precise condition of micro-
structure, specifically martensite or bainite, 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.

electrode, covered: a composite filler metal electrode
consisting of a core of a bare electrode or metal-cored

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: alap joint in which the overlapped
edges of the members to be joined are welded along the
edges of both members.

drag pressure: the pressure required to overcome the drag
resistance and frictional resistance inthe butt-fusing
machine and keep the carriage moving at its slowest
speed.

drag resistance: force-opposing movement of the movable
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~pscillation.

electrode, arc welding: a component of the welding circuit
through which current is conducted.

electrode;/bare: a filler metal electrode that has been
producéd 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: anonfiller material electrode used in arc
welding and cutting, consisting ofa carbon or graphite rod,
which may be coated with copper or other materials

electrode towhich 3 Pnunring sufficient to prnviﬂn 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 compenent of
the welding circuit through which current iscconducted
between the electrode guiding member and the molten
slag.

NOTE: Bare electrodes and compositelelectrodes as defined
under arc welding electrode are useddor electroslag welding.

A consumable guide may also be used as part of the electroslag
welding electrode system.

electrode, emissive: a fillerymetal 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, fluxX-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: afiller or nonfiller metal electrode used in
arc welding and cutting that consists of a metal wire 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. The electrode may be in the form of a rotating wheel,
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

electrode, composite: a generic term of multicomponent
filler metal electrodes in various physical forms, such
as stranded wires, tubes, and covered electrodes.

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-

fuel gas: a gas such as acetylene, natural gas, hydrogen,
propane, stabilized methylacetylene propadiene, and

tric elements within a3 confined space; prr\ﬂnring

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 filler metal to the face side ofa
joint.

filler metal: the metal or alloy to be added in making a
welded, brazed, or soldered joint.

filler metal, brazing: the metal or alloy used as a filler metal
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 notievolve
shielding gas by decomposition.

flux cover: metal bath dip brazing and dip soldering. Alayer
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 depesit.

flux, neutral (SAW):a flax which will 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 completed number of cycles which the oscil-
lating head makes in 1 min or other specified time incre-
ment.

frictional resistance in the butt-fusing machine: force-

other fuels nnrma"y usedwith r\vygnn inone 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 applicatien
of pressure approximately normal to the intevface
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 sum of 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 procedurespecification: a document providing in
detail the required variables for the fusing process to
ensure repéatability in the fusing procedure. This
generic ternm’includes fusing procedure specifications
qualifiédby testing (FPS), as well as standard fusing proce-
dure specifications (SFPS) or manufacturer qualified elec-
trofiision procedure specifications (MEFPS).

‘fusion (fusion welding): the melting together of filler metal
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-] 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

opposing movement due to friction in the mechanism
of the fusing machine.

(l’\) C‘lUu‘U‘lC J' 51 UuveT VVC}C‘[
(1) double-flare-bevel groove weld
(m) double-flare-Vee groove weld
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header: pipe used as a central connection or a manifold for
other piping runs.

the weld deposit] immediately before the next pass is
started.

fleat soak cycie: The portion of the butt-1UsSIng or sidewail-
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 temperature on the surface
of the heater where the pipe or fitting cross section makes
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-0f-average power using the
product of current andrvoltage measurements made at
rapid intervals that cdpture brief changes in the
welding waveform.

integrated backing: base metal that is used to support or
contain the weld'puddle during 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

JOInt: the junction of MemDErs o t1e edges of MEMDbErs
which are to be joined or have been joined.

joint penetration: the distance the weld metal extends
from the weld face into a joint, exclusive of weld reinforce=
ment.

keyhole welding: a technique in which a concentratedheat
source penetrates partially or completely through a'work-
piece, forming a hole (keyhole) at the leadirig-edge of the
weld pool. As the heat source progresses, the molten metal
fills in behind the hole to form the weld bead.

lap joint: a joint between two ovérlapping 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 wéld metal consisting of one or more
beads. See Figures QG-109.2.1 and QG-109.2.2.

lower transformdtion 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 fitting manufacturer
based on standard industry practice in accordance with
the Plastics Pipe Institute (PPI) MAB-02 and ASTM F1290,
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:

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

globular transfer (arc welding); pulsed spray welding;
and spray transfer (arc welding).
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nugget: the volume of weld metal formed in a spot, seam,
or projection weld.

polarity, straight: the arrangement of direct current arc
welding leads in which the work is the positive pole

oTganization: as used 1N 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-
nating motion relative to the direction of travel of welding,
brazing, or thermal spray device. See also weave bead.

overlay: anon-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
or more layers of weld metal to the surface of a base mate-
rial in an effort to improve the corrosion resistance prop-
erties of the surface. This would be applied at alevel above
the minimum design thickness as a nonstructural compo-
nent of the overall wall thickness.

overlay, hard-facing weld metal: deposition of one or more
layers of weld metal to the surface of a material in an effort
to improve the wear resistance properties of the surface.
This would be applied atalevel above the minimum design
thickness as a nonstructural component of the overall wall
thickness.

pass: a single progression of a welding or surfacing opera-
tionalong ajoint, weld deposit, or substrate. The resultofa
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 correct minor surface aberrations and/
or prepare the surface for nondestructive testing.

peel test: a destructive method of testing thatfitechanically
separates a lap joint by peeling.

peening: the mechanical working of ietals 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.

plug weld: aweld'made in a circular, or other geometrically
shaped hole (likea slot weld) in one member of alap 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

and-the electrode-is the nngah'vn pr\]n of the uln]ding

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 @fter
welding, brazing, soldering, thermal spraying, of 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) forsthe” 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 the welding current.

preheat mdinténance: practice of maintaining the
minimum.spécified 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 application of heat to the base metal 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

41 1 4 | 41 s 1 £ 1 11
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synonym for direct current electrode positive.
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overlapping members in which coalescence may start
and occur on the faying surfaces, or may have proceeded
from the surface of one member. The continuous weld may
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consistofasingle weld bead or a series of overlapping spot
welds. See also resistance welding.

surface temper bead reinforcing layer: a subset of temper
bead welding in which one or more layers of weld metal

SHOTT-cITCulting transjer (gas metai-arc welding)j: 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 by melting the
concave surface of the base of a saddle fitting while simul-
taneously melting a matching pattern on the surface of the
main pipe using a contactheater, then removing the heater
and bringing the two melted surfaces together under pres-
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: alap 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 imwhich
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 a metal-
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 Pip€ 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-
icanWelding Society, thatis made available for production
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

are. ﬂpp]inr‘ onorabhaovethe surface ]ﬂynrc ofa r‘nmpnnnhf

and are used to modify the properties 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 oppesed to
making a joint.

tee joint (T): a joint between two members located

approximately at right angles to each ather in the form
ofaT.

temper bead welding: a weld bead placed at a specific loca-
tion in or at the surface of axweld for the purpose of
affecting the metallurgical properties of the heat-affected
zone or previously deposited weld metal. The bead may be
above, flush with, orlbelow the surrounding base metal
surface. If above thé.base metal surface, the beads may
cover all or only.part of the weld deposit and may or
may not be £émoved following welding.

test couponi/a weld or braze assembly for procedure or
performiance 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 is made 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 specimen may be
a complete test coupon, for example, in radiographic
testing or small diameter pipe tension testing.

theoretical fusing pressure: the pipe area multiplied 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 (offillet): the shortest distance from the root
of a fillet weld to its face.

throat, effective (of fillet): the minimum distance from the
fillet face, minus any convexity, to the weld root. In the case
of fillet welds combined with 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.

weaving.

11

trailing gas: a gas used to produce a protective atmosphere
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.

or without shielding gas or flux, with or without partial
shielding from a ceramic or graphite ferrule surrounding

the cfnﬂl and-with-the np};\]irnﬁnn of pressure after the

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 current wave shape to control
characteristics such as droplet shape, penetration,
wetting, bead shape or transfer mode(s).

weave bead: for amanual or semiautomatic process, 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
groove weld in excess of the metal 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 legifillet welds: the leg lengths of the
largest right triangle-which can be inscribed within the
fillet weld cross sgction.

weld size: groove welds: the depth of chamfering plus any
penetration\béyond the chamfering, resulting in the
strength €arrying dimension of the weld.

weld,qutogenous: a fusion weld made without filler metal.

welder: one who performs manual or semiautomatic
welding.

welding operator: one who operates machine or automatic
welding equipment.

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 eleetroslag
welding process variation in which filler metal-is supplied
by an electrode and its guiding member.

welding, diffusion (DFW): a solid-stateswelding process
producing a weld between multiple layers of sheet or
plate by the application of mechaniéalpressure at elevated
temperature with no macroscopiedeformation 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. Thetprocess is used with or without an externally
suppliedshielding gas and without the application of 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 used without shielding gas and
without the application of pressure.

welding, electroslag (ESW): a welding process producing
coalescence of metals with molten slag which melts the
filler metal and the surfaces of the work 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 the work. 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

welding, arc stud (SW): an arc welding process that uses an
arc between a metal stud, or similar part, and the other
workpiece. The process is used without filler metal, with

12
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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 aweld under compressive force contact of work-

pieces rotating or moving relative to one another to
r o o

welding, laser beam (LBW): a welding process which
produces coalescence of materials with the heat obtained

fromthe npp]irafinn ofaconcentrated r‘nhnrnnf‘]ighf beam

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-
trode and the weld pool. The process is used with shielding
from an externally supplied gas and without the applica-
tion of pressure.

welding, gas metal-arc, pulsed spray (GMAW-P): avariation
of the gas metal-arc welding process in which 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 progess 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 (ndéniconsumable) elec-
trode and the work. Shielding s 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
sometimes been called TIGwelding, a nonpreferred term.)

welding, gas tungsten:arc, pulsed arc (GTAW-P): avariation
of the gas tungsten-arc welding process in which the
current is pulsed:“See also pulsed power welding.

welding, hybnid: 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
coalescence of metals by the heat obtained from resistance

impinging upon the members 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 ¢oherent
light beam employs reduced power densitygsuch that
coalescence of materials is achieved by conduction (i.e.,
melt-in) without keyhole welding.

welding, machine: welding with_équipment that has
controls that can be adjusted by the welding operator,
or adjusted under the welding{operator’s direction, in
response to changes in theiwelding conditions. The
torch, gun, or electrodesholder is held by a mechanical
device. See also welding;.automatic.

welding, manual-welding wherein the entire welding
operation is petfermed 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-
tiorrofpressure, and with or without the use of filler metal.

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 flow of welding 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 that produces a weld at the faying surfaces of over-
lapped parts progressively along a length of a joint. The
weld may be made with overlapping weld nuggets, a

Uf t}lC vwuUl }\PiCLCD tU t}lC ﬂUVV Uf iudu\,cd 1115}1 fl C\iuCllLy
welding current with or without the application of pres-
sure. The effect of the high-frequency welding current is to
concentrate the welding heat at the desired location.

13

LUlltilluUub VVC}C‘I uussct, Ul ]Uy fUl 5;115 t}lC jUillt adS lt iD
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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

wire-additive welding: the deposition of weld metal usinga
welding process and wire filler metal to create a new

a }'r\inf l‘\y the heat obtained from resistance to the

flow of welding current through the workpieces from elec-
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 a metal 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 the weld pool. The arc and molten metal
are shielded by a blanket of granular flux on the waork-
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 assembly whose constituentparts are joined
by welding, or parts which contain weld metal overlay.

anpr\nnnf either cnparaf‘n]y or jninnﬂ to-an nvich'ng

component.

Figure QG-109.2.1
Typical Single and Multibead Layers

Cover beads

Figure QG-109.2.2
Typical Single Bead Layers

Cover bead

14
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PART QW

(23)

WELDING

ARTICLE |
WELDING GENERAL REQUIREMENTS

QW-100 SCOPE

The rules in this Part apply to the preparation of
Welding Procedure Specifications (WPS) and the qualifi-
cation of welding procedures, welders, and welding opera-
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-101 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 accot-
dance with Article II, or it shall be an AWS Standard
Welding Procedure Specification (SWPS)*listed in
Mandatory Appendix E and adopted by that érganization
in accordance with Article V.

Both WPSs and SWPSs specify the vatiables (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{reatment requirements, etc.

A WPS shall addressfas*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.

WHhen' 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 for welder qualification is to determine the welder’s
ability to deposit seund 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 recommended Forms in Nonmandatory Appendix
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,
exceptthatan angular deviation of +15 deg 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

15

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
pignrn Q\/\/-Aﬂ1 Q' ilustration (h)

QW-131.2 Horizontal Position 2F. Plates so placed that
the weld is deposited with its axis horizontal on the upper

side of the horizontal surface and againcf the vertical

QW-121.3 Vertical Position 3G. Plate in a vertical plane
with the axis of the weld vertical. Refer 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 Multiple Position 5G. Pipe with 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

Filletwelds may be made in test coupons oriented in any
of the'positions of Figure QW-461.5 or Figure QW-461.6,
arid-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

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
the weld is deposited with its axis horizontal on the under-
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. Pipe with its axis inclined at
45 degto horizontal and rotated during welding 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) PositionZ2FPipe 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 deposited weld 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. Pipe with 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.”

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).

16
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QW-140 TYPES AND PURPOSES OF TESTS
AND EXAMINATIONS

QW-150 TENSION TESTS

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-171and QW-172 are used to determine the toughness
of the weldment.

QW-141.5 Stud-Weld Test. Deflection 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 testingcof 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 Ultrasohic examination per QW-191
may be substituted for mechanical testing of QW-141
for groove weld performance qualification as permitted
in QW-305 torprove the ability of welding operators to
make sound welds.

QW-144-VISUAL EXAMINATION

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

QW-151 SPECIMENS

Tension test specimens shall conform to one of 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 1yin. (25 mm), 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 4@t one location shall comprise a set.

(d) Whenmultiple specimens are necessary, the entire
thicknéss 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. (25 mm), a
full thickness specimen shall be used for each required
tension test.

(b) For pipe thicknesses 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 pipe thickness. Collectively, all
of the specimens required to represent the full thickness
of the weld at one location shall comprise a set.

(d) When multiple 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. (75 mm) or
less, reduced-section specimens conforming to the re-
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QW-151.3 Turned Specimens. Turned specimens
conforming to the requirements given in Figure

(e) the specified minimum tensile strength is for full
thickness specimens including cladding for Aluminum

OQOW462 1 () mavr be used for tension-tests
< \ae) "

(a) For thicknesses up to and including 1 in. (25 mm), 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 % 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 the ultimate total load by 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
heading “Minimum Specifiéd Tensile, ksi” of
Table QW/QB-422. In orderto-pass the tension test,
the specimen shall have a‘tehsile 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
weld-metal 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

Alclad-materials (D_Nn 21 fhrr\ngh P-Ng ')Q) less-than

% in. (13 mm). For Aluminum Alclad materials % 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 form specifnens of approxi-
mately rectangular cross section. The cut surfaces shall be
designated the sides of the specimien. The other two
surfaces shall be called the faeevand root surfaces, the
face surface having the greatér 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-
rials with less than 3% elongation, a macro-etch specimen
shall be used in lietref bend test at each bend test location.
Acceptance gpiteria shall be in accordance with
QW-183(a)«Figtire QW-466.3 shows the recommended
method ef\testing aluminum weldments. Guided-bend
specimens' are of five types, depending on whether the
axis ofthe weld is transverse or parallel to the longitudinal
axisjof the specimen, and which 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 1% in. (38 mm) may be cut into approximately equal
strips between %, in. (19 mm) and 1% in. (38 mm) 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.

If multiple specimens are used in either situation above,
one complete set shall be made for each 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

more than 5% below the minimum specified tensile
strength of the base metal.
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surface—of-the-bent-speeimen—Fransverseface-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

When specimens wider than 1% in. (38 mm) are to be

bent as permitted in Figure QW-462.2, the test jig mandrel
1

must be at least o in (A mm) wider than the cpnr‘imnn

(23)

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 conyex
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-162.1 Jigs. Guided-bend specimens shall be bentin
test jigs that are in substantial ‘accordance with
Figures QW-466.1 through QW<466.3. When using the
jigs illustrated in Figuxle. 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 discontimuities, 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 % 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 the wrap around jig (see Figure QW-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 side with the greater discontinuities, if
any, for side-hend specimens. The bending is considered

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 base metals having different Bvalues, the
larger of the two B values may be used.

QW-163 ACCEPTANCE CRITERIA — BEND FESTS

The weld and heat-affected zone of a transverse weld-
bend specimen shall be completely withinthe bent portion
of the specimen after testing.

The guided-bend specimens shall’have no open discon-
tinuity in the weld or heat-affected zone exceeding % in.
(3 mm), measured in any direction on the convex surface
ofthe specimen after bending! Open discontinuities occur-
ring on the corners of the specimen during testing shall not
be considered unless-there is definite evidence that they
result from lack of fusion, slag inclusions, or other internal
discontinuities. Kot corrosion-resistant weld overlay clad-
ding, no opén discontinuity exceeding % in. (1.5 mm),
measured iwany direction, shall be permitted in the clad-
ding, and-ho open discontinuity exceeding % 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 and Orientation of Test Specimen.
The toughness test specimen removal and preparation re-
quirements shall be as given in the Section requiring such
tests.

When qualifying pipe in the 5G or 6G position, 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 hy the referen-

complete once the outer roll has moved at least 180 deg
from the starting point.
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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

coupon for plate-to-plate shall be cut transversely to
provide a center section approximately 4 in. (100 mm)

(23)

QW-172.3 Location and Orientation 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.

When qualifying pipe in the 5G or 6G position, 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-181.1 Procedure. The dimensions and preparation
of the fillet-weld test coupon for procedure qualification as
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 lieurof
QW-181.1. When a production assembly mockupris
used, the range qualified shall be limited to the base
metal thickness, fillet weld size, and configuration of
the mockup. Alternatively, multiple production assembly
mockups may be qualified. The range of thicknesses of the
base metal qualified shall be not less than'the thickness of
the thinner member tested and not greater than the thick-
ness of the thicker member tested: The range for fillet weld
sizes qualified shall be limited to'no less than the smallest
fillet weld tested and no greater than the largest fillet weld
tested. The configuration of production assemblies shall
be the same as that used in the production assembly
mockup. The mockips for plate-to-shape shall be cut
transversely to provide five approximately equal test
specimens,iot/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

]r\ng and-two-end-sectionseach apprnvimafn]y 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 specithens
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 requiremefnts ‘of QW-181.2.
When production assembly moékups are used, the
range qualified shall be limited‘te the fillet sizes, base
metal thicknesses, and configuration of the mockup.

(a) Plate-to-Shape

(1) The mockup forplate-to-shape shall be cut trans-
versely to provide three-approximately equal test speci-
mens not to exceed-approximately 2 in. (50 mm) 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.ofie of the remaining test specimens shall be
macro-éxamined in accordance with QW-184.

(b)\’Pipe-to-Shape

(1) The mockup 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
beloaded laterally in such a way that the root of the weld 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 % 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

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

20

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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etched with a suitable etchant (see QW-470) to give a clear
definition to the weld metal and heat-affected zone. The

side ofthe test specimen at the area where the plate or pipe
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 the weld
metal and heat-affected zone shall show complete fusion
and freedom from cracks

(b) there shallbe notmore than % in. (3 mm) 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 %, in. (0.8 mm)

(d) no concavity or convexity greater than ¢ in. (1.5
mm)

(e) nomore than %-in. (3-mm) difference between'the
fillet weld leg lengths

QW-185 DIFFUSION WELDING — PROCEDURE
AND PERFORMANCE QUALIFICATION
SPECIMENS

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

QW-185.2 A minimum'ofthree 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
ASTMNE3 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-

QW-190 OTHER TESTS AND EXAMINATIONS

QW-191.1 Radiographic Examination.

QW-191.1.1 Method. The radiographic examination in
QW-142 for welders and in QW-143 for welding operatars
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 radiggraphs 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 Terminology.

(a) Linedr Indications. Cracks, incomplete fusion,
inadequdte penetration, and slag are represented on
thé-padiograph 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 indications with alength three times the width 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 Qualification Test Welds. Weld rein-
forcement may 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) % in. (3 mm) for t up to % in. (10 mm), inclu-
sive

(-b) Ystfort greaterthan % in.to 2%, in. (10 mm to

scope at 50X to 100X magnification.
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57 mm), inclusive
(-c) %, in. (19 mm) for t greater than 2%, 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 12¢, except when

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

the distance between the successive impnvfﬂri’ir\nc

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 following dimensions shall be consid-
ered relevant:

(-a) /1ot for t less than /g in. (3 mm)

(-b) /¢4 in. (0.4 mm) for t equal to ! /g in.to /4 in.
(3 mm to 6 mm), inclusive

(-c) /32 in. (0.8 mm) for t greater than '/, in. to
2 in. (6 mm to 50 mm), inclusive

(-d) */1¢ in. (1.5 mm) for t greater than 2 in.
(50 mm)

(2) Maximum Size of Rounded Indications

(-a) The maximum permissible dimension for
rounded indications shall be 20% of t or
1/8 in. (3 mm), whichever is smaller.

(-b) Forweldsin material less than % in. (3 mm) 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 % in. (3 mm) or greater
in thickness, the charts in Figure QW-191.1.2.2(b)(4)
represent the maximum acceptable types of rounded
indications illustrated in typically clustered, assorted, and
randomly dispersed configurations.

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 matefial 7/, 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) Fer\términology, 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 deposited weld thickness for which the welder is qual-
ified.

regardless of lenath
t=) o
(b) Indications exceeding % in. (3 mm) in length are
considered relevant, and are unacceptable when their
lengths exceed
(1) Y in. (3 mm) for thicknesses up to % in. (10 mm),
inclusive
(2) ' the thickness for thicknesses greater than¥%
in. up to 2% in. (10 mm to 57 mm), inclusive
(3) %,in. (19 mm) for thicknesses greater than 2" in.
(57 mm)

QW-191.2.3 Acceptance Criteria for Production Welds.
The acceptance criteria for welders or‘welding operators
who qualify on production welds by tltrasonic examina-
tion as permitted in QW-304.1 ox: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)\Alt personnel performing volumetric examinations
for:welder and welding operator qualifications shall be
qualified and certified in accordance with 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) Ifthe weld being examined is a production weld, 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 atleast 15 deg and returning it to its original posi-
tion using a testjig and an adapter location dimension that
are in accordance with Figure QW-466.4.

The remaining five welded stud joints shall be tested in
torque using a torque testing arrangement that is substan-
tially in accordance with Figure QW-466.5. Alternatively,

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

22

where torquing is not feasible, tensile testing may be used,
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
/g in. (3 mm) to /4 in. (6 mm)
Thickness

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld
Over 1/4in. (6 mm) to /5 in. (13 mm)
Thickness

Typical Quantity and Size Permitted
in 6 in. (150, mm) Length of Weld
Over 1/5,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

23
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heads may be gripped on the unwelded end in the jaws of
the tensile testing machine.

Required Torque for Testing Threaded Austenitic
Stainless Steel Studs

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
Threads/in. and

Nominal Diameter Testing Torque,

of Studs, in. (mm) Series Designated ft-1b (J)
Y, (6.4) 28 UNF 5.0 (6.8)
Y, (6.4) 20 UNC 4.2 (5.7)
%6 (7.9) 24 UNF 9.5 (12.9)
%16 (7.9) 18 UNC 8.6 (11.7)
% (9.5) 24 UNF 17 (23.0)
% (9.5) 16 UNC 15 (20.3)

e (11.1) 20 UNF 27 (36.6)
e (11.1) 14 UNC 24 (32.5)
Y (12.7) 20 UNF 42 (57.0)
Y% (12.7) 13 UNC 37 (50.2)
%6 (14.3) 18 UNF 60 (81.4)
%6 (14.3) 12 UNC 54 (73,2)
% (15.9) 18 UNF 84'(114.0)
% (15.9) 11 UNC 74 (100.0)
%, (19.0) 16 UNF 147 (200.0)
%, (19.0) 10 UNC 132 (180.0)
Y (22.2) 14 UNF 234 (320.0)
Y (22.2) 9 UNC 212 (285.0)
1 (25.4) 12 UNF 348 (470.0)
1 (25.4) 8 UNC 318 (430.0)

Nominal Diameter Threads/in. and Testing Torque,

of Studs, in. (mm) Series Designated ft-1b (J)
Y, (6.4) 28 UNF 4.5 (6.1)
Y, (6.4) 20 UNC 4.0 (5.4)
%6 (7.9) 24 UNF 9.0 (12.2)
%6 (7.9) 18 UNC 8.0 (10.8)
% (9.5) 24 UNF 16.5.(22:4)
% (9.5) 16 UNC 14.5 (19.7)
"he (11.1) 20 UNF 26.0 (35.3)
e (11.1) 14 UNC 23.0 (31.2)
Y (12.7) 20 UNF 40.0 (54.2)
Y (12.7) 13 UNE 35.5 (48.1)
% (15.9) 18 UNF 80.00 (108.5)
% (15.9) 11 UNC 71.00 (96.3)
¥, (19.0) 16 UNF 140.00 (189.8)
¥, (19.0) 10 UNC 125.00 (169.5)
e (222) 14 UNF 223.00 (302.3)
Yo (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 the minimum 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
diameterisless than the minor diameter, or on the original
cross-sectional area where failure 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 stud welds 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.

24

required to qualify each stud-welding operator. The
equipment used for stud welding 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 (Fiun jninfc) shall be tested either ]‘\y

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

sheet and tube wall face

(23)

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. (50 mm). For tube¢tor
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 incthe mockup
assembly shall be subjected to the following tests and
shall meet the applicable acceptancegeriteria.

QW-193.1.1 Visual Examination. The accessible
surfaces of the welds shall be‘éxamined visually with
no magnification required. The welds shall show complete
fusion, be free from visyal,eracks or porosity indications,
and have no evidence of burning through the tube wall.

QW-193.1.2 Liquid Penetrant. The liquid penetrant
examination ghall' meet the requirements of Section V,
Article 6. The weld surfaces shall meet the requirements
of QW-195,27 Liquid penetrant examiners shall meet the
requifements 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

QW-193.2 Performance Qualification Specimens. A
minimum of five mockup tube-to-tubesheet welds are
required to qualify each welder or welding operators:
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 shallapply.

(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 treatmentanay be omitted.

Only one mockup weld is.fequired to renew a welder’s
or welding operator’s qualification when that qualification
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 The 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 % 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
shape with 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 %

20X, The eXposed Cross Sections of the weld shall confirm
(a) minimum leak path dimension required by the
design

25

in. (5 mm)
(c) four or more relevant rounded indications in a line
separated by % in. (1.5 mm) or less (edge-to-edge)
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QW-195.3 Personnel Certification. The organization
shall certify that personnel performing liquid penetrant

calculated according to the following equation, is no
less than that specified in Table QW/QB-422 for the

examinationsmeetthe followineminimumreaguirements:
t=) 1

(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
oftheliquid penetrant examination method for which 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.
The maximum dimension of any void shall not exceed 10%
of the thickness of the weld bead.

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

Material Thickness, T, in. (mm) Weld Nugget Width

<0.010 (0.25) 6T
20.010 (0.25) and <0.020 (0.50) 5T
20.020 (0.50) and <0.040 (1.00) 4T
20.040 (1.00) and <0.069 (1.75) 3T
20.069 (1.75) and <0.100 (2.54) 2.50T
20.100 (2.54) and <0.118_(3:00) 2.25T
20.118 (3.00) and <0.157\(4.00) 2T
20.157 (4.00) 1.80T

The weld-depth (extent of fusion) shall be a minimum of
20% of the'thickness of the thinner ply (in each member)
and asmaximum 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.

weaker of the two base metals }'ninnﬂ-

loadto failure
strength = —————
area ofthe nugget

where the area of the nugget =  x d*/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 beprepared as
shown in Figure QW-462.8.1 for spet.and projection
welding and per Figure QW-462.8422 for seam welding.
The specimens shall be peeled or.separated mechanically,
and fracture shall occur in the base'metal 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-197.11 Required Tests. Six tension shear speci-
mens andieight 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 the weld. A minimum of 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 a minimum magnification
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) The examination of the weld area shall reveal sound

QW-196.2.1 Shear test specimens shall be prepared as
shown on Figure QW-462.9. For spotand projection welds,
each test specimen shall produce a strength that, when

26

weld metal, complete tusion along the bond Iline, 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

strips of a length sufficient to perform bend tests. The
maximum width of each strip shall be 1%, in.

least 6 in. (150 mm) long shall be prepared as shown
in Figure QW-464.2 illustration (a) and macro specimens
as shown in Figure QW-464.2 illustration (b). The peel 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 the weld metal. The width and depth of penetration
of each weld shall be measured to the nearest hundredth of
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, base metals, 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 Tensile Tests. For pipes NPS41 (DN 25) and
smaller, and nontubular cross sections; two full-section
tensile specimens shall be prepared‘in accordance with
Figure QW-462.1(e). For pipes. gheater than NPS 1 (DN
25), two reduced section teénsion 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, twowreduced section tension specimens
shall be prepared in accordance with Figure
QW-462.1(a)cor-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
citrcumference of each remaining pipe coupon shall be
cut along the axis of the pipe into an even number of

(QQ mm) and-the minimum-width

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

w T + D/8 for pipes greater than NPS 2 (DN §0)

where

0D of the tube
nominal wall thickness
width of the specimen

D
T

w

One edge of one strip fromveach coupon shall be
polished to a 600 grit finishtwith 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 the base metal notassociated with 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.

Al¥flash shall be removed from the strips and the welds
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) Inlieu 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.

27
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APPENDIX |
ROUNDED INDICATION CHARTS

[llustration 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).

28
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(23)

ARTICLE I
WELDING PROCEDURE QUALIFICATIONS

QW-200 GENERAL

QW-200.1 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 thdt
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 proyided such
changes are documented with respect to‘the essential,
nonessential, and, when required, supplementary essen-
tial variables for each process. This maybe by amendment
to the WPS or by use of a new WPS.

Changes in essential or supplementary essential vari-
ables require requalification-ofthe WPS (i.e., new or addi-
tional PQRs to supportithe change in essential or
supplementary essential-variables).

(d) Format of the WPS. The information required to be
in the WPS may peéjin any format, written or tabular, to fit
the needs of each organization, as long as every essential,
nonessential,jand, 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 the WPS. 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 for other processes. It also lists some variables that do
not apply to all processes (e.g., listing shielding gas which

irad for CATAN Tha giaid

QW-200.2 A Procedure Qualification Record-s defined (23)

as follows:

(a) Procedure Qualification Record {PQR). The PQR is a
record of variables recorded duringthe welding of the test
coupons. It also contains the test\results of the tested
specimens. Recorded variables/hormally fall within a
small range of the actual gariables 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 duringthewelding 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-

ie—natraa 4d nat-aacilirland
is-netrequiredfor-SAWI—The-guide doesnoteasilylend
itself to multiple process procedure specification (e.g.,
GTAW root with SMAW fill).

29

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

properties, and service requirements. Where toughness is
a consideration, it is presupposed that the base metals

an-established E-Number-This may pnrmif’ annnﬂing on

the particular construction Code requirements, an orga-
nization to use other filler metals that fall within that parti-
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 of 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 the PQR. Also, the type of tests, number of tests,
and test results shall be listed in the PQR.

Form QW-483 does 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) Availability of the PQR. The PQR shall be available for
review but need not be made available to the welder or
welding operator.

(f) Multiple WPSs With One PQR or Multiple PQRs With
One WPS. Several WPSs may be prepared from the data’on
asingle PQR (e.g,,a 1G plate PQR may support WPSs'for the
F, V, H, and O positions on plate or pipe withinall other
essential variables). A single WPS may coverseveral 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 Y in. (1.5 mm) through 1% in.
(32 mm) if PQRs exist for both the %4 in. (1.5 mm)
through 36 in. (5 mm) and 36 in. (5 mm) through
1Y, in. (32 mm) thickhess ranges].

QW-200.3 Toréduce the number of welding procedure
qualifications néquired, 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
Tabte QW/QB-422) Group Numbers are assigned addi-
tionally to P-Numbers. These Group Numbers classify
the metals within P-Numbers for the purpose of procedure
qualification where toughness requirements are specified.
The assignments do not imply that base metals may be

inr‘icr‘riminafn]y substituted for a base metal which

meet the cpnrifir rnqnirnmnnfc

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 nonessentialvariables may
be used in a single production jgint."Each WPS may
include one or a combination\of processes, filler
metals, or other variables. These provisions also apply
to special process WPSs as\défined in QW-251.4.

Where more than one-WPS specifying different
processes, filler metals, or other essential or supplemen-
tary essential variablesis used, QW-451 or Table QW-453,
as applicable, shall' be used to determine the range of base
metal thickness‘and maximum weld metal 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
pragcess, filler metal, 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
made usinga WPS thatis supported by more than one PQR,
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 % 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

L IALalds

was used in the qualification test without consideration
of the compatibility from the standpoint of metallurgical
properties, postweld heat treatment, design, mechanical

30
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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

range shall be based on the base metal thickness adjacent
to the toe of the weld at the thinnest end of the transition.

test specimens that shall be tested to qualify a groove weld
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 itcanbe determined that the cause of failure is not
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.

Whenitis determined that the test failure was caused by
one or more weldingrelated factors other than essential or
supplementary essential variables, a new test coupon may
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 previpus
test failure shall be addressed by the organization to
ensure that the required properties are achieyed'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 requirefments are given in
QW-202.5.

QW-202.2 Groove and Fillet Welds.

(a) Qualification fornGroove Full Penetration Welds.
Groove-weld test coupons shall qualify the thickness
ranges of both base\metal and deposited weld metal to
be used in produg¢tion. Limits of qualification shall be
in accordance'with QW-451. The thickness, ¢, of deposited
weld metalin/QW-451 shall be exclusive of weld reinforce-
ment. WRS/qualification for groove welds shall be made on
groovewelds 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 are welded, the
“Range of Thickness T of Base Metal, Qualified” in QW-451

The test cpnr‘imnnc 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{dn
accordance with the requirements of QW-451 for beth
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 nietal having a
thickness of 1% 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 forwelding 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 Codemay as an alternate be qualified with fillet
weld qualification tests. Tests shall be made 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
groove welds shall be applicable for weld repairs to groove
and fillet welds and for weld buildup under the following
provisions:

(a) Thereisno limitation on the thickness of base metal
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 1% in. (38 mm) or more.

QW-202.4 Dissimilar 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 thinner member shall be within
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
the maximum thickness of the thicker production member
provided qualification was made on base metal having a
thickness of %, in. (6 mm) or greater.

(2) For all other metal, the thickness of the thicker

(23)

Shall be determined individually for each base metal in the
test coupon. When the thicker test coupon is tapered to
provide a thickness transition at the weld, the qualified

31

member shall be within the range permitted by QW-451,
except there need be no limitation on the maximum thick-
ness of the thicker production member provided
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qualification was made on base metal having a thickness of
1% in. (38 mm) or more.

Morethanone prnr‘ndnrn qnn]iﬁrafir\n may be annirnﬂ

QW-212 TYPE AND DIMENSIONS OF GROOVE
WELDS

to qualify for some dissimilar thickness combinations.

QW-202.5 Stud Welding. Procedure qualification tests
for stud welds shall be made in accordance with QW-192.
The procedure qualification tests shall qualify the welding
procedures for use within the range of the essential vari-
ables of Table QW-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
process and electrodes mustbe suitable for use in the posi-
tions permitted by the WPS. A welder or wélding operator
making and passing the WPS 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 ferms. Qualification in plate also qualifies
for pipe welding-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 qualified WPS may be considered as the
Same P-Number as any base metal having a nominally
matching chemical analysis.

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 Tablg QW-453.

QW-214.2 The qualification test coupon for procedure
qualification shall consist of base metalhot less than 6 in.
(150 mm) x 6 in. (150 mm). The wé€ld overlay cladding
shall be a minimum of 1% in. (38imm) wide by approxi-
mately 6 in. (150 mm) long. For:qualification on pipe, the
pipe length shall be a minimuun 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 continueus: around the circumference of the
test coupon.

(a) The corrosion-resistant surface shall be examined
by the liquidpenetrant method and shall meet 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 % 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 ELECTRON BEAM WELDING, LASER BEAM
WELDING, AND LOW-POWER DENSITY
LASER BEAM WELDING

QW-215.1 For electron beam welding and laser beam

(23)
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wetding {exciudinmg tow-power density taser 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 alap-over (completing the weld by rewelding over
the starting area of the weld, as for a girth weld), such lap-

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

over-shall be included-in the WPS qna]ifir‘afir\n tost

coupon.

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

QW-215.3 Essential variables shall be as specified in
Tables QW-260, QW-264,and QW-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) The partial-penetration groove welds are deposited
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‘e€ach workmanship test
coupon shall be sectioned, polished, and etched with a
suitable etchant to revealithe weld and heat-affected
zone (see QW-470). If\the workmanship test coupon
includes a lap-over)ithén 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
whenvisually examined at 10X magnification. Any indica-
tioiis 5, in. (0.8 mm) in length at the root of the weld may
bé.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 be prepared to document

the workmanship test and shall include the information
listed in (1} Hnrnngh (A.)

(?} ke phnfnmir‘rngraph 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) Aworkmanship WPS shall be prepared based on the
workmanship PQR and shall include the information listed
in (1) through (4).

(1) reference to the previously qualified gfoove-
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) the minimum required depth of weld penetration

(g) When more than one workmanship PQR has been
developed to addre$s different configurations of the
production parts, asseparate 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 The test base metal coupon for procedure
qualification shall have minimum dimensions of 6 in. (150
mm) wide x approximately 6 in. (150 mm) long with a
hard-faced layer a minimum of 1% in. (38 mm) wide x
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-

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

(I‘) The base metal shall be sectioned francvnrcn]y to

metal and cladding) as applied to QW-451, except that the
minimum thickness of filler metal joining the cladding

pnrfinn of the weldment shall be based on a3 chemical

(23)

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 these methods shall be prepared and welding variables
applied in accordance with QW-216.1 and QW-216.3,
respectively.

QW-216.5 Ifaweld depositis to be used under a hard-
facing weld metal overlay, a base metal with an assigned P~
Number and a chemical analysis nominally matching'the
weld deposit chemical analysis may be substituted to
qualify the PQR.

QW-217 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 calculatijons. Either method A [see
(a)] or method B [see (b)] may be used when the cladding
thickness is not includedin the design calculations.

(a) Method A.

(1) The essential and nonessential variables of
QW-250 shall.lapply for each welding process used in
production:

(2)._The clad material (base metal with cladding)
procédure qualification test coupon shall be made
usifigithe 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 base metals

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 ofQW-151.1(a),
QW-151.1(b), or QW-151.1(c), unless specified otherwise
by the applicable Construction Coder

(6) The bend test requitements 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 specimen® 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 the WPS need
notbe based on test coupons made with clad metal. For the
corrosion-resistant overlay portion of the weld, the essen-
tial variables of QW-251.4 shall apply and the test coupon
and testing shall be in accordance with Table QW-453. The
WPS shall limit the depth of the groove, which will 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
for base metal and cladding according to QW-202.2 may be
performed. Alternatively, qualification using clad material
may be made according to rules in method A with the
following exceptions:

(-a) The qualified thickness range for the base
metals (P-Number or unassigned base metal and cladding)
and filler metals used to weld each material shall be based
on the actual test coupon thickness for each material (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

(P-Number or unassigned base metal and cladding) and
filler metal(s) used to weld each material shall be based on
the actual test coupon thickness for each material (base

34

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

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

reguwirement
1

(23)

qualified in accordance with QW-202.2(a), QW-202.2(b),
or QW-202.2(¢).

QW-218.2 Asan 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 the weld
metal. The welding variables of QW-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 shoewn on the WPS must be
the same as they are-shown on the PQR). If it is
desired to provide tolerances in the WPS for two variables,
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 bé welded). These coupons shall be examined
and tésted in accordance with QW-199.1.3.

Ifiit is desired to provide tolerance for a third variable,
thie first two variables shall be set at the midpoint of their
tolerance, and two test coupons shall be welded with each
of the upper and lower extremes of the new tolerances for
the third variable (i.e., four coupons must be welded).

These coupons shall be examined and tested in accordance
with QW-19913

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 ate in addition to the
welding variables for each weldingprocess used during
hybrid welding provided in QW+250:

(a) anaddition or deletiomrefwelding processes used in
a hybrid welding process_ffom those used during quali-
fication.

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

(c) achange.in the process separation used in a hybrid
welding precéss greater than 10% from that used during
qualification(e.g., measured at the weld 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

The hybrid welding procedure 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

No more than three essential variables on a WPS may
show tolerances.
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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 I\L

QW-251.3 Nonessential Variables. Nonessential vari-
ables are those in which a change, as described in the spe-

cific variah]nc’ may be made in the WPS without

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-
ification requires toughness testsand are in addition 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.

requalification.

QW-251.4 Special 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 progesses
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 P i S f (WPS) — Oxyfuel Gas Weldi (OFW)
Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 1 ¢ Groove design X
Joints 2 + Backing X
3 ¢ Backing comp. X
.10 | ¢ Root spacing X
QW-403 1 ¢ P-Number X
Base Metals 2 Max. T Qualified X
QW-404 3 ¢ Size X
Filler Metals 4 ¢ F-Number X
5 ¢ A-Number X
.12 | ¢ Classification X
QW-405 1 + Position X
Positions
QW-406 1 Decrease > 100°F (55°C) X
Preheat
QW-407 1 ¢ PWHT X
PWHT
QW-408 7 ¢ Type fuel gas X
Gas
QW-410 1 ¢ String or weave X
Technique 22 | ¢ Flame characteristics X
4 ¢ < _ Technique X
.5 ¢ Method cleaning X
.26 | £ Peening X
.64 Use of thermal processes X
Legend:
+ Addition > Increase.grigreater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than | Downbhill — Backhand
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Table QW-252.1
Welding Variables Procedure Specifications (WPS) — Oxyfuel Gas Welding (OFW)

Special Process Essential Variables

Hard-Facing Overlay

Corrosion-Resistant Overlay

Hard-Facing Spray Fuse

Paragraph (See QW-216) (See QW-214) (See QW-216)
QW-402 .16 | < Finished t
Joint 17 > Finished t
QW-403 .20 | ¢ P-Number ¢ P-Number
Base Metals 23 | ¢ T Qualified ¢ T Qualified ¢ T Qualified
QW-404 12 | ¢ Classification ¢ Classification
Filler Metals 42 > 5% Particle size range
46 ¢ Powder feed-rate
QW-405 4 + Position + Positian
Positions
QW-406 4 Dec. > 100°F (55°C) preheat Dec: > 100°F (55°C) preheat
Preheat > Interpass > Interpass
5 ¢ Preheat maint.
QW-407 6 | ¢ PWHT ¢ PWHT
PWHT 7 ¢ PWHT after fusing
QW-408 7 ¢ Type of fuel gas
Gas .14 | ¢ Oxyfuel gas pressure
.16 ¢ > 5% Gas feed rate
.19 ¢ Plasma or feed gas comp.
QW-410 .38 | ¢ Multiple to single layer ¢ Multiple to single layer
Technique 39 | ¢ Torch type, tip sizer
44 ¢ > 15% Torch to workpiece
45 ¢ Surface prep.
46 ¢ Spray torch
47 ¢ >10% Fusingtemp. or method
Legend:
+ Addition > Increase or greater”than T Uphill « Forehand ¢ Change
- Deletion < Decrease or(less than !l Downbhill — Backhand
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Table QW-253

Welding Variables Procedure Specifications (WPS) — Shielded Metal-Arc Welding (SMAW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 ¢ Groove design X
Joints 4 - Backing X
.10 | ¢ Root spacing X
.11 | £ Retainers X
QW-403 .5 ¢ Group Number X
Base Metals T Limits toughness X
¢ T Qualified X
t Pass > % in. (13 mm) X
.11 | ¢ P-No. qualified X
QW-404 4 ¢ F-Number X
Filler Metals ¢ A-Number X
.6 ¢ Diameter X
12 | ¢ Classification X
30 [¢ ¢t X
.33 | ¢ Classification X
QW-405 1 + Position X
Positions 3 | ¢ T Vertical welding X
QW-406 1 Decrease > 100°F (55°C) X
Preheat 2 ¢ Preheat maint. X
3 Increase > 100°F (55°C) (IP) X
QW-407 1 ¢ PWHT X
PWHT 2 | ¢ PWHT (T&T range) X
QW-409 1 > Heat input X
Electrical Characteristics 4 ¢ Current or poldrity X
.8 ¢ I&E range
30 | ¢ Curréntior polarity X
QW-410 1 ¢ String or weave X
Technique .5 ¢\ Method cleaning X
¢~ Method back gouge X
9 ¢ Multiple to single pass/side X
125 | ¢ Manual or automatic X
.26 | = Peening X
.64 Use of thermal processes X
.87 | ¢ Multiple to single pass/side X
Legend:
+\.Addition > Increase or greater than T Uphill < Forehand ¢ Change
= Deletion < Decrease or less than | Downbhill — Backhand
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Table QW-253.1
Welding Variables Procedure Specifications (WPS) — Shielded Metal-Arc Welding (SMAW)

Special Process Variables

Essential Variables

Corrosion-Resistant Overlay
Hard-Facing Overlay (HFO) (CRO) Nonessential Variables
Paragraph (See QW-216) (See QW-214) for HFO and CRO
QW-402 .16 | < Finished t < Finished t
Joints
QW-403 20 | ¢ P-Number ¢ P-Number
Base Metals 23 | ¢ T Qualified ¢ T Qualified
QW-404 12 | ¢ Classification
Filler Metals 37 ¢ A-Number
.38 ¢ Diameter(1st layer)
QW-405 4 + Position + Position
Positions
QW-406 4 Dec. > 100°F (55°C) preheat > Dec. > 100°F (55°C) preheat >
Preheat Interpass Interpass
QW-407 .6 ¢ PWHT
PWHT 9  PWHT
QW-409 4 ¢ Current or polarity ¢ Current or polarity:
Electrical 8 ¢ I1&E range
Characteristics
22 Inc. > 10% 1st layer Inc. > 10% ‘bstdayer
QW-410 1 ¢ String or weave
Technique .5 ¢ Method of cleaning
.26 + Peening
.38 | ¢ Multiple to single layer ¢\, Multiple to single layer
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-254
Welding Variables Procedure Specifications (WPS) — Submerged-Arc Welding (SAW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 ¢ Groove design X
Joints 4 - Backing X
.10 | ¢ Root spacing X
.11 | £ Retainers X
QW-403 .5 ¢ Group Number X
Base Metals T Limits X
¢ T Qualified X
t Pass % in. (13 mm) X
.11 | ¢ P-No. qualified X
QW-404 4 ¢ F-Number X
Filler Metals ¢ A-Number X
¢ Diameter X
9 ¢ Flux-wire class. X
10 | ¢ Alloy flux X
.24 | £ or ¢ Supplemental X
.27 | ¢ Alloy elements X
.29 | ¢ Flux designation X
30 (¢t X
33 | ¢ Classification X
34 | ¢ Flux type X
35 | ¢ Flux-wire class. X X
.36 Recrushed slag X
QW-405 1 + Position X
Positions
QW-406 1 Decrease >.100°F (55°C) X
Preheat 2 ¢ Preheat maint. X
.3 Increase > 100°F (55°C) (IP) X
QW-407 1 ¢ (PWHT X
PWHT 2 | ¢\ PWHT (T&T range) X
QW-409 1 > Heat input X
Electrical Characteristics I ¢ Current or polarity X
.8 ¢ I&E range
30 | ¢ Current or polarity X
QW-410 1 ¢ String or weave X
Technique .5 ¢ Method cleaning X
.6 ¢ Method back gouge X
7 ¢ Oscillation X
.8 ¢ Tube-work distance X
9 ¢ Multi to single pass per side X
.10 | ¢ Single to multi electrodes X X
.15 | ¢ Electrode spacing X
.25 | ¢ Manual or automatic X
.26 | = Peening X
64 Use of thermal processes X
.87 | ¢ 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 T Uphill « Forehand ¢ 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

Essential Variables

Hard-Facing Overlay (HFO)

Corrosion-Resistant Overlay

Nonessential Variables for HFO

Paragraph (See QW-216) (CRO) (See QW-214) and CRO
QW-402 .16 | < Finished t < Finished t
Joints
QW-403 20 | ¢ P-Number ¢ P-Number
Base Metals 23 | ¢ T Qualified ¢ T Qualified
QW-404 .6 ¢ Nominal size of electrode
Filler Metals 12 | ¢ Classification
24 | £ or ¢ >10% in supplemental | £+ or ¢ > 10% in supplemental
filler metal filler metal
27 | ¢ Alloy elements
.37 ¢ A-Number
.39 Nominal flux comp. ¢ Nominal flux comp.
.57 | > Strip thickness or width > Strip thickness or width
QW-405 4 + Position + Position
Positions
QW-406 4 Dec. > 100°F (55°C) preheat > Dec. > 1009, (55°C) preheat >
Preheat Interpass Interpass
QW-407 .6 ¢ PWHT
PWHT 9 ¢ PWHT
QW-409 4 ¢ Current or polarity ¢, Gurrent or polarity
Electrical 8 ¢ I&E range
Characteristics
.26 1st layer — Heat input > 0%, 1st layer — Heat input > 10%
QW-410 1 ¢ String or weave
Technique .5 ¢ Method of cleaning
¢ Oscillation
¢ Tube to work distance
15 ¢ Electrode spacing
.25 ¢ Manual or automatic
.26 + Peening
.38 | ¢ “Multiple to single layer ¢ Multiple to single layer
40, - Supplemental device
.50 | ¢ No. of electrodes ¢ No. of electrodes
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-255

(23) Welding Variables Procedure Specifications (WPS) — Gas Metal-Arc Welding (GMAW and FCAW)

Paragraph

Brief of Variables

Essential

Supplementary
Essential

Nonessential

QW-402
Joints

Groove design

X

Backing

Root spacing

+ S

Retainers

X
X
X

QW-403
Base Metals

<

Group Number

T Limits

<

T Qualified

t Pass > % in. (13 mm)

P-No. qualified

QW-404
Filler Metals

F-Number

A-Number

PR <

Diameter

=
N

Classification

[N)
w

Filler metal product form

N
-~

+ [ [|S &[S & &

or ¢ Supplemental

o
N

Alloy elements

w
o

t

X[ <

w
@

Classification

QW-405
Positions

Position

S |+ &[S &

T | Vertical welding

QW-406
Preheat

Decrease > 100°F (55°C)

<

Preheat maint.

Increase > 100°F (55°C)\({P)

QW-407
PWHT

PWHT

PWHT (T&T range)

QW-408
Gas

+ |8 (S

Trail or ¢ condp:

Single, mixture, or %

Flow rate

+ |8 S

or.¢ Backing flow

Ol |w|N R[Nk WM [R|Ww|-

Backing or ¢ comp.

N
(=)

Trail or ¢ comp.

QW-409
Electrical Characteristics,

N

Heat input

Current or polarity

I&E range

.30

Current or polarity

32

S |S (S |S |V

Transfer mode

44



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

ASME BPVC.IX-2023

Table QW-255
Welding Variables Procedure Specifications (WPS) — Gas Metal-Arc Welding (GMAW and FCAW) (Cont’d)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-410 1 ¢ String or weave X
Technique 3 ¢ Orifice, cup, or nozzle size X
.5 ¢ Method cleaning X
.6 ¢ Method back gouge X
7 ¢ Oscillation X
.8 ¢ Tube-work distance X
9 ¢ Multiple to single pass per side X
.10 | ¢ Single to multiple electrodes X X
.15 | ¢ Electrode spacing X
.25 | ¢ Manual or automatic X
.26 | = Peening X
.64 Use of thermal processes X
.87 | ¢ Multiple to single pass/side X
Legend:
+ Addition > Increase or greater than T Uphill < Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-255.1
Welding Variables Procedure Specifications (WPS) — Gas Metal-Arc Welding (GMAW and FCAW)

Special Process Variables

Essential Variables

Hard-Facing Overlay (HFO) Corrosion-Resistant Overlay Nonessential Variables for HFO
Paragraph (See QW-216) (CRO) (See QW-214) and CRO
QW-402 .16 | < Finished t < Finished t
Joints
QW-403 20 | ¢ P-Number ¢ P-Number
Base Metals 23 | ¢ T Qualified ¢ T Qualified
QW-404 .6 ¢ Nominal size of-electrode
Filler Metals 12 | ¢ Classification
.23 | ¢ Filler metal product form ¢ Filler metal product form
24 | £ or ¢ >10% in supplemental | + or ¢ > 10% in supplemental
filler metal filler metal
27 | ¢ Alloy elements
.37 A-Number
QW-405 4 + Position + Position
Positions
QW-406 4 Dec. > 100°F (55°C) preheat > Dec. > 100°F (55°C)-preheat >
Preheat Interpass Interpass
QW-407 .6 ¢ PWHT
PWHT 9 ¢ PWHT
QW-408 2 ¢ Single, mixture, or % ¢ Single, fnixture, or %
Gas 3 ¢ Flow rate
QW-409 4 ¢ Current or polarity ¢, Current or polarity
ELe;rt;(i:iilristics 8 ¢ I&E range
26 1stlayer — Heat input > 10% 1st layer — Heat input > 10%
QW-410 1 ¢ String or weave
Technique 3 ¢ Orifice, cup, or nozzle size
5 ¢ Method of cleaning
7 ¢ Oscillation
.8 ¢ Tube to work distance
.25 ¢ Manual or automatic
.26 + Peening
.38 | ¢.(Multiple to single layer ¢ Multiple to single layer
.50 { ¢ " No. of electrodes ¢ No. of electrodes
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-256

Welding Variables Procedure Specifications (WPS) — Gas Tungsten-Arc Welding (GTAW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 1 ¢ Groove design X
Joints + Backing X
.10 | ¢ Root spacing X
.11 | £ Retainers X
QW-403 ¢ Group Number X
Base Metals T Limits X
T Qualified X
.11 | ¢ P-No. qualified X
QW-404 3 ¢ Size X
Filler Metals ¢ F-Number X
.5 ¢ A-Number X
12 | ¢ Classification X
.14 | £ Filler X
.22 | £ Consum. insert X
.23 | ¢ Filler metal product form X
30 [t
33 | ¢ Classification X
.50 | £ Flux X
QW-405 1 + Position X
Positions 3 ¢ Tl Vertical welding X
QW-406 1 Decrease > 100°F (55°C) X
Preheat 3 Increase > 100°F (552€) (IP) X
QW-407 1 ¢ PWHT X
PWHT 2 | ¢ PWHT (T&T range) X
QW-408 1 + Trail or ¢ comp. X
Gas 2 ¢ Single, mixttre, or % X
3 ¢ Flow.rate X
.5 + or'@ Backing flow X
9 =. Backing or ¢ comp. X
.10, [ Trail or ¢ comp. X
QW-409 A > Heat input X
Electrical Characteristic$ + Pulsing | X
¢ Current or polarity X
¢ I&E range X
.12 | ¢ Tungsten electrode X
.30 | ¢ Current or polarity X
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Table QW-256
Welding Variables Procedure Specifications (WPS) — Gas Tungsten-Arc Welding (GTAW) (Cont’d)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-410 1 ¢ String or weave X
Technique 3 ¢ Orifice, cup, or nozzle size X
.5 ¢ Method cleaning X
.6 ¢ Method back gouge X
7 ¢ Oscillation X
9 ¢ Multi to single pass per side X
.10 | ¢ Single to multi electrodes X X
.11 | ¢ Closed to out chamber X
.15 | ¢ Electrode spacing X
.25 | ¢ Manual or automatic X
.26 | + Peening X
.64 Use of thermal processes X
.87 | ¢ Multiple to single pass/side X
Legend:
+ Addition > Increase or greater than T Uphill «—~Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill =, Backhand
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Table QW-256.1

Welding Variables Procedure Specifications (WPS) — Gas Tungsten-Arc Welding (GTAW)

Special Process Variables

Essential Variables

Hard-Facing Overlay (HFO)

Corrosion-Resistant Overlay

Nonessential Variables

Paragraph (See QW-216) (CRO) (See QW-214) for HFO and CRO
QW-402 .16 | < Finished t < Finished t
Joints
QW-403 20 | ¢ P-Number ¢ P-Number
Base Metals 23 | ¢ T Qualified ¢ T Qualified
QW-404 3 ¢ Wire size
Filler Metals 12 | ¢ Classification
.14 | + Filler metal + Filler metal
.23 | ¢ Filler metal product form ¢ Filler metal product form
37 ¢ A-Number
QW-405 4 + Position + Position
Positions
QW-406 4 Dec. > 100°F (55°C) preheat > Dec. > 100°F (55°C) preheat >
Preheat Interpass Interpass
QW-407 .6 ¢ PWHT
PWHT 9 ¢ PWHT
QW-408 2 ¢ Single, mixture, or % ¢ Single, iixtufe, or %
Gas 3 ¢ Flow rate
QW-409 4 ¢ Current or polarity ¢ Current or polarity
Electrical 8 ¢ I&E range
Characteristics
12 ¢ Tungsten electrode
.26 1st layer — Heat input >40% 1st layer — Heat input > 10%
QW-410 1 ¢ String or weave
Technique 3 ¢ Orifice, cup, or nozzle size
.5 ¢ Method of cleaning
7 ¢ Oscillation
.15 ¢ Electrode spacing
.25 ¢ Manual or automatic
.26 + Peening
.38 {.¢ Multiple to single layer ¢ Multiple to single layer
.50\Y¢ No. of electrodes ¢ No. of electrodes
W52 ¢ Filler metal delivery
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
-~Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-257

(23) Welding Variables Procedure Specifications (WPS) — Plasma-Arc Welding (PAW)
Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 Nl ¢ Groove design X
Joints .5 + Backing X
.10 | ¢ Root spacing X
.11 | £+ Retainers X
QW-403 .5 ¢ Group Number X
Base Metals 6 T Limits X
.8 ¢ T Qualified X
12 | ¢ P-Number or melt-in X
QW-404 3 ¢ Size X
Filler Metals 4 ¢ F-Number X
.5 ¢ A-Number X
12 | ¢ Classification X
.14 | + Filler metal X
.22 | £ Consum. insert X
.23 | ¢ Filler metal product form X
.27 | ¢ Alloy elements X
30 | ¢t X
33 | ¢ Classification X
QW-405 a + Position X
Positions 3 ¢ Tl Vertical welding X
QW-406 1 Decrease > 100°F (55°C) X
Preheat 3 Increase > 100°F (55°C) (IP) X
QW-407 1 ¢ PWHT X
PWHT 2 | ¢ PWHT (T&T range) X
QW-408 1 + Trail or ¢ comp. X
Gas 4 ¢ Composition X
.5 + or ¢ backing flew X
9 - Backing or ¢ comp. X
.10 | = Trail orggp, comp. X
.21 | ¢ Flow-rate X
QW-409 1 > Heat input X
Electrical Characteristics [ ¢ -€urrent or polarity X
.8 ¢ I&E range X
.12 ¢ Tungsten electrode X
.30 | ¢ Current or polarity X
QW-410 Nt ¢ String or weave X
Technique 3 ¢ Orifice, cup, or nozzle size X
.5 ¢ Method cleaning X
.6 ¢ Method back gouge X
7 ¢ Oscillation X
9 ¢ Multiple to single pass per side X
.10 | ¢ Single to multiple electrodes X X
.11 | ¢ Closed to out chamber X
.15 | ¢ Electrode spacing X
.26 | + Peening X
64 Use of thermal proc X
.87 | ¢ 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 T Uphill < Forehand ¢ Change

- Deletion < Decrease or less than 1l Downbhill — Backhand

51



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

ASME BPVC.IX-2023

Table QW-257.1

Welding Variables Procedure Specifications (WPS) — Plasma-Arc Welding (PAW)

Special Process Variables

Essential Variables

Hard-Facing Overlay

Corrosion-Resistant
Overlay (CRO)

Hard-Facing Spray Fuse

Nonessential Variables

Paragraph (HFO) (See QW-216) (See QW-214) (HFSF) (See QW-216) for HFO, CRO, and HFSF
QW-402 .16 | < Finished ¢t < Finished t
Joints 17 > Finished ¢t
QW-403 .20 | ¢ P-Number ¢ P-Number ¢ P-Number
Base Metals | 53 | 4 T Qualified ¢ T Qualified
QW-404 12 | ¢ Classification ¢ Classification
Filler Metals .14 | £ Filler metal + Filler metal
.23 | ¢ Filler metal product ¢ Filler metal product
form form
.37 ¢ A-Number
41 | ¢ >10% Powder feedrate | ¢ > 10% Powder feed
rate
42 ¢ > 5% Particle size
43 | ¢ Particle size ¢ Particle size
44 | ¢ Powder type ¢ Powder type
46 ¢/ Powder feed rate
QW-405 4 + Position + Position +\ Position
Positions
QW-406 4 Dec. > 100°F (55°C) Dec. > 100°F (55°C) Dec. > 100°F (55°C)
Preheat preheat > Interpass preheat > Interpass preheat > Interpass
.5 ¢ Preheat maintenance
QW-407 .6 ¢ PWHT ¢ PWHT
PWHT 7 ¢ PWHT after fusing
9 ¢ PWHT
QW-408 1 + Trail or 7 comp.
Gas 16 | ¢ > 5% Arc or metal feed [*¢ > 5% Arc or metal feed | ¢ > 5% Arc or metal feed
gas gas gas
.17 | ¢ Type or mixture ¢ Type or mixture
18 | ¢ > 10% Mix..comp. ¢ > 10% Mix. comp.
.19 ¢ Plasma or feed gas
comp.
.20 ¢ Plasma gas flow-rate
range
QW-409 ¢\ "Current or polarity ¢ Current or polarity
Electrical ¢ I&E range
Characteristics
A2 ¢ Type or size of
electrode
.23 ¢ >10% I&E
24 | ¢ > 10% Filler wire watt. | ¢ > 10% Filler wire watt.
25 | ¢ > 10% I&E ¢ >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

Essential Variables

Hard-Facing Overlay

Corrosion-Resistant
Overlay (CRO)

Hard-Facing Spray Fuse

Nonessential Variables

Paragraph (HFO) (See QW-216) (See QW-214) (HFSF) (See QW-216) for HFO, CRO, and HFSF
QW-410 1 ¢ String or weave-(HFO
Technique and CRO only)
3 ¢ Orifice, cup,or nozzle
size
¢ Method of cleaning
¢¢ )Oscillation
.25 ¢) Manual or automatic
.26 + Peening
.38 | ¢ Multiple to single layer | ¢ Multiple to single layer | ¢ Multiple to singlé.layer
41 | ¢ > 15% Travel speed ¢ > 15% Travel speed
43 ¢ > 10% Travel speed
range
44 ¢ > 15% Torch to
workplace
45 ¢ ) Surface preparation
46 ¢ Spray torch
47 ¢ > 10% Fusing temp. or
method
48 | ¢ Transfer mode ¢ Transfer mode ¢ Transfer mode
49 | ¢ Torch orifice diameter | ¢ Torch¢orifice diameter
.52 | ¢ Filler metal del. ¢ Filler metal del.
Legend:
+ Addition > Increase or greatef than T Uphill « Forehand ¢ Change
- Deletion < Decrease or lesstthan | Downbhill — Backhand
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Table QW-258

(23) Welding Variables Procedure Specifications (WPS) — Electroslag Welding (ESW)
Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 1 ¢ Groove design X
Joints 10 | ¢ Root spacing X
.11 | £+ Retainers X
QW-403 1 ¢ P-Number X
Base Metals 4 ¢ Group Number X
9 t Pass > % in. (13 mm) X
QW-404 4 ¢ F-Number X
Filler Metals 5 ¢ A-Number X
.6 ¢ Diameter X
12 | ¢ Classification X
.17 | ¢ Flux type or comp. X
18 | ¢ Wire to plate X
.19 | ¢ Consum. guide X
.33 | ¢ Classification X
QW-407 1 ¢ PWHT X
PWHT 2 | ¢ PWHT (T&T range) X
QW-409 .5 ¢ * 15% I&E range X
Electrical Characteristics
QW-410 .5 ¢ Method cleaning X
Technique .10 | ¢ Single to multiple electrodes X
.15 | ¢ Electrode spacing X
.26 | = Peening X
.64 Use of thermal processes X
.86 | ¢ Oscillation X
Legend:
+ Addition > Increase or greatéer, than T Uphill « Forehand ¢ 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

Essential Variables

Hard-Facing Overlay (HFO)

Corrosion-Resistant Overlay

Nonessential Variables for HFO

Paragraph (See QW-216) (CRO) (See QW-214) and CRO
QW-402 .16 | < Finished t < Finished t
Joints
QW-403 20 | ¢ P-Number ¢ P-Number
Base Metals 23 | ¢ T Qualified ¢ T Qualified
QW-404 .6 ¢ Nominal size of electrode
Filler Metals 12 | ¢ Classification
24 | £ or ¢ >10% in supplemental | £+ or ¢ > 10% in supplemental
filler metal filler metal
.37 ¢ A-Number
.39 Nominal flux comp. ¢ Nominal flux comp.
.57 | > Strip thickness or width > Strip thickness or width
QW-406 4 Dec. > 100°F (55°C) preheat > Dec. > 100°F (55°C) preheat >
Preheat Interpass Interpass
QW-407 .6 ¢ PWHT
PWHT 9 ¢ PWHT
QW-409 4 ¢ Current or polarity ¢ Current/or polarity
Electrical . 8 ¢ I1&E range
Characteristics
.26 1stlayer — Heat input > 10% 1stJayer — Heat input > 10%
QW-410 .5 ¢ Method of cleaning
Technique 7 ¢ Oscillation (CRO only)
.38 | ¢ Multiple to single layer ¢ Multiple to single layer
40 | - Supplemental device - Supplemental device
.50 | ¢ No. of electrodes ¢ No. of electrodes
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decreasé-or less than | Downbhill — Backhand
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Table QW-259

(23) Welding Variables Procedure Specifications (WPS) — Electrogas Welding (EGW)
Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 1 ¢ Groove design X
Joints 10 | ¢ Root spacing X
.11 | £ Retainers X
QW-403 A1 ¢ P-Number X
Base Metals .5 ¢ Group Number X
.6 T Limits X
.8 ¢ T Qualified X
9 t Pass > % in. (13 mm) X
QW-404 4 ¢ F-Number X
Filler Metals 5 ¢ A-Number X
.6 ¢ Diameter X
12 | ¢ Classification X
.23 | ¢ Filler metal product form X
.33 | ¢ Classification X
QW-406 1 Decrease > 100°F (55°C) X
Preheat
QW-407 1 | ¢ PWHT X
PWHT 2 | ¢ PWHT (T&T range) X
QW-408 2 ¢ Single, mixture, or % X
Gas 3 ¢ Flow rate X
QW-409 1 > Heat input X
Electrical Characteristics | 4 ¢ Current or polarity X
.8 ¢ I&E range X
30 | ¢ Current or polarity X
QW-410 5 ¢ Method cleaning X
Technique ¢ Oscillation X
¢ Tube-workidistance X
¢ Multipleto single pass per side X
.10 | ¢ Singleito multiple electrodes X
.15 | ¢ Electrode spacing
.26 .| =,v Peening X
.64 Use of thermal processes X
.87 | ¢ Multiple to single pass/side X
Legend:
+ Addition > Increase or greater than T Uphill < Forehand ¢ Change
- Deletion < Decrease or less than | Downbhill — Backhand

GENEAL NOTE: Automated vertical gas metal-arc welding for vertical position only.
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Table QW-260

Welding Variables Procedure Specifications (WPS) — Electron Beam Welding (EBW) (23)
Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 1 ¢ Groove design X
Joints 2 - Backing X
.6 > Fit-up gap X
QW-403 Nt ¢ P-Number X
Base Metals 3 ¢ Penetration X
15 | ¢ P-Number X
QW-404 1 ¢ Cross section or speed X
Filler Metals < tor ¢ comp. X
+ or ¢ Chem. comp. X
.14 | £ Filler X
.20 | ¢ Method of addition X
21 | ¢ Analysis X
.33 | ¢ Classification X
QW-406 1 Decrease > 100°F (55°C) X
Preheat
QW-407 1 ¢ PWHT X
PWHT
QW-408 6 ¢ Environment X
Gas
QW-409 ¢ 1, E, speed, distance, osc. X
Electrical Characteristics ¢ Pulsing frequency
QW-410 ¢ Method cleaning X
Technique .14 | ¢ Angle of beam axis X
17 | ¢ Type equip. X
.18 | > Pressure of vacuum X
.19 | ¢ Filament type, size, etc. X
.20 | + Wash pass X
21 1 vs.\2iside welding X
.64 Use“of thermal processes X
.86 | ¢ Oscillation X
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-261
Welding Variables Procedure Specifications (WPS) — Stud Welding

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential

QW-402 .8 ¢ Stud shape size X

Joints - Flux or ferrule X
QW-403 .17 | ¢ Base metal or stud metal X

Base Metal P-No.
QW-405 1 + Position X

Positions
QW-406 1 Decrease > 100°F (55°C) X

Preheat
QW-407 1 ¢ PWHT X

PWHT
QW-408 2 ¢ Single, mixture, or % X

Gas
QW-409 ¢ Current or polarity X

Electrical Characteristics ¢ Arc timing X

10 | ¢ Amperage X
11 | ¢ Power source X

QW-410 .22 | ¢ Gun model or lift X

Technique .64 Use of thermal processes X
Legend:

+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-262
Welding Variables Procedure Specifications (WPS) — Inertia and Continuous Drive Friction Welding

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 12 | ¢ +10 deg X
Joints ¢ Cross section > 10% X
¢ 0.D.>+10% X
¢ Solid-to-tube X
QW-403 .19 | ¢ Base metal X
Base Metals
QW-406 Nl ¢ Decrease > 100°F (55°C) X
Preheat
QW-407 1 ¢ PWHT X
PWHT
QW-408 .6 ¢ Environment X
Gas
QW-410 27 | ¢ Spp.> *10% X
Technique 28 | ¢ Load > +10% X
.29 | ¢ Energy > #10% X
30 | ¢ Upset>+10% X
.64 Use of thermal processes X
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than | Downbhill — Backhand
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Table QW-263
Welding Variables Procedure Specifications (WPS) — Resistance Welding

Paragraph Brief of Variables Essential Nonessential
QW-402 .13 | ¢ Spot, projection, seam X
Joints .14 | ¢ Overlap, spacing X
.15 | ¢ Projection, shape, size X
QW-403 1 ¢ P-No. X
Base Metals .21 | £ Coating, plating X
22 |+ T X
QW-407 1 ¢ PWHT X
PWHT
QW-408 .23 | - Gases X
Gas
QW-409 13 | ¢ RWMA class X
Electrical 14 |+ ¢ Slope X
.15 | ¢ Pressure, current, time X
.17 | ¢ Power supply X
.18 Tip cleaning X
QW-410 31 | ¢ Cleaning method X
Technique .32 | ¢ Pressure, time X
33 | ¢ Equipment X
.34 | ¢ Cooling medium X
.35 | ¢ Throat X
.64 Use of thermal processes X
Legend:
+ Addition > Increase or greater than 1. \Uphill « Forehand ¢ Change
- Deletion < Decrease or less than 1l Downhill — Backhand
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Table QW-264
Welding Variables Procedure Specifications (WPS) — Laser Beam Welding (LBW) (23)
Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
+ Backing X
> Fit-up gap X
.18 | ¢ Lap joint config. X
QW-402 .25 | ¢ Lap to groove X
Joints .26 | < Bevel angle > 5 deg X
QW-403 3 ¢ Penetration X
Base Metals 35 | ¢ Base metal X
QW-404 1 ¢ Cross section or speed X
Filler Metals P < tor ¢ comp. X
4 | ¢ F-No. X
.5 ¢ A-No. X
.8 + or ¢ chem. comp. X
.14 | + Filler metal X
.20 | ¢ Method of addition X
QW-406 Nl Decrease > 100°F (55°C) X
Preheat
QW-407 1 | ¢ PWHT X
PWHT
QW-408 ¢ Single, mixture, or % X
Gas 6 ¢ Environment X
11 | £+ Gases X
12 Decrease > 10% flow rate X
QW-409 19 | ¢ Pulse X
Electrical Characteristics | 5, é Mode, energy X
21 Decrease in power X
QW-410 5 ¢ Method cleaning X
Technique .14 | ¢ Angle of\beam axis X
.20 | + Wash\pass X
21 1 vs. 2 side welding X
.37 4@ Single to multiple pass X
.64 Use of thermal processes X
66 | ¢ Travel, Beam factors X
.67 | ¢ Optical technique X
.68 | ¢ Type of equipment X
.77 | ¢ Wavelength X
.80 | ¢ Spot size X
.86 | ¢ Oscillation X
Legend:
+ Addition > Increase or greater than T Uphill < Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-264.1
Welding Variables Procedure Specifications (WPS) — Laser Beam Welding (LBW)

Special Process Variables

Essential Variables

Hard-Facing Overlay (HFO) Corrosion-Resistant Overlay Nonessential Variables for HFO
Paragraph (See QW-216) (CRO) (See QW-214) and CRO
QW-402 .16 | < Finished t < Finished t
Joints
QW-403 20 | ¢ P-Number ¢ P-Number
Base Metals
QW-404 12 | ¢ Classification ¢ Classification
Filler Metals .27 | ¢ Alloy elements ¢ Alloy elements
44 | ¢ Particle type ¢ Particle type
47 | ¢ Filler or powder metal size ¢ Filler or powder metal size
48 | ¢ Powder metal density ¢ Powder metal density
49 | ¢ Filler metal powder feed rate | ¢ Filler metal powder feed rate
QW-405 1 + Position + Position
Positions
QW-406 4 Dec. > 100°F (55°C) preheat > Dec. > 100°F (55°C) preheat™>
Preheat Interpass Interpass
QW-407 .6 ¢ PWHT
PWHT 9 ¢ PWHT
QW-408 2 ¢ Single, mixture, or % ¢ Single, mixture/or %
Gas .6 | ¢ Environment ¢ Enviroiment
.11 | £+ Gases *+ Gases
12 Decrease > 10% flow rate Decdrease > 10% flow rate
QW-409 19 | ¢ Pulse ¢ < Pulse
Electrical. . 20 | ¢ Mode, energy ¢ Mode, energy
Characteristics
21 Decrease in power Decrease in power
QW-410 .5 ¢ Method of cleaning
Technique .17 | ¢ Type or model offequipment | ¢ Type or model of equipment
.38 | ¢ Multiple to single layer ¢ Multiple to single layer
45 | ¢ Method of'surface prep. ¢ Method of surface prep.
.52 | ¢ Filleranetal delivery ¢ Filler metal delivery
.53 | ¢ Ovyerlap, spacing ¢ Overlap, spacing
77 | ¢.(Wavelength ¢ Wavelength
.80 | ¢ " Spot size ¢ Spot size
186 +| ¢ Oscillation ¢ Oscillation
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand
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Table QW-264.2

Welding Variables Procedure Specifications (WPS) — Low-Power Density Laser Beam Welding (LLBW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 1 ¢ Groove design X
Joints .5 + Backing X
.10 | ¢ Root spacing X
.11 | £+ Retainers X
QW-403 ¢ Group number X
Base Metals T Limits X
T Qualified X
11 | ¢ P-No. qualified X
QW-404 ¢ Size X
Filler Metals ¢ F-Number X
¢ A-Number X
12 | ¢ Classification X
.14 | £ Filler X
.22 | £ Consum. insert X
.23 | ¢ Filler metal product form X
30 | ¢t X
33 | ¢ Classification X
50 | £ Flux X
QW-405 1 + Position X
Positions 3 ¢ Tl Vertical welding X
QW-406 1 Decrease > 100°F (55°C) X
Preheat 3 Increase > 100°F (55-°C).(IP) X
QW-407 1 ¢ PWHT X
PWHT 2 | ¢ PWHT (T&T range) X
QW-408 1 + Trail or ¢ comp. X
Gas 2 | ¢ Single, mixture, or % X
3 ¢ Flowgrate X
.5 + or@ Backing flow X
9 ~.. Backing or ¢ comp. X
.10, ['¢ Shielding or trailing X
QW-409 1 > Heat input X
Electrical Characteristics” | ;% g ¢ Pulse X
.20 | ¢ Mode, energy X
21 Decrease in power X
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Table QW-264.2
Welding Variables Procedure Specifications (WPS) — Low-Power Density Laser Beam Welding (LLBW) (Cont’d)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-410 3 ¢ Orifice, cup, or nozzle size X
Technique .5 ¢ Method cleaning X
.6 ¢ Method back gouge X
7 ¢ Oscillation X
9 ¢ Multi to single pass per side X X
11 | ¢ Closed to out chamber X
.26 | = Peening X
.64 Use of thermal processes X
.66 | ¢ Travel, Beam factors X
.67 | ¢ Optical technique X
68 | ¢ Type of equipment X
.77 | ¢ Wavelength X
.80 | ¢ Spot size X
Legend:
+ Addition > Increase or greater than T Uphill —~Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill =, Backhand
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Table QW-265

Welding Variables Procedure Specifications (WPS) — Flash Welding

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 .19 | ¢ Diameter or thickness X
Joints .20 | ¢ Joint configuration X
.21 | ¢ Method or equip. used to X
minimize ID flash
.22 | ¢ End preparation method X
QW-403 24 | ¢ Spec, type, or grade X
Base Metals
QW-406 7 ¢ > 10% Amperage or number of X
Preheat preheat cycles, or method, or >
25°F (15°C) temperature
QW-407 .8 ¢ PWHT, PWHT cycles, or separate X
PWHT PWHT time or temperature
QW-408 22 | ¢ Shielding gas composition, X
Gas pressure, or purge time
QW-409 .27 | ¢ > 10% Flashing time X
Electrical Characteristics | ,g ® > 10% Upset current time X
QW-410 .17 | ¢ Type or model of equipment X
Technique .54 | ¢ > 10% Upset length or force X
.55 | ¢ > 10% Distance between X
clamping dies or preparation
of clamping area
.56 Clamping force X
.57 10% Forward or reverse,speed X
.64 Use of thermal processes X
Legend:
+ Addition > Increase or greater.than T Uphill < Forehand ¢ Change
- Deletion < Decrease or lesssthan | Downbhill — Backhand
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Table QW-266
Welding Variables Procedure Specifications (WPS) — Diffusion Welding (DFW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-403 .28 Base metal grade X
Base Metals .29 | ¢ Surface finish X
QW-404 .53 | + Filler metal and composition X
Filler Metal
QW-407 .10 | + PWHT temperature, time, cooling X
PWHT rate
QW-408 .25 | ¢ Furnace Atmosphere X
Gas
QW-410 .70 | ¢ Preassembly Cleaning X
Technique .71 | < Block Compression X
.72 | < Welding time or temperature X
Legend:
+ Addition > Increase or greater than T Uphill « Forehand ¢ Change
- Deletion < Decrease or less than ! Downbhill — Backhand

66



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

ASME BPVC.IX-2023

Table QW-267
Welding Variables Procedure Specifications — Friction Stir Welding (FSW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
QW-402 .27 | ¢ Fixed backing X
Joints .28 | ¢ Joint design X
.29 | ¢ Joint spacing > 10% X
QW-403 .19 | ¢ Type or grade X
Base Metals 30 | ¢ T qualified > 20% X
QW-404 Filler Metals .14 | + Filler metal X
.55 | > Thickness or width of preplaced X
filler metal
.56 | ¢ Type/grade X
QW-407 1 ¢ PWHT X
PWHT
QW-408 .26 | ¢ Shielding gas X
Gas
QW-410 21 1-side vs. 2-side welding X
Technique .73 | ¢ Joint restraint X
.74 | ¢ Control method X
.75 | ¢ Tool design X
.76 | ¢ Tool operation X
Legend:
+ Addition > Increase or greater than T Uphill < Forehand ¢ Change
- Deletion < Decrease or less than L5\ Downhill — Backhand
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QW-283 WELDS WITH BUTTERING
QW-283.1 Scope. This paragraph only applies when

QW-284 RESISTANCE WELDING MACHINE
QUALIFICATION

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 the weld when the minimum buttering thickness
is less than %, 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
dissimilar metal joint by welding the first member directly
to the second member in accordance with Section IX.

QW-283.3 Buttering Thickness. The thickness\of
buttering which shall remain on the production butteyed
member after all machining and grinding is completed and
before subsequent completion of the joint{shall be
required by the WPS. When this thickness.is less than
%6 in. (5 mm), the thickness of butterinig 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.ot:when a different organization is
performing the pertion of the weld to be made after
buttering, a new-qualification shall be performed in accor-
dance with one-ef the following methods:

(a) Qualify in accordance with QW-283.2 and
QW-283.3:When the original qualification buttering thick-
ness is’less than % 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 % in. (5 mm) or greater, qualify the portion of the weld
to be made after buttering using any P-Number material

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 fivé.and one of the
last five of the set shall be metallographically examined.
Seam welding machine qualification{testing shall be the
same as procedure qualificatien 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 @luminum alloy shall qualify the
machine for all4materials. Qualification on P-No. 1
through P-No¢A5F iron-base alloys and any P-No. 41
through P-Ne. 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
thfough 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

that nominally matches the chemical analysis of the
buttering weld metal for the buttered base metal of
the test coupon.
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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



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

ASME BPVC.IX-2023

shall be welded or brazed to the outer member at the hole.
The test Coupon shall then be welded around the edges

Flgure QW 462 7 1 The coupon shall be pressurlzed
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 writh
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, €ach welding
process listed in QW-250 shall also be gbséerved 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 Quallf' cation of Tube-

Explosion Weldlng)

Paragraph Brief of Variables
QW-402 31 | < Ligament size
Joints 32 | ¢ Joint configuration
QW-403 .18 | ¢ P-Number or A-Number
Base Metals .32 | ¢ Tube thickness
33 | ¢ P-Number
QW-404 3 ¢ Filler metal siZe
Filler Metals 58 | + PreplacedAiller metal
.59 | ¢ A-number
QW-405 3 ¢ Tl Veftical welding
Positions 4 ¢ ~Position
QW-406 1 Joint spacing > 10%
Preheat 3 Increase>100°F (55°C) (IP)
QW-407 2 ¢ PWHT
PWHT
QW-409 4 ¢ Polarity
ELeaC:;cctilristics 10| ¢ Amperage
QW=410 .5 ¢ Method of cleaning
Fechnique .37 | ¢ Single to multiple pass
.81 | + Tube expansion
Legend:
+ Addition < Decrease or less than
- Deletion ¢ 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 .34 | ¢ Tube thickness
Base Metals
QW-410 .82 | ¢ Pressure application
Technique .83 | ¢ Explosive
.84 | ¢ Distance charge to tubesheet
.85 | ¢ Specified clearance
Legend:
¢ Change
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QW-289 LOW-ENERGY CAPACITOR DISCHARGE
WELDING

is necessary only to prepare an additional test coupon
using the same WPS with the same variables and new

fnmpnr bead Mrn]ding essential Uariah]n(c) with the

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 groove welding, welding with buttering(or clad-
ding, and temper bead welding may also be doné.in a single
test coupon.

When a WPS has been previously qualified to satisfy all
requirements including temper beadwelding, but one or
more temper bead welding variables-are changed, then it

coupon long enough to obtain 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-
tomatic GTAW and PAW are prohibited, except for the ropt
pass of groove welds made from one side and as described
for making repairs to temper bead welds in QW-290.6. The
variables listed in Table QW-290.4 apply in additien to the
variables applicable for the process(es) qualified as given
in QW-250. When toughness testing isqequired by the
referencing code, standard, or specification for accep-
tance, the supplementary essézntial variables of
QW-250 applicable to the procéssibeing qualified shall
apply. When the variablesisted 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 govefn;

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
fortemper 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 column C shall apply when
the referencing code, standard, or specification specifies
neither hardness nor toughness test criteria. The variables
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

Essential Variables [Note (1)]

Nonessential
Paragraph Brief of Variables A B C Variables

QW-402 .23 | + Fluid backing X

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

.26 | > Carbon equivalent

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

.52 Diffusible hydrogen X X X

9 < Preheat temperature X

.10 Preheat soak time X
QW-406 11 Postweld bakeout X
QW-408 .24 Gas moisture X
QW-409 .29 | ¢ Heat input ratio X X X
QW-410 .10 | ¢ Single to multiple X X X

electrode

.58 | - Surface temper beads X X X

.59 Type of welding X X X

.60 | + Thermal preparation X X X

.61 Surface bead placement X X X

.62 Surface bead removal X

method

.63 Bead overlap X X X

.65 | £ Grinding X X X
Legend:

+ Addition Increase or greater than ¢ 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

(-c) one measurement located immediately below
the toe of the weld bead and at least one measurement on

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 atleast 3 in. measured transverse to the direction
of welding. The depth of preparation shall be such that at
least two layers of weld metal 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-ine at
approximately mid-plane of the thickness of the test
coupon weld metal. Along this line, there shall be

(-a) a minimum of two measureménts in the weld
metal fill layers.

(-b) at least one measurement’on each: the weld
beads against base metal, first-layertempering beads, and
the second-layer tempering beads.

(-¢) 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}\ @ minimum of two measurements in the unaf-
fected-base metal.

(2) Additional measurements shall be taken along a
line approximately 0.04 in. (1 mm) below the original base
fetal surface. Along this line, there shall be

(-a) a minimum of two measurements in the weld
metal fill layers

(.h) at least one measurement-on-each: the weld

each-side of that imprnccinn

(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 qaalify full
and partial penetration groove welds, fillet"'welds, and
weld build-up. Partial penetration groeve 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 éxceed the hardness limits
specified by the Construction’€Code or Design Specifica-
tion.

(d) When toughness testing is specified by the appli-
cable Construction\€ode or Design Specification, the
test coupon shalDbe 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
Codeor-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 sufficient metal has been mechani-
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 GTAW or PAW, a WPS shall be prepared
based on PQRs developed for temper bead welding using
machine or automatic GTAW or PAW, respectively. This

beads against base metal, first-layer tempering beads, and
the second-layer tempering beads
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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

heat input used by the welder shall be measured for
each pass, and the size of each weld bead shall be

be done.These shall be within the nqnivn]nnf 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

measured for each pacc‘ and fhny shall he as rnqnirnﬂ

by the WPS. The following essential variables shall
apply for this demonstration:

(1) achange from one welding procedure to another

(2) achange from manual to semiautomatic weldifig
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 accérdance 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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(23)

ARTICLE 11l
WELDING PERFORMANCE QUALIFICATIONS

QW-300 GENERAL

QW-300.1 This Article lists the welding processes
separately, with the essential variables that apply to
welder and welding operator performance qualifications.

The welder 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 the date welding of the test
piece(s) was completed, provided the required testihg
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 ifmproduction welding. The perfor-
mance qualificatign stest 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, and radiographic examination require-
ments are described in Q\/\/-QﬂA and Q\/\/-Qﬂ'; Retests and

The welder or welding operator who preparés the
groove weld WPS qualification test couponis meeting
the requirements of QW-200 is also qualiffed within
the limits of the performance qualifications, listed in
QW-304 for welders and in QW-305 for welding operators.
The welder or welding operator is\gualified only within
the limits for positions specified.in QW-303.

The welder or welding operator who prepares the fillet
weld WPS 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
specifiedsin, 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 the organization, which shall be used 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-484A and QW-484B (see Nonmandatory Appendix B).

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).

renewal of qualification are given in QW-320.
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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

the tests for fillet welds shall be qualified to make tack
welds in joints to be fillet welded as limited in Table

pnrmiffnﬂ in Q\/\’-QnA for welders and Q‘/\/-Qn'—'\' 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 position 1G or 2G of Figure
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 felding operators who pass the required
tests for gfoove welds shall also be qualified to make
fillet wélds 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

Q\I\/-Aﬁﬂ 9 andfilletwelds nn]y inthe thicknessesof mate-

rial, sizes of fillet welds, and diameters of pipe and tube 27/8
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 Ox
tube less than 27 in. (73 mm) 0.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 qualificatiofis"are valid only for the
flat position and for the special\positions actually tested,
except that an angular deviation'of +15 deg is permitted in
the inclination of the weld-axis and the rotation of the weld
face, as defined in Figures QW-461.1 and QW-461.2.

QW-303.4 Stud-Weld Positions. Qualification in the 4S
position also qualifies for the 1S position. Qualification in
the 4S and 29 positions qualifies for all positions.

QW-304 WELDERS

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 in QW-302.1 and QW-302.4 respectively. Alter-
natively, welders may be qualified by volumetric NDE per
QW-191 when making a groove weld using SMAW, SAW,
GTAW, PAW, 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, 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

(23)

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

75

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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the welder shall be examined, except that the total number
of circumferences need not exceed four.

(I‘) The examination fnr‘hniqnn and arrnpfnnrn criteria

completely and repaired by a qualified welder or

welding operator. Alternatively, retests may be made
as pnrmiﬂ‘nr] in Q\I\/-Q?n

for production welds shall be in accordance with 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
entire production weld made by this welder shall be exam-
ined and repaired by a qualified welder or welding
operator. Alternatively, retests may be made as permitted
in QW-320.

QW-305 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 accordahce with a qualified
WPS may be examined by volumeétric 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 circumfetences of the same pipe diameter made by
the welding operator shall be examined except that the
total number of circumferences need not exceed four.

() The examination technique and acceptance criteria
forproduction welds shall be in accordance with 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

QW-306 COMBINATION 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 groovezweld
test coupons, or with a combination of welding pfocesses
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 dsing 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 or whenever there is a change in an essential vari-
able. A welder or welding operator qualified in combina-
tion on a singlectest coupon is qualified to weld in
production using any of his qualified processes individu-
ally or in different combinations within 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.

(23)

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
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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
Eignrn Q\/\I-AGQ 2

welds made by this welder shall be examined completely
and repaired by a qualified welder or welding operator.

(o) At the opntion of the organization-—the welding
=7 r o 4 o

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 consecfitive 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. (150 mm) 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
haswfailed the production weld alternative test may be
retésted 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

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 pteviously
failed the test shall be repaired by him or 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 preduiction welds made
by this welding operator shallLbe examined completely
and repaired by a qualified weldér 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 mrade for each position on which
he failed to meet the requirements.

QW-322 EXPIRATION, REVOCATION, AND
RENEWAL OF QUALIFICATION

QW-322.1 Expiration. 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 both manual 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

(23)

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
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fications for that process for those materials, thicknesses,
diameters, positions, and other variables for which he was
previously qualified.
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Providing the requirements of QW-304 and QW-305 are
satisfied, renewal of qualification under QW-322.1 may be

done on pv‘nr]nr‘h'r\n work

Table QW-353
Shielded Metal-Arc Welding (SMAW)

(b) Welders and welding operators 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 requalified whenever a change is made
in one or more of the essential variables listed for each
welding process.

Where a combination of welding processes is required
to make a weldment, each welder 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

Essential Variables
Paragraph Brief of Variables

QW-402 4 - Backing

Joints
QW-403 .16 ¢  Pipe diameter

Base Metals 18 ¢  P-Number
QW-404 .15 ¢  F-Number

Filler Metals .30 ¢ t Weld deposit
QW-405 1 +  Position

Positions 3 ¢ Tl Verticalwelding

Tabte QW-354
Semiautomatic'Submerged-Arc Welding (SAW)
Essential Variables

Paragraph Brief of Variables
QW-403 .16 ¢  Pipe diameter
Base_Metals 18 ¢  P-Number
QW-404 15 ¢  F-Number
Filler Metals .30 .. t Weld deposit
QW-405 1 +  Position
Positions

Table QW-355
Semiautomatic Gas Metal-Arc Welding (GMAW)
[This Includes Flux-Cored Arc Welding (FCAW)]
Essential Variables

Paragraph Brief of Variables Paragraph Brief of Variables
QW-402 7 + | Backing QW-402 A - Backing
Joints Joints
QW-403 2 ... | Maximum qualified QW-403 16 ¢ Pipe diameter
Base Metals 18 ¢ | P-Number Base Metals .18 ¢  P-Number
QW-404 14 + | Filler QW-404 15 ¢  F-Number
Filler Metals 15 ¢ | F-Number Filler Metals .30 ¢ t Weld deposit
31 ¢ |t Weld deposit .32 t Limit (S. Cir. Arc.)
QW-405 1 + | Position QW-405 1 + _ Position
Positions Positions 3 ¢ T Vertical welding
QW-408 7 ¢ | Type fuel gas QW-408 .8 - Backing gas
Gas Gas
QW-409 2 ¢ Transfer mode
Electrical
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Table QW-356
Manual and Semiautomatic Gas

Table QW-358
Manual and Semiautomatic Laser Beam Welding (LBW) (23)

Tungsten-Arc Welding (GTAW)
. . ° Paragraph Brief of Variables
Essential Variables grap -
QW-402 4 - Backing
Paragraph Brief of Variables Joints
QW-402 4 - Backing QW-403 .16 ¢  Pipe diameter
Joints Base Metals 18 ¢ P-Number
QW-403 .16 ¢  Pipe diameter 14 +  Filler
Base Metals 18 ¢ P-Number 15 ¢  F-Number
14 +  Filler QW-404 22 +  Inserts
P b Filler Metals - —
QW-404 1 ¢ F-Number .23 ¢  Filler métal product form
Filler Metals 22 + Inserts 30 ¢t Weld-deposit
.23 ¢  Filler metal product form QW-405 1 +  Position
30 ¢ ¢ Weld deposit Positions @</ Tl Vertical welding
QW-405 1 +  Position QW-408 8 =\" Backing gas
Positions 3 ¢ M Vertical welding Gas
QW-408 .8 - Backing gas QW-410 68 ¢  Type of equipment
Gas Technique 89 ¢ Technique
QW-409 4 ¢  Current or polarity 89 +  Oscillation
Electrical
.90 ¢ Mode of operation
Legend:
Legend:
Change T Uphill
¢ g P . ¢. Change T Uphill
+ Addition | Downbill
. +#Addition ! Downbill
- Deletion
- Deletion

Table QW-357
Manual and Semiautomatic Plasma-Arc Welding (PAW)
Essential Variables

Paragraph Brief of Variables
QW-402 4 - Backing
Joints
QW-403 .16 ¢  Pipe diameter
Base Metals 18 ¢  P-Number
14 +. (Hiller
15 ¢. F-Number
Qvgil[l}g:Metals 22 + Inserts
.23 ¢  Filler metal product form
+30 ¢ t Weld deposit
QW-405 1 +  Position
Positions ¢ M Vertical welding
QW-408 .8 - Backing gas
Gas
Legend:
¢ Change T Uphill
+ Addition | Downbhill
- 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 Essential Variables — Automatic Welding. (23)

(a) A change from automatic to machine welding.

(b) A change in the welding process.

(c) Forelectronbeam and laser welding, the addition or
deletion of filler metal.

(d) Forlaser welding and hybrid welding usinglasers, a
change in laser type (e.g., a change from CO, 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.
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(a) A change in the welding process.
(b) A change from direct 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.

lfr]) The deletion-of automatic }'ninf tracking

QW-381.2 The qualification test coupon for perfor-

mance qualification shall consist of base metal not less
than 6 in (1 50 mm) x 6 in (1 50 mm) The weld

(23)

(23)

(e) The addition of welding positions other than those
already qualified (see QW-120, QW-130, and QW-303).

(f) For GTAW, PAW, and LLBW, 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-362 ELECTRON BEAMWELDING (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 cleatrdefi-
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'dn accordance
with QW-361.

QW-363 STUD WELDING

Stud welding operators shall be performance qualified
inaccordance with the testrequirements of QW-192.2 and
the position requireménts of QW-303.4.

QW-380 SPECIAL PROCESSES

QW-381 CORROSION-RESISTANT WELD METAL
OVERLAY

QW-381.1 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-

overlay cladding shall be a minimum of 1% 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 continupiis
around the circumference of the test couponfFor
processes depositing a weld bead width gredter-than
% 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 tovthe direction of
the welding in accordance with QW#161. For coupons
that are less than % in. (10 @m) 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) Welders orwelding operators who pass the tests for
corrosion-resistant weld metal overlay cladding shall only
be qualified/to apply corrosion-resistant weld metal
overlay.portion of a groove weld joining clad materials
or lined-materials.

(e¢) 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 clad material or
lined material as provided in QW-383.1(b) is also qualified
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 Qualification Test.

(23)

TioTTS, tests, and test Specimens sirattbeas specified i
QW-381.2 and Table QW-453. Base material test
coupons may be as permitted in QW-423.
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{aJ The test base metal coupon for performance quali-
fication shall have minimum dimensions of 6 in. (150 mm)
wide x approximately 6 in. (150 mm) long with a hard-
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faced layer a minimum of 1% in. (38 mm) wide x 6 in. (150
mm) long. The minimum hard-faced thickness shall be as

QW-383 JOINING OF CLAD MATERIALS AND
APPLIED LININGS

cpnriﬁ'nr‘ inthe WPS Alfnrnafivn]y‘ the qna]iﬁ'r‘aﬁnh 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) Atathickness greater than or equal to the minimum
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<éxamina-
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 operatois-who pass the tests
for hard-facing weld metal overlay are qualified for hard-
facing overlay only.

(f) The essential variablefofQW-350 and QW-360, shall
apply for welders and welding operators, respectively,
except there is no limjt 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 everlay welds except the limitations on diameter
qualified'shall apply only to welds deposited in the circum-
ferential direction.

{g) For welders, qualification with one AWS classifica-
tion within 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-383.1 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. Weldérs
and welding operators who will apply the cladding portion
of a weld between clad materials shall be qualified in
accordance with QW-381. Welders and welding-0perators
need only be qualified for the portions of clad material
welds that they will make in production.

(b) Asanalternative to (a), weldersand welding opera-
tors may be qualified using clad material test coupons. The
test coupon shall be at least %yin. (10 mm) thick and of
dimensions such that a groove'weld can be made to join
the base materials and the Ceyrosion-resistant weld metal
overlay can be applied to the completed groove weld. Four
side-bend test specimens shall be removed from the
completed test eoupon and tested. The groove weld
portion and thé eerrosion-resistant weld metal overlay
portion of the test coupon shall be evaluated using the
respective{criteria in QW-163. Welders and welding
operatofs 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 through P-No. 26 metal 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
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through F-No. 53, F-No. 61, and F-No. 62 meftals.
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(a) Qualification for spot and projection welding shall
consist of making a set of ten consecutive welds, five of

which-shallbe cnh}'nrh:\ﬂ tomechanicalsheartestsor pnn]

(c) 1If specific qualification test requirements are not
invoked by the applicable Code Section, welders and

Mrn]ﬂing npnrnfnrc shall be qnn]iﬁnﬂ with-one of the

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-360 shall apply, in addition'to any applicable variables
shown in Table QW-388:

following methods:
(1) ademonstration mockup per the requirements of
QW-193.2, except that for welding operators
(-a) the hole pattern does not need to be dupli-
cated
(-b) the type or model of equipment is an essential
variable
(2) agroove-weld qualification per the requirements
of QW-303.1
(3) afillet weld qualification per the requirements of
QW-303.2 when a tube-to-tubesheet jointlis 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 31 < Ligament size

Joints 32 ¢  Joint configuration
QW-403 .16 ¢  Tube diameter

Base Metals .32 ¢  Tube thickness
QW:404 .58 +  Preplaced filler metal

Filler Metals
QW-409 .10 ¢  Amperage

Electrical
Legend:

¢ 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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(23)

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-401.1 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 procedure with the same esséntial
variables, but additionally with all of the required'supple-
mentary essential variables, with the coupon long-énough
to provide the necessary toughness speciméns.

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 necessaryto 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, it modifies only the minimum thickness
qualified, not the maximum).

QW-401.2 The welding data includes the welding vari-

ables grr\npnr" ac}ir\infc, base mnf:\]c’ filler mnfa]c, pnciﬁnh,

each welding process are summarizéd<n 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~The deletion of the backing in single-welded
groove welds: Double-welded groove welds are consid-
ered wélding 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

preheat, postweld heat treatment, gas, electrical charac-
teristics, and technique. For convenience, variables for
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weld imterface of theassembly greater tham = 109%
(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.

. An increase or decrease of more 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
as shown in Figures QW-462.5(a) through
QW-462.5(e). There is no limit on the maximum thickness
for corrosion-resistant or hard-facing weld metal overlay
that may be used in production.

QW-402.17 Anincrease 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) adecrease of more than 10% in the distance to the
edge of the material

(b) an increase in the number of layers of material

(c) achange 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 qualt
ified for all nontubular cross sections.

QW-402.20 A change in the joint configuratien.

QW-402.21 A change in the method or equipment used
to minimize internal flash.

QW-402.22 A change in the end preparation method.

QW-402.23 For test coupons less than 1% in. (38 mm)
thick, the addition of a cooling mgdium (water, flowing gas,
etc.) to the back side of thé weld. Qualification on test
coupons less than 1% in.(38 mm) thick with a cooling
medium on the backtside of the weld qualifies base
metal thickness_ egual 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
thickiiesses of base metal with cooling medium down
to'the thickness of the test coupon at the root or % in.
(13 mm), whichever is less.

QW-402.25 A change from lap joint to groove welding,
and vice versa.

QW-402.27 A changein material of fixed backing anvils
(when used). A change in backing anvil design that affects

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 chahge
from square butt edge to beveled edge), reductionsin the
smallest joint path radius to less than the shoulderradius,
or joint paths crossing themselves or another’HAZ.

QW-402.29 A change in joint spaeing greater than
+10% of the qualification test coupon thickness. For
WPSs qualified using intimate edge contact, the
maximum allowable joint spacing‘is % in. (1.5 mm).

QW-402.31 A decrease0f10% or more in the specified
width of the ligament between tube holes when the speci-
fied width of the ligamient is less than the greater of % 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 decréase in the preparation angle of the weld
groove by more than 5 deg, or a change in the groove type.

QW-403 BASE METALS

QW-403.1 A change from a base metal 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-
ness when the test coupon thickness isless than or equal to
1in. (25 mm), and more than 10% in base metal thickness
when the test coupon thickness is greater than 1 in. (25
mm).

(b) Forall other welds, an increase of more than 10% 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-402.26 Areduction of more than 5 degin the edge
preparation bevel angle for groove welds.
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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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Table QW/QB-422) as the base metal to be used in produc-
tion welding. When joints are to be made between base

QW-403.10

DELETED

metals from two different gl‘r\npc’ 2 prnr‘nr‘nrn qna]iﬁl‘ﬂ_

tion must be made for the applicable combination of base
metals, even though procedure qualification tests have
been made for each of the two base metals welded to itself.

QW-403.5 Welding procedure specifications shall be
qualified using one of the following:

(a) the same base metal (including type or grade) to be
used in production welding

(b) forferrous materials, abase metal 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 ferrous materials in Table QW/QB-422,a procedure
qualification shall be made for each P-Number Group
Number combination of base metals, even though proce-
dure qualification tests have been made for each of 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 % in. (16 mm),
whichever is less. However,.where T is %, in. (6 mm) or
less, the minimum thickness qualified is 1/2 T. This variable
does not apply for any(ofjthe following conditions:

(a) WPS is qualified , with a heat treatment above the
upper transformatien temperature.

(b) WPSis ferwelding austenitic or P-10H material 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
thie 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 % in. (13 mm) thick,
an increase in base metal thickness beyond 1.1 times

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 metallisted
under another P-Number. When joints are made(bétween
two base metals that have different P-Nunibers, requal-
ification is required even though the two base metals have
been independently qualified using the'same procedure.
When the melt-in technique is usedfer joining P-No. 1, P-
No. 3, P-No. 4, and P-No. 54, a procedure qualification test
with one P-Number metal shallalso qualify for that P-
Number metal welded toceach of the lower P-Number
metals, but not vice versa:

QW-403.15 Welding procedure qualifications for elec-
tron beam welding shall be made using a base metal 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
betwgen base metals from two different P-Numbers
(er~two different groups), a procedure qualification
must be made for the applicable combination of base
metals even though procedure qualification tests have
been made for each of the two base metals welded 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 0.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 0.D.

QW-403.17 Instud welding, a change in combination of
base metal listed under one P-Number in
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: Stud metal shall be classified by nominal chemical compo-
sitionand can be assigned a P-Number when it meets the nominal
composition of any one of the P-Number metals.

QW-403.18 A {‘h;\ngp from one P-Numbher to any other

that of the qualification test coupon.
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P-Number or to a base metal not listed in
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

member of a joint between P-No. 1 and P-No. 8
metals) or where cladding is being applied or repaired

the wel r])

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
two different types or grades of base material, 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 the weld metal 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 jointsiare 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 metal§ welded to themselves.

QW-403.25 Welding'procedure qualifications shall be
made using a base metal'of the same P-Number and Group
Number as the base metal to be temper bead welded.
When joints are to be made between base metals from
two different P-Number and Group Number combinations,
a temperbead procedure qualification must be made for
each base'metal P-Number and Group Number combina-
tiomto'be used in production; this may be 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 I‘nnpnh shall he documented ihr‘npnh_

using fnmpnr bead fnrhniqnnc’ qna]ifir‘afinn inaccordance
5

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:

Mn Cr + Mo + V Ni + Cu
C+ — + +
6 S 1S

CE

QW-403.27 The maximum thickness qualified is the
thickness of the test coupon, T, or it is&unlimited if the
test coupon is 1'%, in. (38 mm) thick or thicker.
However, where T is Y/, in. @6<mm) or less, the
maximum thickness qualifiedis* 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 A change in the surface finish as defined by
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 to more than 2T or to decrease it to less than
Y,T. 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 A 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 base metals listed in P-Nos. 1 through 7 and
9A through 15F, an increase in the carbon equivalent as

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
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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 be made for the applicable combination of P-Number
or unassigned base metal, even though qualification tests

have beenmadeforeachofthetwo base metalswelded-to

manufacturer’s or supplier’s certificate of conformance
when the flux used was the same as that used to weld

themselves.

QW-403.36 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 the wire-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 thé<chemical
analysis of the weld deposit taken from thé’procedure
qualification test coupon.

(b) For SMAW — from the chemical ahalysis of an undi-
luted weld deposit such as that preparéd according to SFA-
5.5 filler metal specification, jncluding the chemical
composition as reported eithervin the filler metal speci-
fication or the manufacturef’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 thefiller 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.

the prnrnﬂnrn qna]iﬁ'r‘ah'nn test coupon

In lieu of an A-Number designation, the nominal chem-
ical composition of the weld deposit shall be indicated on
the WPS and on the PQR. Designation of nominal chemical
composition may also be by reference to the AWS classis
fication except for the “G” suffix classification, bythe
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 WRS.

QW-404.8 Addition or deletiom; or a change of more
than 10% in the nominal amount or composition of
supplementary deoxidation\mdterial (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) Achange in either the flux trade name or wire trade
name when neither the flux nor the wire is classified in
Section' I1, Part 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 inthe flux trade name for A-No. 8 deposits.

QW-404.10 Where the alloy content of the weld metal
islargely dependent upon the composition of the flux used,
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 A change in any of the following:

(a) filler metal classification within an SFA specifica-
tion

(b) trade name ofthe filler metal when the filler metal 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.,

(23)

{eJ For SAW — from the chemical analysis of an undi-
luted weld deposit such as that prepared according to SFA-
5.23 multiple pass filler metal specification, including the
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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

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 exemption does not apply to hard-facing and corro-
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 consumablé(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 filler metaladditions, any change from
the nominal specified analysis of the filler metal qualified.

QW-404.22 The emission or addition of consumable
inserts. Qualification’in a single-welded butt joint, with or
without consuimnable inserts, qualifies for fillet welds and
single-welded-butt joints with backing or double-welded
butt jointss€onsumable inserts that conform to SFA-5.30,
exceptthat the chemical analysis of the insert conforms to
an analysis for any bare wire given in any SFA specification
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 Fr\"r\un'ng filler
i =]

(c) flux coated (solid or metal cored)
(d) powder

-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
that would resultin the important alloying elements i 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 tradé name and des-
ignation.

QW-404.30 A change in deposited weld metal thick-
ness beyond that qualified in acCordance with QW-451 for
procedure qualification or QW-452 for performance quali-
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 Forthelow voltage short-circuiting type of
gaskmetal-arc process when the deposited weld metal
thickness is less than % in. (13 mm) , 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 % 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
inthe manufacturer’s trade name for the filler metal. 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 classification ora
change in either the electrode or flux trade name when 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

chance in classification-is
=]

metal product forms to another:
(a) bare (solid or metal cored)
(b) flux cored
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(a) fromone diffusible hydrogenlevelto another (e.g.,a
change from F7A2-EA1-A1-H4 to F7A2-EA1-A1-H16), or
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(b) to alarger number in the indicator for toughness,
indicating classification at a lower toughness testing

cally sealed containers and storage in heated ovens,
controlled distribution time, high-temperature baking

temperature (e ga
r \Y o’

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.

a rhangn from EFE7ZA2-EM12K to

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 in Table QW-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 thé-particle
size range of the powder.

QW-404.43 A change in the powderéd metal particle
size range recorded on the PQR.

QW-404.44 A change from a hgmogeneous 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 of more 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.

prior-to-use)
r J

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 The addition or deletion of filler metaland,
when used, a change in the filler metal nominal cotposi-
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 grdde are materials of
the same nominal chemical analysis and mechanical prop-
erty range, even though ofdifferent 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 the horizontal, 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

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-
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qualification 1n this particular orientation. such qualifica-
tions are valid only for the positions 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

QW-406.12 An increase in the interpass temperature (23)

ofahigh heatinput/high interpass temperature bracketed

be taken from-the test coupon ineach cpnr‘ia] 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 A decrease of more 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 A change inthe maintenance or reduction of
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 s for welding austenitic or P-10H material 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 Adecrease of more than 100°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 A change inthe maintenance or reduction of
preheat upon completion of spraying and prior to fusing.

QW-406.7 Achange ofmorethan 10% inthe amplitude
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 Adecreaseinthepreheattemperature from
thatachieved on the test coupon and recorded on the PQR.

QW-406.10 The minimum preheating soaking time
prior to the start of welding.

OW-406.11 The addition or deletion of a postweld

qnn]iﬁ'rafir\n oradecreaseofmorethan 50°F (')Q(’(‘) inthe

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 uppér transformation tempera-
ture (e.g., normalizing)

(4) PWHT abovetheupper transformation tempera-
ture followed by heat treatment below the lower trans-
formation temperature (e.g.,, normalizing or quenching
followed by tempering)

(5) PWHT between the upper and lower transforma-
tion temperatures

(b)\Fer 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) achange 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

hydrogen bakeout. When specified, the minimum
soaking temperature and time shall be specified.

90

the welding operation
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QW-407.9 A separate procedure qualification is
required for each of the following:

lfﬂ) Eorweld corrosion-resistant nvnr‘]ny of A-No.-8 on

welded butt joint or a fillet weld. This exception does

not apply to P-No. 51 through P-No. 53, P-No. 61
fhrr\ngh P-Ng F\'), and-P-No.-10] metals

all base materials, a change in postweld heat treatment
condition in QW-407.1, or when 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 the method of 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-408.2 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 thé
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 qualification whenthe shielding
gas oxygen equivalent is within the rangelisted in the clas-
sification of that electrode. The shielding gas oxygen
equivalent shall be calculated as fellows:

oxygen equivalent = % oxygen +4(0.5 X % carbon dioxide)

The gas designation of SFA-5.32 may be used to specify
the shielding gas composition.

QW-408.3 A chiange in the specified flow rate range of
the shielding gas-or mixture of gases.

QW-408(4 A change in the composition of 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-408.9 For groove welds in P-No. 41 through P-No.
49 and all welds of P-No. 101, P-No. 10], 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. 101, P-No. 10J, P-No5 10K, P-No.
51 through P-No. 53, and P-No. 61 thfough P-No. 62
metals, the deletion of trailing gas,.er\a change in the
nominal composition of the trailing gas from an inert
gas to a mixture 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) plasmasremoving gas

QW-408.12 A decrease of more than 10% in the flow
rate.6fone or more of the following: shielding gas, trailing
gas,-backing gas, and plasma-removing gas.

QW-408.14 A change inthe oxygen or fuel gas pressure
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 A changeinthenominal composition ofthe
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
7 O O

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-
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(b) trailing gas
(c) backing gas



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

ASME BPVC.IX-2023

QW-408.24 For gas-shielded processes, the maximum
moisture content (dew point) of the shielding gas.

(2) WPS is for welding austenitic or P-10H material
and is qualified with a solution heat treatment.

Mogisture control may be }'\y cpnr‘iﬁ'r‘afinn of chin]ﬂing

gas classifications in SFA-5.32.

QW-408.25 A change in the furnace atmosphere from
that qualified.

QW-408.26 For friction stir welding of P-No. 6, P-No. 7,
P-No.8,P-No. 10H, P-No. 101, P-No. 41 through P-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-409.1 An increase in heat input, or an increase in
volume of weld metal deposited per unitlength of weld, 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

ltage X X 60
Heat input [J/in. (J/mm)] = voltage amperage

travel speed [in./min (mm/min)]

(b) Volume. Volume of weld metal measured by
(1) an increase in bead size (width x thickness), or
(2) adecrease 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 (])

enérgy (J)

Heat input [J/in. (J/ =
eatinput [J/in. (J/mm)] weld beddlength [in. (mm)]

(2) For instantaneouspower measurements in
joules per second (J/s) or wafts (W)
power (J/s or W) X arc time (s)

Heat i t[J/in. =
catinput J/in. (J/mp)] weld bead length [in.(mm)]

(d) LLBW Heat Input

LLBW heat input [J/in. (J/mm)]
power (W) X 60

travel speed [in./min (mm/min)]

Wwhere Power is the power delivered to the work surface as
measured by calorimeter or other suitable methods.
This variable does not apply for any of the following

Yig:
COTTOTCIOTY S

lf?) Base - metals are accighnd to P-Ng Q’ P-Ngs 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 curreht
to dc power source.

QW-409.4 A change from ACto DC, orvice versa; 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 tham+2%, welding speed of more
than 2%, beam focu§ current of more than +5%, gun-to-
work distance of mere than +5%, or a change in oscillation
length or widthy0f 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 A change in the arctiming of more than +Y,
sec.

QW-409.10 A change in amperage of more 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 of more than 10% in the
slope current time or amplitude.

(23)

(1) WPSis qualified with a heat treatment above the
upper transformation temperature.

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

Nonmandatory Appendix H). For LLBW, the increase
shall be determined by (d).

(23)

(4) eolectrode pressure
57 r

(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
M? (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 mdre than 10% in
the power delivered to the work surface as measured
by calorimeter or other suitable methods.

QW-409.22 An increase jof'more than 10% in the
amperage used in application' for the first layer.

QW-409.23 A changeefmore than 10% in the ranges of
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 of more than 10% in the plasma-
are¢ current or voltage recorded on the PQR.

QW-409.26 For the firstlayer 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) Heat Input
L r

Heat Input (J/in.z) (J/mmz)
_ Voltage X Amperage X 60
" Travel Speed [in./min (mm/min)] X Bead Width [in. (mm)]

(b) Volume.Volume of weld metal is measured by.one of
the following:
(1) bead size (thickness times width)measured
transverse to the axis of the weld)
(2) length of weld bead per unjtjlength of electrode
(c) Heat Input Determined Using)lnstantaneous Energy
or Power
(1) For instantaneous.enérgy measurements in
joules (J)

Heat Input (J/in.z) (J/mmz)

_ Energy (J)
"~ Weld Bead Length [in. (mm)] X Bead Width [in. (mm)]

(2) For instantaneous power measurements in
joules ‘per second (J/s) or Watts (W)

Heat'Input (J/ in.z) (J/ mm2>

_ Power (J/s or W) X arc time (s)
" Weld Bead Length [in. (mm)] X Bead Width [in. (mm)]

(d) LLBW Heat Input
LLBW Heat Input (J/in.z) (J/mmz)
Power (W) X 60

N Travel Speed (in./min) (mm/min) X Bead Width [in. (mm)]

where Power is the power delivered to the work surface as
measured by a calorimeter or other suitable methods.

When using strip filler metal, the strip width shall be
considered as the bead width. This variable does not apply
for base metals assigned to P-Nos. 8, 21 through 26, and 41
through 49.

QW-409.27 A change in the flashing time of more than
10%.

QW-409.28 A changeinthe upsetcurrenttime by more
than 10%.

QW-409.29

(a) A change in heat input beyond the following (see
Figure QW-462.12):

(1) Anincrease or decrease in the ratio of heat input

between the first tempering bead layer and the weld beads

(a), (b), or (c) for nonwaveform controlled welding or by
(b) or (c) for waveform controlled welding (see
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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) Anincrease or decrease in the ratio of heat input
between the second tempering bead layer and the first

QW-410 TECHNIQUE

QW-410.1 For manual or semiautomatic welding, a

fnmpnring bead ]aynr of more than 209% for P.Ng, 1

and P-No. 3 metals and 10% for all other P-Number metals.

(3) The ratio of heat input between subsequent
layers shall be maintained until a minimum of %6 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 the heatinput 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:

amperage X voltage

|(wrs/Ts) x 4

power ratio =

where
Ay = 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-409.30 A change from AC to DC, or vice versa; and
in DC welding, a change from electrode negative (straight
polarity) to electrode positiye,(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-409.31 (A heat input below that qualified in a low
heat input/l¢w)interpass temperature bracketed qualifi-
cation or.aheat input above that qualified in a high heat
input/high interpass temperature bracketed qualifica-
tiop~Heat input shall be calculated using the equations
in"\QW-409.1.

QW-409.32 At least one of the following transfer
modes shall be specified:
(a) short-circuiting

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 initialand inter-
pass cleaning (brushing, grinding, etc.).

QW-410.6 A change in the methiod 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 A)change from multiple passes per side to
single passer Side.

QW-410.10 A change from single electrode to multiple
electrode; or vice versa, for machine or automatic welding
only. This variable does not apply when a WPS 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 of more 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 penetration groove welds, a change
of welding from both sides to welding from one side only,
but not vice versa.

(23)

(b) globular

(c) spray
(d) pulsed-spray
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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 +%; in. (0.8 mm).
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QW-410.25 A change from manual or semiautomatic to
machine or automatic welding and vice versa.

QW-410.45 A change inthe method of surface prepara-
tion of the base metal to be hard-faced (example: sand-

h]acfihg versus-chemical r]nahinn)
5.

QW-410.26 The addition or deletion of peening.

QW-410.27 A change in the rotational speed producing
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 méthod
of applying pressure.

QW-410.34 Addition or deletion of an, electrode
cooling medium and where it is used.

QW-410.35 A changeinthedistancebetweenarmsora
change in the throat depth.

QW-410.37 A change from ‘single to multiple pass or
vice versa.

QW-410.38 A changefrom multiple layer to single
layer or vice versa.

QW-410.39 Achange 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 contrelling 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.
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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 fusitig
temperature range qualified. A change in the rate of
cooling from the fusing temperature of moré.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 vérsa.

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 thesmolten pool, such as from the leading or
trailing edge©f 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 in more than 10% of the forward
or reverse speed.

QW-410.58 The deletion of surface temper beads (see
Figure QW-462.12) or a change from surface temper beads
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 the WPS 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/,6 in.
(1.5 mm) (see Figure QW-462.12). Alternatively, a
range for S may be established by locating temper

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-410.74 A change in the welding control method
from that qualified (e.g., force control method to position

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 base metal and
for each tempering bead layer, the range of bead width, b,
relative to overlap of the previous bead width, 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
overlap qualified shall be the maximum overlap permitted
and the minimum overlap shall be 50%.

(b) Overlap less than 25% shall be qualified by welding
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 % in. (16 mm) 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 remeve
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 the beam diameter to fecal length, or the
lens to work distance.

QW-410.67 A change in the 6ptical technique used to
focus the welding energy friom"that qualified.

QW-410.68 A changéin 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
comppression (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-A1n 73 A change in }'ninf restraint fixtures from
i=]

control mnfhnﬂ’ orvice Versas inthe p]nnnn Hirnrfinn; 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 fromthe qualified “family” to another
(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., additien 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 forretracting-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) pinvtip‘geometry or shape

(9) thread pitch greater than 10% (as applicable)

(10)~flat design resulting in a change of the total flat
surfacearea 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) decreaseinrotation 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 same weld or between the

that qualified (e.g., fixed anvil to self-reacting, and vice
versa) or from single-sided to two-sided welding, and
vice versa.

96

weld and the HAZ of other welds

QW-410.77 A change in the laser wavelength (e.g., CO,
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-410.87 A change from multiple passes persidetoa (23)

single pass per side. This variable does not apply to any of

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% in width, frequency,
or dwell time of oscillation technique.

the Fr\"r\un'ng conditions:

(a) The WPS is qualified with a heat treatment above
the upper transformation temperature.

(b) The WPSis for welding austenitic or P-10H material
and is qualified with a solution heat treatment.

(c) Thebasemetalsareassigned toP-Nos.8,21 through
26, and 41 through 49.

QW-410.88 A change from keyhole LBW to@CLBW, and (23)

vice versa.

QW-410.89 An addition or deletion-efitorch-controlled (23)

oscillation.

QW-410.90 A change from pulsed mode of operationto (23)

continuous mode of operation; ‘and vice versa.

97
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Table QW-416

(23) Welding Variables Welder Performance
Essential
GMAW
OFW SMAW SAW [Note (2)]| GTAW PAW LBW
Table Table Table Table Table Table Table
Paragraph [Note (1)] Brief of Variables QW-352 QW-353 QW-354 QW-355 QW-356 QW-357 QwW-358
QW-402 4 - Backing X X X X X
Joints 7 + Backing X
QW-403 2 Maximum qualified X
Base Metal | 165 | 4 Ppipe diameter X X X X X X
.18 ¢ P-Number X X X X X X X
QW-404 .14 + Filler X X X X
Filler Metals | 15 | 4 F-Number X X X X X X X
.22 + Inserts X X X
.23 ¢ Filler metal product X X X
form
.30 ¢ t Weld deposit X X X X X X
31 ¢ t Weld deposit X
.32 t Limit (s. cir. arc) X
QW-405 1 + Position X X X X X X
Positions | 3| 4 1 Vert. welding X X X X X
QW-408 7 ¢ Type fuel gas X
Gas .8 - Backing gas X X X X
QW-409 2 ¢ Transfer mode X
Electrical 4 ¢ Current or polarity X
QW-410 68 ¢ Type of equipment X
Technique .88 ¢ Technique X
.89 + Oscillation X
.90 ¢ Mode of operation X

Welding Processes:

OFW
SMAW
SAW
GMAW
GTAW
PAW
LBW

Legend:

NOTES:

Oxyfuel gas welding
Shielded metal-arc welding
Submerged-arc welding
Gas metal-arc welding

Gas tungsten-arc welding
Plasma-arc welding

Laser beam welding

¢ (“Change
4 _ . Addition
- Deletion

(1) Eox/description, see Article V.
(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.

t Thickness
T Uphill
! Downbhill

98
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QW-420 P-NUMBERS

(a) P-Numbers.P-Numbers (P-No.) are assigned to base
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-421.1 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 that P-Number or P-Number plus Group Number.

These assignments are based 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 substiz
tuted for a base metal that was used in the qualification
test without consideration of compatibility freni.the
standpoint of metallurgical properties, postweld heat
treatment, design, mechanical properties, and,service re-
quirements.

P-number assignments listed at https:y//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 the ASME Boiler and Pressure Vessel 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 unassigned unless separately classified in
Table QW /QB=422.

QW-421.3 Other Groupings. Table QW/QB-422
contains other groupings.

(@) In 2023, brazing P-Numbers were replaced by AWS
Base Metal Numbers (BM No.) by adoption of the brazing
base metal classification of AWS B2.2 /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

found in ISO/TR 20173, Grouping systems for materials —
American materials. While this listing is provided as a
mation only. Section IX does not refer to this grouping as a
basis for establishing the range of base metals qualified for
either procedure or performance qualification.

(c) In 2009, S-Numbers were removed froim
Table QW/QB-422.S-Numbers were assigned to materials
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 @ithin ASME
Boiler and Pressure Vessel Code Material Specifications
(Section II). Base metals previously assigned S-
Numbers were reassigned the,€orresponding P-
Numbers or P-Numbers plus Group’Numbers.

QW-421.4 Reassignments-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 orGroup Number assignment may continue
to be used vnder the new P-Number or Group Number
assignment [see QW-200.2(c) or QB-200.2(c)], provided
theZWPS 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 revised WPS or
BPS.

Table QW/QB-421.2
Base Metal Assignment Groups

Base Metal Welding Brazing
Steel and steel P-No. 1 through P-No. 101 through
alloys P-No. 15F P-No. 103
Aluminum and P-No. 21 through  P-No. 104 and
aluminum- P-No. 26 P-No. 105
base alloys
Copper and P-No. 31 through  P-No. 107 and
copper-base P-No. 35 P-No. 108
alloys
Nickel and nickel- P-No. 41 through  P-No. 110 through
base alloys P-No. 49 P-No. 112
Titanium and P-No. 51 through  P-No. 115
titanium-base P-No. 53
alloys
Zirconium and P-No. 61 and P-No. 117
zirconium-base P-No. 62

alloys

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
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QW-421.5 Acceptance Tensile Values.
(a) Base Metals 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.

100



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

ASME BPVC.IX-2023

adid papam o) 00T 111 T T (s19) 09 0T0€0M a 6ETV
adid papam o] 00T TTT 1 1 (s19%) 09 $00£0 o) 6ETY
adid papam o] 00T TTT 1 1 (s1%) 09 £00£03 | 6ETY
adid papam o) 00T 11 1 1 (o0gg) 8% 80520M v 6ETV
adid "MYd 5 o001 T11 1 T (st¥) 09 s10€0M g SETI-VS 10V
adrdymyd 5 o001 11 1 T (oeg) 8y  60SzZ0OM v SETI-VS 10V
adid papw o) 00T 11 1 1T (08¢) ss 1082031 D S8TVS YET-VS 10 ¥
adid papam o) 00T 11 1 T (S1%) 09 20,20 a €8zvs YET-VS 10 v
adid papam o) 00T T1 1 T (08¢) ss 10¥203 D €82ZVS YEI-VS 1oV
adid papam o) 00T 11 T T (s¥€) oS 002203 d S82VS YEI-VS 1oy
adid papam o] 00T 1T 1 1 (s¥e) oS Z0LTOM d £827VS YEI-VS Jo v
adid papam o) 00T 11 1 1 (o1¢) sv 00LT0M V S82VS YET-VS 10 ¥
adid papam o) 00T 11 1 1 (o1¢) s¥ 00%T0M V €82VS YEI-VS 10V
Teg ON-IDS'0-INS'Q 00T T € € 002989 0798 801V
Teg J Q01 1T 1 1 00Z0TH 0201 801V
Ieg o] 001 1T 1 1 08T0TD 8101 801V
Teg o] 001 11 1 1 0ST0TH ST0T 801V
adid ‘sjug IS-UN-D 00T LIl z T (s8¥) oL 10SE£0M o) 9P1-VS 10 v
adid -s[ug IS-UN-D 00T ¥4 1 1 (s19%) 09 900£03 | 9P1-VS 10 v
adid -s[ug 1S-D 00T 1T 1 1 (oge) 8t 10520 v 9P1-VS 10 v
s8umy = soduel] o) 00T 111 Z T (s8%) 0L 0S€0 SPI-VS 10y
adid ‘sjug UpN-J 00T 1711 T I (s19) 09 S00£0X ar’s EG-VS 10y
adid pap[om soeuing o] 00T T T 1 (0gg) 8% S00£03 d ES-VS 10§
adid pap[am Souelsisay UpN-J 001 111 1 1 ((s1%) 09 S00£0M g4 EG-YS d0 y
adid "squig o) 00T 11 1 1 (ogg) 8t $0S20X V'S EG-VS 10 Y
adid papam souelsisay o] 00T 1T 1 1 (oge)8y $0SZ03 v ES-YS 10y
sadeys % 1eq ‘ae[d IS-UN-D 00T 1T 1 1 (oo¥) 8% bE-YS 10§
SNO.LI9YJ
(Yru) -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON ‘ON (edIW) 1S "ON-SNN apeuay a0 ‘oN "29ds
‘Sawry reard4 L, Surzexg  809ST 0SI dnorn -4 ‘QIISUd L, ‘ad£,
SSOUD|YL [eUurwoN payads ‘uonpeusisaq
Surpppm WUy
sldqunN-d e} aseq
TTr-90/M0O 91qel

101


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

ASME BPVC.IX-2023

s3uidiog OWTI-1D6 01T ¥'S 1 a5 (s89) s8 176063 6d ZB1-VS 1oy
s3uiduoy A-OWT-1D6 01T ¥9 1 4s1 (029) 06 106063 164 ZBI-VS 1oy
sdurdioy ONG"0-1D§ 01T €G 1 as  (0z9) 06 YrSThi oF| ZRI-VS 10V
sdurdioy ONG"0-1D§ 01T €S 1 a5 (s8%) 0L SYSTI Sl ZRI-VS 10V
s3uidio A-OWTI-IDSZ'C 01T 79 1 2s  (s89) s8 SEBTEN AZZd ZRI-VS 10y
$3UIZ10,] d-1L-A-OWT-IDE 0Z1 9 1 06 (s89) s8 0€81EN A€ ZB1-VS 1oy
s3uis10y OWT-IDE 0TI A T vs  (s18) Sz SYSTEN 12d ZRI-VS 1oy
s3uIBI0,27 , €D-qD-ASZ 0-ONT~IDE 01T 9 1 06 (s89) s8 06E£TEN qDAE ZBI-VS 1oy
s3uguo, n)T-INZ 00T 16 1 ve (seb) €9 SE0Z2 K ZB1-VS 10y
s3uguoy OWT-1DSZ'Z 011 A 1 vs  (s19) Sz 06512 €' ‘zzd ZB1-VS 1oy
s3ugioy ONT-IDSZ'Z 01T A 1 vs  (ST4) 09 06STZ 1D ‘zzd ZRI-VS 10V
s3uiduo, OWS0-D 00T 1T z ¢ (s8¥) oL AATAD| 14 ZB1-VS Io Y
s3uiduoy OIS 0-1D50 00T Ty z ¢ (s8¥) oL AAYAY| 2 ZBI-VS Io ¥
s3uiguo, 1S-ONS 0+4052Z T 011 1S 1 ¥ (ST¥) 09 L6STT 10114 ZB1-VS 10y
s3ugioy IS-ONS0-13SZ:T 011 1S 1 ¥ (s19) Sz ZLSTT €0 114 ZB1-VS 1oy
s3ugio, IS-ONS0-1DSZ'T 01T TS 1 ¥ (s8%) 0L ZLSTT 70114 ZB1-VS 1oy
s3utdioy OWS'0-IDT 0r1 TS T ¥ (s8%) 0L ¥9STTN A IrAR:| ZRI-VS 1oy
s3uiguo, OWS'0-1DT 0Tt 1S 1 ¥ (ST¥) 09 Z9STT 10214 ZBI-VS 1oy
s3umy = a8uey adid 1S-D 00T 11 z T (s8%) oL 20S€0 0L 1D IRI-VS 10V
s8umy = a8uey adid ] 00T 11 1 T (S1%) 09 20S€0 09 1D IRI-VS 10V
aqn3 's|ws o} 00T 1T 1 1 (sze) ¥ 002103 6LT1-VS 10y
aqm Myl o} 00T 111 ¥ 1 (sT9) 09 €050 o) 8LI-VS 1o v
aqny *MYH IS-UN-D 00T 11 z 1 (s8¥) oz 60L203 a 8LI-VS 1oV
aqm ‘M o} 00T 1T 1 v, (sze) Ly 002103 v 8LI-VS 10 v
dins 23 199ys ‘91e[d INOZ-IDS2 0€T A z 8 (g19) s 000TES 01€ L9TV
dins z 199ys ‘e1e]d INZT-IDET 0€T 78 z 8 (sT8)s. 0060€S 60€ L91Y
dins % 199ys ‘a1e[d INOT-ID0Z 0€T 8 z 8 (s1s)sL 0080€S 80¢€ L9TV
dLas 3 199ys ‘a1e[d ISZ-IN8-ID8T 0€T 18 1 8 (s19) Sz ST1Z0€S dz0¢ L9TY
adid papam o} 00T TTT 1 1 (ss¥) 99 Z10E0 q 6E1Y
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edI) 1S "ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

102


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

ASME BPVC.IX-2023

- s3uguo, N-OZ-INZT-1D9T 0€T 18 1 8  (0ss) 08 1S9T€S N9TEd ZBI-VS 1oy
(sz1) 55 s3uguo, OZ-INZT—ID9T 0€T 18 1 8 (s18)sL 609TES HOTEA ZRI-VS 10V
(sz1) s< s3ug1o, OWZ-INZI-ID9T 0€T 18 1 8 (s8%) 0 609T€S HOTEA ZBI-VS 1oy
(sz1) 55 s3u1dao, OWZ-INZI-ID9T 0€T 18 1! 8 (s8%) 0L £09T€S T9TEd ZB1-VS Io Y
(sz1) s< sgutdioy OWZ-INZTI-ID9T 0€T 18 1! 8  (0s¥) 59 €09T1€S T9TEd ZBI-VS Ioy
(sz1) 55 s3urdioy ONZ-INZT-ID9T 0€T 18 1 8 (s19) S. 009TES 91€d ZRI-VS 10V
(sz1) s< s8ui3u0, OZ-INZT—1D9T 0€T 18 1 8 (sst) oL 009TES 91€d ZRI-VS 10y
N-M-1)
s8uISI0F~7 , ~UNE-OWI-INZZ~ID¥Z 0zZh 78 st (0S4) 60T  99Z1€S 864 ZB1-VS 1oy
sdutdioy OW9-INBT-ID0Z 0€T 78 ¥ 8 (059) ¥6 ¥SZ1ES ¥d ZB1-VS lo ¥
s3uiduoy N-OW-IN9-I1D5Z ST A1) 1 HOT (069) 00T  00ZIES 0S4 ZBI-VS Io Y
s3uiguoy N7OWZ-INZZ-1D52 0€l 78 z 8 (o¥s) 8L 0S0TES NTOWO0TEA ZB1-VS 1oy
(sz1) 55 s3uguoy INOZ-IDSZ 0€T 8 z 8 (s18)sL 600TES HOTEA ZRI-VS 10y
(sz1) s< s3uiguoy INOZ-1DSZ 0€T 8 4 8 (sst) oL 600TES HOTEA ZRI-VS 10V
(sz1) 55 s3ug1o, INOZAI)ST 0€T 8 z 8 (s15) Sz 000T€S oted ZRI-VS 1oy
(sz1) s< s3udo, INOZ-I)SZ 0€T 78 z 8 (s8%) 0L 000TES 01€d ZBI-VS Io ¥
s3uiguo, N-INTT-ID1Z 0€T 78 z 8 (009) .8 ST80ES Shd ZBI-VS 1oy
s3uiguo, ISP-INST-ID8T 0£1 18 1 8 (o¥s) 8L 0090€S 9% ZB1-VS 1oy
(sz1) ss s3ugioy N-IN8-ID8T 0€T 18 1 8 (s19) sz £SY0€ES NT#0€d ZRI-VS 10y
(sz1) s< s3ugioy N-IN8-1D8T 0€T 18 1 8 (s8%) 0L £SY0€ES NT#0€d ZBI-VS 1oy
sdutdioy N-IN8-ID8T 0€T T8 I 8  (0ss) 08 1SY0€ES N¥0€4 ZB1-VS lo v
(sz1) 55 s8uid1oyg IN8-ID8T 0€l i 1 8 (s19) sz 600€S HY0€4d ZB1-VS 10 ¥
(sz1) s< sdurdioy IN8-ID8T 0€T 18 1 8 (s8%) 0L 60%0€S HY0€Ed ZBI-VS 10V
(sz1) 55 s8uguoy IN8-1D8T 0€T 18 1 8 (sst) oL €0%0€S Th0€d ZBI-VS 10y
(sz1) s< s3ug1o, IN8-1D8T 0€T 18 ¥ 8  (0st) 59 £0Y0€S Tr0€4d ZB1-VS 1oy
(sz1) 55 s3ugao, IN8-ID8T 0€T 18 T 8 (s15) Sz 00%0€S ¥0€d ZB1-VS 1oy
(sz1) 6< s3udio, IN8-ID8T 0€T 18 1 & (s8%) 0L 00%0€S y0€d ZBI-VS 1oy
s3uiguo, UN6-IN9-IDTZ 0€T €8 € 8’ A0z9) 06 ¥0612S TT-IWXd ZB1-VS 10y
s3uguo, UNS-INET-1DZZ 0€T €8 € 8 [069) 00T  0T60ZS 61-INX4 ZB1-VS 0y
s3ugioy OW-IDTZ-INSZ-2d%¥ 0zh 78 st (0614 ¥0680N 7064 ZBI-VS 1oy
s3uidiod  N-OW9-IDTZ-INYZ-2:d9% 0zZh AL st (559) Sp L9EBON ZB1-VS lo Y
sdurdioy MZ-1D6 01T ¥'9 1 as1 (029) 06 09%Z63 264 ZBI-VS 1oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm Wiy
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

103


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

ASME BPVC.IX-2023

s3urdioy IDET 0ST L € 9 (094) 01T  000THS €0 ‘94 ZRI-VS 10V
s3uguoy IDET 0ST L € 9 (s8s)s8 000T%S 7' "e9d ZRI-VS 10V
s8uiguo IDET 0ST L 1 9 (s8%) 0L 000T+S 171D ‘894 ZB1-VS 1oy
N
sduidio]  -n)-MZ-OWE-INL-IDST ST A1) 1 HOT (008) 9TT  ¥LZ6ES $Sd ZBI-VS 1oy
(sz1) 65 sguidioq qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 608VES H8VEA ZBI-VS 1oy
(sz1) s< s3uigioy qD-INOT-ID8T 0€T 18 1 8 (sst) oL 608YVES H8YEd ZBI-VS 10V
(sz1) 55 s3urgoy qD-INOT-ID8T 0€T 18 1 8 (s18) sz 008YVES 8red ZRI-VS 10V
(sz1) s< s3uig1o, qD-INOT-1D8T 0€T 18 1 8 (s8%) 0 008¥E€S 8¥ed ZB1-VS 1oy
(sz1) 55 s3uiguo, qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 60L¥ES HLVEA ZBI-VS lo ¥
(sz1) 5< s3uiduo, g0-INOT-1D8T 0€T 18 1 8 (s8%) 0L 60L¥ES HLVEA ZB1-VS 1oy
(sz1) 55 sdurdioy qD=INOT-ID8T 0€T 18 1 8 (s19) S. 00L¥ES Lbed ZRI-VS 10V
(sz1) s< s3uiguoy qIZINOT-ID8T 0€T 18 1 8 (sst) oL 00LVES Lbed ZRI-VS 10y
N
s8uiSiod  -OWSH-UW9I-INLISIOVE 0€T €8 4 8 (S64) STT  S95bES 6v4d ZB1-VS 1oy
sdutdioy 1)8-INOZ 0€T 18 4 8  (0ss) 08 00TEES 014 ZB1-VS 1oy
s8uidtod  N-ND-M-OWE-ING-IDST ST A1) 1 HOT (0SZ) 60T  09LZ€S GG ZB1-VS Io v
s3uiguoy N-OW#-INL-1DSZ ST A} 1 HOT (008) 9TT  0SLZES €54 ZB1-VS 10y
s3uiguo, N-O-IN9-1DSZ ST Al 1 HOT (029) 06 90SZ€S ZB1-VS 1oy
s3uguoy N-OWE-INS-IDZ2 ST 10T 1 HOT (SS9) S6 S0ZZ€S 094 ZB1-VS 1oy
s3uigao, N-OW-INZ-1DZ2 ST €01 1 HOT (059) %6 2022€S ZB1-VS 1oy
(sz1) 85 s3udao, LL-INOT-ID8T 0%T 18 1 8 (s15) Sz 60TZES HIZEd ZBI-VS 1oy
(sz1) s< s3udio, LL-INOT-ID8T 0%T 18 1 8 (s8%) 0L 60TZES HIZEd ZBI-VS 1oy
(sz1) 55 s3urdioy LL-INOT-ID8T 0¥%T 18 1 8 (S19) S. 00TZES 1z€d ZRI-VS 10y
(sz1) s< s3ugioy LL-INOT-ID8T 0v1 18 T 8 (s8%) 0L 00TZES 1zed ZBI-VS 1oy
s3ugioy N-OS'S-INGZ-IDET 0€T 78 ¥ 8 (0%9) €6 £50Z€S ZBI-VS 1oy
s3uiduo, N-OWE-ING-1DZZ ST 10T 1 Hov (029) 06 £08TES 164 ZB1-VS 1oy
(sz1) 55 sdurdioy ONE-INET-ID8T 0€T 18 1 8 (l58t) 0L €0LTES TLTEd ZRI-VS 10V
(sz1) s< sdurdioy ONE-INET-ID8T o€l 18 1 8 (0s#)-59 €0LIES TLTEd ZB1-VS 10 ¥
(sz1) 55 s3ugio, ONE-INET-ID8T 0€1 18 1 8 (s15)82 00LIES JARE: | ZRI-VS 10y
(sz1) s< s3ug1o, OWE-INET-ID8T 0€T 18 1 8  (58%) 0% 00LTES L1€d ZB1-VS 1oy
(sz1) 55 s3ug1o, N-OZ-INZT-1D9T 0€T 18 T 8 (s19) Sz €S9TES N19TEA ZBI-VS 1oy
(sz1) s< s3uidao, N-OWZ-INZT-I1D9T 0€T 18 1 8 (s8%) 0L €90TES NT9TEA ZBI-VS 1oy
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

104


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

ASME BPVC.IX-2023

adid papam 0] 00T 11 T 1 (o¥e) 6F 205203 0£-0LSY 112V
aqn3 's[us IS-UN-D 001 111 z 1 (s8%) oz 10503 o) 0fz-vS doy
aqny s[ws 1S-D 001 111 1 1 (sT9) 09 L0LZ0M 1-v 0fz-vSdoy
agny s|ws OWS0-D 00T 1T 1 ¢ (s19) 09 £202T erlL 6pz-vS 1oy
Iqny, 'sjus OGS 0-D 00T 1T T ¢ (o8g) ss 2SI 1L 6pZ-vS 1oy
aqhy sfws OWS0-D 001 11 1 ¢ (59¢) €5 YT qr.L 6pz-vSs 10y
ae[d ONG'0-D 00T 1 z ¢ (s19) S. 0Z€2TA o) ¥pz-vs 1o v
a1eld OWS0-D 00T 11 z ¢ (s8¥) oL 02021 d ¥Pz-vs 1o v
a1eld OGS 0-D 00T 1T 1 ¢ (os¥) 59 07811 v ¥Pz-vs 1o v
a1eld INS'E 00T 6 1 d6  (s8%) 0L 810Z&M q epz-vs oy
a1eld INS'E 00T 6 1 g6 (0S¥) S9 81L1EN a epz-vs oy
a1eld INSZ'Z 00T 16 1 v6 (S8%) 0L €012 d epz-vs oy
a1eld INGZ:Z 00T 16 1 ve (0st) 59 €041 v epz-vs oy
(05) z5 a1eld INGG 00T 6 1 g6 (0sS) 08 d epz-vs oy
(0s) z< aleld INS'E 001 6 1 g6 (S1S) S£ d epz-vs oy
aqny sjws OWT-1D6 01T ¥'S 1 as  (S1H) 09 06518 6.1 661V
aqny s|ws OGS 0-IDS 01T €S 1 as  (s14) 09 SYSTP SL 661V
aqn3 's[ws OWT-IDE 01T 1 vs  (STH) 09 SHSTEN 121 661V
aqn3 s[ws OWT-12SZ'C 011 AL 1 vs  (ST4) 09 06512 tAAN 661V
aqn3 's[us IS-ONS'0-1DSZ'T 011 1S 1 ¥ (ST¥) 09 L6STT 111 661V
aqny 'sjws 1S-D 00T 1T 1 1 (sze) L 102103 Zp1-vS 1oy
s3uiguo, OWT-IDLZ 0ST 1L 1 101, (ST%) 09 LT9V¥S qDLZ-INX4 ZBI-VS 1oy
s3urdioy IDLT 0ST TL z L' ASTH) 09 000€¥S 0€h4 ZRI-VS 10V
s3uguo, ST 0ST L z 9 (61%) 09 006Z+S 6Zhd ZB1-VS 0y
s3ugioy OW-INSH—IDET 0ST L ¥ 9 (S679.81T  00STHS NN9A ZRI-VS 10y
s3udo, ONS'0-IDET 0ST L € 9 (094)01T) 9z0T#S q9:d ZRI-VS 1oy
s3udao, IDET 0ST L € 9 (568) 0ET + 000THS ¥ D ‘e9d ZBI-VS Ioy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

105


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

ASME BPVC.IX-2023

aqn3 s[us INOZ-IDSZ 0€Tl 78 z 8 (s19) Sz 600TES HOTEdL gfz-vsdoy
aqn3 's[ws INOZ-1DS2 0€l 78 z 8 (s19) sz 8001€S SOTEdL gfz-vsioy
aqny 'spus N-IN0Z-IDSZ 0€T 8 z 8 (so0s) €L Z00TES €fz-vs oy
aqn3 ‘sjus qD-INZI-IDET 0€T 78 z 8 (s19) Sz 1¥60€S ADH60EdL gfz-vs oy
aqny/ sjus qD-INZI-IDET 0€T 78 z 8 (s15) Sz 0¥60€S qD60€d.L gfz-vs oy
aqnisTwg INZT-IDET 0€T 78 z 8 (s15) Sz 6060€S H60EdL gfz-vs oy
aqn3 'sfws INZT-ID€ET 0€T 78 z 8 (s19) sz 8060€S S60£d.L gfz-vsioy
aqny 'spus N-INTT-IDTZ 0€T 8 z 8 (009) /8 ST80ES GT80ES €fz-vs oy
aqm "s[wsg N-IN8-1D8T 0€T 18 1 8 (s19) sz £510€S NTY0EdL gfz-vs oy
aqmn) "sjus N-IN8-ID8T 0€T 18 1 8  (0ss) 08 1SY0€ES NY0EdL gfz-vs oy
aqm) "sjus N-9D-NDErIN6-1D8T 0€T 18 1 8 (565) 98 ZEVOES gfz-vs oy
aqn3 's[us INg-ID8T 0€l 18 1 8 (s19) sz 600€S HY0Ed.L gfz-vsidoy
aqny 'spus INg“498T 0€T 18 1 8 (sst) oL €0%0€S THOEd.L €fz-vs oy
aqny 'spus IN8=1D8T 0€T 18 1 8 (s18)sL 00%0€S Y0Ed.L €pz-vs oy
aqn3 s|ws UNS-INET-1D2Z 0€T €8 € 8 (069) 00T  01602ZS 61-INX gfz-vs oy
aqn3 's[us UN6-INS-I1D8T 0gT €8 € 8 (029) 06 00202S 20ZdL €fz-vs oy
aqn3 's[us UN9-INY-IDLT 0€T €8 € 8 (559) s6 00T0ZS 10ZdL €fz-vsoy
aqny sjws MZ-1D6 011 ¥'9 1 as1  (0z9) 06 09263 761 gfz-vs oy
aqny s|ws OWTI-1D6 01T %S 1 as  (S1H) 09 176063 6. gfz-vs oy
aqn3 s|ws A-OWT-1D6 01T 79 1 as1  (s8s) s8 106063 161 gfz-vs oy
aqm) "sjws IS-ONS'0-1DS 01T €5 1 as  (ST#) 09 SHSTSN qs.L gfz-vs oy
aqn3 's[us OGS 0-IDS 011 €S 1 as (ST 09 SYST SL gfz-vsidoy
aqn} s[ws 1L-OWS 010§ 0z1 €S 1 as (ST 09 SYZIv oS gfz-vsidoy
aqny 'spus OWT-IDE 0TT S 1 vs  (ST#) 09 SHSTEN 1ZL €fz-vs oy
aqny sjws OWT-IDSZ'Z 01T A 1 vs  (STH) 09 06512 rAAN gfz-ys oy
aqny s|ws A-IDT 01T T 1 40tr _(STH) 09 LY0ZT L1L gfz-vs oy
aqn3 's[ws IS-ONS 0-1DSZ'T 01T TS 1 ¥ (91%) 09 L6GTT 111 €fz-vs oy
aqny "sjus OWNS0-IDT 011 1S 1 ¥ (STH09 Z9STT 71l gfz-vs oy
aqn3 's[ws OS'0-105°0 00T T 1 ¢ (sTH)09 LYSTTI ZL gfz-vsioy
adid papam o] 00T 11 I 1 (08¢) ss 205203 0%-0LSV 112V
adid papam o} 00T 1T 1 1 (09¢) 2§ 20620 €€-0LSY 112V
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[YL [eUlwON payads ‘uoneusisaq
Surprom wrnuIruin

(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MD 1qeL

106


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

ASME BPVC.IX-2023

aqm "MY'H J 00T 1 1 1 (sze) Ly L08T0M VpZ-vS 10y
aqmy 's[ws  OW-ND-IS9-IN9T-ID¥ T 0€T 18 1 8 (o¥s) 8L S188€S €fz-vs oy
aqn) 'sjus ISZ-IN8T-1D8T 0€1 '8 1 8 (s19) sz 00T8ES ST-NX gfz-vsioy
aqny ‘s qD-INOT-ID8T 0€1 '8 1 8 (s15) Sz 608¥ES H8%EdL gfz-vsioy
aqny ‘sjus qD-INOT-ID8T 0€1 '8 1 8 (s15) Sz 008¥€S 8¥EdlL gfz-vsioy
9qnj "sjus N-9D-INOT-ID8T 0€T '8 T 8 (s19) sz TSLYES NILYEdL €fc-vS 1oy
aquipLspus qD-INOT-ID8T 0€1 '8 1 8 (0ss) o8 0TLYES DAHLYEdL gfz-vsioy
aqmn) "s[ug q2-INOT-108T 0€T 18 1 8 (s19) Sz 60LVES HLVEdL €fz-vs oy
aqny sy qO-INOT-ID8T 0€1 '8 1 8 (s15) Sz 00L¥ES LYEdL gfz-vsioy
N
aqny ‘s  -OWSAH-UNI-INLT-ID¥C 0€1 €8 4 8 (s6L) sTT S9SYES S9SYES gfz-vsioy
aqnj 'sjus ISGS-IN0Z-1D8T 0€T 18 T 8 (0ss) o8 S19¢C€eS q19C€esS €fc-vS 1oy
aqn 'sjus LL-INOT-ID8T 0¥T 18 T 8 (s19) sz 60TZES HTIZEdL €fc-vs oy
aqn 'sjus LL=INOT-ID8T1 (14" 18 T 8 (s19) sz 00TZES TZedlL €fc-vsS oy
aqn) 'sjus ONP-ING'STAID6T 0€1 '8 4 8  (0ss) 08 9ZLTES NINTLTEdL gfz-vsioy
aqny ‘sjus OWF-INST-ID61 0€1 '8 4 8 (s15) Sz SCLIES NTLTEdL €fz-vsioy
aqny ‘sjus ONE-INET-ID8T 0€T '8 1 8 (s15) Sz €0LTES TLTEdL g€fz-vsioy
aqny 'sjus ONWE-INET-ID8T 0g£T '8 T 8 (s19) sz 00LTES LTEAL EfZ-vS 1oy
aqn} ‘sjws N-OIWZ-INZT-1D9T 0€1 '8 1 8 (s19) sz €99TES NT19T€dL gfz-vsioy
aqn) 'sjus N-OIWZ-INZT-1D9T 0€1 '8 1 8  (0ss) 08 TS9TES NO9TEdL gfz-vsioy
aqn) ‘sjus LL-OWZ-INZT-1D9T 0€1 '8 1 8 (s15) Sz GEITES LL9TEdL gfz-vsioy
aqnj 'sjus OWZ-INZT-ID91 0T 1.8 1 8 (s18) sz 609T€ES H9T1EdL €fc-vS 1oy
aqnj 'sjus OWZ-INZT-ID91 0€T '8 1 8 (s8¥) 0L €091€S T91€d.L €fc-vS 1oy
aqn 'sjus ONZ-INCZT-ID9T 0€T 18 T 8 (s19) sz 009T€S 9T€dL gfc-vs oy
(s) L8T0S aqny 'sjus ON9-IN8T-1D0¢ 0€1 4] 4 8 (5.9) 86 YSCIES gfz-vsioy
(s) L8T0< aqny ‘sjuis ON9-INB8T-1D0¢ 0€1 4] 4 8 (599 s6 YSCIES gfz-vsioy
(9) szos aqny 's[us N-OIWZ-INZZ-1DS¢ 0€1 '8 (4 & (085) ¥8 0S0TES NTONOTELL gfc-vsioy
(9) szo< aqnj 'sjus N-OWZ-INZZ—1DSC 0€T '8 4 8 tovs) 8L 0S0TES NTOWOTEdL EfZ-vS 1oy
aqnj 'sjus N-BL-9D-IN0Z—IDSC 0€T 8 € 8 (659) se EVOTES gre-vs 1o v
aqn} ‘sjwis N-92-IN0Z-1D0S¢ 0€1 '8 € 8 (599).86 Zv0TES NAOHOTEdL gfz-vsioy
aqny ‘s qd-IN0Z-1D0S¢ 0€1 '8 14 8 (s15)4L T¥01ES qOHOTEdL gfc-vsioy
aqny ‘s qd-IN0Z-1D0S¢ 0€1 '8 (4 8 (s15) Sz 0¥01ES q00TEdL gfz-vsioy
(pauo)) sno.aiayg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSaWD[Y L [eUIwoN payads ‘uoneusisaq
Surpppm wnuwiutjy

(P3uo)) siaquinN-d 1e3al aseg
Zzy-90/MO 31qel

107


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

ASME BPVC.IX-2023

sdumy Suidid ONT-1D6 01T ¥'S T as  (s1¥) 09 176063 1710 ‘6dM YEZ-VS J0 v
s3umy Suidid A-OWT-1D6 01T ¥9 1 as1  (s8s) s8 106063 T6dM YEZ-VS J0 v
sgumy Surdid OWS'0-IDS 011 €S 1 as  (s19) S2 SYSTP €0 ‘SdM YEZ-VS Jo v
s3upyy Suidid OGS 0-IDS 01T €S 1 as  (ST#) 09 SYSTP 170 ‘SdM YEZ-VS 10 v
s3uiyy, uidig n)T-INZ 00T 16 1 v6 (Seb) €9 SE0Z2 UdM YEZ-VS 10 v
s3umy Sutdig OWT-IDSZ'Z 01T A 1 vs  (S19) Sz 06512 €10 ‘22dM YEZ-VS J0 v
s3umy Surdiy OWT-12SZ'Z 011 zS 1 vs  (ST4) 09 06512 11D ‘22dm YEZ-VS 10 v
sgumy Surdig ONG'0-D 00T 11 1 ¢ (08¢) ss 12821 TdM YEZ-vS 1o ¥
sdumy Surdig ONSG0-1DT 0TT 1S 1 ¥ (s8t) oL 29021 2D ‘2TdM YEZ-vS 1o ¥
s3umy Suidig OWS'0-IDT 01T TS 1 ¥ (ST4) 09 790213 1710 ‘2TdM YEZ-vS 1oy
s3umy 3uidid IS-UN-D 00T 1T z T (s8¥) oL 1050 DdM YEZ-VS 10 v
s3umy Suidid IS-UN-D 00T TTT 1 1T (s1%) 09 900£03 adm YEZ-VS J0 v
s3umy Suidid IS-ONS (~9)ST T 011 1S 1 ¥ (s19) Sz €1 ‘T1dM YEZ-VS 10 v
s8umy Surdig IS-ONG"0-198Z'T. 0TT 1S 1 ¥ (sTH) 09 1D ‘TTdMm YEZ-vS 1o ¥
a1eld A-ING0-UWN 00T T 1 vor (SzZ) SOT  +ZSZI o) Spz-vs oy
(s2) €5 a1e[d A-INS0-UWN 007 12 1 vor (0ss) 08 $00ZT a Spz-vs oy
(s2) €< a1e[d A-INS0-UWN 00T 12 1 vor (S18) S2 $00ZT a Spz-vs oy
sdunse) IDET 0ST TL € 9 (029) 06 0ST16[ STVD LEZ-VS 1oy
s3unsey A-OWT-1D6 01T %9 1 4s1  (s89) s8 0608 VZ10 LEZ-VS 1oy
s3unsep ONT-1D6 01T ¥'S 1 as  (0z9) 06 06028l AN) LEZ-VS J0 Y
s3unsep OIS 0-IDS 01T €5 1 gas  (0z9) 06 Syozl S0 LET-VS 10 Y
s3unse)n IDSL'0-OWT-INSL0 00T T ¥ ¥ (s8%) 0L 00o0zzl SOM LEZ-VS Jo Y
s3unse)n ONT-IDSZ'Z 01T A 1 vs  (s8%) 0L 0681Z( 62M LEZ-VS 1oy
s8unse) OWS0-D 00T 1T 1 e (0st) s9 L ZATAl 1OM LEZ-VS 10 Y
s3unsepn OIS 0-1DG0-INT 00T 16 1 ¥ Assh) oL 78021l FOM LEZ-VS 10 Y
s3unsepn OWS0-IDSZ'T 01T 1S 1 ¥ (G8¥) 0L zL0Z1l 9IM LEZ-VS 10 ¥
s8unse) 1S-D 00T 11 z 1 (s8v)or z00¢0l aoMm 9[Z-VS 1oy
s3unse)n IS-UN-D 00T T1 z 1 (s8¥) oL £05z0( 20M 9fZ-vs 1oy
s3unsepn 1S-D 00T 1T 1 1 (s19%) 09 20520l VOM 9[Z-VS 10 v
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

108


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

ASME BPVC.IX-2023

dins 3 399ys ‘91e]d N-INTT-ID1Z 0€T A z 8 (009) L8 ST80ES ST80ES 0pZ-vS 1oy
dins z 199ys ‘91e]d ISE'S-ING LT-1DS'LT 0€T 18 1 8 (ovs) 8z 1090€S 1090€S 0pZ-vS 1oy
drns 3 199ys ‘@1e[d ISH-INGT-ID8T 0€T 18 1 8 (ovs) 8. 0090€S 0090€S 0pZ-vSs 1oy
diishg 199ys ‘@re[d INTT-ID8T 0€T 18 1 8 (s8%) 0L 0050€S S0€ 0pZ-vS 1oy
dLas g3 Jeays ‘are[d N-IN8-ID8T 0€T 18 1 8 (s15) Sz £SY0€S NTY0€ 0pZ-vSs 1oy
(s) L8T'0> dins =3 199ys N-IN8-ID8T 0€l 18 1 8 (0z9) 06 ZSY0ES 12-WX 0pZ-vS oy
(s) L8102 2Jeld N-IN8-128T 0€l 18 1 8 (s89) s8 Z5Y0ES 12-WX 0pZ-vS 1oy
dins 3 199Yys ‘Meid N-IN8-ID8T 0€T 18 1 8 (0ss) o8 1S%0€ES N¥0€ 0pZ-VS 10 v
dLas 3 309ys ‘a1e[d IN8-ID8T 0€T 18 1 8 (s19) Sz 600€S H¥0€ 0pZ-vS 1oy
dLos 3 199ys ‘@re[d IN8-ID8T 0€T 18 1 8 (s8%) 0L £010€S TH0€ 0pZ-vS 1oy
dins 3 399ys ‘@1eld IN8-ID8T 0€T 18 1 8 (s15) Sz 00%0€S $0€ 0pZ-vS 1oy
dins z 199ys ‘91e]d IN8-ID8T 0€T 18 1 8 (s19) sz 00Z0€S 20¢ 0pZ-vS 1oy
drns % 199ys ‘areld INZ-IDLT 0€T 18 1 8 (s18) sz 00TOES 10€ 0pZ-VS 10 v
dins 7 399ys ‘@ield UNZT-INESD8T 0€T €8 € 8 (069) 00T  000%2ZS 62-INX 0pZ-vSs 1oy
dias 3 309ys ‘a3e[d N-ISH-UN8-INBTIIBT 0€T 18 € 8 (559) s6 00812ZS 00812ZS 0pZ-vS 1oy
(s) L8T0> dins 3 199ys N-OW-IN9-UN8-1D6F 0€T €8 € 8  (069) 00T  €0912ZS 81-INX 0pZ-vS 1oy
(s) L8102 aleld N-O-IN9-UN8-1D61 0cT €8 € 8 (0z9) 06 €0912S 81-INX 0pZ-vS 1oy
(s) L8T'0> dins % 399ys N-O-IN9-UN8-1D61 0£1 €8 € 8 (069) 00T  00912ZS LI-INX 0pZ-vs 1oy
(s) L81°0% ale[d N-O-IN9-UN8-1D6T 0€T €8 € 8 (029) 06 00912S LT-INX 0pZ-VS 10 v
(s) L8T0> dins % 399ys UNS-INET-1DZZ 0€T €8 € 8 (szz) sot  01602S 61-INX 0pZ-vS 1oy
(s) L8T0= a1e[d UNS-INET-1DZT 0€T €8 € 8  (069) 00T  0T602ZS 61-INX 0pZ-vS 1oy
dins 3 399ys ‘@1eld N-INZ-UN6-1D9T 0€T &8 € 8 (559) s6 00%02ZS 0pZ-vS 1oy
dins z 199ys ‘e1e]d UN6-INS-1D8T 0€T €8 € 8 (029 06 00202S 202 0pZ-vS 1oy
dis 7 399ys ‘91ed UN9-INY-1D9T 0€T €8 £ 8 (559 s6 €5102S NT102 0pz-vSs 1oy
dLas 3 199ys ‘a1e[d UN9-INY-IDLT 0€T €8 g 8 (599) s6 00102ZS 102 0pZ-vSs 1oy
dLas 3 309ys ‘a3e[d UN9-INY—IDLT 0€T €8 € 8 (s15) Sz 00T0ZS 1-102 0pZ-vS 1oy
dins % 399ys ‘91eld OW-IDTZ-INSZ-2d¥%¥ 0zv 78 sy, (06%) 14 70680N 706 0pZ-vS 1oy
(s) L8T'0> dins 2 399YS  N-OW9-IDTZ-INYZ-249% 0zh 78 st ((069) 00T  L9E8ON 0pZ-vS 10y
(s) L8102 aeld N-OW9-IDTZ-IN¥Z-249% 0Z¥ 8 st (559) S6 L9EBON 0pZ-VvS 10V
s3umy Surdig MZ-1D6 01T ¥'9 T 4s1 (029) 06 09%Z63 26dM YEZ-VS 10 v
s3umy Surdig OWT-1D6 01T ¥'S 1 as  (s19) Sz 176063 €10 ‘6dM YEZ-VS 10 v
(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edin) 1S "ON-SNT apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui

(P3uo)) siaquinN-d 1e3al aseg
Zzy-90/MO 31qel

109


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

ASME BPVC.IX-2023

dins 3 399ys ‘91eld N-O-INS'€-1DTZ ST €01 1 HOT (029) 06 £00Z€S 0pZ-vS 1oy
dus 7 199ys ‘9reld N-OWE-INS-1DZ2 ST 10T 1 HOT (029) 06 £08TES £08TES 0pZ-vSs 1oy
dins 2.399ys ‘91e]d N-OWE-INET-ID8T 0€T 18 1 8  (0ss) 08 €GLIES €GLTES 0pZ-vS 1oy
dins 3429ys ‘91ed OWP-ING'ST-1D6T 0€T 18 4 8  (0ss) 08 9ZLIES 9ZLIES 0pZ-vS 1oy
dins % 183us/a1eld OWPH-INGT-ID6T 0€T 18 i4 8 (s15) Sz SZLIES SZLIES 0pZ-vS 1oy
drns 3 199ys\Aield ONE-INET-ID8T 0€T 18 1 8 (s18) sz €0LTES TLTE 0pZ-VvS 10y
drus % 199ys ‘alejq ONE-INET-ID8T 0€T 18 1 8 (st8)sL 00LTES AR 0pZ-VvS 10V
diis 73 399ys ‘91e[d N-OW-IN8'8-1D5'0Z 0€T 8 € 8 (s5e9) 26 SS9TES 0pZ-vS 1oy
diis 79 399ys ‘83eld N-OIZ-INZT-1D9T 0€T 18 1 8 (s15) Sz £59T€S NT9TE 0pz-vS 1oy
diis 79 399ys ‘93eld NZOWZ-INZT-1D9T 0€T 18 1! 8  (0ss) 08 1S9TES N9TE 0pZ-vS 1oy
dins % 399ys ‘91eld qD-0NZ~INZT-1D9T 0€T1 18 1 8 (s19) sz 0v91ES qa91¢€ 0pZ-vS 1oy
drns 7 309ys ‘a3e[d LL-ONZZINZT—-1D9T 0€T 18 1 8 (s18) sz GEITES 1L9T€ 0pZ-vS 10 v
drns 7 309ys ‘are[d ONZ-INTPAQ9T 0€T 18 1 8 (s18)sL 609TES HOTE 0pZ-vS 10V
dins 7 399ys ‘91e]d OWZ-INZT~D9T 0€T 18 T 8 (s8%) 0L £09T€S 91€ 0pZ-vS 1oy
dins 3 399ys ‘@1eld OWZ-INZT-ID91 0€T 18 1 8 (s15) Sz 009TES 91¢ 0pZ-vS 1oy
dins 72 399ys 93e][d  ND-UW-OWL-IDZZ-INLZ 0zv A sy (044) 2711 LLTIES LLTIES 0pZ-vS 1oy
N-M-1)
dins 3 399ys ‘Ae[d  -UNE-OW9-INZZ-ID¥Z 0Z¥ 8 S (0S4) 60T  99ZI€S 0pZ-vS 10 v
drus 3 199ys ‘areld N-OIWE-INS'9-1DS2 SHT 01 1 HOT (069) 00T  09ZIES 092ZTES 0pZ-VS 10 v
(s) L8T0> dins 3 199ys OW9-INBT-ID0Z 0€T 78 ¥ 8  (069) 00T  ¥STIES ¥STIES 0pZ-vS 1oy
(s) L8T0= a1eld OW9-INBT-ID0Z 0€T 78 i4 8 (559 s6 $STIES $STIES 0pZ-vS 1oy
dins 3 399ys ‘@1e]d N-OW-IN9-1D§Z ST A1) 1 HOT (069) 00T  00ZIES 00ZTES 0pZ-vS 1oy
(9) szos dins % 199ys N-OZ-INZZ-1DSZ 0€T 78 4 8 (08s) v8 0S0TES NTOWOTE 0pZ-vS 1oy
(9) szo< a1e[d N-OWZ-INZZ-1D52 0€T1 78 r 8 (ovs) 8. 0S0TES NTOWOTE 0pZ-VS 10 v
diis 7 399ys ‘91eld qD-IN0Z-IDSZ 0€T 78 z 8  (s19) Sz TY0TES qDHOTE 0pZ-vs 1oy
dins 9 399ys ‘are[d qD-IN0Z-1DSZ 0€T 78 z 87 (s15) Sz 0¥0TES an01€ 0pZ-vs 1oy
dins 3 399ys ‘@1eld INOZ-1DSZ o€l 78 z 8 (lgrs) sz 600T€S HOTE 0pZ-VS 10y
dins % 399ys ‘91eld INOZ-1DSZ 0€l 78 z 8 (s18)sL 8001€S S0TE 0pZ-vS 10y
dins 3 199ys ‘91e]d qD-INZI-IDET 0€T 78 z 8 (s15)8z 1¥60€S ADH60E 0pZ-vS 1oy
dins 73 399ys ‘91e[d qD-INZI-IDET 0€T 78 z 8 (S15) S% 0¥60€S q4060¢€ 0pZ-vS 1oy
dins % 399ys ‘91e]d INZT-IDET 0€T 78 z 8 (s19) Sz 6060€S H60E 0pZ-vS 1oy
dins 3 399ys ‘@1e]d INZT-IDET 0€T AL z 8 (s15) Sz 8060gS S60¢€ 0pZ-vS 1oy
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[YL [eUlwON payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

110


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

ASME BPVC.IX-2023

- drus 3 199ys ‘areld IDET 0ST L 1 L (st¥) 09 800T%S SOT¥ 0pZ-vS 10V
drus 3 199ys ‘areld IDET 0ST L 1 9 (ost) s9 000T#S (1)47% 0pZ-VvS 10V
dwns %3 399ys ‘91e]d 1~IDTT 0ST TL 1 L (08¢g) ss 0£60%S 60% 0pZ-vS 1oy
diis)z 399ys ‘ereld 1L-IDTT 0ST 1L 1 L (o8g) ss 0260%S 60% 0pZ-vS 1oy
dins gg Jeays ‘ereld 1L~IDTT 0ST 1L 1 L (o8g) ss 0T60%S 60% 0pZ-vS 1oy
dins 398ys ‘e1eld IV-102Z1 091 T2 1 L (S1%) 09 00S0%S SoY 0pZ-vS 1oy
drns %3 199yS-foye|d ON-ND-IS9-IN9T-IDHT 0€T 18 1 8 (o¥s) 8L GT88ES 0pZ-VvS 10y
dins 3 199ys ‘jeid ISZ-INST-ID8T 0€T 18 1 8 (s18)sL 00T8ES ST-WX 0pZ-VS 10V
dins 9 399ys ‘are[d qD-INOT-1D8T 0€T 18 T 8 (s15) Sz 608VE€S H8¥E 0pZ-vS 1oy
dins 3 399ys ‘@1eld qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 008VES 8¥¢ 0pZ-vS 1oy
dins % 399ys ‘91eld qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 60LVES HLVE 0pZ-vS 1oy
drus 3 199ys ‘areld 42-INOT-ID8T 0€T 18 1 8 (s18) sz 00LVES L€ 0pZ-VvS 10 v

N
drns 7 309ys ‘a3e[d  -OWSH-UNI=INLT-ID¥Z 0€T €8 ¥ 8 (S6L) STT  S9sveS G9SYES 0pZ-VvS 10 v
dins 7 399ys ‘91e]d N-OW-IN#1D)92 ST A1) 1 HOT (069) 00T  0S6ZES 0S6Z€S 0pZ-vS 1oy
(o1) 0%°0> dins 3 399ys ‘@1e]d N-OWZ-INS'9-1)62 ST A1) 1 HOT (008) 9TT  906Z€S 906Z€S 0pZ-vS 1oy
(o1) 0%°0= a1e[d N-OIZ-INS'9-1D67 ST A1) 1 HOT (0SZ) 60T  906Z€S 906Z€S 0pZ-vS 1oy
dins  199ys ‘91e]d OW-IN¥-1D9Z SH1 A1) 1 HOT (029) 06 006Z€S 62€ 0pZ-vS 1oy
dins 7 399ys 91e[d  N-ND-M-OWE-IN8-IDSZ Sh1 A1) 1 HOT (S¥Z) 80T  09.Z€S 094Z€S 0pZ-vSs 1oy
dins 7 399ys ‘@ield N-OWH-INZ-IDSZ SY1 A1) 1 HOT (008) 9TT  0SLZES 0SLZ€S 0pZ-vs 1oy
dins 9 399ys ‘are[d UNE-OWNL-INZZ-IDVT 0€T 8 ¥ 8 (0Ss) 60T ¥59Z€S 0pZ-vS 1oy
dins % 399ys ‘91eld 1SG'S-IN0Z-1D8T o€l 8 1 8  (0ss) 08 ST9ZES ST9ZES 0pZ-VS 10y
dins % 399ys ‘91eld n)Z-O0WE-ING-IDSZ S¥1 0T 1 HOT (094) 0OIT  0SSZES 0SSZ€S 0pZ-vS 10y
drus 3 199ys ‘areld N-O-IN9-IDSZ SHT 01 1 HOoT (029) 06 90SZES 0pZ-VvS 10 v
dins 7 399ys ‘91e[d N-ND-OW-INY—IDEZ ST 10T ¥ HOT (009) 48 Y0EZES 0pZ-vS 1oy
dins 7 399ys ‘91e]d N-OWE-ING-1DZZ ST 10T T HOT (SS9) S6 S0ZZES 5022 0pZ-vS 1oy
dins 3 399ys ‘@1eld N-OW-INZ-1DZ2 ST €01 1 HOT, (059) %6 7022€S 0pZ-vS 1oy
dins z 199ys ‘91e]d LL-INOT-ID8T oY1 18 1 8" Ast1S) Sz 601Z€ES HIZE 0pZ-vS oy
(s) L8105 dins 2 399ys  N-ND-INS'T-UWS-IDTZ ST €01 1 HOT (004) TOT  T0TZES 0pZ-vS 1oy
(s) L8T0< 91e[d  N-ND-INGT-UWS-IDTZ SYI €01 1 HOT (099)%6 10TZ€S 0pZ-vS 1oy
dins 79 399ys ‘a3eld LL-INOT-ID8T 0vT 18 T 8 (s15) 4L 00TZES 12€ 0pZ-vS 1oy
dins 9 399ys ‘a3eld N-OS G-INGZ~IDET 0€T 78 4 8 (0%9) €6 £50Z€S 0pZ-vs 1oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUYD[YL [eUlWION payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

111


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

ASME BPVC.IX-2023

aqn} papEM N-IN8-128T 0€l 18 1 8 (0ss) o8 1SY0€S NY0Ed.L 6pZ-VS 10 ¥
aqn} papEM IN8-ID8T 0€l 18 1 8 (s19) sz 6070€S HY0Ed.L 6pZ-VS 10 ¥
aqn} papEMm IN8-1D8T 0€T 18 1 8 (s8%) 0L £00€S TY0EdL 6pZ-VS 10y
aqmy paplEM IN8-ID8T 0€T 18 1 8 (s195) Sz 00%0€S $0€dlL 6pZ-VS 10y
aqng papleM UNZT-INE-ID8T 0€T €8 € 8 (069) 00T  000%2ZS 6Z-INX dL 6pZ-VS 10y
aqn3 papiem UNS-INET-1DZT 0€T €8 € 8 (069) 00T  0T602ZS 61-INX dL 6pZ-VS 10y
aqn} papeM, UN6-INS-1D8T 0€T €8 € 8 (029) 06 00202S 207 dlL 6pZ-VS 10y
aqn} papEM UN9-INbP-IDLT 0€T €8 € 8 (599 s6 00102ZS 10Z dlL 6pZ-VS 10y
aqn} papEMm OW~IDTZ-INSZ-2dFF 0zZh 78 st (06t) 14 ¥0680N 6pZ-VS 10y
(s) L8T0S aqn} papeM  N-OW9=IDLZ-INYZ-249% 0zZh 78 St (069) 00T  L9EBON 6pZ-VS 10y
(s) L8T0< aqn3 papEM  N-OW9-1DT1Z=IN¥Z-249% 0zZh 78 st (S99) S6 L9EBON 6pZ-VS 10y
(o1) 0%°0> dins 72 399ys 93eld  N-OWS T-UNE-INRADFZ ST 10T 1 HOT (0%4) LO0T  1¥¥Z8S 0pZ-vs 1oy
(o1) 0%°0= 91el[d N-OWS T-UNE-INYIDHT ST 10T 1 HOT (089) 66 1¥+28S 0pZ-vs 1oy
(s) L8105 duns 3 199ys N-OWT-INE-IDTZ ST €01 1 HOT (S04) 20T  1£0Z8S 0pZ-vS 1oy
(s) L8T0< a1eld N-OWT-INE-IDTZ SY1 €07 1 HOT (059) %6 1£028S 0pZ-vS 1oy
(s) L8105 dins % 199ys N-OW-INT-1D0Z ST €01 1 HOT (S04) Z0T  Z10Z8S 0pZ-vS 1oy
(s) L8T0< a1eld N-OW-INT-1D0Z ST €01 1 HOT (0S9) ¥6 Z1028S 0pZ-vs 1oy
drus 3 199ys ‘are|d INZ-OWH—1D62 0ST TL 1 M0t (0SS) 08 008%¥S 008%¥S 0pZ-VvS 10V
dins 73 399ys ‘91e[d ONP—1D62 0ST 1L 1 for (0ss) o8 00L¥+S 00L¥+S 0pZ-vS 1oy
dins 3 399ys ‘@1e]d ONE-INE-IDIT 0ST 17 1 M0T (s89) S8 099%+S 099%+S 0pZ-vSs 1oy
dins 3 399ys ‘@1e]d 1L-OWH-IN¥-1D5Z 0ST 1L 1 10T (029) 06 SE9THS SEITHS 0pZ-vS 1oy
dins 3 199ys ‘91e]d OWT-IDLZ 0ST 1L 1 101 (0S¥) S9 L79Y¥S LT-INX 0pZ-vS 1oy
diis 79 399ys ‘91eld LL-OWT-1DLZ 0ST 1L T 101 (0L%) 89 979%%S £E-INX 0pZ-vSs 1oy
dins 7 399ys ‘@ield OWNZ-1D8T 0ST 1L z L (STH#) 09 00%H+S 00%++S 0pZ-vs 1oy
dins 9 399ys ‘are[d 1L-qD-1D8T 0ST 1L z 7 (s1%) 09 00THHS 0pZ-vs 1oy
dins 3 399ys ‘@1eld qD-1L-1081 0ST 1L z £ (5zv) 29 0v6EHS 0v6£HS 0pZ-vS 10y
dins % 399ys ‘91eld qD-1L-1081 0ST 1L z L (SE2-09 ZE6EHS ZE6EHS 0pZ-vS 10y
drus 3 199ys ‘areld 1L-1D8T 0ST TL z L (s1¥).09 SEOEYS 6EY 0pZ-VvS 10 v
dins 73 399ys ‘91e[d LT 0ST 1L z L (0s¥) 59 000£+S 0€Y 0pZ-vS 1oy
dins 73 399ys ‘91e[d IDST 0ST L z 9 (0st) s9 0062%S (Y4 0pZ-vS 1oy
dins 3 399ys ‘@1e]d OW-INS¥—IDET 0ST L i4 9 (S6L) STT  00ST¥S 00STHS 0pZ-vS 1oy
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

112


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

ASME BPVC.IX-2023

°aqn3 papeM ISZ-IN8T-1D08T 0€T '8 T 8 (s19) S. 00T8ES ST-NX dL 6yC-VS 10V
°aqn} papeM qD-INOT-1D8T 0€T '8 T 8 (s19) S. 608¥€S H8¥EdL 6yC-VS 10V
aqn} papPM qD-INOT—I1D81 (1198 18 1 8 (s18)sL 008¥€S 8¥EdlL 6yC-VS 10V
aqn} papeM qO-INOT-ID8T 0€1 '8 T 8 (s19) Sz 60L¥ES HL¥EdL 6yC-VS 10y
9qn} papeEM qO-INOT-ID8T 0€1 '8 T 8 (s15) Sz 00L¥ES LYEdL 6yC-VS 10y
244 papleM LL-INOT-ID8T 0¥1 '8 1 8 (s15) Sz 60TZES HTZEdL 6yC-VS 10y
/qnIpPapiPM LL-INOT-ID8T (1j48 '8 T 8 (S19) S. 00TZES T12edL 6yC-VS 10V
aqn} pIpPM N-ONS'S-INSZ—-IDET (1198 '8 4 8 (0¥9) €6 £50¢€S 6yC-VS 10V
aqn} papPM ONP-ING'ST—I1D61 0€T 18 4 8  (0ss) 08 9ZLTES 9ZLTES 6yC-VS 10y
aqn3 papeM OWP-INST-ID6T 0€1 18 4 8 (s18) Sz SCLIES STLIES 6yC-vVS 10y
aqn3} papeM OWE-INET-ID8T 0€1 '8 T 8 (s15) Sz €0LTES TL1€dL 6yC-VS 1oy
°qn3 papeM OINE-INET-ID8T 0€T '8 T 8 (s19) S. 00LTES L1EdL 6yC-VS 10V
aqn} papPM N-ONWT7IN8'8—105°0¢ (1198 '8 € 8 (se9) z6 GS9TES 6yC-VS 10V
aqn} papPM N-ONZ=INZI-ID9T (1198 '8 1 8 (s18)sL €991€S NT9T€dL 6yC-VS 10V
aqn3} papeEM N-OIWZ-INZTAIDOT 0€1 '8 T 8  (0ss) 08 T1S91ES NO9TEdL 6yC-VS 10y
|aqn3 papeMm OZ-INZT-ID91 0€T '8 1 8 (s15) Sz 6091€ES HOTEdL 6yC-vVS 10y
|aqn3 papeM OZ-INZT-ID9T 0€T '8 1 8 (s8%) 0L €091ES 191€dL 6yC-VS 10y
aqn} papPM ONZ-INZT—1D91 0ET '8 T 8 (S19) S. 0091€S 91¢dlL 6yC-VS 10y
(s) L8T'0S aqn} papeEM ON9-IN8T—1D0¢ (1198 '8 4 8 (5.9) 86 YSZIES YSCIES 6yC-VS 10V
(s) L8T0< aqn} papeEM ON9-IN8T-1D0¢ 0€1 '8 4 8 (599 s6 YSCIES YSCIES 6yC-VS 10y
(9) szos aqn3} papeEM N-OWZ-INZZ-1DS¢ 0€1 '8 14 8  (08s) ¥8 0S0TES NTONOTELL 6yC-VS 10y
(9) szo< aqn3 papeM N-OZ-INZZ-1IDSC (1198 8 14 8 (o¥s) 8L 0S0TES NTONOTEdL 6yC-VS 10V
°aqn3 papeM q2-IN0Z-12S¢ 0€T '8 14 8 (s19) S. T¥0TES qOHOTEdL 6yC-VS 10V
aqn} papPM qJ-IN0Z—105¢ (1198 '8 4 8 (s18)sL 0¥0TES q00TEdL 6yC-VS 10y
aqn} papeEM IN0Z-1DS¢2 0€T 8 Z 8 (s15) Sz 600T€ES HOTEdL 6yC-VS 10y
aqn3} papeEM IN0Z-1DS2 0€T '8 14 8 (s15) Sz 800T€ES SOTEdL 6yC-VS 10y
|aqn3 papeMm qD-INZT-IDET 0€T '8 4 & (s15) Sz 1¥60€ES qOH60EdL 6yC-vVS 10y
aqn} papPM qD-INZT-1D€C (1198 '8 4 8’ As19) SL 0¥60€S q060€d.L 6yC-VS 10V
aqn} papPM INZT-1D€C (1198 '8 14 8 [(619) SL 6060€S H60¢d.L 6yC-VS 10V
aqn} papPM INCT-ID€EC 0€T '8 14 8 (sT8)82 8060€S S60€d.L 6yC-VS 10y
aqn3} papeM N-INTT-ID12Z 0€1 '8 14 8 (009) 78 S180€S S180€S 6yC-vVS 10y
aqn3 papeM N-IN8-1D8T 0€1 '8 T 8 (s15) Sz £SY0€ES NTv0EdL 6yC-VS 10y
(pauo)) sno.aiayg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN ‘ON-d dnouan ‘ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘ON "ads
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSaWD[Y L [eUIwoN payads ‘uoneusisaq
Surpppm wnuwiruiy

(P3uo)) siaquinN-d 1e3al aseg
Zzy-90/MO 31qel

113


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

ASME BPVC.IX-2023

2qn} papem 3 S[wS 1L-OWH-IN¥-1D5Z 0ST 1L T 101 (029) 06 SEITHS Y 8pZ-vS 10 v
aqni_pap[em 7 ‘sjus OWT-IDLT 0ST 1L T 10T (0S¥) S9 LZ9V¥S LZT-WXdL 8pz-vS 10V
aqupapem 3 "s[ws IL-OWT-1DLZ 0ST 1L 1 101 (0L%) 89 979%%S £E-IXdL 8pZ-vS 1o v
aqn3 pap[em 7 ‘s|us 1L 0ST 1L 1 101 (0s#) s9 009%+S Z-9%¥dlL 8pZ-vS 1o v
aqny pap[eArTg/ S|us 1L 0ST 1L 1 101 (s8%) 0z 009%+S 1-9%¥dlL 8pZ-vS 10 v
aqm pap[am g s{ug ONZ-1D8T 0ST 1L z L (s19) 09 00%¥HS OWNZ-1D81 8pZ-VS 1o v
aqn} papem 3 sfus 11-1081 091 1L z L (S1%) 09 9£0EYS 1L0EVdL 8pZ-vS 1o v
aqn} papem B s[us 11-1081 0ST 1L z L (s1%) 09 SE0EHS 6£PdlL 8pZ-vS 1o v
aqn) pap[em 3 's[ws IDLT 0ST TL z L (S1%) 09 000€¥S 0€hdL 8pZ-vS 1oy
aqn) pap[om 7 ‘s[ug IDST 0ST L z 9 (s14) 09 006Z+S 67hdlL 8pZ-vS 10 v
aqm) pap[am 7 ‘s[us OW=ING¥—IDET 0ST L 4 9 (S64) STT  00STHS 00STHS 8pZ-vS 1o v
aqn1 pap[em 7 ‘s[ug IDET 0ST L 1 9 (sT4) 09 000T+HS 0T¥dL 8pz-vS 10 v
aqny papm 3 "s[ws 341011 0ST 1L 1 . (08¢) sS 0060%S 60%dlL 8pZ-vS 1o v
aqny papm 3 "s[ws LL~D7T 0ST 1L 1 . (08¢) s 0080%S 0080+%S 8pZ-vS 1o v
aqn) pap[om 7 ‘s[ug IV-1021 091 1L 1 L (STH) 09 0050%S SOYdlL 8pZ-vS 10 v
s3udio, 1S-D 007 A z 1 (s19) s2 100503 € 9pZ-VS 10 v
s3u1doy 1S-D 00T TTT z 1 (s8¥) oL 905£0 z 9pZ-VS 10 v
s3uguoy 1S-D 00T 111 1 1 (sT9) 09 90503 1 9pZ-vS 1o v
s3ugioy IS-UN-D 00T 11 z 1 (s8¥) oz LT0E0M ¥ 9pZ-vS 10 v
aqn3 pazeiq n) o} 00T VN (062) z¥ 10010 A} 2AS
aqn3 pazeaq n) o} 00T VN (062) z¥ 100TOM 110 2AS
aqny "M U'd OWT-1DSZ'Z 011 A 1 vs  (STH) 09 06512 tAAN 0FZ-vS 1oy
aqm *Mmud OWS0-D 00T 1T 1 £ (s1T9) 09 £202T erlL 0FZ-VS 1oy
aqm *Mmdd IS-ONS 0-1DSZ'T 01T TS 1 ¥/ (S1%) 09 L6STT 111 0FZ-VS 1oy
aqmy ‘My'd OGS 0-IDT 01T 15 1 ¥ (91%) 09 Z9STT 1L 0FZ-VS 1oy
aqny "My'd OWS'0-1D5°0 00T T 1 ¢ (sTh09 LYSTTI ZL 0FZ-vS 1oy
aqny "M y'd OWS0-D 00T 11 1 ¢ (08g)sS ZZSTT 1L 0Fz-vS 1oy
aqm ‘M OWS0-D 00T 1T 1 ¢ (59¢) €S VI qr.L 0FZ-vS 1oy
aqni papeM  OW-ND-IS9-IN9T-1D¥1 0€T 18 1 8 (ovs) 8L ST8BES 6pZ-VS 10 v
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

114


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

ASME BPVC.IX-2023

91e[d INGL0-OIS 0-UN 00T € ¢ (0ss) o8 ¥S0ZTH a Zpe-vsS 1oy
9e[d INS'0-OIS0-UN 00T € € (0ss) 08 6E0CTA ) ZpeE-VS 10V
91e[d ONS'0-UN 00T 1 € € (0ss) o8 22021 q ZpeE-vVS 10 v
a1e[d OGS 0-UN 00T 1T 4 ¢ (s15) sz 12021y \ Zpe-vs 1oy
91eld IS-UN-D 00T T1T € 1 (0ss) o8 £0820) q 6pZ-VS 10 ¥
are[d ISSUN-D 00T TTI z T (s18) sz €08zod v 6pC-YS 10 ¥
a1e[d ) 00T TTT 1 1 (08¢) ss 108204 2 SBZ-VS 1oy
91eld J 001 T1 1 1 (s¥e) oS 002203 q SpZ-vs oy
91eld J 001 1 1 1 (ote) sv 004103 v SBZ-vSs 1oy
o1eld J 00T 1 T T (s1%) 09 20L204 a EBC-VS 10V
a1e[d ) 00T 1T 1 T (08¢) ss 107204 2 €BZ-VS 1oy
91eld J 001 T1 1 1 (s¥e) oS 20LT0X q E€BZ-vS 10y
9leld J 001 1 1 1 (ote) sv 00% 10X \ €BZ-vS 1oy
sadeys 3 sieg DET 0ST L 1 9 (s8%) 0L 000T+S (10574 9LZ-vS 1oy
sadeys % sileqg OWZ-INZT-ID91 Q€T '8 T 8 (s8¥) oL €091€S T91¢€ 9LZ-vS 1oy
sadeys 3 sieg OZ-INZT-ID9T 0€T '8 1 8 (s19) Sz 009T€ES 91¢ 9yZ-vS 10y
sadeys % sieg IS-IN0Z-1D¥¢ 0€T '8 14 g8 00%1€S 1€ 9kz-vS 10y
sadeys % sieg IN8-ID08T 0€T 18 1 8 (s8%) 0L €070€S 1¥0¢€ 9Lz-vS 1oy
sadeys 3 sieg IN8-1D8T  0€T 8 T 8 (s18)s.  00¥0€S Y0€ 9rz-vs 1oy
9qn} papeMm R 'sjus ONZ-INZT-ID9T 0€1 '8 1 8 €091¢€S T9TEdL 692V
9qn} papem R ‘sjus OZ-INZT-ID9T 0€1 '8 T 8 0091¢€S 91¢edL 692V
aqn} paplem % "S[us IN8-ID08T 0€T 18 T 8 £0%0€S Tr0€dL 692V
o(qn} papEm R ‘Sjus IN8-ID8T 0€T 18 T 8 00¥0€S Y0EdL 69¢V
oqn} papEMm B 'S[uS INZ-ONPy—106¢C 0ST TL T 30T £0SS) 08 008%%S ¢-v-6¢ 8pZ-vS 1oy
9qn} papem R ‘sjus LL-OH—1D6C 0S1 TL 1 ot (ST6)LS. SELYYS SELYYS 8pz-vS 10y
aqn} papem % "S[us ONPF—1062 0S1 L 1 for (0ss) 08 00L¥¥S =62 8pz-vS 10y
aqn} paplem % ‘S[us OWE-INE-ID9Z 0ST TL 1 MoT  (s8S) S8 099¥%S €-€-9C 8pz-vS 10y
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUYI|Y L, [euluioN ﬁw—.«—u&hm .GO_HNEM_WQQ
Surpppm wnuwiutjy
(P.3u0)) siaquinN-d 123 3seg
TTr-90/M0O 91qel

115


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

ASME BPVC.IX-2023

adid pap[am % ‘sjug N-OZ-INZT-I1D9T 0€T 18 1 8  (0ss) 08 1S9TES N9TEdL Zfe-vs oy
34rd poplem % 'sjws LL-OWZ-INZT-1D91 0€T 18 1 8 (s19) sz SE9TES 11.91€dL Zfe-vs oy
adid\pop[am % 'sjus OWZ-INZI-ID9T 0€T 18 1 8 (s19) sz 609TES H9TEdL Zfe-vs oy
adid papjom ® sjus OWZ-INZI-ID9T 0€T 18 1 8 (s8%) 0L £09TES T91€dL Zfe-vs oy
adid pap[am-z,'sjus OWZ-INZI-ID9T 0€T 18 1 8 (s15) Sz 009T€S 91€dlL Zfe-vs oy
(s) L8105 adid peplom 7 ‘s{ws OW9-IN8T-ID0Z 0€l 78 ¥ 8 (5.9) 86 ¥STIES ¥STIES Zfe-vs oy
(s) L81°0< adid paplam 7 "sjuig ON9-IN8T-1D02 0€T 8 ¥ 8 (ss9) s6 ¥STIES $STIES Zfe-vs oy
(9) szos adid papiam 2 "s[wiS N-OZ-INZZ-1DS2 0€T 8 z 8 (08s) ¥8 0SOTES NTOWOTEdL Z[e-VS 10y
(9) sz o< adid pappom % sjug N-OIZ-INZZ-1DSZ 0€T 78 z 8  (ovs) 82 0S0TES NTOWOTEdL Zfe-vs oy
adid pappom % sjug qD-IN0Z—1DSZ 0€T 78 z 8 (s15) Sz TY0TES qDHOTEdL Zfe-vS oy
adid pap[am % ‘sjwg q2=IN0Z-1DSZ 0€T 78 z 8 (s15) Sz 0¥0TES qD0TEdL Zfe-vs oy
adid pep[em % 'sjus INOZ-1DSZ 0€T 78 z 8 (s19) sz 600TES HOTEdL Zfe-vs oy
adid papiam 2 "squig INOZ~1DSZ 0€T 8 z 8 (st8) sz 800TES SOTEdL Zfe-vs oy
adid ‘sjug N-INOZI9SZ 0€T 8 z 8 (509) €2 Z00T€S Z[E-VS oy
adid pappom % sjug qD-INZI-IDEZ 0€T 78 4 8 (s18) Sz T¥60€S qDH60€dL Zfe-vs oy
adid pappom % 'sjug qD-INZI-IDET 0ET 78 z 8 (s19) sz 0¥60€S q260€d.L Zfje-vs oy
adid pep[am % ‘sjws INZT-ID€T 0Lt 78 z 8 (s19) sz 6060€S H60Ed.L Zfe-vs oy
adid papiam 2 "squig INZT-IDEZ (1142 8 z 8 (s18) sz 8060€S S60€dL Zfe-vsS 1oy
adid papiam 2 "s[uig N-INTT-IDTZ 0€T 78 4 8 (009) .8 ST80ES ST80ES ZJE-vsS 10y
adid pappom % sjug ISH-INGT-ID8T 0€T 18 1 8 (ovs) 82 0090€S 0090€S Zfe-vs oy
adid pap[am % ‘sjug N-IN8-ID8T 0€T 18 1 8 (s15) Sz £SY0€ES NTY0EdL Zfe-vs oy
adid pap[am % ‘sjug N-IN8-ID8T 0€T 18 1 8  (0ss) 08 1SY0€ES NY0EdL Zfe-vs oy
adid pep[em % 'sjws IN8-ID8T 0€T 18 1 8 (s19) sz 6070€S HY0Ed.L Zfe-vs oy
adid pap[am % 'sjug IN8-1D8T 0€T 18 T 8 (s8%) 0L £00€S TY0EdL Zfe-vs oy
adid paplam % 'sjug IN8-1D8T 0€T 18 1 8  (s19) Sz 00+0€S $0EdlL Zfe-vs oy
adid pappom % sjug UNZT-INE-ID8T 0€T €8 € 87 (069) 00T  000%2S 6Z-IXdL Zje-vs oy
adid pep[am % 'sjws UN6-IN9-IDTZ 0€l €8 € 8 (L0z9) 06 ¥0612S TI-WXdL Zfe-vs oy
adid pep[am % ‘sjws UNS-INET-1DZ2 0€l €8 € 8 (0692-00T  0T60ZS 61-IWXdL Zfe-vs oy
adid papiam 2 "squig UN9-INY-1D9T 0€T €8 € 8 (559).46 €5T02ZS NT1T0ZdL Zfe-vs 10y
adid pappom % sjug OW-IDTZ-INSZ-2d%¥ 0zh 78 st (06%) 14 ¥0680N Zfe-vs oy
(s) L8105 adid papam % 'sjwS  N-OW9-IDTZ-INYZ-249% 0zh 78 st (069) 00T £9£80N L9EBON Zje-vs oy
(s) 810 < adid pap[am % 'sjwS  N-OW9-IDTZ-INYZ-249% 0zZh AL sy (5599) S6 L9EBDN L9EBON Zfe-vs oy
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edI) 1S "ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

116


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

ASME BPVC.IX-2023

aqn} papEM UN-J 00T TTT 1 1 (o8g) ss 800£03 1 YEE-VS J0 ¥
aqn1 pappm IS-UN-D 00T 11 1 T (S1%) 09 900£0X 9 YEE-VS 10y
3did pappom » 'sjug IN6 00T €6 1 viT (069) 00T  0VEI8N 8 cEe-vS oy
adid)papjom % sjug ING'E 00T 6 1 g6 (0S¥) 59 81616 € gEe-vSs oy
adid peppMm % ‘s[ws n)T-INZ 00T 16 1 ve (Seb) €9 SE0ZT 6 €EE-VS Ioy
adid pap(am-zg, 's|us ING'Z 00T 16 1 v6 (0St) s9 €061 L cpe-vs oy
adid papram g ‘s{ug [V-ND-INSL0-1DSL'0 0zZT Ty z ¥ (sTH) 09 L9211 ¥ €EE-vS 10y
adid paplam 7 ‘sjuig Up-D 00T 11 1 1 (08¢) ss 800£03 T €EE-VS 1oy
adid pappom % 'sjus IS-UN-D 00T TTT 1 1T (s19%) 09 900£03 9 €Ee-vs oy
adid pappam % 'sjug IS-UN-D 00T TTT € 1 (0ss) o8 01 €EE-VS Ioy
adid papram 2 "squig ISZ-INST-ID8T 0€T 18 1 8 (st8)sL 00T8ES ST-INXd.L Zfe-vs oy
adid pappom % sjug 4D5INOT-1081 0€T 18 1 8 (s19) Sz 608VES H8¥EdL Ze-vs oy
adid pappom % sjug qD-INPI-108T 0€T 18 1 8 (s19) sz 008¥€S 8¥edL Zfe-vs oy
adid pappam % 'sjug N-AD-INOTE4I81T 0€T 18 1 8 (s15) Sz 1SLYES NGVAZE N Zfe-vs oy
adid pep[em % 'sjws aD-INOT-1D8% 0€l 18 1 8 (s19) sz 60LVES HLYEdL Zfe-vs oy
adid pep[em % 'sjws qD-INOT-1081 Q€T 18 1 8 (s19) sz 00L¥€S LYEdL Zfe-vs oy
N
adid papem % SIS -OWSH-UN9-INLT-IDHT 0€T €8 ¥ 8 (S64) STT  S95bES S95HES Zfe-vs oy
adid pappom % sjug ISG'S-IN0Z-1D8T 0€T 18 1 8  (0ss) 08 ST19Z€S S19Z€S Zfe-vs oy
adid papom LL-INOT-ID8T 0vT T8 1 8 (s15) Sz 60TZES HIZEdL Zfje-vs oy
SqN (0T1) szg0s adid "squig IL-INOT-ID8T 0¥%T 18 1 8 (s19) S. 60TZES HIZEdL Zfe-vs oy
SqN (0T) s2€£0< adid "squig LL-INOT-ID8T 0¥%T 18 1 8 (s8%) 0L 60TZES HIZEdL Zfe-vs oy
adid papam LL-INOT-ID8T 0¥T 18 1 8 (s18)sL 00TZES TZedl Zfe-vs 1oy
SqN (01) S2€£°05 adid ‘sjug LL-INOT-ID8T 0vT 18 ¥ 8 (s15) Sz 00TZES 1Z€dlL Zfe-vs oy
SqN (01) SL£°0< adid ‘sjug LL-INOT-ID8T 0vT 18 T 8 (s8%) 0L 00TZES TZ€dlL Zfe-vs oy
adid pap[am % ‘sjug N-ONS'G-INGZ-IDET 0€T 78 4 & (0%9) €6 £50Z€S Zfe-vs oy
adid pep[em % 'sjus OWP-INS'ST-1D6T 0€T 18 ¥ 8’ Aoss) o8 9ZL1ES 9ZL1ES Zfe-vs oy
adid pap[em % 'sjwg OWH-INST-ID6T 0€T 18 ¥ 8 [(619) Sz SZLIES SZLIES Zfe-vs oy
adid paplam % 'sjug OWE-INET-IDBT 0€T 18 1 8 (sT8)82 €0LTES TLIEdL Zfe-vs oy
adid pappom % sjug OWE-INET-ID8T 0€T 18 1 8 (s15)4L 00LTES L1€dL Zfe-vs oy
adid pappom % 'sjug N-OWZ-INZT-1D9T 0€T 18 1 8 (s15) Sz £S9TES NT9TEdL Zfe-vs oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm Wiy
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

117


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

ASME BPVC.IX-2023

sguidio] OIS 0-105 01T €s 1 gas  (oss) o8 a4 YA v&d 9EE-VS 10V
sguidio] OIS 0-10§ 01T £s 1 as  (s1¥) 09 SYSTV S 9EE-VS J0 v
s3uguo, A-OWT-1DSZZ 011 9 1 26 (s89) s8 SEBTEN AZzd 9EE-vS Jo v
s3ugioy g-1L-A-OWT-ID€ 0Z1 9 1 06 (s89) s8 0€81EN A 9fe-vS 1oy
s3uig1o, OWT-IDE 01T A 1 vs  (s18) Sz SYSTEN €D ‘T2d 9fe-vS 1oy
s8lBio, OWT-IDE 01T A 1 vs  (STH) 09 SYSTEN 170124 9EE-VS 10V
s3ufsiod,  ©D-4D-ASZ'0-OWI-IDE 011 9 1 2S5  (s89) s8 06£1E) ADAE 9EE-VS Jo v
s3urd104 ONT-1DSZ'Z 01T S 1 vs  (s18) sz 06512 €D ‘zzd 9fE-vS 1o ¥
s8uiguo, OWT-1DSZ'Z 011 A 1 vs  (STH) 09 06512 10 ‘zzd 9EE-VS 10 v
s3uigao, OWS0-D 00T 1T z ¢ (s8¥) oL 02SZT T4 9EE-VS 10 v
sguid1o4 ISZONS0-10SZ'T 01T 1S 1 ¥ (ST4) 09 L6STT 1707114 9EE-VS 10 v
s3uiduo, IS-OINE 0-10SZ'T 01T TS T ¥ (s15) S TLSTT €10 T4 9EE-VS J0 Y
s3uiguo, 1S-OS0-10SZ'1 011 1S 1 ¥ (s8%) 0L ZLSTT AN A 9EE-vS do v
s3uguoy ONSATI0T 011 1S 1 ¥ (s8%) 0L ¥9STT 714 9EE-vS Jo V
adid ‘sjug MZ-1D6 0TI ¥'9 T as1 (029) 06 09%Z63 z6d GEE-VS Io Y
adid -s[ug OWT-1D6 (13 ¥'S 1 as  (s1¥) 09 176063 6d SEE-VS oy
adid ‘sjwg A-OWT-1D6 0Tt ¥'9 1 as1  (s8s) s8 106063 T6d SEE-VS oy
adid "squig IS-ONG"0—1D§ 0TT €S 1 as  (S1%) 09 SYSTSA qsd GEE-VS 10y
adid ‘sjug ONS'0-1D§ 01T €5 1 as  (S1H) 09 SYSTH Sd GEE-VS 10y
adid ‘sjug LL-ONS0-10§ 0Z1 eg 1 as  (S1#) 09 SYZIP 26d SEE-VS 1oy
adid ‘sjug OWT-IDE 01T A 1 vs  (STH) 09 SYSTEN 12d SEE-VS Io Y
adid "squig ONT-ID5Z'Z 01T S 1 vs  (sT#) 09 06512 Zud GEE-VS 1oy
adid "squig IS-ONG"0-1D5Z'T 0TT 1S T ¥ (sTH) 09 L6STTN 11d GEE-VS 10y
adid "squig ONG'0-1SS'T 00T 1 ¢ (S1%) 09 8LSTTN S1d GEE-VS 10y
adid ‘sjug OWS'0-IDT 0TI TS 1 ¥, (ST¥) 09 Z9STT Z1d GEE-VS 1oy
adid ‘sjug OWS'0-1D5°0 00T Ay T ¢/ [o8g) ss L¥STTN ud GEE-VS Io Y
adid ‘sjug OWNG0-D 00T 11 1 ¢ (o8g) ss ZZSTTN 1d SEE-VS 1oy
aqny papam IN6 00T €6 1 viT (069) 001 0vEI8d 8 YEE-VS Jo v
aqn} papEMm ING'E 00T 6 1 g6 (0S¥) 59 81616 € YEE-VS J0 v
aqn} papEMm n)T-INZ 00T 16 1 v6 (Seb) €9 GE0ZT 6 YEE-VS J0 v
aqn3 papEM INS'Z 00T 16 1 ve (0st) 59 €061 L YEE-VS Jo ¥
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup

(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MD 1qeL

118


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

ASME BPVC.IX-2023

s3unsepn OIS 0-IN0Z—IDSZ 0€T 78 z 8  (0s¥) 59 cozvel 0EMH TEE-VS oy
s3unsepn INOZ-1DS2 0€l 78 z 8  (0s¥) s9 zozvel 01D 1EE-vS oy
s3unse)n UNS-INZT-1D22 0€1 €8 € 8 (s89) s8 06L£6l NIWIN9DD 1EE-vS oy
sdunse) INZT-IDSZ 0€T 8 4 8 (sst) oL zoveel 0ZHD 1EE-VS 10V
s3unsepn INZT-IDS2 0€T 78 z 8 (s8%) 0L Toveel 0THD 1EE-VS 1oy
s3unsepn INZT-IDS2 0€T 78 z 8 (0st) 59 ooveel 8HD 1EE-VS oy
sdunse)  N-ND-M-OWE-INS-IDST ST A1) 1 HOT (069) 00T  08€€6[ NNDMINEAD TEE-VS 1oy
s3upse) OW9-IN8T-ID0Z 0€T 78 ¥ 8 (0ss) o8 ¥Sze6l NNDIWEMD 1EE-vS oy
s3unsey OWNE-INOT—ID6T 0€T 18 1 8 (s18) sz 000€6[ N8H) 1EE-VS 10V
s8unse) OWZ-INYT-ID9T 0€T 18 1 8 (s8%) 0 12626l DINOT:D 1EE-vS oy
s3unsep OWNZ-IN6—ID6T 0€T 18 1 8 (s8%) 0L 106Z6( WOTD 1EE-VS Ioy
s3unsepn ONZ-INZT-ID8T 0€T 18 1 8 (s8%) 0L 006Z6( 8D 1EE-VS Ioy
s3unse)n N-IN8-125Z 0€Tl 78 z 8 (0ss) o8 208z6/ N0ZHD 1FE-vS oy
sdunse) OWNZ<INZT-1D8T 0€T 18 1 8 (sst) oL 00826l NEAD TEE-VS 10V
sdunse) qD-INOTAID8T 0€T 18 1 8 (sst) oL otLz6l 084D 1EE-VS 10V
s3unsepn IN8~ID8T 0€T 18 1 8 (0€s) L 00926/ V84D 1EE-VS oy
s3unsepn IN8-1081 0€T 18 1 8 (s8%) 0L 009z6l 840 TEE-VS 1oy
s3unsepn OIS 0-IN6—-ID6T 0€T 18 1 8 (s8%) 0L 065z6l 014D TEE-VS 1oy
s8unse) IN8-ID8T 0eT 18 1 8 (0g9) £L 00Sz6l VEdD 1EE-vS oy
s8unse) IN8-1D8T 0€T 18 1 8 (s8%) 0L 00szel €10 1EE-vS oy
s3uiduo, INS'E 00T 76 1 g6 (s8%) 0L SZ0ZEN €41 (1] oA (A
s3udio, n)T-INZ 00T T56 1 ve (Seb) €9 9€0Z2 641 (1] AR (A
s3urdioy INS'T 00T 16 1 ve (s8t) oL 0SO0ET Z°'D Sd1 0FE-VS 10V
s3uguoy INS'T 00T 16 I v6 (STH) 09 0S0€T T°1D S41 OFE-VS 10V
s3ugioy A-IS-UN-D 00T 14 g 1 (s19) Sz 20221 2D ‘941 OFE-VS 10V
s3uiguo, IS-UN-D 00T TTT z 1 (s8¥) oL 1100 a1 OFE-VS 1oy
sdurdioy IS-UN-D 00T 11 1 17 (S1%) 09 600£0X Td1 0FE-VS 1oV
s3uguo, 1EeT 0ST L € 9 (689) s8 000T+S 9d 9EE-vS Jo v
s3ugioy MZ-1D6 01T ¥'9 1 st (029).06 09%263 z64d 9fe-vS 1oy
s3udioy OWTI-1D6 01T ¥'S T a5 (s8s) 68 176063 6d 9EE-VS 10 v
s3udao, A-OWT-1D6 01T ¥'9 1 as1 (029) 06 106063 164 9EE-VS 10 Y
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

119


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

ASME BPVC.IX-2023

adid pap[am uoisng IN8-ID8T 0€T 18 1 8 (Ss19) S. 00%0€S ¥0€ 8EE-VS 1o ¥
adrd-papam uoisng UNZT-INE-ID8T 0€1 €8 € 8 (069) 00T  000¥ZS 62-INX 8EE-vS 1o v
adid papam uorsny UNS-INET-IDZT 0€1 €8 € 8 (069) 00T  01602ZS 61-INX 8EE-VS 1o v
adid papjem uoisnyg UN9-INbP-I1D9T 0€T €8 € 8 (559 s6 €GS102S NT10Z 8EE-VS 10 v
(s) L8T0> adid papMuoIsny  N-OWN9-IDTZ-INYZ-2:d9% 0zZh 8 St (069) 00T  L9EBON L9EBON 8EE-VS 10 v
(s) L8T0= adid papam uoIsny  N-OWN9-IDTZ-INYZ-2:49% 0zZh A sy (559) S6 L9EBON L9EBON 8EE-VS 10 v
sdunse) A-ONT-ID6 0TT ¥'9 1 st (s8¢) S8 060%8( VeI 95EV
sdunse) OWT-1D5Z'C 01T A 1 vs  (s8s) S8 060zz( 0T 9SEV
s3unse) A-OWT-IDT 0TI 9 T ¥ (985) S8 ot9tzl 6 95eY
s3unse) OGS 0-D 00T 1T 1 ¢ (os¥) 59 gzserl z 95€V
s3unsepn OWS:9-IDST'T 011 TS 1 ¥ (s8%) 0L €L0Z1l 9 95V
sdunse) A“OWNT=IDT 0TT 9 1 ¥ (0ss) 08 L69TT( 8 95EV
s3unse) 15-3 00T 111 z 1 (s8¥) oL zoseol T 95eY
a1eld IN6 001 €6 1 Vit (069) 00T  0OVEI8A EEE-VS oy
s3unsepn INY-IDET 0S1 L ¥ 9 (09z) o1t obSstTel IWN9VD Zfe-vs oy
sdunse) ONG"0-1DG'T-INE 0TT 76 S VIt (szz) sot  stzewl 1-201 ZEE-VS 10y
s3unse) ING'Y 00T g6 T 26 (s8%) 0L 00ST¥( ¥ ZEe-vSs 1oy
s3unse) ING'E 00T €6 T g6  (s8%) 0L 0SSTEl €01 ZEe-vs 1oy
s3unse) ING'Z 00T 16 1 ve (S8%) 0L ooszzl 201 ZEE-vS loy
s3unse) ONG'0-D 00T 11 1 ¢ (0S¥) 59 [44tAdl 101 ZEE-VS 10y
s3unse) 1S-D 00T 11 b T (0S¥) 59 €00€0[ 401 ZEE-VS 10y
s3unse) IS-UN-D 00T 111 z 1 (s8¥) oL 50520( 201 ZEE-VS 1oy
s3unse) 1S-D 00T TTT 1 v (s14) 09 $0520[ Vo1 ZFe-vs oy
s3unse)n OIS 0-IDST-INGE 0Z¥ S¥ st ~ost) s9 £0980N 0SLH 1EE-vS oy
s3unse) qD-ID0Z-245Y-INZE 0Z¥ S¥ st (Sew)€9 TST80ON JSTLD 1EE-VS 10V
s3unse) OW-ND-I1D6T-IN8Z 0zh 78 sy (Szh) 29 LO08ON WLND IEE-VS 10V
N-ND
sdunse)  -OW9-IDTZ-IN¥Z-249% 0Z¥ 78 st (0SS) 08 159%6( NINEND 1EE-VS 1oV
s3unse) OGS 0-IN0Z—IDSZ 0€T AL z 8 (sz¥) 29 ool 0¥MH TEE-VS Io v
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[YL [eUlwON payads ‘uoneusisaq
Surprom wrnuIruin

(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MD 1qeL

120


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

ASME BPVC.IX-2023

adid pagiog ONT-IDSZ'Z 01T S 1 vs  (STH) 09 06STZ Zzdd 6pE-VS 10V
adid padiog IS-ONG"0-1D5Z'T 0TT 1S 1 ¥ (sTH) 09 L6STTN 11dd 6pE-VS 10V
adid pasdioyg ONS0-1DT 0TT 1S 1 ¥ (sTH) 09 Z9STTA Z1dd 6pE-VS 10V
adid pasiog OWS'0-1D5°0 00T Ay T ¢ (o8g) ss LYSTTN Zdd 6pE-VS 10 ¥
adid pasiog ONS'0-2 00T 11 T ¢ (o8g) ss ZZSTT Tdd 6pE-VS 10 ¥
adid padioyg IS-UN-D 00T 1T 1 1T (s1%) 09 900£03 dd4 6pE-VS 10 ¥
adid.pesdio] 1S-D 00T 11 1 T (o0gg) 8% 10520 vdd 6pE-VS 10V
adid pap[am uoisn, qD-INOT-ID8T 0€T 18 1 8 (s18)sL 008%VES 8¥¢ 8EE-VS 1o ¥
adid papjam uoisng qD-INOT-1D8T 0€T 18 T 8 (s19) Sz 00LVES LYE 8EE-VS 10 v
adid papam uorsny LL-INOT-ID8T 0%T 18 1 8 (s15) Sz 00TZES 12€ 8EE-VS 10V
adid papam uorsny N=ONS'G-INGZ-IDET 0€T A i4 8 (0¥9) €6 £50Z€S 8EE-VS 10V
adid papam uoisng OH-INS'ST-1D6T 0€T 18 ¥ 8 (0ss) 08 9ZLIES 9ZLTES 8EE-VS 1o v
adid papjam uoisnyg OWFINGT-ID6T 0€T 18 ¥ 8 (s19) sz SZLIES SZLIES 8EE-VS 10 v
adid papjam uoisnyg N-OW-IN8/8=1DS 02 0€T 78 € 8 (5e9) 26 SS9TES 8EE-VS 10V
adid pap[am uoisnyg N-OWZ-INZTE9T 0€T 18 1 8 (s15) Sz £59T€S NT9TE 8EE-VS 10V
adid papam uoisng N-OZ-INZT-129% 0€l 18 1 8 (0ss) o8 1S91€S N9TE 8EE-vS 1o v
adid papam uoisny OWZ-INZI-ID9T Q€T 18 1 8 (s19) sz 609T€S HO1E 8EE-vS 1o v
adid pap[am uoisnyg OZ-INZT—1D9T 0£L 18 1 8 (sst) oL €09TES 19T€ 8FE-VS 1oy
adid papjam uoisnyg OWZ-INZI-ID9T 0€L 18 T 8 (s19) Sz 009T€S 91¢ 8EE-VS 10 v
N-m-1n)
adid pepam uoisny  -UNE-OW9I-INZZ—-IDPZ 0zZh 8 st (0S4) 60T  99Z1€S 8EE-VS 10 v
(s) L81°0> adid pap[am uoisng ON9-IN8T-1D02 0€T 8 ¥ 8 (069) 00T  ¥SZTES $STIES 8EE-vS 1o v
(s) L8102 adid papam uoisng ON9-IN8T-1D0Z 0€T 8 ¥ 8 (ss9) s6 ¥STIES ¥STIES 8EE-vS 1o ¥
adid pap[am uoisnyg qD-IN0Z-IDSZ 0€T 8 r4 8 (s18)sL 0%0TES q001€ 8FE-VS 1o v
adid papjam uoisnyg INOZ-IDS2 0€T 78 Z 8 (s15) Sz 8001€S SotTE 8EE-VS 10 v
adid papjam uoisnyg qD-INZI-IDET 0€T 78 z 8 (s15) Sz 0¥60€S q4D60¢€ 8EE-VS 10 v
adid papam uorsny INZT-IDET 0€T 78 z & (s15) S 8060€S S60€ 8EE-VS 10 v
adid papam uorsny N-INTT-ID1Z 0€T 78 z 8’ A009) L8 ST180€S S180€S 8EE-vS 1o v
adid pappam uoisng N-IN8-108T 0€T 18 1 8 [(619) Sz £510€S NTY0E 8EE-VS 1o v
adid papam uorsny N-IN8-1D8T 0€T 18 1 8 (09508 1SY0€S N¥0€ 8EE-vS 10 v
adid pap[am uoisnyg IN8-ID8T 0€T 18 T 8 (s15)4L 6070€S H¥0€ 8EE-VS 10V
adid pappam uoisnyg IN8-ID8T 0€T 18 1 8 (s8%) 0L £0Y0€S THOE 8EE-VS 10 v
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

121


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

ASME BPVC.IX-2023

adid papam o} 00T TTT 1 1T (s19%) 09 VA 18€V
adid papam 0] 00T 11 1 1T (S1%) 09 SEA 18€V
adid sjug qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 008V€S 8YedlL 9kE-VS 10 v
9did -sug qD-INOT-ID8T 0€T 18 T 8 (s15) Sz 60LVES H.¥EdL 9ke-vS Jo v
adrdtspug qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 00LVES LYEdL 9LE-VS IO ¥
N
adid 's[W§>7>O0WNS -UN9-INLT-ID+T 0€l €8 ¥ 8 (S64) STT  S9S¥ES S95HES 9ke-vs Jo v
(o1) sLg0s adid "squig LL-INOT-ID8T 0¥%T 18 1 8 (s18)sL 60TZES HTZEdL 9LE-VS 1o ¥
(o1) sLg0< adid ‘sjug LL-INOT-ID8T 0vT 18 1 8 (s8%) 0L 60TZES HIZEdL 9ke-vS 1o v
(o1) s.e0s adid ‘sjug LL-INOT-ID8T 0vT 18 T 8 (s15) Sz 00TZES TZ€dlL 9kE-vS 10 v
(o1) s.g0< adid -sug LL-INOT-ID8T 0%T 18 1 8 (s8%) 0L 00TZES TZEdL 9LE-VS J0 Y
adid 'sjug ONP-ING/ST-106T 0€T 18 ¥ 8 (0ss) o8 9ZL1ES 9ZL1ES oke-vs Jo v
adid "squig ONP-INSTAID6T 0€T 18 ¥ 8 (S19) S. GZLIES GZLIES 9LE-VS 10 ¥
adid ‘sjug N-OZ-INZT-1D91 0€T 18 1 8 (s19) sz £59T€S NT9TEdL 9ke-vS 1o v
adid ‘sjug N-OZ-INZT-I1D9T 0€T 18 1 8  (0ss) 08 1S9TES N9TEdL 9ke-vS Jo v
adid ‘s[ug OWZ-INZI-ID9T 0£1 18 1 8 (s15) Sz 609T€S HOTEdL 9kE-VS J0 v
adid "squig ONZ-INZT-ID9T 0€T 18 1 8 (s19) S. 009TES 9TEdL 9LE-VS 10 ¥
adid "squig N-IN8-ID8T 0€T 18 1 8 (s18) sz €SY0€ES NTY0Ed.L 9LE-VS 10 ¥
adid "squig N-IN8-ID8T 0€T 8 1 8 (0ss) o8 1S%0€ES N¥0€dL 9LE-VS 1o ¥
adid ‘sjug IN8-ID8T 0€T B 1 8 (s15) Sz 600€S HY0Ed.L 9ke-vS 10 v
(12) Z18°0> adid ‘s[ug IN8-ID8T 0€T 18 1 8 (s15) Sz 00%0€S $0EdlL 9LE-VS J0 v
(12) 218°0% adid -s[ug IN8-ID8T 0€T 18 1 8 (s8%) 0L 00%0€S $0EdlL 9LE-VS J0 v
adid 'sjug OWZ-IN8-ID9T 0€T 18 ¥ 8 (s19) Sz 00891S HZ-8-91 oke-vs Jo v
s3uiguo, IS-UN-D 00T 1T z 1 (s19) sz 100703 | Zfe-vs oy
s8uiguo, 1S-D 00T 1T 1 T/ (s1%) 09 Z00£03 v Zfe-vs oy
adid padiog MZ-106 01T ¥'9 1 ast (02906 09vZ6) 76dd 6pE-VS 10V
adid pasdioyg ONT-ID6 01T ¥'S 1 as  (s1H).09 176063 6dd 6PE-VS 10V
adid pasiog A-OWT-1D6 0TI %9 1 4s1  (s89) S8 106063 16dd 6pE-VS 10y
adid pasioyg ONS'0-1D§ 0TI €q I as  (s14) 09 SHSTH Sdd 6pE-VS 10 ¥
adid pasdioyg OWT-IDE 01T A 1 vs  (STH) 09 SHGTEN 1zdd 6pE-VS 10 ¥
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

122


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

ASME BPVC.IX-2023

sdumy Surdid jysnoipm INOZ-1052 0€T 8 4 8 (s15) Sz 800T€S SOTEdM epy-vs loy
sdumy Surdid 3ygnoam INZT-IDET 0€T 8 z 8 (S19) S. 0060€S 60€dM £py-vs 10y
s8umyy Surdid 3ysnoam N-IN8-ID81 0€T 18 1 8 (s19) S. £S¥0€ES NTHOEdM epy-vs 10y
s3unay urdid 3ysnoim N-IN8-18T  O€T 18 T 8 (0ss)o8  1SbOES NPOEdM epr-vs 1oy
sSumy.stidid 3ysnoim INg-ID8T  0€T 18 1 8 (s18)Ss.  60%0€S HY0EdM Epy-vS 10V
s3umy Suidid jysnoim IN8-ID8T  0€T 18 1 8 (s8¥)oL  c€ovoes Tr0EdM Epy-vs 10V
s3umy Surdid gygnoim IN8-ID8T  0€T 18 T 8 (s18) sz oovoeEs 70EdM Epy-vS 10V
s3umy Surdid ygneipy UNS-INET-1DZZ 0€T €8 € 8 (069) 00T  0T60ZS 61-INXdM epr-vsdoy
sSumy Suidid 3oy OW-IDTZ-INSZ-2d¥y  0ZF z8 sy (06¥) T ¥0680N EpYr-vS 10V
sgumy Surdid 3y3noIm FN=pIN9-1DTZ-INVZ-249%  0Z% z8 sy (ss9)s6  L9g£8ON €0vV
a1ed ONT-1D6 01T ¥'S 1 as  (s19) Sz 176063 26 LBE-VS IO Y
areld ONT-1D6 0TT ¥'S 1 as (ST 09 176063 16 LBE-VS IO Y
areld A-ONT-1D6 011 ¥9 1 4s1  (s89) s8 106063 716 LBE-VS IO Y
a1e[d OIS 0—IDS (1]43 €5 T as  (S18) SL SYSTH ZDS LBE-YS 10 Y
ajeld OWS0540S 01T €5 1 as  (s1¥) 09 SYSTH TS LBE-YS 10V
ajeld OWT-I)E 01T A 1 vs  (S19) Sz SYSTEN 7012 LBE-VS IOV
aleld OWT-1DE 011 A T vs  (ST1¥) 09 SHSTEN 1012 LBE-VS 10 Y
areld OWNT-IDSZ'Z (1] 58 s T vs  (S19) S2 06512 AN A LBE-VS 10 Y
areld OWT-IDSZ'Z 0Tt s T vs  (ST4) 09 06512 1022 LBE-VS 10V
ajeld OIS 0-105°0 00T T z ¢ (s8¥) oz IXAYAY| 7D LBE-VS 1o Y
a1eld ONS0-ID50 00T 3 1 ¢ (o8g) ss IXAYAY | 112 LBE-VS IO Y
a1ed IS-ONS 0-1DSZ'T 01T T8 1 ¥ (s15) S 68LTT 71T LBE-VS IOV
areld IS-ONS"0-1DSZ'T 0TT 1S 1 ¥ (ST¥) 09 68411 11011 LBE-VS 10 Y
a1e[d OWNG0—IDT 01T TS I ¥ (0s¥) S9 LSLTT Zmet LBE-VS 10V
ajeld OIS 0-1DT 0TT TS 1 ¥ (08¢) sS LSLTT 11021 LBE-VS 10V
adid papam o} 00T TTT z v (s19) sz 094 18€V
adid papam 0] 00T 11 z 1° Ao6b) 1L 9SA 18€V
adid papam 0] 00T 11 z 1T (85%) 99 ZSA 18€V
adid papom o} 00T 11 1 1 (ot 0SA 18€V
adid papom o] 00T 111 T 1 (sz¥) 29 8¥A 18€V
adid papom o] 00T 111 1 1 (se) €9 9¥A 18V
(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

123


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

ASME BPVC.IX-2023

adid papam OWP-INS'ST-1D6T 0€T 18 i4 8 (0ss) o8 9ZLIES 9ZLIES 6py-vS 10 v

adid papam OWH-INST-ID6T 0€T 18 ¥ 8 (S19) S. GZLIES GZLIES 6PY-VS 10 v

adid papam OWE-INET—ID8T 0€T 18 1 8 (s18) sz 00LTES LTEdL 6PY-VS 10 v

adid pappom OWZ-INZI-ID9T 0€T 18 1 8 (s8%) 0 £09T€S T91€dL 6py-vS 10y

adrd papom OWZ-INZTI-ID9T 0€T 18 1 8 (s15) Sz 009T€S 91€dlL 6py-vS 10 v

adid, papiem OW9-INBT-ID0Z 0€T A 4 8 (059) ¥6 $STIES $STIES 6py-vS 10 v

adid papram qD-IN0Z-IDSZ 0€T 8 z 8 (s19) S. 0¥0TES qD0TEdL 6P¥-VS 10 v

adid papajy INOZ-IDSZ 0€T 8 z 8 (s18)sL 800TES SOTEdL 6PY-VS 10 vV

odid paprom QD-INZI-IDEZ  O€T z8 z 8 (s1s)s.  oveoeEs QD60€d.L 6PY-vS 10V

adid papom INZT-IDET 0€T A 4 8 (s15) Sz 8060€S S60€d.L 6py-vS 10 v

add paprom N-INTT-IDTZ  0€I z8 z 8 (009) .8  S180€S ST80€ES 6p¥-Vs 10V

add paprom INS-1D8T  0€T T8 T 8 (s8y)oL  €0v0ES Tr0EdL 6p¥-VS 10V

odid paprom IN8-1D8T  0€T 18 T 8 (s1s)s.  00v0ES P0EdL 6pY-vS 10V

sdumy Surdid 3ySnoipy  OW-ND-1S9-IN9T~DH T 0€T 18 1 8 (ovs) 8. S188€S STI88ES dM epy-vs oy
sdumy Surdid Jygnoapm qD-INOT—ID8T 0€T 18 1 8 (s15) Sz 608V€S H8YEdM epy-vs Ioy
sdumy Surdid 3ygnoapm qD-INOT-ID8T 0sT 18 1 8 (s15) Sz 008¥€S 8%EdM epy-vs Ioy
s8umy Surdid 3ydnoim qD-INOT-ID81T 0€T 18 1 8 (S19) S. 60LVES HLPEdM £py-vs 10y
sdumy Surdid jysnoapm qD-INOT-ID8T 0€T 18 1 8 (s19) sz 00LVES LYEdM epy-vs 1oy
s3umy Surdid 3y8noam ézm.TczszL%& 0€T €8 ¥ 8 (S64) STT  S95¥bES S9SHES epy-vs oy
sdumy Surdid Jygnoapm IL-INOT-ID8T 0¥ 18 1! 8 (s15) Sz 60TZES HIZEdM epy-vs Ioy
sdumy Surdid 3ygnoapm LL-INOT-ID8T 0¥ 18 1 8 (s15) Sz 00TZES 1ZEdM epy-vs Ioy
sdumy Surdid 3ydnoap N-ONS'S-INSZ-IDET 0€T 8 4 8 (0¥9) €6 €502Z€S EPP-vS 10 v
s3umy Surdid 3y3noam OWH-INS'ST-ID61T 0€T1 18 ¥ 8  (0ss) 08 9ZLIES 9ZLTIES dM epy-vs 1oy
s8umy Surdid 3ysnoim ONE-INET-ID8T 0€T 18 1 8 (s19) Sz €0LIES TLTEAM epy-vs 1oy
sgumy Surdid jysnoam ONE-INET-ID8T 0€T 18 1 87 (s15) Sz 00LTES LTEdM epy-vs loy
sdumy Surdid jygnoam N-OZ-INZT-1D9T 0€T 18 1 8 (grs) sz €59TES NT9TEIM EPpP-vS 10 v
sdumy Surdid 3ySnoam N-OWZ-INZT-ID91 0€T 18 1 8 (05908 1S9TES N9TEAIM epy-vs 10y
s8umy Surdid 3ydnoam ONZ-INZT-1D9T 0€1 18 1 8 (s15)82 609T€S HITEAM £py-vs 1oy
sdumy Surdid jysnoapm ONZ-INZT-ID9T 0€T 18 1 8 (58%) 0% €09TES T9TEAM epy-vs 1oy
sdumy Surdid jysnoapm ONZ-INZT-ID9T 0€T 18 1 8 (s19) Sz 0P9TES 9TEdM epy-vs 1oy
sdumy Surdid Jygnoapm ON9-IN8T-1D0Z 0€T 78 ¥ 8 (059) ¥6 ¥92TES epy-vs Ioy

(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[YL [eUlwON payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
TTr-90/M0O ?1qel

124


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

ASME BPVC.IX-2023

adid jseo [e8nyrua) ONT-ID6 011 ¥'S 1 as  (0z9) 06 06028l 6dD 9F¥-VS 10 v
adid 3ses [eSnjLuus) OIS 0-ISST-1D§ 0TT €S 1 as  (S1%) 09 SHSTSI qsdd 9fv-vs 1o v
adrd 3ses [eSnyLuus) ONG"0—-1D§ 0TT €S 1 a5 (02z9) 06 S¥0zhl SdD 9fv-vs 1o v
adid'pses [eSnjrnua) ONT-IDE 0TI A 1 vs  (ST4) 09 SPSIE( 12dD 9f¥-VS 10 v
adid 3sed fednjLnua) OWT-IDSZ'Z 0TI A 1 vs  (s84) 0L 06812l Zzdd 9Ly-VS 1o v
adid 3ses [gdnyLnua) OGS 0-D 00T 11 1! ¢ (os¥) 59 12521( 1dD 9L¥-VS 10 v
adid 3seo [eShyryue) ONS'0-10SZ'T 011 TS 1 ¥ (s8t) oL zL0Z1( 11dD 9f¥-vS 1o v
adid 3sed [eSnjLuusy ONS0-1DT 0TT 1S 1 ¥ (STH) 09 29ST1( Z1dD 9fY-vs 1o v
adid 3ses [eSnjLuus) ONS'0—-1D5°0 00T (47 1 ¢ (S1%) 09 LYSTI( Zdd 9fY-vs 1o v
adid 3ses [eSnjLuua) IS-ONS'0-D 00T 11 T ¢ (s19) 09 44381 STdD 9f¥-VS 1o v
aqny papem % ‘s[us ONA1DS0-INSL0 001 TS z ¥ (sTH) 09 0FSTTN z €pp-vs 10y
aqn) pap[em R 's[us n)<ING 0-IDSL'0 0TT 1S 4 ¥ (SsTH) 09 GESTTA 1 Epp-vS 10y
s3umy 3uidig ING6 00T €6 1 viT (069) 00T  0VEI8N 8T1dM Opv-vS 1oy
s3umy Surdig ING:E 00T 76 1 g6  (0S¥) S9 8161EN €1dM Opy-vS 1oy
sgumy Surdig n)T-ING 00T 16 1 ve (set) €9 SE0Z2A 6TdM 0f¥-VS 10 v
sgumy Surdig IS-UN-D 00T 11 1 1T (S1%) 09 900£0X 9TdM 0f%-VS 10 v
SELIN UpN-D 00T 11 z T (s19) s2 €0TE0M 9 YE¥-vS 1o v
199YS UpN-J 00T ITT 4 1 (s8¥) oL Z0TE0 d PEy-vS Jo v
199YS UpN-J 001 111 1 T (0S¥) 59 $0L203 q YEP-VS 10 v
SEEN UpN-J 001 11 1 1T (S1%) 09 S0SZ0M a YEP-VS 10 v
199YS 0] 00T 11 1 1T (08¢) ss €0S20M o) YEp-vS 1o v
SEEIN o] 00T T1 1 T (s¥€) oS 102203 el YE¥-vS 1oy
SEE1N o] 00T 11 T 1 (o18) s¥ T0STOM v YE¥-vS 1oy
adid papam qD-INOT-ID8T 0€T 18 1 8, (S19) S. 008%VES 8vedlL 6P¥-VS 10 v
adid papam qD-INOT-ID8T 0€T 18 1 8 ((srs) sz 00LVES LYEdL 6PY-VS 10 v
N
adid paplpM ~OWSH-UN9-INLI~IDPZ 0€T1 €8 ¥ 8 (S679.81T1  S9SbeES G9GVES 6p¥-VS 10 v
adid papom LL-INOT-ID8T 0vT 18 T 8 (s15)4L 00TZES TZEdlL 6py-vS 1oy
adid papam N-OS G-INGZ~IDET 0€T 78 ¥ 8 (0%9) €6 £S0Z€ES 6py-vS 1o v
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

125


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

ASME BPVC.IX-2023

sodeys 3 sieg N-IN8-ID8T 0€T 18 1 8  (0ss) 08 1SY0ES N¥0€ 6Ly-VS 10V
sadeys % sreg IN8-ID8T 0€T 18 1 8 (s18) sz 60%0€S HV0€E 6LY-VS 10V
sadeys % sreg IN8-ID8T 0€T 18 1 8 (sst) oL €0%0€S TH0€ 6LY-VS 10V
sadeys x sieg IN8-1D8T 0€T 18 1 8 (s19) sz 00%0€S ¥0€ 6Lv-VS 10y
sadels.;p sieg IN8-ID8T 0€T 18 1 8 (s15) Sz 00Z0€S 20€ 6Ly-VS 10 ¥
sadeys § sieg UNZT-INE-ID8T 0€T €8 € 8 (069) 00T  000%2ZS 62-INX 6Ly-VS 10y
sadeys % sieg UN6-IN9-I1DTZ 0€1 €8 € 8 (0z9) 06 ¥0612S TT-IWX 6Lv-vS 10 ¥
sadeys % sreg N-ISY—-UN8-IN8-1D8T 0€T 18 € 8 (s59) s6 008T2S 008T2S 6LY-VS 10V
sadeys % sieg N=0JN-IN9-UN8-1D6T 0€T €8 € 8 (029) 06 €09T12S 8T-INX 6LY-VS 10V
sadeys 3 sieq N-OW-IN9-UN8-ID61T 0€T €8 € 8 (029) 06 00912S LI-INX 6Lv-VS 10 ¥
sadeys 3 sieg UNS=INET-1DZT 0€T €8 € 8 (069) 00T  0T602ZS 61-INX 6Ly-VS 10y
sodeys 3 sieg OW-IDTZ-INEZ-24%¥ 0¥ A st (06%) 1L ¥0680N 706 6Ly-VS 10V
sadeys % sied  N-OW9-IDTZ-INFZ~2:19% 0Z¥ 8 st (559) s6 L9EBON 6LY-VS 10V
(o1) s.e0s a1e(d IS-UNCD 00T A z T (s19) sL 00£€0 SEY-vS 1oy
(s1) 08505
(o1) sLg0< a1eld IS-UN-D 001 A z 1 (s09) €2 00£€0M SEY-vS 1oy
(61) S£ps (ST) 085°0< a1e[d IS-UN-D 001 11 z 1T (s8%) 0L 00£€0M SEb-VS 10 v
adid 3ses [eSnjLuus) INOZ-1D52 0€T 78 z 8 (0st) s9 z0zve6l 0ZMdD 1Ey-VS 10V
adid 3ses [eSnjLuus) INZT-1D52 0€T 8 z 8 (s8%) 0L zoveel 0ZHdD 1Ev-vS doy
adid 3ses [eSnjLnua) INZT-1D52 0€T 78 z 8  (0st) 59 ooveel 8HdD 1Ep-vS do v
adid jseo [esnyrnua) OWZ-INYI-ID9T 0€l 18 1 8 (s8%) 0L 1L626( DNOTAdD 1Ev-vS 10 v
adid 3ses [e8nyrua) OWZ-INZI-ID8T 0€l 18 1 8 (s8%) 0L 00626( 84D 1Ev-vS 10y
adid 3ses [e8njLnua) N-IN8-IDSZ 0€T 8 z 8 (0ss) o8 20826l N0ZddD 1EY-VS 10 v
adid 3ses [eSnjLuus) OWZ-INZI-ID8T 0€T 18 1 8 (s8%) 0L 008z6[ WEAdD 1Ey-VS 10V
adid 3ses [eSnjLuus) qD-INOT-1D8T 0€T 18 T §/ [(s8t) oL otLz6l 08d4dD 1Ey-vS 1oy
adid 3ses [enjLnua) IN8-ID8T 0€T 18 1 8 (0ts) 4L 009Z6l v84dD IEp-vS Ioy
adid 3ses [ednjLnua) IN8-ID8T 0€T 18 1 8 (s8noL 00926l 8:4dD 1Eb-VS 10 v
adid 3seo [e8njLnua) IN8-ID8T 0€T 18 1 8 (oes)zL 00SZ6l veddd 1Eb-VS 10 v
adid 3ses [eSnjLuus) IN8-ID8T 0€T1 18 1 8 (s8%) 0Z 00526[ €4dD 1Ep-VS 10V
adid 3ses [enjLnua) IDET 0ST L € 9 (029) 06 09716l STVDdD 9L¥-VS 1o v
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

126


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

ASME BPVC.IX-2023

sadeys 3 sieg QD-INOT-1D8T  0€T 18 T 8 (s1s)s.  ooLves LYE 6LV-VS 10V
sadeys % sieg ézm.T:zfzhzmﬁ 0€T €8 14 8 (S6L) STT  S9sveS 6LY-VS 10V
sadeys  sieg N-OZ-INS'9-1D6Z SYI 0T T HOT (0SZ) 60T  906Z€S 906Z€S 6Lv-VS 10y
sadeys 3 sieg N-OW¥-INL-1D5Z SY1 0T T HOT (008) 9TT  0SLZES 0GLZES 6L¥-VS 10V
sodeys 3 sieg ISG'S-IN0Z-1D8T 0€T 18 1 8  (0ss) 08 ST9ZES ST9ZES 6Ly-VS 10y
sadeys B-sreq n)Z-O0WE-ING-IDSZ SY1 701 1 HOT (094) OTT  0SSZES 0GSZES 6L¥-VS 10 v
sadeys ’sIeg N-O-IN9-IDSZ SHT 01 1 HOT (029) 06 90SZES 6LY-VS 10V
sadeys 3 sieg N-OWE-INS-IDZZ SYI 10T 1 HOT (SS9) S6 S0ZZES 6Ly-VS 10V
sadeys 7 sieg N-OW-INZ-1DZ2 SY1 €07 1 HOT (059) %6 202Z€S 6Ly-VS 10V
sadeys % sieg LL-INOT-ID8T 0vT 18 ! 8 (s15) Sz 60TZES HIZE 6Lv-VS 10 ¥
sodeys @ sied  N-NJ=ING I-UNS-IDTZ SP1 €01 1 HOT (059) ¥6 10TZES 6Ly-VS 10V
sadeys % sieg LL-INOT-ID8T 0¥%T 18 1 8 (s18)sL 00TZES 12Z¢ 6LY-VS 10V
sadeys % sreg N-ONS S<INSZ—-IDET 0€T 8 14 8 (0¥9) €6 €502Z€S 6LY-VS 10V
sadeys  sieg N-OWE-INSADZZ SYI 10T T HOT (029) 06 €081€S 6Lv-VS 10y
sadeys 3 sieg OWP-INS'ST-ID61 0€T 18 4 8  (0ss) 08 9ZLIES 9ZLIES 6Ly-VS 10 ¥
sodeys 3 sieg OWPH-INGT~ID6T 0€T 18 i4 8 (s15) Sz SZLIES SZLIES 6Ly-VS 10 ¥
sadeys % sreg N-OWZ-INZT-ID91 0£1 18 1 8 (S19) S. £G91€S NT9TE 6Ly-VS 10V
sadeys 3 sieg N-OWZ-INZT-ID9T 0€T 18 1 8  (0ss) 08 1G9TES NOTE 6Ly-VS 10V
sadeys 3 sieg qD-OWZ-INZT-ID9T 0€T 18 1 8 (s19) sz 0¥91ES qa91¢€ 6Lv-VS 10y
sadeys 7 sieg LL-OWZ-INZT-1D9T 0€T T8 I 8 (s15) Sz GE9TES LL9T€ 6Ly-VS 10y
sadeys % sreg ONZ-INZT-1D9T 0€1 8 1 8 (s18) sz 6091€S HOTE 6Ly-VS 10V
sadeys % sreg ONZ-INZT-1D9T 0€1 18 1 8 (s8%) 0L £091€S T91€ 6Ly-VS 10V
sadeys % sreg OZ-INZT—ID9T 0€T 18 1 8 (s18)sL 009TES 91¢ 6LY-VS 10V
sadeys  sieg OW9-INBT-ID0Z 0€T 78 ¥ 8 (s99) se6 ¥SZIES ¥SZIES 6Lv-VS 10y
sadeys  sieg qD-IN0Z-IDSZ 0€T 8 z 8 (s15) Sz 0¥0TES qa01€ 6L¥-VS 10V
sadeys 3 sieg INOZ-1DS2 0€T 78 z & (s15) Sz 800T€S SotE 6Ly-VS 10y
sadeys % sreg qD-INZT-IDET 0€1 78 z 8’ As19) SL 0¥60€S q4060¢€ 6Ly-VS 10V
sadeys  sreg INZT-IDET 0€1 8 z 8 [(619) SL 8060€S S60€ 6Ly-VS 10V
sadeys 3 sieg N-INTT-IDTZ 0€T1 8 z 8 (009).L8 ST80€ES ST80€ES 6Ly-VS 10V
sadeys % sieg ISP-INGT-ID8T 0€T 18 T 8 (ovs) 8L 0090€S 0090€S 6L¥-VS 10y
sadeys 7 sieg N-IN8-ID8T 0€T 18 1 8 (s15) Sz £SY0ES NT¥0€ 6Ly-VS 10y
(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUYD[YL [eUlWION payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

127


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

ASME BPVC.IX-2023

s3unsepn IET 0ST L € 9 (029) 06 14116/ gD STVD LBY-VS 10 v
s3unse)n OW-IDET 0ST L € 9 (029 06 1STT6/ V1D WSTVD LBY-VS 10 v
sdunse) IDET 0ST L € 9 (029) 06 0ST16[ DD STVD LBY-VS 1o ¥
s3unse) IN-UN-D MOT 00T 1T z T (s8¥) oL 00Z1El V091 LBY-VS 1oy
s8unsen OWT-IDSZ'Z 0TI A 4 26 (069) 00T T60ZZI 28 LBY-YS 1oy
s3ulisey ONT-IDSZ'Z 0TT A i4 06 (szz) sot  160ZZl a8 LBY-VS 10 ¥
s3unse) ONT-IDSZ'Z 011 A 1 2s  (s89) s8 16022( VD8 LBY-VS 10 v
s3unsen ¢, (A-0NSZ'0-1D50-INS'0 00T 1€ € Vi1 (S64) STT  L¥OEI[ 10 % LBY-VS 10 v
sdunse)  A-OSZ'0-1DS0-INS0 00T 1€ € Vit (Sz4) SOT  L¥OET[ am v LBY-VS 10 v
sdunse)  A-OWSZ0-1DS0-INS0 00T 1€ € ¢ (029 06 LYOETI VY LBY-VS 10 v
s3unsep A=OWSZ 0-UN 00T 12 € ¢ (0z9) 06 S00€T( a1 e LBY-VS 10V
s3unsep A=OIEZ 0-Ul 001 1z € ¢ (s89)s8 S00¢€Tl VIDC LBY-VS 10 v
s3unse) AU 00T 12 1 vor (029) 06 200€Tl aDT LBY-VS 10V
sdunse) XU 00T 12 1 vor (s89) s8 200€1( VT LBY-VS 1o ¥
(1) sLev 0> sadeys % sieg  N-OWS T-UNE-INY—ID¥Z ST 10T 1 HOT (0%4) LOT  1¥¥Z8S 6Lv-VS 10y
(1) sLev0= sadeys 7 sied  N-OWS T-UNE-INY—-ID¥Z ST 101 1 HOT (089) 66 1¥¥Z8S 6Lv-vS 10 ¥
sadeys % sieg INZ-OH—1D62 0ST TL 1 A0t (S8%) 0L 008%¥S 008%¥S 6LY-VS 10V
sadeys % sieg ONY—1D62 0ST TL 1 for (s8%) 0L 00L¥¥S 00L¥¥S 6LY-VS 10V
sadeys 3 sieq OWT-IDLZ 0ST 1L 1 101 (0s¥) S9 L79Y%S LT-INX 6Lv-VS 10 ¥
sadeys 3 sieg ONZ-1D8T 0ST 17 z L (s19%) 09 00%¥+S 00%¥HS 6Ly-VS 10y
sodeys 3 sreg 11-108T 0ST 1L z L (s8¥) oL SE0EHS 6€¥ 6Ly-VS 10 ¥
sadeys  sreg IDLT 0ST 1L 4 L (s8%) 0L 000£+S (1] 6Lv-vS 10y
sadeys z sreg OW-INSH—IDET 0ST L 2 9 (S64) STT  00STHS 00STHS 6Lv-VS 10y
sadeys 3 sieg IS-INZ-1DG°ZT 0ST L ¥ 9  (S64) STT  00%T+HS 1284 6Lv-VS 10y
sadeys 3 sieg IDET 0ST L 1 97 (s8%) 0L 000T+HS (1) 4 6Ly-VS 10y
sadeys % sieg [v-1021 091 TL 1 £ sTH) 09 00S0%S 14 6Ly-VS 10V
sadeys % sreg bioY4s 0ST TL 1 9 (s8#)-0L 00£0%S €0v 6Lv-VS 10 ¥
sodeys @ sied  OW-ND-I1S9-INOT-IDHT 0€T 18 1 8 (ovs) 8z S188€S 6Lv-VS 10y
sadeys  sieg qD-INOT-1D81T 0€T 18 1 8 (S15) S% 608VES H8¥E 6Lv-VS 10y
sadeys 3 sieg qD-INOT-1D8T 0€T 18 I 8 (s19) Sz 008YES 8¥¢ 6Lv-VS 10y
sadeys 3 sieg qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 60LVES HLVE 6Ly-VS 10 ¥
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[YL [eUlwON payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

128


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

ASME BPVC.IX-2023

sduidiod  €D-0D-ASZ0-OWT-IDE 01T 9 1 06 (s89) s8 06E£TEN aDAE 8pS-VS 1o v

s8uiStod  A-OWS'0-IDSLT-INS'E 011 1€ € ¢ (0z9) 06 SLETTI €10 N¥ 8S-vS 1o v

sduigtod  A-OWS0-IDSLT-ING'E 01T 1€ 01  d11 (S64) STT  SLEZTM 71D ‘N¥ 8PS-vS 1o v

sduidtod  A-OWS0-IDSL'T-ING'E 01T 1€ S Vit (Sz4) SOT  SLgZT 11D ‘N¥ 8PS-vS 1o v

s3udio, OWT-IDSZ'Z 0TI A T 06 (s89) s8 06STZ €D ‘22 8PS-VS 1oy

sdurdioy o] 001 TTT z 1 (s8¥) oL Z0SET VI 8pS-VS 1o v

sguidio 0] 00T 11 z T (s8%) 0L Z0SETA 1 8pS-vs 1o v

sduigioy  A-IDE0-OWS0-INSLO0 00T 1€ € ¢ (0z9) 06 99471 AN I 8S-vS 1o v

s3uI104/, A-I1DE0-OWS 0-INSGL0 00T 1€ € ¢ (oss) o8 99421 1D 8S-VS 10 v

s3utdioy A-1D-ONS'0-INSL'0 00T 1€ € ¢ (029 06 AYAN| ZDE 8S-VS 10 v

s3uiduo, AAID-ONS 0-INGL 0 00T 1€ € ¢ (oss) o8 A LYAN| TDE 8S-VS 1o v

aqn) pap[em 3 's[ws 0] 00T 1 4 1 (s8%) oL 000£0X d T0SV
aqm) pap[om 7 ‘s[us 0] 00T 111 1 1 (oo¥) 8s 000£03 v 105V
aqn} pap[em 7 ‘sjus o} 00T TTT 1 1 (oo#) 85 000£03 | 00SY
aqny papem % ‘s[us 9) 00T T 1 1 (sz¥) 29 S0LZ0M o) 00SY
s3unse)n 94Z-ID8T-OW6T-IN9S 0% 44 ¥ (S6%) 2L LOTOEN W9MD ¥py-vS 10 v

sdunse)  ID-9dGT-OWGTE-INS9 0TV 44 ¥r  (S28) 9L LOO0EN WLN ¥py-vS 10 v

a4
sdunse)  -qDy-OW6-1DSTZ-INO9 0zZh 4 ev  (S8%) 0L SZ992N DIN9IMD Ypy-vS 10 v
sdunse)  M-94-I1D9T-OW9T-IN99 0zh €% v (Sev) 2L SSY9ZN WZMD Ypy-VS 10 v
ME

sdunse)  -94b-OWVI-IDZZ-IN6S 0zh ev ev  (0SS) 08 22092N MIZXD ¥py-vS 10 v

s3unse) qD-94Z-NDOE-INLY 00% A4 v (0st) S9 SETVZN I-SEW ¥pr-vS 10 v

s3unse)n qD-34Z-ND0E-INLI 00% A4 7, v (0Sh) S9 0£1¥ZN D0EN ¥py-vS 10 v

sdunse) NDEZ-OWE-IDSTZ-INT 0zZh S¥ sy (S19) S 9Z880N JNDWSND Ypy-vS 10 v

s3unse) 1S-248-IDST-INZL 0zv £v b7 (s8h) oL 0%090N 0%AD ¥ph-vS 10 v

s3unse) 1S-94-NDOE-INLY 00% A4 v (lost) s9 0Z0¥0N Z-SENW ¥py-VS 10 v

s3unse) INV-IDET 0ST L 4 9 (069001  ovStT6l 4 10 WN9VD LBY-VS 10 v

s3unsepn INY—IDET 0ST L 4 9 (092)011) obStTel V 1D WN9VD LBY-VS 10 v

s3unsepn IDET 0ST L € 9 (069) 00T « pLTT6l a-m SIvd LBY-VS 10 ¥

(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

129


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

ASME BPVC.IX-2023

(s9) 5z a1eld A-OWS0-IDS0-INSL'0 00T 1€ € arT (S64) STT  94STITY d LES-VS 1oy
a1eld IS-UN-D 001 111 z 1 (s8%) oz 00203 0L 9[S-VS 10 v
a1eld IS-UN-D 001 11 1 1 (0s¥) s9 £0vZ0M 59 9[S-VS 10 v
ale[d IS-UN-D 00T 11 1 T (S1%) 09 00TZ0X 09 9fS-VS 1o v
a1e[d 1S-D 00T 1T 1 1 (08¢) ss 008103 SS 9[S-VS 10 v
atejy 1S-D 001 11 z 1 (s8%) oL 1010 0L S[S-vS doy
a1eld 1S-D 001 111 1 1 (0s¥) s9 008203 59 S[S-vS doy
(s2) 15 ale[d 0] 00T 11 1 T (S1%) 09 10%20 09 GES-vS 10y
(s2) 1< a1eld 1S-D 00T 11 1 T (s19) 09 09 S[S-yS oy
(s9) 5z5 a1eld OWS0=IDI-INSZ'T 01T 1€ 8 art (094) 0TT  0S9TZ d YISV
(0sP) 95 (59) s72< a1eld OWS 01D F=INSZ'T 011 1€ 8 a1t (069) 00T 0S9TT d YISV
(s9) sz5 ale[d n)-O0NG0-I)SL'T 0TT 1€ z a1t (094) 01T %0912 q yISY
(0sP 95 (s9) s'z< ale[d N)-0NG0-1DSL’F 0TT 1€ z a1t (069) 00T #0912 q yISvY
(ze) sz1s a1eld IS-ONSZ'0-1DS°0 00T 1€ 1 art (094) 0TT 9S8BT v YISV
(ze) sz1s a1e[d A-OIZ'0-125°0 007 1€ i4 art (094) 0TT  0€9TTY | YISV
(s9) sz5 91e[d  A-OWS0-IDS0-INSL0 00T 1€ € art (094) 0TT  9LSTTY d YISV
(s9) szs ale[d A-OWS0-IDET-INET 00T 1€ 6 att (092) o1t 0 yISV
(osyP) 95 (59) sz< a1eld A-OWS0-IDET-INET 00T re 6 att  (069) 001 0 YISV
aqn, o} 00T 1T € 1 09Z0TD MD 9201 €ISV
aqn, o} 00T T z 1 0SZ0TH MD S20T €ISV
aqn, o} 00T 11 4 1 002019 MD 0Z0T €ISV
aqny, o} 00T 1T 1 1 0STOTH MD STOT €ISV
aqny, o} 00T 1T 1 1/ (og¢g) 8% 0STOTH ST0T €[S-vs oy
aqn, o} 00T 1T 1 1 (otg) sv 00T0TH 0101 €fS-vs oy
aqn, o} 00T 11 1 1 (062 T¥ 080019 8001 €[S-vs oy
sduidtod  A-OWS0-IDSLT-ING'E 01T 1€ 01 411 (S64) SB¥ .S9ETHM ZD's 8S-VS 1o v
sduidtod  A-OWS0-IDSLT-ING'E 01T 1€ S Vit (S2) SOT  S9€ZhM TS 8S-VS 10 v
s3uiguo, d-1L-A-OWT-IDE 0ZT 9 1 06 (s89) s8 088TEN A€ 8pS-VS 1o v
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

130


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

ASME BPVC.IX-2023

a1eld ING0-OS 0-UN 00T A 4 VIT (069) 00T  6£SZT €Dd €ES-VS Ioy
a1eld INS'0-OS 0-UN 001 1€ € ¢ (029 06 6£SZT Zzod €ES-VS 10y
a1eld INS'0-OS'0-UWN 001 1€ € ¢ (0ss) 08 6£SZT 1Dd €ES-VS 10y
a1e[d INGZ'0-OIS 0-UN 00T 1€ ¥ VIt (069) 00T 62521 £Da €ES-VS 10V
a1eld INGZ'0-OS 0-UN 00T 1€ € ¢ (029 06 62521 Z'ma €ES-VS 1oy
a1e[d INSZ'0-OS 0-UN 00T 1€ € ¢ (oss) o8 62521 1°D‘a €ES-VS 1oy
Sjeld OIS 0-UN 00T 1€ i4 Vit (069) 00T  1ZSZTM €DV €ES-VS Io Y
a1eld OWS 0-UN 001 1€ € ¢ (029 06 12821 ZDYV €ES-VS 10y
ae[d ONG0-UN 00T 1€ € ¢ (0ss) 08 12521 1DV €ES-VS 10y
adid ‘sjug IS-UN-D 00T 1T 1 1 (08¢) ss 01203 1 ¥pS-vS o v
adid ‘s[ug IS-UN-D 00T 1T 1 1 (s19%) 09 $01Z0M I YES-vS Jo v
s3uguoy IN6 00T €6 1 VIt (069) 00T  0b€I8N I ZES-VS 10y
s3ugioy IN8 00T €6 1 VIt (069) 00T  OFETLA 1 ZES-VS 10y
aqn, o) 00T TTT 1 1 09Z01H ¥H 9207 61SY
aqng, 0] 001 111 z 1 092019 MD 9201 61SY
aqng, 0] 001 T1 1 1 052019 ¥H SZ0T 615V
aqng, 0] 00T 1 z 1 052019 MD SZ0T 615V
aqng, o] 00T 11 1 T 02Z01H ¥H ZZ0T 61SY
aqn, o} 00T T z 1 02Z0TH MD 2201 615V
aqn, o} 00T 1 1 1 00Z0TH ¥H 0Z0T 61SY
aqng, o] 001 T1 z 1 002019 MD 0Z0T 61SY
aqng, 0] 00T T1 I 1 08101 ¥H 8101 61SY
aqng, o] 00T 11 Z 1 08101 MD 8T0T 61SY
(s9) sz5 a1eld OWG0-IDT-INSZ'T 01T 1€ 8 arr, (S64) STT  0S9TT d LES-VS J0 Y
(oop) 5 (s9) sz< ale[d OGS 0-IDT-INSZ'T 0TT 1€ 8 a1t Asz/) S0T 05912 d LES-VS 1oV
(s9) szs a1e[d N)-0WG0-1DSL'T 011 1€ z 411 (Se4) STT %0912 q LES-VS J0 Y
(oS 95 (59) sz< a1eld N)-0NG'0-1DSL'T 01T 1€ z art (S229.601 %0912 q LES-VS 10V
(zg) sz1s a1eld IS-ONSZ'0~1DS0 00T 1€ T art (S64)SIT)  9S8ITM v LES-VS oy
(zg) sz1s a1eld A-OWZ0-ID50 00T 1€ ¥ a1t (S64) STT + 0E9TIY el LES-VS oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

131


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

ASME BPVC.IX-2023

a1ed OWT-IDSZ'Z 01T A 1 06 (s89) s8 06512 ¥V pS-vS 1oy
a1eld OWT-12SZ'C 011 s 3 2 (S599) s6 06512 DY pS-vS oy
aleld OWT-1DSZ'Z 011 s S 26 (S64) STT  06STZM 7DV pS-vs oy
a1eld OWT-1DSZ'Z 011 A ¥ 06 (szz) sot  06STZM 1DV pS-vs oy
s8lBio, A-OWT-IDSZ°T 01T A 1 06 (s89) s8 SEQTEN AZZ IpS-VS 1oy
s3utd10y d-1L-A-OWT-IDE 0zZT 9 1 2s  (s89) s8 0€8TEN A€ IpS-VS 10 v
s8uIS104~7 , €D-qD-ASZ'0-OWT-IDE 011 9 1 2S5  (s89) s8 06£1E) ADAE 1pS-VS o v
s3uguoy OWT-1DSZ'Z 011 A S 06 (S64) STT  06€TZM S ‘2z 1pS-vS 1oy
s3ug1o, OWT-IDSZ'Z 0TI A ¥ 06 (Szz) sot  06£TTM ¥ D ‘22 IpS-VS 10y
s3ug1o, OWT-IDSZ'Z 0TI A T 06 (s89) s8 06£TZ €D ‘22 1§S-VS 10 v
sduidiod  A-IDE0-PINS 0-INGL0 00T T € ¢ (0z9) 06 S9LTT 7T IpS-VS 1o v
s8uiStod  A-IDE'0-OIS0-INSLO 00T T € ¢ (oss) o8 S9LZT 1D2 1pS-vS 1oy
s3uguoy A-OWSOZNS 0 00T T € ¢ (0z9) 06 SYOZT 7D 1pS-vS 1oy
s3ugioy A-OINS'0-INGQ 00T 14 € ¢ (oss) o8 SYOZIN TDE IpS-VS 10 v
sguid1o4 IS-ONG 0-I1DSZ T 01T A 1 ¥ (0ss) 08 TLSTT ¥ 11 1pS-VS 1oy
s3uiguo, 1S-D 001 TTT z T (s8¥) oL 905£03 T 1pS-VS 1oy
sdurdioy IS-UN-D 00T 11 z 1T (s8%) 0L 020£0M VI 1pS-VS 10 v
(s9) 5z a1eld IS-UN-D 00T ZT € 1 (0ss) o8 LEYZTA €0 LES-VS Jo Y
(ooP) ¥5 (59) sz< a1e[d IS-UN-D 00T 1 € 1 (s19) 62 LEVZTA €D LES-VS 1oV
(001) #< a1e[d IS-UN-D 00T Al € 1 (s8¥) oL LEVZT €0 LES-VS 1oy
(s9) sz aleld IS-UN-D 001 1 € 1 (0ss) o8 LEYTIN Z0 LES-VS 10V
(oop) 5 (s9) sz< a1e[d IS-UN-D 001 1 € T (s19) S2 LEVZIN Z'D LES-VS 1oy
(osf) 95 (001) #< ale[d IS-UN-D 00T 1 € T (s8%) oL LEVTTIN Z'D LES-VS 1oV
(s9) 5z a1eld IS-UN-D 00T 1 z 1 (s8¥) oL LEYZTA 170 LES-VS 1oy
(ooP) ¥5 (59) sz< a1e[d IS-UN-D 00T T z T/ (0s¥) s9 LEVZTN 10 LES-VS 1oy
a1eld INSZ'0-OWS 0-UWN 001 1€ € ¢ (02906 ¥SSZIA Zmd €ES-VS do Y
a1eld INSZ'0-OWS 0-UN 00T 1€ € ¢ (0ss)08 $SSZT 1D €ES-vS oy
a1e(d INGZ0-OS 0-UN 00T A ¥ vIT (069) 00% .+SSZIM €D €ES-VS oy
a1eld INGZ0-OS 0-UN 00T 1€ € ¢ (0z9) 06 PSSTI ZDD €ES-VS oy
a1ed INSZ'0-OWS 0-UWN 00T 1€ € ¢ (oss) o8 A0 11D €ES-VS 1oy
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

132


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

ASME BPVC.IX-2023

9leld LL-UN-D 0Z1 T1 1 T (08¢) ss 44495 Zps-vs oy
°oqnm "MY'd UN-J 00T T11 14 T (s8%) 0L S0SE0M 20 LES-VS 10V
°qnm "MY'd J 00T T11 T 1T (S1%) 09 L00€0N 2d LES-VS 10V
aqm MU' ) 00T 1T 1 1 (sze) Ly L08T0M A LES-VS 10 Y
afn] ‘sjus IS-UN-D 001 11 14 1 (s8¥) oL 900€03 (4] 9ES-VS 10V
oqy ssjus 1S-D 00T T11 T T (S1%) 09 L0L203 2d 9EG-VS 10V
9qnIvs[ws J 00T T1 T 1 (sze) iv L08T0N A% 9ES-VS 10V
aleld IN6 001 €6 1 viT (069) 001 0¥ET8A I EES-vVS oy
91eld IN8 001 €6 1 Vit (069) 001 0VETLA 11 EES-VS oy
91e[d INZ 001 6 1 viTt (069) 00T 111 EES-VS oy
91eld OIS 0=IDGL T-INE 011 1€ € ¢ (029 06 6£€TYA €1Dd £yS-vs oy
91eld OIS 0—1IGL T-INE 011 T'e (118 art  (se4) S11 6EETY zn'd £yS-vs oy
91eld OIS 0—IDSLTSINE 011 1€ S VIT (Szz) sot 6EETYI T0d £yS-vs oy
9leld ONS'0—IDS'T-INSL'Z 011 1€ € ¢ (0z9) 06 €19 gyS-vs oy
91eld ONS0—IDS'T-INSL'C 0rT 1€ (128 a1t (ses) s11 Z1DD £yS-vs oy
91eld OIS 0—IDS'T-INSL'C 0TL € S Vit (szz) sot 119 £yS-vs oy
91eld A-OWT-IDS2'C 011 €9 1 06 (s89) s8 GEBTEN ey 10 ‘d pS-vs oy
9leld g-1L-A-ONWT-IDE 0Z1 29 1 06 (s89) s8 0€8TEN By 10D pSs-vs oy
91e[d g-1LL-A-ONT-1D¢ 0Z1 9 T 2s  (s89) s8 0€8TENA Y109 yS-vs 1oy
91eld g-1LL-A-ONT-1D¢ 0Z1 29 € s  (559) s6 0€8TENA €MD yS-vs 1oy
91e[d g-1L-A-OWT-ID€ 0zt 9 S 25 (S6L) STT  0€81€N ZD9 ZpS-vs Jo v
91eld g-1L-A-ONT-IDE 0Z1 29 4 26 (szz) sot 0€8TEN TT109 pS-vs oy
91eld B)-qD-ASZ'0-OWT-IDE 011 29 1 06 (s89) s8 06ETEN By [0 A pS-vs oy
91e[d ONT-IDSZ'C 011 (A 1 26, (s89) s8 06STZY ey 0 ‘d pS-vSs oy
91eld OT-IDSZ'C 011 A T DS As8s) s8 06STZY ¥ d yS-vs oy
91eld OT-IDSZ'C 011 A € 2S  (659) s6 06STZY €1Dd ZyS-vSs oy
91eld OWT-IDSZ'C 011 A S 06 (sez).e11 06STZY zn'd pS-vs oy
9leld OWT-IDSZ'C 011 (A 4 06 (szz)sot 06STZY T0d pS-vs oy
91eld OWT-IDSZ'C 011 (A 1 06 (s89) s8 06STZY By DV pSs-vs oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSaWD[Y L [eUIwoN payads ‘uoneusisaq
Surpppm wnuwiruiy
(P3u0)) SI3QUINN-J eI dseg
TZy-90/MO @1qel

133


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

ASME BPVC.IX-2023

leqg J 00T 11 1 1 052019 9LSV
leg J 00T 11 1 1 0€201D 9LSV
leg J 00T T11 T T 022019 9LSV
leg J 001 T11 1 T 012019 9LSV
leg J 001 T1 1 1 002019 9LSV
leg J 00T 1 1 1 06T01D 9LSV
Teg J 00T 1 T T 081019 9LSV
leqg J 00T T1 T T 041019 9LSV
leg J 001 T1 T T 091019 9LSV
leg J 001 T1 1 1 0STOTD 9LSV
leg J 001 1 1 1 021019 9LSV
leg J 00T 1 1 1 00TOTD 9LSV
leg J 00T T1 T T 080019 9LSV
leg J 001 T11 1 T SZ0T N SLSY
leg J 001 T11 1 1 EC0T N SLSY
leg J 00T 11 1 1 020T N SLSY
leg J 0071 1 1 1 LI0T N SLSY
leqg J 00T T1 T T ST0T SLSY
leg J 001 T'1 1 T ZI0T N SLSY
leg J 001 ™1 1 1 0T0T SLSY
leg J 001 1 1 1 800T SLSY
91eld J 00T T11 4 T (s8%) oL 0L €LSY
a1eld D 00T TT1 T 1 (0s¥) 59 59 €LSY
91eld J 001 T11 1 v (00%) 85 8§ €LSY
sadeys 3 aeld IS-UN-D 00T €1 € 1 (059) 08 S9 ZLs-vs 10y
sadeys 3 a1e[d IS-UN-D 00T T11 14 1 (ST8)sL 09 ZLS-vs oy
sadeys 3 a1e[d IS-UN-D 00T €1 14 1 (s8¥)0z SS ZLS-vS oy
sadeys 3 a1e|d IS-UN-D 001 1 1 1 (0s¥) s9 0S ZLSs-vs oy
sadeys % a1e|d IS-UN-D 001 1 1 T (ST%) 09 fA 7 ZLSs-vs oy
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSaWD[Y L, [eUIWON payads ‘doneusisaq
Surprom wnuwiuiy
(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MO @19el

134


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

ASME BPVC.IX-2023

(osp) 95 (001) #= a1eld A-IS-UN-D 00T 14 € 1 (s19) s2 20221 | £E9V
(s9) sz5 a1eld IS-UN-D 00T 1T z 1 (s8¥) oL LEOZT a €E9V
(ooP) #5 (59) s72< a1e[d IS-UN-D 00T 1T 1 1 (os¥) 59 LEOZTA a £E9V
(s9) szs a1e[d qQD-un 00T T1 z T (s8%) 0L 00021 o) £E9V
(ooP) ¥5 (59) sz< a1e[d qD-up 00T 11 1 1 (os#) s9 00021 o) £E9V
a1eld qD-up 00T 1T 1 1 (sev) €9 208103 v £E9V
sgny, A-UN 00T 1 T 1 (0s¥) 59 00421 111 819V
(61) S0 agqn; A-ND-UN 00T 1 z T (s8%) oL 60921 1l 819V
(8¢) 915 (61) GL0< aqny A-ND-UN 00T 1 z T (09%) L9 60921 1l 819V
(61) SL'0s aqng, A-ND-UN 00T 1 z 1 (s8¥) oL 109203 qaI 819V
(8¢) 415 (61) SL°0< aqng, A-ND-UN 00T 1 z 1 (09%) L9 109203 qal 819V
(61) sL'05 aqn, A-ND-UW 00T T z 1 (s8¥) oL e 819V
(8¢) 915 (61) SL0< aqny, A-ND-UN 00T 1 z T (09%) 29 e[ 819V
(€1) 05 a1e[d IS“UN-D 00T €1 1 201 (04S) €8 006203 ZJ9-vs 1oy
(sP 15 (€1) S0< a1eld IS-UN=) 00T €T 1 201 (09s) 18 006203 ZJ9-vs 1oy
(8¢) 15 s3udo, IS-ONSZ'0-1D5°0 00T 1€ 1 art (S64) STT 9S8 v ZpS-VS 1oy
(s9) sz5 s3uiguoy n)-0NS0-10SL'T 0FT 1€ z a1t (S64) STT S691TM q ZpS-vS 10y
(ooP) ¥5 (59) sz= s3uguoy N)-0NG'0-1DSL'T 01T 1€ z art (SzZ) SoT  S69TTY q ZpS-VS 10y
(s9) sz5 sduidtod  A-OWS0-IDS0-INSGL0 00T 1€ € a1t (S64) ST 94STITY E| ZpS-VS 10y
(0oP) ¥5 (59) 52= s3udoy A-OWS0-IDS0-INSL0 00T T-€ € art  (S24) SOT  9LSTTY d ZpS-VS 1oy
(001) ¥5 Ieq 3 21eld A-1S-NDE0-109'0-UN 00T ¥l 1 ¢ (s8¥) oL AN d 88SY
sadeys A-1S-NDE0-1D9°0-UN 00T ¥l I ¢ (s8¥) o £Y0ZT e 885V
(szp) ss (001) ¥< 1eq B 91e[d A-1S-NDE0-1D9'0-UN 00T ¥l 1 ¢ (09%) L9 £v0ZT d 88SY
(oof) 85 (5z1) S< Teq % aje[d A-1S-NDE°0-109°0-UN 00T ¥l 1 e (ser) €9 €Y0ZT d 885V
(oo1) %5 JIeq 3 aeld A-1S-NDE0-IDS0-UN 00T Al 1 £ (s8%) 0L 0PI v 885V
sadeys A-1S-NDE0-1DS 0-UN 001 ¥l 1 ¢ ((s8%) 0L 0EPTIT v 88SY
(szf) ss (001) #< Ieq 3 aeld A-1S-NDE0-IDS0-UN 00T A 1 ¢ (098) L9 0PI v 885V
(0oof) 85 (sz1) S< Teq % ajeld A-1S-NDE'0-1DG"0-UN 00T ¥l 1 e (ser)eo 0EHTTN A 885V
adid -myd o} 00T 11 1 1 (oge) 8¢ 00STT LBS-VS 1oy
(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surprom Wiy
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

135


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

ASME BPVC.IX-2023

dins 73 329ys ‘91e[d N-OZ-INZT-1D9T 0€T 18 1 8 (0ss) 08 1S9TES N9TE 9p9-VS 10 v
dins 3 199Yys ‘Aeld OWZ-INZT-ID9T 0€T 18 1 8 (s8%) 0L €09TES 91€ 9p9-VS J0 v
diis)z 199ys ‘@1eld OWZ-INZT-ID9T 0€T 18 1 8 (s15) Sz 009TES 91€ 9p9-VS J0 v
dins @ Jeays ‘areld N-IN8-ID8T 0€T 18 1 8 (st8) sz £S¥0€S NTv0€ 9p9-vs 10 ¥
dins 37388Ys ‘e1e[d N-IN8-1D8T 0€T 18 1 8  (0ss) 08 1SY0€S N¥0€ 9p9-vSs 10 v
dLns 23 109YS.Be(d IN8-1D8T 0€T 18 1 8 (s8%) 0L £00€S TH0€ 9p9-VS 10 v
dias 3 309ys ‘a3eid IN8-ID8T 0€T 18 1 8 (s15) sz 00%0€S $0€ 9p9-VS 0 v
dins % 399ys ‘a1l IN8-ID8T 0€l 18 1 8 (s19) sz 00Z0€S 20¢ 9p9-vs J0 v
dins % 399ys ‘91eld UN6-IN9-IDTZ 0€l €8 € 8 (0z9) 06 ¥0612S TT-WX 9p9-vs 0 v
drus 3 199ys ‘areld UN9-INY-IDLT 0€T €8 € 8 (s59) s6 00T0ZS Z-102 9p9-vs 1o ¥
dins 73 399ys ‘91e[d UWN9-INbY—I1DLT 0€T €8 € 8 (s15) Sz 00102ZS 1-102 9p9-vS 10 v
Teg o} 00T 1 1 €99V
ale[d IS-UN-3 00T 11 1 T (0S¥) 59 €02201 d Zp9-vsS 10 v
a1eld IS-UN~J) 00T 1T z 1 (s8¥) oL L0020 o) Zp9-vs 1oy
a1eld IS-UN-D 00T 1T 1 1 (oo%) 85 T0LTOM v Zp9-vs 1oy
adid jseo [e8nyrua) 1S-D 00T 1T z 1 (s8¥) oL £00€0[ aom 0p9-Vs 1o v
adid 3ses [e8njLnua) IS-UN-D 00T 11 z T (s8%) oL 50520[ 20M 0p9-VS 10 v
adid 3ses [eSnjLuus) 1S-D 00T 1L 1 1 (sT49) 09 $0520[ VoM 0p9-vs 1o y
a1eld qD-A-1S-UN-D 00T A i4 1 (029) 06 08 ‘LL 9E9-VS 10 v
a1eld qD-A-1S-UN-D 00T A € 1 (0ss) o8 0L ‘LL 9E9-VS 10 v
a1eld qD-A-1S-UN-D 00T €1 4 1 (s8¥) oz 09 ‘LL 9E9-VS o v
a1e[d qD-A-1S-UN-D 00T 1 1 1 (ST9) 09 0S ‘LL 9F9-VS 10 v
a1eld qD-A-IS-UN-D 00T A ¥ v, (029) 06 08 ‘€L 9E9-VS 10 v
a1e[d qD-A-IS-UN-D 00T A € 1" Apss) o8 0L ‘€L 9E9-VS 10 v
aleld qD-A-1S-UN-D 00T €T z 1 (G8¥) 0L 09 ‘€L 9E9-VS 10 V¥
aleld qD-A-1S-UN-D 001 1 1 1 (sT#09 0S ‘€L 9E9-VS 1o v
a1eld OWSZ'0-INS 00T 6 z viT (SS9) S6 €8S v Sp9-vS 1oy
(0o01) #5 a1eld A-IS-UN-D 00T T € 1 (0ss) o8 FAVAAD| q €E9V
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

136


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

ASME BPVC.IX-2023

adid papam uorsny OWS 0-UN 00T 1T z ¢ (s19) sz 12021 SLH Zf9-vs 1oy
adid pappam uoisng ONG'0-D 00T 1 z ¢ (s8%) oL 02021 0L1 ZL9-vS 10y
adid papam uoisng ONG'0-D 00T 11 1 ¢ (0s¥) 59 02811 591 ZL9-VS 10y
adid papam uoisny 1S-D 00T 11 z T (s8%) oL T0TE0N 0Ld ZL9-vs 10y
adid papjam uoisnyg IS-UN-D 00T 1T z T (s19) SL £08203 SN Z}9-vs 1oy
adid paplam uoisnyg o} 00T 1T 1 1 (08¢) ss 108203 SSV Zf9-vs 1oy
adid papam uorsny 1S-D 00T TTT 1 1 (os¥) 59 008203 S9d ZL9-vs 1oy
adid pappam Gorsnyg IS-UN-D 00T 11 z T (s8%) 0L 00L20X 04D ZL9-vS 10y
adid papam uorsny IS-UN-D 00T 11 1 T (0S¥) 59 €0%20M S9D ZL9-VS 10y
adid papam uoisny IS-UN-D 00T 11 1 T (s19) 09 20%203 094 Z}9-vs 1oy
adid papam uorsny o} 00T 1T 1 1 (s19%) 09 10¥20M 094 Zf9-vs 1oy
adid papam uorsny o} 00T TTT 1 1 (o8g) ss 202203 SSH Zf9-vs 1oy
adid pap[am uoisng 0] 00T 11 1 T (s¥¢) oS 002203 0sv ZL9-VS 10y
adid pappam uoisnyg IS-UN-D 00T 11 1 1T (S1%) 09 00TZ0M 09D ZL9-vs 10y
adid pap[am uoisnyg 1S-D 00T 11 1 1T (08¢) ss 10020 ssd ZL9-VS 10y
adid papam uoisny 15-3 00T 1T 1 1 (08¢) ss 008103 SSD Z}9-vs 1oy
adid papam uorsny 9) 00T 1T 1 1 (ote) sv 0010 ShV ZL9-vs 1oy
adid papam uorsny INGZ0-ONS 0-UN 00T 1€ € ¢ (0z9) 06 06[ ZL9-vs 1oy
adid papam uoisng INGZ'0-OIG"0-UN 00T 1€ € ¢ (0ss) 08 08l ZL9-VS 10y
adid papjam uoisnyg IS-UN-D 00T A € 1 (0ss) 08 LEYZTA 08dD 1}9-VS 1oy
adid papam uorsny IS-UN-D 00T T z 1 (s8¥) oL LEYTTA 0Lad TL9-VS 1oy
adid papam uorsny 1S-D 00T TTT z 1 (s8¥) oL T0TE0N 0L8D 1L9-VS 1oy
adid papam uoisng IS-UN-D 00T 1T z 1T (s19) S2 £0820M1 SLMD 1L9-VS 10V
adid pap[am uoisng o} 00T 1T 1 1 (08g) ss 108203 SSVD 1}9-VS lo v
adid papam uoisny 1S-D 00T 11 1 1 (os#) s9 008203 594D 1L9-VS 1oy
adid papjam uoisng IS-UN-D 00T TTT z 1 (s8¥) oL 00£203 0422 1L9-VS 1oy
adid pap[am uoisng IS-UN-D 00T 11 1 17 (0S¥) 59 £0%20M1 592D 1L9-VS 10V
adid pap[am uoisng IS-UN-D 001 11 1 1 ((s1%) 09 Z0vZ0M 094D 1L9-VS 10 ¥
adid pappam uoisnyg 0] 00T 11 1 1 (518 09 10%20 094D 1L9-VS 10V
adid papam uoisny o} 00T 1T 1 1 (08g)&s 202203 SSHD 1L9-VS 1oy
adid papjam uoisnyg IS-UN-D 00T 1T 1 T (s19) 09 001203 0920 1}9-VS 1oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

137


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

ASME BPVC.IX-2023

adid papam uorsny OGS 0-D 00T T z ¢ (s19) sz 072 SL-ND 1H9-VS 10 ¥
adid pspem uoisnyg OWS'0-1D5°0 001 T z ¢ (s8¥) oL IAYAN'| 71D ¥DS0 1H9-VS 10 ¥
adid papam uorsny OS'0-105°0 001 T 1 ¢ (o8g) ss IAYAN'| 11D ¥DS°0 1h9-VS 10 ¥
adid papjam uoisnyg ONS'0-D 00T 1 z ¢ (s8¥) oL 02021 0L-ID 1H9-VS 10 v
adid papm uorsny OWS0-D 00T 1T 1 ¢ (os¥) 59 0Z81T S9-IND 1p9-VS 10 ¥
adid papas goisnyg IS-ONS'0-1DSZ'T 01T TS 1 ¥ (s15) Sz 68LTT 21D WDSTT 1h9-VS 10 ¥
adid papam uorshy IS-ONS 0-1DSZ'T 01T 1S 1 ¥ (ST¥) 09 68LTT 10 WDSTT 1H9-VS 10 ¥
adid pap[am uoisnyg OWNS0-IDT 011 1S 1 ¥ (0s¥) S9 LSLTT AN IRt )8 1p9-VS 10 ¥
adid pappam uoisng ONG0-1DT 0TT 1S 1 ¥ (08¢) ss LSLTT 10 401 1H9-VS 10 v
adid pap[am uoisnyg IS-UN-D 00T 1T z 1 (s19) 62 £08203 SL-SIND 1p9-VS 10 v
aqn3 papEM N-OWZ-INZT-I1D9T 0€T 18 1 8 (s15) Sz £59T€S NT9TEdL 8B9-VS 10 v
aqn} papEM N-OWZ=INZT-1D9T 0€T 18 1 8 (0ss) o8 1S9T€S N9TEdL 8B9-VS 10 v
aqn} papEMm OWZ-INZTIAID9T 0€T 18 1 8 (s8¥) oz £09T€S T91€dL 8B9-VS 10 v
aqn} papEMm OWZ-INZTI-ID91 0€T 18 1 8 (s19) sz 009TES 91€dlL 8B9-VS 10 v
aqn} papEM N-IN8-ID8T 0€T 18 1 8 (s15) Sz £S10€ES NTY0EdL 8B9-VS 10 v
aqn} papEMm N-IN8-ID8T 0£1 18 1 8  (0ss) 08 1SY0€ES NY0EdL 8B9-VS 10 v
aqn} papEM IN8-ID8T o€l 18 1 8 (s8¥) oL £0%0€S TY0EdL 8B9-VS 10 v
aqny papm IN8-ID8T 0€T 18 1 8 (s19) sz 00%0€S $0Ed.L 8B9-VS 10 v
aqn} papEMm UNZT-INE-ID8T 0€T &8 € 8 (069) 00T  000%2ZS 62-INX 8B9-VS 10 v
Teg o} 00T TV z 1 (s8%) oL 0L SL9-yS 1oy
Teg o} 001 11 1 1 (0s¥) s9 59 SL9-vs oy
Teg o} 001 111 1 1 (sT9) 09 09 SL9-vs do ¥
Teg 0] 00T 11 1 1T (08¢) ss SS GL9-vS 10y
Teg o} 00T 1T 1 1 (s¥e) oS 0S SL9-yS 1oy
Teg o} 00T 1T 1 1/ (o1€) s¥ S¥ SL9-yS 1oy
adid papam uoisny OWS 0-UN 001 e ¥ vit (0692001  1zSZIN 001( Zf9-vs 1oy
adid papam uoisnyg IS-UN-D 00T 1 € 1 (0ss)08 LEVTTIN 08d ZL9-VS 10y
adid papjam uoisnyg IS-UN-D 00T 1 z T (s8%) 0% LEYZTA 0.d Z}9-vs 1oy
adid papam uoisny OWS0-D 00T 1 z ¢ (s19) sz WAXAD| SLT Zf9-vs 1oy
adid papam uorsny OWG 0-UN 00T T € ¢ (oss) o8 2021 08H ZL9-VS loy
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[YL [eUlwON payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

138


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

ASME BPVC.IX-2023

sguidio] N-A-UN-D 00T €T z 1 01SZT €10 ‘€1 LOLY
sdurdioy N-A-UN-D 00T 1 1! 1 0TSZT A LOLY
s3uguo, N-A-UN-D 00T Al 1 1 01SZT 1€l LOLY
s3ugioy UpN-J 00T 1T z 1 10£€0M £ 71 LOLY
s3uig1o, UpN-J 00T 1T 1 T 10£€0 A A LOLY
s3uidioy UN-D 00T TTT 1 1 10€€0 11071 LOLY
s3tiguo, UN-J 001 1 1 1 20203 AN LOLY
s3usaoy UpN-D 001 1 1 1 20203 1171 LOLY
Teg IS-UN-D 00T 1T z 1 (s8¥) oL 00Z£03 o) 9h9-VS 10 V
Teg IS-UN-D 00T TTT 1 1 (s19%) 09 00Z£03 d 969-VS 10 v
s3urdioy UN-D 00T 11 € T (s99) z8 T0E0M 0L4 Y69V
s3uguo, UpN-J 00T 111 z 1 (0g9) L2 $10£0M 594 Y69V
s3ugioy UN-D 00T 111 z 1 (s19) Sz $10€0 094 69V
s3udioy UN-) 00T 111 z 1 (0L¥) 89 ¥10€0 954 Y69V
s3uiguo, UNSD 00T TTT 1 1 (ss¥) 99 $10E0M 754 Y69V
s3urdioy UN-D 00T 11 1 T (o¥¥) ¥9 $T0E0M 0S4 Y69V
s3uiguo, UN-D 001 11 1 1 (sz¥) 29 $T0€0M 8% Y69V
s3uguoy UN-D 00T 11 1 T (S1%) 09 $T0E0M 9% Y69V
sguidiog UN-D 00T TTT T 1 (ST¥) 09 ¥T0E0N zvd 769V
adid papam uorsny A-OWT-1D6 011 %9 1 4s1  (s8s) s8 106063 16 1H9-VS 10 ¥
adid pap[am uoisnyg OWS"0-IDS 011 €S 1 as  (s19) Sz SYST AN IRt ] 1H9-VS 10 ¥
adid pap[am uoisnyg OWS"0-IDS 01T €S 1 as (ST 09 SYSTP 110 40§ 1p9-VS 10 ¥
adid papam uoisnyg OWT-IDE 01T s ¥ vs  (s18) Sz SHSTEN Z 10 ¥DE 1p9-VS 10 ¥
adid papam uorsnyg OWT-IDE 01T s 1 vs  (STH) 09 SHSTEN 10 D€ 1p9-VS 10 ¥
adid pap[om uoisnyg OWT-IDSZ'T 01T A 1 vs (S18) Sz 06512 71D WDSTT 1H9-VS 10 ¥
adid papam uoisny OWT-12SZ'Z 011 A 1 vs ASTH) 09 06512 11D ¥ISTT 1h9-VS 10 ¥
(s9) szs adid papam uoisng IS-UN-D 00T 1 € 1T (0ss) 08 LEVTIN 08-HSIWD 1H9-VS 10 v
(ooP) ¥5 (59) sz< adid papam uorsny IS-UN-D 00T 1 € 1 (sT6)Lsys LEVZTN 08-HSID 1H9-VS 10V
(s9) 5z adid pap[am uoisnyg IS-UN-D 00T 1 4 1 (s8¥) 0 LEVZTN 0L-HSIWD 1h9-VS 10 ¥
(ooy) #5 (59) sz< adid pappam uoisnyg IS-UN-D 00T 1 r4 1 (os#) s9 LEVZTN 0L-HSIWD 1h9-VS 10 ¥
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm Wiy
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

139


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

ASME BPVC.IX-2023

s3uigao, IS-UN-D 00T 111 4 1 (s8¥) oL L¥0£03 11 SpL-VS 10y
sdurdioy IS-UN-D 001 111 1 T (S1%) 09 9%0£03 I SPL-VS 10y
sdurdioy IS-UN-D 001 T1 € T (0ss) 08 600203 Al SPL-VS 10y
Teg ONT-IDSZ'Z 01T 4] 1 vs (s19) sz 06E£12A zezd 6FL-VS 10 ¥
deg ONS'0-1DSZ'T 011 1S 1 ¥ (s8¥) oL L6LTT 114 6EL-VS 10 Y
a1eld IS-UN-D 00T 1711 z 1T (S19) S2 VA% 24! ' 8EL-VS 10V
a1ed qD-1S-U-) 00T 1711 € T (s89) s8 L0021 q 8EL-VS 10V
(s9) sz ae[d IS-UN-D 00T 11 € T (0sS) 08 8002031 o) 8EL-VS 10 Y
(0oP) ¥5 (59) sz< aeld IS-UN-D 00T 111 € 1 (s19) sz 800203 o) 8EL-VS 10 Y
(osf) 95 (001) #< a1e[d IS-UN-D 00T 111 € 1 (s8¥) oL 800203 o) 8EL-VS 10 Y
a1eld A-ISTUN-D 00T v € 1T (0sS) 08 20221 o) LEL-VS 10§
aeld qD-1S-UN=) 00T TT1 z T (s8¥) oL 10021 q LEL-YS 10 Y
adid paplam % ‘sjug INZ-OW¥-1D62 0ST T'L 1 Mot (0SS) 08 008%¥S 008%¥S 1EL-VS 10 Y
adid pap[am % ‘sjug OWH-1D62 0ST T'L 1 for (0ss) 08 00L¥¥S 00L¥¥S 1EL-VS 10 Y
adid pep[am % 'sjws OWE-INE-ID9T 0ST TL 1 q0T  (S89) S8 099%¥S 099%¥S 1EL-VS 10 ¥
adid papam B 'spws ONT-IDLZ 0ST 1L 1 10t (0S¥) s9 L29¥%¥S LZ-NXd.L 1EL-VS 10V
adid papam @ 'spws LL-ONT-IDLZ 0ST TL 1 10t (0S¥) s9 929¥%¥S €€-INXd.L 1EL-VS 10V
adid paplam % ‘sjug OWZ-1D8T 0ST 1L z L (S1%) 09 00¥¥¥S ONZ-1D8T 1EL-VS 10 Y
adid paplam 7 "s[uig 1L-1D8T 0ST 1L z L (S1%) 09 SE0EYS 6EVdL 1EL-VS 10V
adid psplem % 'sjws OW-ING¥—IDET 0ST L ¥ 9 (s64) STT  00ST¥S 00ST¥S 1EL-VS 10V
s3uidiog IS-UN-D 00T 11 1 I (S1%) 09 9052031 LEL-VS 10 ¥
a1e[d IS-UN-D 001 T1 ¥ 1" A029) 06 LE0ZT o) ¥pL-VS 10 Y
a1e[d IS-UN-D 00T 1€ ¥ 1 (659) s6 1€02T q YEL-VS 10 ¥
a1ed IS-UN-D 00T 1€ ¥ 1 (029).06 1€8TT v YEL-VS 10 ¥
adid paplam 7 “squig n)T-INZ 00T 16 1 ve (0S¥) S9 SE022 qA YILY
adid pap[am % ‘sjus n)T-INZ 00T 16 1 ve (0S¥) S9 SE0ZT A YILY
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Suipem wnwiaiy

(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MD 1qeL

140


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

ASME BPVC.IX-2023

adid papiam 7 "squig N-OWE-INS—-ID8T SY1 1ot 1 HOT (5€9) 26 00STES 00STES 0pL-VS 10V
adid papiam 2 "squg N-OIE-ING9-1DS¢ S¥1 201 1 HOT (069) 001 0921€S 0921€S 0pL-VS 10V
adid paplam % 'sjug N-OI-IN9-IDG2Z S¥1 201 1 HOT (069) 001 0021ES 0021ES 0pL-VS 10V
(o1) 0%°0> 9qM¥papeMm R 'S|WS  N-OWS T-UNE-INY—IDHT SYT 101 1 HoT (0%4) LOT 1¥vZ8S 6BL-VS 10V
(01) 0%°0% oqny poplam B 'S[US  N-ONS T-UNE-INY—-1D¥C SY1 10T T HOT (089) 66 Tv¥Z8S 6BL-VS 10 V
(s) L8105 9qn} pap[eM B Sjws N-OW-INST-IDZ2 S¥1 €01 1 HOT (004) 10T 11028S 6BL-VS 10V
(s) L8T0< 9qn} papem BuS[WS N-OW-INST-IDZ2Z S¥1 €01 1 HOT (SS9) S6 11028S 6BL-VS 10V
N
aqn} papeMm R 'S[WS & N)-MZ-ONE-INL-IDST S¥1 201 1 HOT (008) 911 YLZ6ES VLZ6ES 6BL-VS 10V
(N} pap[em @ 'S[US N-OW-IN¥-129¢ S¥1 201 1 HOT (069) 00T 0S6ZES 0S6ZES 6BL-VS 10V
(o1) 0%°0> oqn} papEMm B 'S[uS N-PINZ-INS'9-1062 5348 20T T HOT (008) 9TT 906¢¢ES 906¢¢€S 6BL-VS 10 V
(o1) 0¥°0= aqn} pap[em 3 'sius N-ONZ=INS'9-1262 Sv1 A1) 1 HOT (0S) 60T  906Z€S 9062€S 6BL-VS J0 ¥
9qn} papeMm R 'sjus OW=INY 1092 S¥1 201 1 HOoT (029) 06 006Z€S 0062€S 6BL-VS 10V
aqn} papEm R s  N-ND-M-ONE-TN8~1ISC S¥1 201 1 HOT (0SZ) 601 09LZ€ES 09.L2€S 6BL-VS 10V
2qn} papem R ‘s[us N-OWPH-INL=IDSE S¥1 201 1 HOT (008) 911 0SLZES 0SLZES 6BL-VS 10V
N-nJ
oqn} papPEMm B 'S[uS —0D-ONSP-ING9-IDLL SY1 20T T HOT (ST6) €€T LOLZES 6BL-VS 10 V
9qn} papeMm R ‘s[us N)Z-ONE-INS—IDSZ Sl 201 T HOoT (094) 01T 0SSZES 0SSZES 6BL-VS 10V
9qn} papem R ‘sjus N-OI-IN9-IDS2Z SY1 201 T HOoT (029) 06 90SZ€ES 6BL-VS 10V
‘ao (s2) 15 qn} pap[em @ 'S[US N-ND-ONW-IN¥-IDET S¥1 101 1 HOT (069) 00T Y0ECES Y0ECES 6BL-VS 10V
"ao (§2) 1< 9qn} pap[em R 'S[uS N-ND-ON-IN¥-1D€T S¥1 701 1 HOT (009) L8 Y0ECES Y0ECZES 6BL-VS 10V
2qn} papeMm R ‘s[us N-OWE-INS-1D22 S¥1 01 1 HOT (SS9) S6 S02ZZES 6BL-VS 10V
oqn} papEMm B 'S[uS N-OW-INZ-I122¢ SP1 €0T 1 HOT (0S9) t6 20¢ZEeS 6BL-VS 10V
(s) L8105 9qn} papEMm R 's|us N-ND-INGT-UNS-IDTZ S¥1 €01 1 HOT (004) 10T T0TZES 6BL-VS 10V
(s) L8T0< 9qn} papem R 'sjus N-ND-INGT-UNS-IDTZ S¥1 €01 T HOT (0S9) ¥6 TOTZES 6BL-VS 10V
9qn} pap[em  'S[US N-OW-INS€-ID12Z S¥1 €01 1 HOT (069) 00T €00ZES 6BL-VS 10V
oqn} papPEMm B 'S[uS N-ONE-INS—ID2Z¢C SY1 10T 1 HO® (029) 06 €08TES €08TES 6BL-VS IOV
oqn} papPMm B 'S[uS N-ONE-INS—ID81T 53748 70T T HoT ((s5£9) z6 00STES 00STES 6BL-VS 10V
9qn} papeMm R 's[us N-OIE-ING9-1DS¢ S¥1 201 T HOT (069) 001 0921€S 0921€S 6BL-VS 10V
qn} pap[em  'S[WUS N-OIW-IN9—-IDG2Z S¥1 201 1 HOT (069)001 0021ES 002TES 6BL-VS 10V
sdutdioy INS'E 001 6 1 g6 (s8%) 0L 9202¢€M 111 SpL-VS 1oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSaWD[Y L [eUIwoN payads ‘uoneusisaq
Surpppm wnuwiruiy
(P3u0)) SI3QUINN-J eI dseg
TZy-90/MO @1qel

141


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

ASME BPVC.IX-2023

adid papam IN8-ID8T 0€T 18 1 8 (s18)sL 00%0€S Y0Ed.L €f8-vs 1oy
adid papam UNZT-INE-1D8T 0€T €8 € 8 (069) 00T  000%2ZS 6Z-INXd.L €[8-VS 10V
adid papom UN6-IN9-IDTZ 0€T €8 € 8 (029) 06 ¥0612S TT-WXdL £[8-ys oy
adid papam UNS-INET-1DZT 0€T €8 € 8  (069) 00T  0T602ZS 6T-INXdL €[8-ys oy
(s) L8T0S adid-pappm  N-OIW9-IDTZ-IN¥Z-249% 0zZh A St (069) 00T  L9EBON L9EBON €[8-ys oy
(s) L81°0< adid peppPM  N-OW9-IDTZ-IN¥Z-219% 0Z¥ 8 st (S59) s6 L9EBON L9EBON €f8-vs oy
aqn} papEM OWE-INE-IDIZ 0ST 1L 1 M0T  (s89) S8 099++S €-€-92 £pg-vs 1oy
aqn} papEMm 11-108T 0ST 1L z L (SsTH) 09 SE0EHS 6EvdL £p8-ys 1oy
(o1) 0%°0> adid papam g sfuS  N-OWGT=WAE-INY-IDHZ SHT 101 1 Hot (o¥Z) LOT  1¥¥2Z8S 0pL-VS 10V
(01) 0%°0% adid papam g 'sfIS  N-OWS T-UNEFINY-IDHZ SHT 101 1 HOT (089) 66 1¥%28S 0pL-VS 10V
(s) L8T'0> adid pappom % sjug N-OW-INS T-1D22 ST €01 1 HOT (004) TOT  110Z8S 0pL-VS 10 Y
(s) L8T0= adid pappom % sjug N-OW-INSTAIZZ ST €01 1 HOT (SS9) S6 11028S 0pL-VS 10 Y
N
adid pap[am % sjws  -ND-MZ-OWE-INL-IDST, ST A1) 1 HOT (008) 9TT  ¥LZ6ES YLT6ES 0pL-VS 10 ¥
adid pap[am % ‘sjug N-OW-IN¥-1D92 SyT A1) 1 HOT (069) 00T  0S6ZES 0S6Z€S 0pL-VS 10 ¥
(o1) 0%°0> adid papiam 2 "squig N-OIZ-INS'9-1D62 S¥T 01 1 HOT (008) 9TT  906Z€S 9062Z€S 0pL-VS 10V
(o1) 0%°0= adid pappom % sjug N-OZ-INS'9-1D6Z SYT 01 1 HOT (0SZ) 60T  906Z€S 906Z€S 0pL-VS 10 Y
adid pappom % sjug OW-IN¥-1D9Z ST 20T 1 HOT (029) 06 006Z€S 006Z€S 0pL-VS 10 Y
adid papam 7 'sjuS  N-ND-M-OWE-ING-IDSTZ ST “0} 1 HOT (0SZ) 60T  09LZ€ES 094Z€S 0pL-VS 10 ¥
adid pep[em % 'sjws N-OWH-INL-IDST ST A1) 1 HOT (008) 9TT  0SLZES 0S.Z€S 0pL-VS 10 ¥
N-nD
adid pap[em % 'S[WS  -0D-OWSP-ING'9-IDLZ ST A1) 1 HOT (S16) €€ LOLZES 0pL-VS 10 Y
adid paplam % 'sjug n)Z-ONE-INSG-1DSZ ST A1) T HOT (094) 0OIT  0SSZES 0SSZ€S 0pL-VS 10 Y
adid pap[am % 'sjus N-O-IN9-1DSZ ST A1) 1 HOT (029) 06 905Z€S 0pL-VS 10 Y
adid pappom % sjug N-ND-OW-INY—IDETZ ST 10T 1 Hov (009) L8 Y0EZES Y0EZES 0pL-VS 10 Y
adid pep[am % ‘sjws N-OWE-INS-1DZ2 ST 101 1 HoT ((559) s6 S0ZZES 5022 0pL-VS 10 ¥
adid peplam % 'sjws N-OW-INZ-1DZZ ST €01 1 HOT (0S9)-¥6 702Z¢S 0pL-VS 10 ¥
(s) L8105 adid papam g 'sjus  N-ND-ING'T-UNSG-IDTZ SHT €01 1 HOT (004) 101, T01ZES 0pL-VS 10V
(s) L8T0< adid papem % sjws  N-ND-ING T-UNS-IDTZ ST €01 1 HOT (059) ¥6 10TZES 0pL-VS 10 Y
adid pappom % sjug N-OW-INS'€-1DTZ ST €01 1 HOT (029) 06 £00ZES 0pL-VS 10 Y
adid pap[am % ‘sjws N-OWE-INS-1DZZ ST 10T 1 HOT (029) 06 €08TES £08TES 0pL-VS 10 ¥
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

142


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

ASME BPVC.IX-2023

sdid pap[am pasiom pio) IN8-ID8T 0€T 18 1 8 (s15) Sz 00%0€S $0EdlL ¥[8-VS 10 v
adidr pap[am pasiom pio) UNZT-INE-I1D8T 0€1 €8 € 8 (069) 00T  000%ZS 6Z-IXdL ¥[8-VS 10 v
adid ‘papjom pasiiom pop UN6-IN9-IDTZ 0€T1 €8 € 8 (029) 06 ¥0612S TT-WXdL ¥[8-VS 10 v
adid pap[3™ paxiom pjo) UNS-INET-IDZZ  0€1 €8 € 8 (069) 00T  0T60ZS 6T-INXdL vf8-vs Ioy
(S) £81°05 odid pap[am paxiom p[o)  N-OWN9-IDTZ-IN¥Z-249% 0zZh 78 St (069) 00T  L9EBON L9EBON ¥[8-VS 10 v
(S) £8T'0< odid papem payiom plo)  N-OW9-IDTZ-INYZ-249%  0T% z8 s (S59) S6  L9EBON LIEBON 7f8-vs 10y
adid papram ISZ-INST-ID8T 0€T 18 1 8 (s18)sL 00T8ES ST-INXd.L €f8-vs oy
adid pap[aw qD-INOT-ID8T 0€T 18 1 8 (s19) sz 608VES H8YEdL £[8-vs oy
adid papom qD-INOT-1D8T 0€T 18 1 8 (s18) Sz 008V€S 8YedlL €[8-vs oy
adid papom qD-INOT-1D8T 0€T 18 ! 8 (s15) Sz 60LVES H.LVEdL €[8-vs oy
adid papam 4D-INOT-ID8T 0€T 18 1 8 (s19) S. 00L¥ES LYEdL €f8-vs oy
adid papam LL-INOT-ID8T 0¥%T 18 1 8 (s18)sL 60TZES HTZEdL €f8-vs 1oy
adid papam LL=INOT-ID8T 0¥%T 18 1 8 (s18)sL 00TZES TZedl €f8-vs 10y
adid papom N-OWG'S-INSZAIDET 0€T 78 ¥ 8 (0%9) €6 £50Z€S £[8-ys oy
adid papam OWE-INET-ID8T 0€T 18 1 8 (s15) Sz €0LTES TLIEdL €[8-ys oy
adid papam OWE-INET-ID8T 0€T 18 1 8 (s15) Sz 00LTES LTIEdL €[8-vs oy
adid papam N-OWZ-INZT-ID91 0£1 18 1 8 (s19) sz £591€S NT9TEdL €[8-vs oy
adid papam N-OZ-INZT-1D9T 0€T 18 1 8 (0ss) 08 1S9T€S N9TEdL £[8-ys oy
adid pappom OWZ-INZI-ID9T 0€T 18 1 8 (s19) sz 609TES H9TEdL £[8-vys oy
adid papom OWZ-INZTI-ID9T 0€T T8 I 8 (s8%) 0L €09T€S T91EdL €[8-vs oy
adid papam ONZ-INZT-1D9T 0€1 8 1 8 (s19) sz 0091€S 91¢€dlL €[8-vs oy
adid papram OW9-IN8T-ID0Z 0€tl 78 ¥ 8 (059) v6 ¥STIES ¥ST1ES €[8-vs oy
adid papam qD-IN0Z-IDSZ 0€T 8 r4 8 (s18)sL 0%0TES qD0TEdL €f8-vs 1oy
adid papom INOZ-1DS2 0€T 8 Z 8 (s19) Sz 8001€S SOTEdL £[8-ys oy
adid papom qD-INZI-IDET 0€T 78 z 8 (s19) Sz 0¥60€S qD60€d.L €[8-ys oy
adid papam INZT-IDET 0€T 78 z & (s15) Sz 8060€S S60€d.L €[8-ys oy
adid papam N-INTT-IDTZ 0€T 8 z 8’ A009) L8 ST80ES ST80ES €f8-vs oy
adid papam N-IN8-ID8T 0€T 18 1 8 [(619) SL €S¥0ES NTY0EdL €f8-vs oy
adid papam N-IN8-ID8T 0€T 18 1 8 (09508 1SY0ES N¥0€dL €[8-VS 10y
adid papom IN8-ID8T 0€T 18 T 8 (s15) 4L 600€S HY0EdL €[8-vs oy
adid papom IN8-ID8T 0€T 18 1 8 (s8%) 0L £0Y0€S TH0EdL €[8-vs oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

143


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

ASME BPVC.IX-2023

sumid  N-nD-M-OWE-ING-IDSZ ST A} 1 HOT (0SZ) 60T  09.Z€ES S[8-vS 10 ¥

s3umig N-OWH-INZ-IDST ST A1) 1 HOT (008) 9T  0SLZES S[8-vS 1oy

s3umtg N-OWE-INS-IDZZ SHT 101 1 HOT (559) S6 S0ZZES GE8-vS 10y

s3umg N-OW-INZ-1DZZ ST €01 1 HOT (059) %6 2022€S S[8-yS 1oy

s8umd  N-ND-ING'T-UNS-IDTZ ST €01 1 HOT (059) %6 10TZES S[8-yS 1oy

SBUTIL N-OWE-INS-1DZZ SHT 10T T HoT (029) 06 €08TES S[8-YSs 1oy

adid papam pasiom p[o) ISZ-INST-ID8T 0€T 18 1 8 (s18)sL 00T8ES ST-INXd.L ¥[8-VS 1o ¥
adid pap[om pasiom prop qD-INOT-1D8T 0€T 18 1 8 (s15) Sz 608VE€S H8¥EdL ¥[8-VS 10 v
adid pap[om pasiom prop qD-INOT-1D8T 0€T 18 T 8 (s15) Sz 008¥€S 8¥edL ¥[8-VS 10 v
adid pap[am pasiom pio)y q)=INOT-1D8T 0€T 18 T 8 (s19) Sz 60L¥ES HLVEdL ¥[8-VYS 10 V¥
adid pap[om pasiom plo) 49-INQT-1081 0€T 18 1 8 (s19) sz 00LYES LYEdL ¥[8-VS 10 v
adid pap[om pasiom po) LL-INOT~1D8T 0v1 18 1 8 (s19) Sz 601ZES HIZEdL ¥[8-VS 10 v
adid pap[om pasiom po) LL-INOTSIO8T 0vT 18 1 8 (s19) Sz 001Z€S 12€dL ¥[8-VS 10 v
adid pap[om pasiom prop N-ONS G-INGZ~IDEZ 0€T 78 ¥ 8 (0%9) €6 €50Z€S ¥[8-vs 1oy
adid pap[om pasiom pron OWE-INET-ID8T 0€T 18 1 8 (s15) Sz €0LTES TLTEdL ¥[8-VS 10 v
adid pap[om pasiom po) OWE-INET-ID8T 05T 18 1 8 (s19) sz 00LT€S L1€dL ¥[8-VS 10 v
adid pap[om pasiom po) N-OZ-INZT-1D9T 0€T 18 1 8 (s19) sz £59T€S NT9TEdL ¥[8-VS 10 v
adid papam pasiom p[o) N-OZ-INZT-1D9T 0€T 18 1 8 (0ss) o8 1S9TES NOTEdL ¥[8-vs 1oy
adid pap[om pasiom pro) OWZ-INZI-ID9T 0€T 18 1 8 (s15) Sz 609TES H9TEdL ¥[8-VS 10 v
adid pap[am pasiom pio)y OWZ-INZT-ID9T 0€T 18 1 8 (s8¥) 0L £09T€S T9TEdL ¥[8-V¥S 10 V¥
adid pap[am pasiom pio) OWZ-INZT-ID9T 0€T 18 1 8 (s15) Sz 009T€S 9TedlL ¥[8-VS 10 ¥
adid pap[am paxiom p[o) OW9-IN8T-ID0Z 0€T 78 4 8 (059) v6 ¥ST1ES ¥STIES ¥[8-VS 10 v
adid papam pasiom plo) qD-IN0Z-IDSZ 0€T1 8 r 8 (s19) sz 0¥0TES qo0TEdL ¥[8-vS 1oy
adid pap[om pasiom po) INOZ-IDS2 0€T 78 z 8 (s19) Sz 8001€S SOTEdL ¥[8-VS 10 v
adid pap[om pasiom pron qD-INZI-IDET 0€T 78 z 87 (s15) Sz 0¥60€S q060€d.L ¥[8-VS 10 v
adid pap[om pasiom po) INZT-1D€2 o€l 78 z g8 (g19) sz 8060€S S60£d.L ¥[8-VS 10 v
adid pap[om pasiom po) N-INTT-ID1Z 0€l 78 z 8 (009)-s8 ST180€S S180€S ¥[8-VS 10 v
adid papam pasiom plo) N-IN8-ID81T 0€1 18 1 8 (s15)82 £SY0€ES NTF0€dL ¥[8-vS 1oy
adid pap[om pasiom prop N-IN8-ID8T 0€T 18 1 8  (0ss) 08 1SY0€S NY0EdL ¥[8-VS 10 v
adid pap[om pasiom prop IN8-ID8T 0€T 18 1 8 (s19) Sz 6010€S HY0Ed.L ¥[8-VS 10 v
adid pap[am pasiom pioy IN8-ID8T 0€T 18 T 8 (s8¥) 0L €0%0ES TP0Ed.L ¥[8-VS 10 ¥

(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

144


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

ASME BPVC.IX-2023

sdunse)  N-ND-M-OWE-IN8-IDSZ ST A1) 1 HOT (069) 00T  08g€6[ V9 068Y
s3unsepn N-M-OW-INL=IDLZ ST A} 1 HOT (069) 00T  6L£56[ \'Z 068V
s8unse) N-ND-OW-IN9-IDSZ ST A1) 1 HOT (069) 00T  €z£€6[ o1 068Y
s8unse) N-ND-OW-ING-IDSZ ST A1) 1 HOT (069) 00T  zzgg6l at 068Y
s3unsep N-OW-INS-I1D5Z ST A1) 1 HOT (SS9) S6 TLe€6l Ve 068Y
s3unsep N-OW-INOT-1D¥2 ST A1) 1 HOT (SS9) S6 syeeel N4 068Y
sulisen N-OWE-INS-1DZZ ST 101 1 HoT (029) 06 sozzel N4 068Y
s3umy papEMm 7 S[Ug UpN-D 0Z1 €1 € 1 (0ss) o8 0L AHdM 098V
s3umy papem 3 ‘sjus UpN-J 0Z1T o z T (0g9) LL S9 AHdM 098Y
s3uy pepEm % S|us UpN-J 0ZT €T z 1 (s19) 52 09 AHdM 098Y
s3umy pepEMm % S|uS UN-J 0z1 1 1 1 (ss¥%) 99 7S AHdM 098Y
s3umy pappEMm % S|us UN-D 0zZT 1 1 T (Se¥) €9 9% AHdM 098V
s3ury papEMm % S|us UpN-J 0Z1 AL 1 T (s19) 09 Zv AHdM 098Y
sduidiod  qN-OW-IDSL0-NDTAINT 00T €€ 1 011 (S15) S2 LYLOTA ZDY 658Y
s8uiStod  qN-OW-1DS.'0-NDT-INT 001 £e T 01T (0S+) 59 LYLOTA TV 658Y
ONO0S'0
a1eld -1D0E0-INS8'0-UN 001 A € ¢ (se6s) 98 LD 1p8-VS 10y
ONO0S'0
a1eld ~I1D0E0-ING80-UN 00T % € ¢ (599) z8 910 1p8-VS 1oy
(s9) sz5 a1ed IS-UN-D 00T €3 € 1 (0ss) o8 Zd 1p8-VS 1o v
(59) sz< a1e[d IS-UN-D 00T €T € 1 (s19) 52 zmd 1p8-VS 1o v
(s9) sz5 a1eld IS-UN-D 00T 1 z 1 (s8¥) oL 1DV 1p8-VS 10y
(s9) sz< a1eld IS-UN-D 00T 1 2 1 (os#) s9 1DV 1p8-VS 1oy
s3uiguo LL-1S-D 0Z1 1T 1 1, (08g) ss 9E8-VS 10 v
aleld A-OWT-1DSZ'Z 011 9 1 06 ((s89) s8 SE8TEN AZZ ZE8-vS 1oy
a1eld d-LL-A-OWT-ID€ 0Z1 9 1 o6 (s89) S8 0£81EM A1Z ZE8-vS 1oy
91e[d  BD-GD-ASZ0-OWI-IDE 01T 79 1 06 (s89)&B AEZ ZE8-VS 1oy
s3umig OWN-ING¥—IDET 0ST L 4 9 (094) 0TT + 00STHS S[8-yS oy
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm Wiy
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

145


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

ASME BPVC.IX-2023

sadeys IS-UN-D 00T z1 T 1 (0s¥) s9 766V
s3ugioy qD-INOT-ID8T 0€T 18 1 8 (s8%) 0 608VES H8¥EA SP6-vS 10 v
s3uiguoy qD-INOT-1D8T 0€T 18 1 8 (s8%) 0 008+€S 8¥ed SP6-vS 10 v
s8lBio, qD-INOT-1D8T 0€T 18 1 8 (s8%) 0L 60LVES HLVEA SP6-vS 1o v
s3utd10y qD-INOT-ID8T 0€T 18 1 8 (s8%) 0L 00L¥ES Lbed SP6-VS 10 v
s3urd104 LL-INOT-ID8T 0¥T 18 1 8 (s8%) 0L 60TZES HTZEd SP6-VS 10 v
s3uguoy LL-INOT-ID8T 0v1 18 1 8 (sst) oL 00TZES 1zed SP6-VS 10 v
s3ug1o, N-ONZ-INZT-1D9T 0€T 18 1 8  (s8%) 0L £59T€S NT9TEA SP6-vS 1oy
s3ug1o, N7OWZ-INZT-1D9T 0€T 18 T 8  (0ss) 08 1G91€ES N9TEA SP6-vS 1o v
s3udoy OWZ-INZT-ID9T 0€T 18 1 8 (s8%) 0L 609TES HOTEA SP6-VS 10 ¥
s3urdioy ONZ=INZT-ID9T 0€T 18 1 8 (0S¥) 59 €09TES T9T€4d SPp6-VS 10 v
s3uguoy OWZ-INZTIAID9T 0€T 18 1 8 (s8%) 0L 0091€S 91¢€d SP6-vS 10 ¥
s3ugioy INOZ-12SC 0€T 8 z 8 (s19) sz 000T€S 0ted SP6-vS 10 v
sguid1o4 ISHP-INGT~ID8T 0€T 18 1 8 (ovs) 8L 0090€S 9% SP6-VS 1o v
s3uiguo, N-IN8-ID8T 0£1 18 1 8 (s8%) 0L £SY0€S NTY0€d SP6-vS 1oy
sdurdioy N-IN8-128T 0€T 18 1 8 (0ss) 08 1S%0€ES N¥0Ed SP6-VS 10 v
s3uguoy IN8-1D8T 0€1 18 1 8 (sst) oL 6070€S H¥0€4 SP6-VS 10 v
s3uguoy IN8-1D8T 0€T T8 1 8 (0st) s9 £00€S TH0€d SP6-vS 10y
s3ug1o, IN8-ID8T 0€T 8 1 8 (s8%) 0L 00%0€S ¥0€d SP6-vS 1oy
s3udoy UN6-IN9-IDTZ 0€T €8 € 8 (029) 06 $0612S TT-INXd SP6-VS 1o v
s3udio, UNS-INET-1DZT 0€T €8 € 8  (069) 00T  0T602ZS 6T-INXA SP6-vS 10 ¥
adid pappPm N-ND-M-OWE-IN8-IDSZ SHT 01 1 HOT (S¥Z) 80T  09LZ€S 876V
adid papom N-OWH-INL-1DSZ ST A1) 1 HOT (008) 9TT  0SLZES L0S2 876Y
adid papom N-ND-OW-INY—IDEZ ST 10T 1 HOT (009) L8 Y0EZES $0€T 876Y
adid pspem N-OWE-ING-1DZZ ST 10T 1 HOT (859) S6 S0ZZES 5022 876Y
(s) L8105 adid papam N-OW-INS'€-IDTZ SHT €01 1 HOT (069)00T  £00Z€S €002Z€S 876V
(s) L81°0< adid papam N-OW-INS'€-IDTZ SHT €01 1 HOT (559)56 €002Z€S €002Z€S 876V
adid papam N-OWE-INS—IDZ2 ST 10T 1 HOT (029) 06 £08TES £08TES 876Y
s3unsep N-OW-INZ-1DST ST A1) 1 HOT (069) 00T  #0¥E6[ VS 068Y
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wrnuIruin
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

146


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

ASME BPVC.IX-2023

dins % 199ys o} 00T €T z 1 (s19) 52 09 SS TIPI-¥S 1oy
dins % 199ys o} 00T €T z 1 (s8¥) oL SS SS TIPT-¥S 10y
drns 2 199ys 0] 00T 1 1 T (0S¥) 59 0S SS TIPI-VS 10V
dins 3 199ys 0] 0Z1 1 1 1 (sT49) 09 S¥ SS TIpI-VS 10y
dins 3 199ys 0] 00T 1 1 1 (08¢) ss 0¥ SS TIpI-VS 10y
ding % 199ys o] 00T 11 1 1 (oo¥) 85 Z9€SS TIPI-¥S oy
drns, ®399ys o] 001 11 1 T (s9¢) €5 19€SS 1IpI-VS 10y
dros 9'999ys o] 001 11 1 1T (09¢) zs €€ SS TIPI-VS 10V
drus 3 199§ 0] 0zZT €1 z T (s8%) oL Z 1D 09 SYISH TIPI-VS 10V
dins 3 199ys o] 0Z1 €1 z 1 (s19) 82 T 1D 09 SYISH TIpI-VS 10y
dins 3 199ys o] 0Z1 €1 T T (0s¥) s9 21D SS SYTISH TIpI-VS 10y
dins % 199ys o} 0ZT €T z 1 (s8¥) oL 11D SS SVISH TIPI-¥S oy
dins 3 199ys 0] 0Z1 1 1 T (S1%) 09 Z 1D 0S SY'ISH TIpI-VS 10y
dins 2 199ys 0] 0zZT 1 1 T (0S¥) 59 T [0 0S SVISH TIPI-VS 10V
dins 3 199ys o] 0Z1 1 1 1 (08g) ss Z 1D S¥ SYISH TIpI-VS 10y
dins 3 199ys J 0Z1 1 T 1 (s19) 09 11D S¥ SVISH TIPI-VS 10y
dins 7 399ys %7, 001 TT T T (s oy gsa TIpI-VS 1oy
dins % 199Ys 2 oot 11 T 1 (s.2) oy 490 T1pI-vS 10y
dins 7 399ys ‘@ield INT-IDZT 0ST L 1 L (s8¥) oL €00T¥S 0S 0IPI-VS oV
dins 7 399ys ‘@ield INT-IDZT 0ST L 1 L (ss¥) 99 €00T¥S (14 0IPI-VS oy
199YS 0] 00T 1 1 1 (522) o asda 80pPT-VS 1o v
SEELN o] 001 T1 1 T (L2 0% 450 80pP1-VS 10y
SEL1N o] 00T T1 I 1 (s22) o vV SD 80pTI-VS o v
s3unse) N-OWH-INL-1DSZ SYI 01 T HOT (069) 00T  ¥O¥E6l VS Sp6-VS 10 v
sdunse)  N-ND-M-OWE-INS-1DSZ ST A1) 1 HOT, (069) 00T  08€€6[ V9 Sp6-VS 10 ¥
s3unse)n N-M-OW-INL-IDLZ SY1 701 1 HOT A069) 00T  6L£€6[ VL Sh6-VS 10 ¥
s3unse)n n)Z-ONE-ING-1DSZ SY1 701 1 HOT (069) ooT  zegel at Sh6-VS 10 ¥
s3unse) N-OW-INS-IDSZ SYI 01 1 HOT (599).66 1Le€6( Ve Sp6-VS 10V
s3unse) N-OWH-INOT-1D¥Z SY1 0T T HOT (SS9) S6 sveeel /4 Sp6-VS 10V
s3unse) N-OWE-ING-1DZZ SY1 10T 1 HOT (029) 06 s0zzel V¥ Sp6-VS 10V
(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm wnuIrui
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

147


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

ASME BPVC.IX-2023

adid pap[am % ‘sjug UpN-J 0ZT T 1 1 (s1%) 09 [oY472'¢ S 1dV
adid pap[am % ‘sjwg UpN-J 0ZT T 1 1T (s19%) 09 SNZ¥X S 1dV
adrdpapam 2 "s[uig UN-D 0zZT 1 1 T (S1%) 09 ONZVX 1S 1dV
adid papem % 's[us UN-D 0Z1 1 1 1 (sT9) 09 NZFX 1S 1dV
adid-papom UpN-D 0Z1 1 1 T (s19) 09 SIZ¥X 1S 1dV
adid popfopy UpN-J 0ZT T I 1 (s19) 09 OWZVX 1S 1dV
adid paprapx UN-D 0zZT 1 1 T (S1%) 09 INZ¥X 1S 1dV
adid paplam 7 "squig UN-D 0zZT 11 1 T (S1%) 09 rX 1S 1dV
adid papiam 2 "s[uig UN-D 0zZT 11 1 T (S1%) 09 ud 1S 1dV
adid paplam % ‘sjus UpN-2 0Z1 11 1 T (s19) 09 sod 1S 1dV
adid paplam % ‘sjug Up-2 0Z1 11 T T (s19) 09 004 1S 1dV
adid pap[am % ‘sjug UpN-J 0ZT 1T 1 1T (s1%) 09 [ol S 1dV
adid papiam 7 "squig UN-D 0zZT 11 1 1T (S1%) 09 SNd 1S 1dV
adid papram 2 "squig UN-D 0zZT 11 1 1T (S1%) 09 OoNd 1S 1dV
adid pap[am % 'sjus U9 0Z1 11 1 1 (sT9) 09 Nd 1S 1dV
adid papam L] 0Z1 11 T 1 (s19) 09 SWd 1S 1dV
adid papom UN-2 0eT 1T 1 1 (s19) 09 ond 1S 1dV
adid papam UN-D 0zT 11 1 1T (S1%) 09 nd 1S 1dV
adid papiam 2 "squig UN-D 0zZT 11 1 1T (S1%) 09 d 1S 1dV
adid papiam 2 "s[uig UN-D 00T 1 1 1 (o1e) s¥ dsev 1S 1dV
adid paplam % ‘sjug UpN-2 00T 11 1 1 (o1e) s¥ YA 1S 1dV
adid pap[am % ‘sjwg UpN-J 00T 1T 1 1 (o¥e) 6F v S IdY
s3unsepn A-OWT-1D6 011 ¥'9 1 4s1  (s8s) s8 06078 16D 1601V
a1eld OW-ID-IN-U 00T A € e (029) 06 08 9901V
a1eld OW-ID-IN-U 00T A € ¢’ Asss) s8 0L 9901V
aleld OW-ID-IN-UW 001 12 € ¢ [0ss) 08 59 9901V
a1eld OW-ID-IN-UW 001 12 z ¢ (5788, 09 9901V
ale[d ON-ID-IN-UN 00T 1 1 ¢ (0s¥) S9 0S 9901V
a1eld MZ-1D6 01T ¥9 1 as1 (029) 06 097263 6 LIPT-VS lo ¥
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

148


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

ASME BPVC.IX-2023

adid papiam 7 "squig UN-D 0zZT 11 z T (s19) 52 09X 1S 1dV
adid papiam 7 "squig UN-D 0zZT 1€ z 1 (06%) 1L SD9SX 1S 1dV
adid papram 2 "squig UN-D 0zZT 1€ z 1 (06%) 1L 0096X 1S 1dV
adrdrpaplam % 'sjus Up-2 0Z1 1€ z 1 (o6¥) 1L 095X 1S 1dV
adid paplem % ‘sjus Up-2 0Z1 €1 z 1 (o06¥) 1L N9SX 1S 1dV
adrd papam UpN-J 0ZT 12 z 1 (o6¥) 1L SIN9SX S 1dV
adid.pappm UN-D 0zZT 12 z 1 (06%) 1L ON9SX 1S 1dV

adid papram UN-D 0zZT 12 z 1 (06%) 1L IN9SX 1S 1dV

adid paplam 7 's[uig UpN-D 0Z1 11 z 1 (o6¥) 1L 96X 1S 1dV
adid paplam % ‘sjug L] 0Z1 1 1 1 (09%) L9 S0zsX 1S 1dV
adid pappom % 'sjug UpN-J 0ZT T ! 1 (09%) L9 00Z5X 1S 1dV
adid papram 7 "squig UN-D 0zZT 1 1 T (09%) 29 0zsX 1S 1dV
adid papiam 2 "squig UN-D 0zZT 1 1 T (09%) L9 SNZSX 1S 1dV
adid papram 2 "squig UN-D 0zZT 1 1 T (09%) L9 ONZSX 1S 1dV
adid paplam % ‘sjug L1 ] 0Z1 1 T T (09%) L9 NZSX 1S 1dV
adid papam UpN-~0 0ZT T 1 1 (09%) L9 SINZSX S 1dV

adid papam UpN-J 0ZT T 1 1T (09%) L9 OWZSX S 1dV

adid papam UN-D 0Z1 1 1 T (09%) £9 INZSX 1S 1dV

adid paplam % 'sjus UpN-D 0Z1 11 1 1 (09%) L9 4. 1S 1dV
adid paplam % 'sjug UN-D 0Z1 1 1 1 (sev) €9 S09PX 1S 1dV
adid papam % ‘sjug UN-D 0Z1 1 I 1 (se¥) €9 009%X 1S 1dV
adid papiam 7 "squig UN-D 0zZT <y 1 T (se¥) €9 09%X 1S 1dV
adid papram 7 "squig UN-D 0zZT 1 1 T (se¥) €9 SN9¥X 1S 1dV
adid papiam 2 "s[uig UN-D 0zZT 1 1 T (Se¥) €9 ON9YX 1S 1dV
adid paplam % ‘sjug Up-2 0Z1 1 ¥ T (sev) €9 N9¥X 1S 1dV
adid papam Up-2 0Z1 1 T T (sev) €9 SIN9¥X 1S 1dV

adid papam UpN-J 0ZT T 1 v (sev) €9 OW9¥X S 1dV

adid papam UN-D 0zZT 1 1 1° Ased) €9 IN9¥X 1S 1dV

adid papiam 2 "squig UN-D 0zZT 11 1 T (Ge¥) €9 9¥X 1S 1dV
adid paplam % 'sjug UpN-D 0Z1 1 1 1 (sT#o9 UZHX 1S 1dV
adid paplam % ‘sjug ] 0Z1 1 T 1 (s1t9) 09 SOZPX 1S 1dV
adid pap[am % ‘sjug UN-2 0Z1 1 1 1 (s19%) 09 002Z¥X 1S 1dV

(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm Wiy

(P3uo)) siaquinN-d 1e3al aseg
Zzy-90/MO 31qel

149


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

ASME BPVC.IX-2023

sdurdioy IS-UN-D 00T 1 z 1 (0%S) s8L 6 8¥¥T SV
s3urdioy IS-UN-D 00T 1 1 T (08%) 569 8 8¥¥T SV
s3ugioy IS-UN-D 00T 11 € T (009) /8 9 8¥¥1 SV
s3uidioy IS-UN-D 00T A z 1 (0¥9) 82 S 8Y¥1 SY
S8u18.10,] 1S-D 00T AN z T (009) sz 2! 8¥¥1 SV
sSwiS1oy 1S-D 00T 1T 1 1 (0o1%) S'6S e 8¥¥1 SY
adid papiam 2 "sqwiS UN-D 0zZT 1€ ¥ T (sz9) 16 0008X 1S 1dV
adid paplam % ‘sjus UpN-2 0Z1 1€ ¥ 1 (sz9) 16 008X 1S 1dV
adid papam UpN-2 0Z1 A ¥ T (sz9) 16 008X 1S 1dV
adid papam UpN-J 0ZT A i4 1 (s29) 16 08X S 1dV
adid papiam 7 "squig UN-D 0zZT 1€ € T (s99) €8 SD0LX 1S 1dV
adid papiam 7 "squig UN-D 0zZT 1€ € T (s99) €8 000LX 1S 1dV
adid pap[am % 'sjus UA-) 0Z1 1€ € 1 (599) €8 00LX 1S 1dV
adid papam UN<D 0Z1 A € T (599) €8 SIN0.X 1S 1dV
adid papom UN-2 0ZT A € T (599) €8 OWO0LX 1S 1dV
adid papram UN-) 0zt A € T (s99) €8 NO0LX S 1dV
adid papiam 2 "squig UN-D 0ZF 11 € T (s99) €8 0LX 1S 1dV
adid papiam 2 "squig UN-D 0zZT 1€ z T (o¥%S) 8L S0S9X 1S 1dV
adid paplam % ‘sjug UpN-2 0Z1 1€ z 1 (o¥%9) 8L 0059X 1S 1dV
adid pap[am % ‘sjus UpN-J 0ZT 1€ z 1 (o¥s) 8L DS9X S IdY
adid papam UpN-J 0ZT 12 z 1 (o¥s) 8L SINS9X S 1dY
adid papam UN-D 0zZT 12 4 1 (0¥%9) 8L ONS9X 1S 1dV
adid papam UpN-D 0Z1 1 r 1 (o¥S) 8L NS9X 1S 1dV
adid pap[am % 'sjus UN-D 0Z1 11 z 1 (o¥s) 8L S9X 1S 1dV
adid paplam % ‘sjug UpN-2 0Z1 1€ 4 ¥7 (s19) Sz S009X 1S 1dV
adid papm 3 'sjus UN-J 0z1 1€ z 1 grs) sz 0009X 1S 1dY
adid papram 7 "squig UN-) 0Z1 1€ z 1 (s18)5L 009X S 1dV
adid papiam 2 "squig UN-D 0zZT €1 z 1 (s18)6z NO09X 1S 1dV
adid papam Up-2 0z1 12 z T (S19) S& SIN09X 1S 1dV
adid papam UpN-2 0Z1 12 z 1 (s19) 62 009X 1S 1dV
adid papam UpN-J 0ZT 12 z 1 (s19) 52 09X S IdY
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup

(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MD 1qeL

150


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

ASME BPVC.IX-2023

s3umig UN-D 00T TTT T 1 (0gg) 8% L02 T}'SYZZ VSD
adid papam 2 "squig UN-D 0zZT 11 14 1 (069) 001 029 ['SYZZ VSO
adrd paplam % 'sjug UpN-2 0Z1 111 ¥ 1 (0z9) 06 0SS ['S¥ZZ VSD
adid\pep[am % ‘sjug Up-2 0z1 111 € T (s99) z8 £8% ['S¥ZZ VSD
adid popjem % ‘sjws UN-D 0ZT TTT z T (0g9) L2 8vv ['SYZZ VSD
adid papam-z,'sjuis UN-D 0zZT 11 z T (s19) S2 1454 ['SYZZ VSD
adid papram g “sfug UN-D 0zZT 11 z 1 (06%) 1L 98¢ ['SYZZ VSD
adid paplam % ‘sjuig UpN-D 0Z1 11 1 T (ss¥) 99 6S€ ['S¥ZZ VSD
adid paplam % ‘sfws L] 0Z1 111 I 1 (s19) 09 062 ['S¥2Z VSD
adid pappom % 'sjug UpN-J 0ZT TTT 1! 1 (s19%) 09 12 ['S¥2Z VSO

1Z0v-VSD/VS
sadeys z Ieq ‘9e[d IS-UN-D 00T 1 1 T (0S¥) 59 MOS 10 ySD

1Z°0¥9-VSD/VS
sadeys % 1eq ‘9e[d ISAUN-) 00T 1 1 1 (0s¥) s9 Mby 10 YSD

1Z0¥9-VSI/VS
sadeys 3 1eq ‘@ield IS-UN-D 001 11 1 1 (ST9) 09 M8E 10 YSD
adid "My UpN-D 0zt 1 1 1 (s19) 09 071062 8ZL¥ SV
adid "My upN-J 0Z1 I'1 1 1 (08¢) ss 071 0%2 8ZL¥ SV
adid -my'd UpN-J 0ZT 11 ! 1 (oze) s9% 071002 87LY SY
a1eld o} 00T 1 z 1 (06¥) 12 06%.Ld 8%ST SP/VS 10 Sy
a1e[d o] 00T T1 I 1 (09%) 599 09¥.Ld 8%ST Sy/VS 10 Sy
a1e[d 0] 00T T1 1 1 (og¥) s29 0€¥.Ld 8%S1 SF/VS 10 Sy
s3udio, UpN-J 00T A € v . (009) L8 9S 8¥¥1 SY
s3urdioy UN-D 00T 11 z 1" Ap¥S) s8L SS 8¥¥T SV
s3uguo, 1S-D 00T rAIns z 1 (00s) szL ¥S 8Y¥1 SY
s3ugioy 1S-D 00T T1 1 1 (oT#)86S €S 8¥¥1 SV
s3uiduo, 1S-D 00T 1T 1 1 (oo¥)8s 1S 8Y¥1 SY
s3uiduo, IS-UN-D 00T TTT € 1 (089) +8 0T 8Y¥1 SY

(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Surpppm Wiy
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

151


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

ASME BPVC.IX-2023

2-52001
(oot} ¥5 (€) sz10< sadeys 3 a1e[d o} 00T 11 T T (o1¥) 65 rALYAAS N _\.,Wm 10 N4
2-52001
(osp) 95 (001) ¥< sadeys. 2 E3e[d o} 00T 1T 1 1 (oo¥) 85 zlsLes NfI/VS 10 NI
2-52001
(0o%) 915 (0ST) 9< sadeys % a3e[d 0] 00T T1 1 1T (08¢) ss ALYAAS N§i/VS 10 N3
2-52001
a1e[d o] 00T 11 T T (09¢) zs dlSETS N§i/VS 1o NA
sague[] UN-D 00T 11 ¥ T (069) 001 029 ZF'S¥2Z VSD
sague[] UW-D 00T 11 ¥ T (029) 06 0SS ZF'SY2Z VSD
sague[] UN-D 00T 11 € T (s9¢) z8 £8¥ ZF'SY2Z VSD
saguey] Up=) 00T 111 z T (0g9) LL 8¥¥ ZF'SYZZ VSO
sague[y upN-J 00T TTT z 1 (s19) sz ¥I¥ Z'S¥2zZ VSO
sague[y UpN-J 00T TTT z 1 (o6¥) 1L 98¢ Z'S¥2zZ VSO
sogue[] UpN-J 00T 111 1 1 (ss¥) 99 6S€ Z)'S¥ZZ vSD
sague[y UN-D 00T 1711 1 1 (seb) €9 L€ ZE'SYZZ VSO
sague[y UpN-D 00T iE 1 T (s19) 09 062 ZF'SYZZ VSO
sague[y UN-2 00T TT¥ ! 1 (s19) 09 8¥¢ ZF'SYZZ VSO
sdumiyg UN-) 00T 11 4 T (069) 001 029 TE'S¥2Z VSD
s3umty UpN-J 00T 11 ¥ 1 (029) 06 0SS TE'SYZZ VSO
s3umty UpN-J 00T 11 € 1 (599) z8 £8% TE'SYZZ VSO
s3umig UpN-J 00T 1T z ¥7 (0g9) LL 8v¥ TF'SH2Z VSO
sdumig UN-D 00T 11 z 1 (Grs) sz 1454 TE'S¥2Z VSD
sdumig UN-D 001 11 z 1 (06#)-1L 98¢ 1E'S¥2Z VSD
s3umtg UpN-J 00T 11 1 1 (ss¥)99 6S€ TE'SYZZ VSD
s3umig UpN-J 00T 1T 1 1 (sev) €9 L1€ 1'S¥2Z VSO
s3umig UpN-J 00T 1T 1 T (s19) 09 062 1'S¥2Z VSO
s3umig UN-D 00T TTT 1 1 (s19%) 09 142 T}'SYZZ VSD
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnuIup
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

152


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

ASME BPVC.IX-2023

2-8200T

(osf) 95 (001) #< a1e[d ONT-1D5Z'C 01T S 1 vs  (09%) S99 0T-60W1D0T NfI/VS 10 N3
2-8200T

(0sz) 015 (0ST) 9< aeld ONT-1D5Z'C 01T S 1 vs  (0s¥) s'59 0T-60W1D0T NfI/VS 10 NI
2-SZ001T

(¢) szro> sadeysvig@ye[d IS-UN-D 001 1 z T (019) %L ¥[SSES N#/VS 10 NI
2-S200T

(oot) #5 (€) sz1°0= sadeys % a1e[d IS-UN-D 00T 1 z 1 (0L%) 89 ulsses N{i/VS 10 N3
Z-SZ00T

(oo%) 915 (001) ¥< sadeys 7 a1e[d IS-UN-D 00T 1 z T (0S¥%) SS9 dlsses NfI/VS 10 N3
2-S2001

(¢) szro> sadeys 7 a1e[d 1S>U-2 00T 1 z T (019) L zlsses N3§i/vS 10 N3
2-S200T

(oot) #5 (g) sz10= sadeys % a1e[d IS-UN-J 00T 1 z 1 (0L¥) 89 zlsses N{i/VS 10 N3
Z-5Z00T

(0o%) 915 (001) ¥< sadeys 7 a1e[d IS-UN-D 00T 1 z T (0S%) SS9 zlsses N#/VS 10 NI
2-S200T

(¢) szro> sadeys 7 a1e[d o) 00T Ty 1 T (oe¥) S29 dlsLzs N3i/vS 10 N3
Z-5200T

(oot) 5 (€) sz10= sadeys % a3e[d 0] 00T T1 1 1 (01%) S'6S ¥[sL2s Nf/VS 10 NI
2-S2001

(osf) 95 (001) #< sadeys 7 a1e[d o] 00T T 1 v, (00%) 85 ulsLzs NH/VS 10 NI
2-S200T

(oo%) 915 (0ST) 9< sadeys % a3e[d 0] 00T 1 1 1 (088)-ss ¥lsLezs NfI/VS 10 N3
2-SZ00T

(¢) szro> sadeys % a3e[d o] 00T T1 1 1 (0g¥) S29 zlsLes Nf/VS 10 NI

(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edin) 1S "ON-SNT apeurn Jao ‘oN "29ds
‘P Teord4L Suizelg  809ST OSI dnoin -4 ‘O[Isus ‘adA),
SSOUYI|Y L, [euluioN ﬁw_.«_uwhm .:omumﬂwmm@h—
Surpem wnuwuiy
(Puo)) s13quIinN-d eI 3segq
¢Zr-40/MO 91qel

153


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

ASME BPVC.IX-2023

2-8200T

(09) v'zs a1e[d IS-UN-D 00T 1 z 1 (019) %L HOSSEd NfI/VS 10 N3
2-8200T

(oop) 5 (09) vz< aeld IS-UN-D 001 1 Z 1 (o06%) 1L HDSSEd Nf/VS 10 NI
2-8200T

(osp) 95 (001) ¥< age[d IS-UN-D 00T 1 4 T (08%) 569 HDSSed N{i/vS 10 N3
2-82001

(0sz) o1s (0S1) 9< arejq IS-UN-D 00T 1 z T (0L%) 89 HDSSed N3§i/vS 10 N3
2-82001

(oo1) %5 ae[d IS-UN-D 00T 1 1 1 (09%) 599 HDS62d N{i/VS 10 N3
2-8200T

(osf) 95 (001) #< a1e[d IS-UN-D 00T 1 1 1 (ov¥) #9 HDS62d NfI/VS 10 N3
2-8200T

(0sz) 015 (0ST) 9< a1e[d 1S-UN-D 00T 1 1 1 (0g¥) 529 HDS62d NfI/VS 10 NI
2-8200T

(09) ¥z ae[d UN-D 00T T 1 T (01%) S'6S HDS9Zd N{i/vS 10 N3
2-82001

(09) ¥z aeld UN-D 00T 1 1 T (09¢€) zs HbsE€zd N3i/vS 10 N3
2-8200T

(09) ¥z aeld IS-ONS'0-1DG2Z'T 0TT TS 1 ¥ (019) %L LO+S-GISOWIDET N3i/vS 10 N3
2-8200T

(oop) 5 (09) ¥v'z< aeld IS-ONG"0-1D5Z'T 01T 'S 1 ¥ (00S) szL LO+S-GISOWIDET NfI/VS 10 N3
2-8200T

(0sz) 015 (00T) ¥< ae[d IS-ONG"0-1D5Z'T 01T 1S 1 ¥ (06¥%) 1L LO+G-SISOWIDET NfI/VS 10 NI
2-82001

(09) v'zs a1e[d ONS'0-10T 011 TS 1 ¥ (0s¥) §59 S-POWIDET N#/VS 10 NI
2-82001

(oop) ¥ (09) ¥z< aeld ONG0-IDT 01T TS 1 ¥ (0¥¥) %9 S-FOWIDET N3§i/vS 10 N3
2-82001

(osp) 95 (001) ¥< aeld ONG0-IDT 01T TS 1 ¥ logr) 529 S-FOWIDET N3i/vS 10 N3
2-8200T

(0sz) 015 (0ST) 9< ae[d OGS 0-1DT 01T 1S 1 ¥ (0zH 19 S-FONIDET N§i/vS 10 N3
2-8200T

(09) v'zs a1e[d ONT-1D5Z'C 01T S 1 vs  (08%) $69 0T-60WID0T NfI/VS 10 NI
2-8200T

(oop) 5 (09) vz< ae[d ONT-IDSZ'Z 011 A 1 vs (o) 89 0T-60WID0T NfI/VS 10 NI

(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Suipem wnwiaiy
(p3uo)) siaquinN-d 1e3a| aseg
TTy-90/M0 219elL

154


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

ASME BPVC.IX-2023

0-8Z001

(o01) ¥5 dins =z 399ys ‘@reld ON-ID-IN-UNS'T 01T 1€ ¥ a11 (0s4) 1t Z10069d NI
0-8Z00T

(oof) 85 (001) #< ae[d ON-ID-IN-UNS'T 01T 1€ ¥ a1t (0Z4) Y01 Z10069d N4g
7-8Z00T

a3e[d IN6 001 €6 1 vit (0¥%9) €6 6INSX 1/VS 10 N4
7-8200T

arejd IN6 00T €6 1 vIiT (089) 586 6INLX 1/VS 10 N4
£-8700T

(09) ¥z aeld UN-D 021 1 z T (06%) 1L ZINSSEd /VS 10 N4
£-8700T

(oop) 5 (09) ¥v'z< aeld UN-D 0zZ1 1 z 1 (0s¥) 89 ZINSSEd i/VS 10 N4
£-8200T

(osf) 95 (001) #< ae[d UpN-D 0zZT 1 z T (09%) 599 ZINSSEd i/VS 10 N4
£-8Z00T

(0sz) 015 (0ST) 9< ae[d A<D 0Z1 1 z T (0S¥) SS9 ZINSSEd 1/VS 10 N4
c-87001

(09) ¥z aeld IS-UN-D 021 1 z T (06%) 1L HNSSEd /VS 10 N4
£-8700T

(ooy) 5 (09) ¥v'z< a1e[d IS-UN-D 0T 1 z 1 (0L%) 89 HNSSEd {/VS 10 N4
£-8700T

(osf) 95 (001) #< a1e[d IS-UN-D 0Z1 1 z T (09%) 599 HNSS€Ed {/VS 10 Nd
£-8700T

(0sz) o1s (0ST) 9< ae[d IS-UN-D 0Z1 1 z T (0S¥) 559 HNSS€Ed 1/VS 10 N4
c-87001

(0s) zs ae[d 0] 00T 1 1 T (06€) 59§ HNSZzd 1/VS 10 N4
£-82001

(op1) ¥5 (09) z< aeld 0] 00T T1 1 T/ (0L€) s°€S HNS/Z2d /VS 10 N4
£-8200T

(osf) 95 (001) #< a1e[d 0] 00T 1 1 1 (098)-2¢s HNGS.ZZd {/VS 10 N4
£-8700T

(0sz) 015 (0ST) 9< a1e[d o] 00T T1 1 1 (0sg) 1S HNS.Zd i/VS 10 N4

(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edin) 1S "ON-SNT apeurn Jao ‘oN "29ds
‘B Teord4L Su;zerg  809ST 0SI dnoxy -4 ‘opsusL ‘QdAL
SSOUYI|Y L, [euluioN ﬁw_.«_uuhm .Gomumﬂwmm@h—
Suiprom wnuwuiy
(Puo)) s13quIinN-d eI 3segq
¢Zr-40/MO 91qel

155


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

ASME BPVC.IX-2023

£-9T20T
(oo1) #= (59) sz< aqmny sy OW-ID-IN-UNS'T 01T 1€ 4 art (089) 586 710069d NI
2-9120T
aqn3 's|ws A-OWT-ID6 01T ¥9 1 4s1 (0€9) S'16 T-64ANACINIDOTX /VS 10 NA
2-9120T
Squ sspus 0] 00T T1 1 1 (0o1#) S'6S HDS92d {/VS 10 NA
2-91201
aqny 'sfws o) 00T 1 1 T (09¢€) zs HbsE€zd 1/VS 10 N4
2-91201
aqn3 's[ws OWS0-D 00T 11 1 ¢ (os¥) 559 €ON9T /VS 10 NH
2-91201
aqny ‘spus OGS 0-1DT 01T TS 1 ¥ (ov¥) ¥9 S-POWIDET {/VS 10 NA
Z-9120T
aqn3 's|ws OWT+IIGZ'Z 01T A 1 vs  (08%) S°69 0T-60W-ID0T {/VS 10 NA
-7t 2-8800T
dins % 199ys ‘are[d LL-OWZ-INZT-1D97, 0€T 18 1 8 (o¥s) s8L -LTLLOWINAD9X 1/VS 10 N4
/-8200T
aeld IL-INOT-ID8T 0€T 18 1 8 (00S) szL 0T-8TLLINID9X /VS 10 N4
/-8200T
a1e[d N-IN8-ID81 0€T 8 1 8  (0ss) 08 6-6TNINIDSX {/VS 10 NA
/-8200T
a1e[d ONZ-INZTI-1D9T 0€T1 18 1 8 (0zs) s's. 7-ZT-LTOWINIDSX {/VS 10 NA
/-8200T
a1ed IN8-1D8T 0€1 18 1 8 (o0zs) ssz 0T-8TINIDSX 1/VS 10 NH
/-8200T
a1eld N-IN8-128T 0€T 18 1 8  (0ss) 08 0T-8TNINIDZX /VS 10 NA
e-€1 /-82001
aeld N-OWZ-INZT-1D9T 0€T 18 1 8 ((o8s) ¥8 -LTNOWINIDZX /VS 10 N4
11 /-8200T
aeld N-OWZ-INZI-ID9T  O€T 18 T 8 (089038 ~LINOWINIDZX i/VS 10 NA
/-8200T
a1e[d ONZ-INZT-1D9T 0€1 18 1 8 (o0zs) s52 7-ZT-LTOWINIDZX i/VS 10 N4
/-8200T
a1e[d IN8-1D8T 0€T 18 1 8 (o0s) sz 6-8TINIDZX i/VS 10 Nd
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Suipem wnwiaiy
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

156


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

ASME BPVC.IX-2023

(osp) 95 (001).#s aeld 0] 00T 1 1 T (08¢€) ss 9Z-4 Z¥-00S ] SYI/IWWVAI
(001) ¥ (9°T) 5290°0= dins % 399ys ‘are|d o] 00T 1 1 1 (09¢) zs yz-d Z¥-00S [} SYI/WVdl
(osf) 95 (001) #< a1e[d o] 00T T1 1 1 (o¥g) 6% yz-d Z¥-00S [} SVI/IWVdI
(91) 5995 (01) SL£0< a1e[d o] 00T €1 z 1 (0€s) LL H0LED €L dP/vS 10 g9
(9¢€) #'15 (91) 59°0< a1e[d o] 00T 1 z 1 (0€s) LL ¥0LED €1L dP/vs 10 g9
(09)|7'zs (9¢) v'1< ae[d o] 00T 1 z 1 (0z8) s'sL ¥0LED €1. dp/vs 10 g9
(91) 5905 (g) szT°0< 91e[d UN-D 00T 1 z T (019) ¥L usyed €1 99/vS 10 go
(9€) #'15 (91) S9°0< 91e[d UN-D 00T 1 z 1T (009) sZL usyed €1 99/vS 10 g9
(oop) ¥ (9€) ¥'1< Aeld UN-D 00T 1 z T (06%) 1L USreD €1 9)/vS 10 g9
(osf) 95 (001) #< aeld UN-D 00T 1 1 1 (08%) 569 USHED €1L dp/vs 10 g9
(0sz) 015 (0ST) 9< aeld UN-D 00T 1 1 1 (0s¥) 89 USyeD €1L dp/vs 10 g9
(oop) 5 (9) szo< ae[d OWS'0-10T 011 TS 1 ¥ (0s¥) s59 YOWIDST €1L ap/vs 10 g9
(osp) 95 (001) < aeld ONG0-IDT 01T TS 1 ¥ (0¥¥) %9 YOWIDST €1 9)/vS 10 g9

2-22201
s3uidio4 A-OWNT5D6 01T 79 T ast (0£9) ST6 T-64NAOWID0TX N{I/VS 10 Nd

c-z2201
sduidiog IS-UN-D 00T 1 z T (06%) 1L HDS0ed N3i/vS 10 N3

c-22201
s8uidiog IS-UN-D 00T 1 1 T (09%) 599 HD082d N3i/vS 10 N3

c-22201
(0s2) 015 s3utdioy OGS 0-1DT 01T IS 1 ¥ (o¥¥) ¥9 S-YOWIDET NfI/VS 10 N3

c-22201
(008) jozs (0S2) 01< sdutdioy OWS'0-10T 011 146 1 ¥ (0z¥) 19 S-YONIDET Nf/VS 10 NI

2-22201
(002) 85 sdutdioy ONT-IDSZ'Z 011 S 1 vs (0zs) s's. 0T-60WIDTT NfI/VS 10 NI

c-272201
(0os) ozs (002) 8< s8uidioy ONT-IDSZ'Z 0TT 4] 1 vs  (0S¥) 559 0T-60WIDTT N3§i/vS 10 N3

1-,120T
aqm ‘MY'd o] 001 T1 1 1° Ao09g) zs 2d1s€2d NfI/VS 10 NI

£-9120T
(o¥) 915 aqny ‘spus ON-ID-IN-UNS'T 01T 1€ ¥ a1t (0Z)211 Z10069d N4

£-9T20T
(s9)[s'zs (0¥) 9'1< aqny ‘spus ON-ID-IN-UNS'T 01T 1€ ¥ a1t (00Z) 10T Z10069d NA

(pauo)) sno.iagyg
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘P Teord4L Suizelg  809ST OSI dnoin -4 ‘O[Isus ‘adA),
SSOUD|YL [eurwoN payads ‘uonyeusisaq
Suiprom wnuwuiy
(Puo)) s13quIinN-d eI 3segq
¢Zr-40/MO 91qel

157


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

ASME BPVC.IX-2023

[e3oW paM ON-IDLZ-INSE S¥ st (S19) S 8Z080N £8e4d 6'S-V4S
[e3ow pEM OW-ND-1D0Z-IN¥E S¥ sy (s19) Sz ZZ08ON 10ZEYd 6'S-V4S
[E39W P[a ON-ND-ID0Z-IN¥E S¥ s¥  (0ss) 08 TZ080N 0zedd 6'G-V4S
q1z-9¢ v
a3e[d A-INS0-UWN 00T T 1 vor (0£9) S'T6 ¥IN 0¥¥d AN/VS 10 AN
s3umy pepEMm % ‘S|ug UpN-J 0ZT TTT € 1 (599) z8 0L-AHdM 5/-dS SSI
s3umy papEm % S[us UpN-J 0Z1T 1T z T (0g9) LL S9-AHdM G/-dS SSI
s3umy papEMm % S|us UN-J 0Z1 1T z 1 (s19) Sz 09-AHdM G/~-dS SSI
s3umy poppEMm % S|uS UN-J 0Z1 111 z 1 (06¥) 1L 9S-AHdM G/~-dS SSI
s3umy pepEMm % S|uS UN-J 0z1 11 1 1 (ss¥%) 99 ZS-AHdM 5/~-dS SSI
s3umy papEm % S[us Up-3 0ZT TTT 1 1 (se¥) €9 9%-AHdM G/-dS SSW
s3umy papEm % S[us upN-) 0Z1 1T 1 T (s19) 09 Zv-AHdM G/~dS SSI
sadeys % sieg V1021 091 TL 1 L (S1%) 09 00S0%S S0¥% sSns €09 S|I/vS 10 Sif
sadeys 3 sieq qD-INOT-1D8T 0€L 18 1 8 (STS) SvL  00LbES L¥E SnS £0€vD S|I/vs 1o sif
sadeys % sieg LL-INOT-ID8T 0%T 18 1 8 (st8) svL  oo0TZES 12€ SNS £0€vD S|I/vs 1o sif
sodeys 3 sieg OWZ-INZT-ID9T 0€T ¥8 1 8 (S8%) S0L  €091€S T91€ SNS £0€vD S|I/vs 1o sif
sodeys 3 sieg OWZ-INZI-ID9T 0€T T8 1 8 (S18) %L  0091€S 91¢ SNS £0EvD S|I/vs 1o sif
sadeys z sreg IN0OZ-IDSZ 0€T 8 z 8 (s18) SvL  800TES S0T€E SNS €0£¥9 S|I/vS 10 sif
sadeys 3 sieg INZT-IDET 0€T 78 A 8 (S18) SvL  8060€S S60€ SNS £0evD S|I/vs 1o sif
sadeys 3 sieg IN8-ID8T 0€T 18 1 8 (s8%) S0L  €£0v0€S TH0E SNS £0€vD S|I/vs 1o sif
sodeys % sieg IN8-ID8T o€l 18 1 8 (S18) SvL  00%0€S ¥0€ SNS £0€¥9 S|I/vs 1o sil
sodeys 3 sieg IN8-ID8T o€l 18 1 g, (Ss18) svZ  00Z0ES Z0€ sns £0evD S|I/vs 1o sif
a1eld IS-UN-D 00T 1 4 1 “g8t) soL 08¥ADS 811€D S|I/vs 1o sif
sadeys  sieq ‘ared IS-UN-D 00T 1T 1 T (oT¥)66S D 0Szd 7902 BI/VS 10 §]
sodeys 3 sieq ‘e[d IS-UA-D 00T TT T T (o1%) Si6s g 0szd 2902 BI/VS 10 S]
sadeys 3 sieq ‘@ield IS-UN-D 001 11 1 1 (0o1#) S'6S V 0524 7902 BI/VS 10 §]
(001) %5 (971) S290°0= dins 7 399ys ‘a3e[d 2 oot TT T 1 (0o¥) 85 9z-4 Z¥-00S [} SYI/WVdI
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[Y L [eUurwoN payads ‘uoneusisaq
Surprom wnwiaiy
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

158


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

ASME BPVC.IX-2023

[E3oW p[dM ON-INZTI-1D6T '8 T 8 (0ss) 08 086T€S 81U 6'G-VdS
[e3oW p[dM OW-IN¥T-100¢ '8 T 8 (s19) S. €8LTES TL1EYH 6'G-VdS
[E3oW P[OM OW-IN¥1-100¢ '8 T 8 (0ss) o8 08LTES LTEYH 6'G-VidS
[e3oW p[dM ON-INZI-1D6T '8 T 8 (s15) Sz 8891¢€S IS9TEYH 6'G-VdS
3w ppPM ON-INZTI-1D6T '8 1 8 (s8%) 0L 8891¢€S 1IS191€44d 6'G-VidS
[E}owl p[oM ON-INZTI-ID6T '8 1 8 (s8%) 0L €891ES 19144 6'G-VidS
[E3aM PP OWN-UN-INZT-ID02Z '8 € 8 (0ss) 08 Z891€S UNTITEYH 6'G-VdS
[E3UW PO ON-INZTI-1D6T '8 T 8 (S19) S. 0891€S HITEYH 6'G-VdS
[e3oW P ON-INZI-1D6T '8 1 8 (s19) sz 0891€S 91E¥d 6'G-VidS
[E3oW p[dSM IN6-1D0€ '8 4 8 (599) s6 08€TES z1edd 6'G-VdS
[e3oW p[dSM INTZ-1092 '8 (4 8  (0ss) 08 0801€S 0Tedd 6'G-VdS
[e3oW p[dM INET-ID¥C '8 14 8 (s19) S. 8860€S 1IST60£4d 6'G-VdS
[E3oW P[PM ON-INET-IDVC '8 14 8 (s18)sL 9860€S ONT60EYd 6'G-VdS
[E3oW P[PM INET-ID¥2C '8 14 8 (s18)sL £860€S T160£44 6'G-VdS
[e3oW p[dSM ON-INETADVC '8 14 8  (0ss) 08 Z860€S ON60E£YH 6'G-VdS
[e3oW p[dS M INET-1DPZ '8 4 8  (0ss) 08 1860€S 1IS60€Yd 6'G-VidS
[e3oW p[da M INET-ID¥Z '8 4 8  (0ss) 08 0860€S 60€Yd 6'G-VidS
[E3oW P[PM INOT-IDT2Z '8 T 8 (S19) S. 8880¢€S 1S180€4H 6'G-VdS
[e3sW P[dIM OW-INOT-1D0¢ '8 1 8 (s19) Sz 9880€S ONT80€YHd 6'G-VidS
[e3oW p[dM INOT-IDT2Z '8 1 8 (s19) sz £880€S 180€¥d 6'G-VidS
[e3oW p[dSM OW-INOT-1D0¢ '8 1 8  (0ss) 08 7880¢€S ONB0EYH 6'G-VdS
[e3oW p[dM INOT-IDTZ (4] T 8 (0ss) 08 1880€S 1S80£¥d 6'G-VdS
[e3oW p[dM INOT-IDTZ '8 T 8 (0ss) 08 0880€S H80£Yd 6'G-VdS
[e19W pPM INOT-1DT2 8 1 8  (0ss) 08 0880€S 8044 6'S-V4S
[e3oW p[dM UNB-IN6—IDTZ €8 € 8 (589) s8 08L0€S L0€¥H 6'G-VdS
[e3oW p[dM ING-UNZT-ID8T €8 € 8 (069) 001 080%ZS 0¥2yd 6'G-VdS
[e3oW p[a M\ UN9-IN6-IDTZ €8 € & (029) 06 0861¢S 61244 6'G-VidS
[E3oW P[PM UNS-INOT-IDZ2Z €8 € 8’ A069) 001 0860¢ZS 60244 6'G-VdS
[E3oW P[PM ON-UN-IN8—IDST '8 T 8 (0ss) 08 08891S Z-8-9Tdd 6'G-VdS
[e3oW P[dIM ON-94-INE-IDEE 14 st (s27).601 £€002d TE-€€Ud 6'G-VidS
[E3oW p[dM OWNP—IDTZ-INSC 8 st (S15) 6L 70680N g8edd 6'G-VdS
[E3oW p[dSM ID9T-INSE 14 9% (S15) GL LEEBON 0€eYd 6'G-VdS
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSaWD[Y L [eUIwoN payads ‘uoneusisaq
Surpppm wnuwiruiy

(P3uo)) siaquinN-d 1e3al aseg
Zzy-90/MO 31qel

159


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

ASME BPVC.IX-2023

[e3ow pEM IN8'0-UN-D 16 € 1T (0ss) o8 09211 TIN-S08Y4 87'S-VdS
[e39u paMm ONS'0-D €1 z ¢ (s19) S. SEZITA 1V-S0.L¥4 87'S-V4S
[e39u PO ONG'0-D z ¢ (029 06 S¥60TA 2a-S0694 87'S-V4S
[eapw plopm OWS0-D z ¢ (0ss) o8 SY60T 2a-s0844 87'S-V4S
[E3dWrplaM OWG0-INS'T € art (069) 00T Z880TM 1-S00THH 87'G-V4S
[e3oul, plap OWG0-IDE0-INT'Z € qart  (sz8) oz1 8W-S0ZTYH 87'S-VdS
[e3ow pfapf ONS 0-IDE0-ING'T € att (094) o1t 9N-SOTTYA 87'S-V4S
[e3aul peM ONS'0—I1DE0-IN6'0 € att  (069) 001 LW-S00TYH 87'S-V4S
[e39u poMm OWT-1DSZ'C S 1 vs  (029) 06 1Sed-S0694 87'S-V4S
[e3auwl peM ONT-IDSZ'Z A T vs (029 06 ISUNET-S06HH 87'G-V4S
[e3ow pEM ONT-IDSZ'T A 1 vs  (029) 06 UNEI-S06HH 87'S-VdS
[e3ow pEM OIS 0-IDT TS 1 ¥ (0ss) 08 1SZd-50844 87'S-VdS
[e39u paM ONS:0=10T 1S 1 ¥ (0ss) 08 UNZg-S08YA 87'S-V4S
[e3ow paM INGH<UND, 6 1 26 (s8%) 0L FIN-S0LYH 87'S-V4S
[e3auw poM IS-UN-D €1 z T (s8%) oL YT 9-S0.¥4 81'S-V4S
[e3auw poM IS-UN-D €1 z 1T (s8%) oL ZETTT $-S0.444 81'G-V4S
[e3oW paM IS-UN-D €1 z T (s8¥) oL SZITT £-S0,94 81'G-V4S
[e3ow peM IS-UN-D €T z 1 (s8¥) oL 22011 £€-S0L44 81°G-VdS
[e3ow pEM IS-UN-D o z 1 (s8¥) oL 9ZLOT 7-S0L¥H 81°G-VdS
[e3ow pam IS-UN-D € z T (s8%) oL 8-S0.44 81'S-V4S
[e3ow pEM IN8-1D¥2 A1) 1 HOT (069) 00T  TLEZ8S L0EZYH 6'S-V4S
[e3ow papm 19T TL z £ (ost) s9 080£¥S ochyd 6'S-V4S
[e3ow pEM OW-INY-1DZ1T L 2 9 (094) 01T 980T+S OWINOTHYH 6'S-V4S
[e3ow ppM 1z L 1 9  (s19) Sz 080T%S 0TH4d 6'G-ViS
[e3oW paM qN-IDTT 1L T 7 (0s¥) s9 0¥60+%S aAN60vYH 6'S-V4S
[e3ow pEM IDIT 1L 1 £ Lost) s9 0060%S 60%4d 6'S-ViS
[e3ow pEM OWE-ING-IDSZ 701 1 HOT (094)-0TT  €£SS6€S £6579d 6'S-ViIS
[e3auw poM ON-IN8-IDZZ 101 1 HOT (069)001. 60Z6€ES 602244 6'S-V4S
[e3owW paM AN-UN-INOT-ID0Z 78 1 8  (S15) S% 88L¥ES [YAZR | 6'G-ViS
[e3ow paM AN-UN-INOT-ID0Z 78 1 8 (s19) Sz 08L¥ES Lyedd 6'S-V4S
[e3ow pEM OWP-INL-IDST A1) 1 HOT (094) 0TT  0SZZES ¥652d4 6'S-VdS
(pauo)) sno.aiayg
(Yru) -ur uLIo Pnpoad uonisodwo) [eurwioyN 'ON-d dno.uan "ON 'ON (edIW) 1S °ON SNN Ipern 1o 'oN "29ds
‘Sywry [eord£L, Surzexg  809ST 0SI dnoxp -4 ‘QIsud PdAL
SSOUD[YL [eUlwON payads ‘uoneusisaq
Surprom wrnuIruin

(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MD 1qeL

160


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

ASME BPVC.IX-2023

[e3oW p[dM ING'€-UN-D 7’6 T g6 (0sS) 08 ovZTeN €IN-S08YH 87'G-VidS
[e3oW P[dIM ONT-IDSZ'C (A 1 vs  (029) 06 09603 £d-S0644 87'G-VidS
[e3oW p[a M\ OWT-IDSZ'C (A 1 vs, (0sS) 08 0950€X 1€d-S0844 87'S-VdS
[E3oW P[PM INS'Z-UN-D T6 T v6 0ss) 08 0¥Z12y ZIN-S08¥d 87°G-VdS
[E3oW P[PM ONS'0-INL'C € a1t (6z8) 0zt 0€0TZy T-S0ZT144d 87°G-VdS
[e3oW p[dM ONS'0-INZ'C € art (0972011 ST0TZA 1-S01T4d 87'G-VdS
[e3oW P[dM ONS0—-IDT T's 1 ¥ (0ss) 08 006023 2d-S0844d 87'G-VdS
[e3oW P[dM ONS0—-IDT T's 1 ¥ (s18) Sz 005023 12d-S0.L44 87'G-VdS
(pauo)) snoriag
() -ur uLIo Pnpo.ad uonisodwo) [eurwioyN 'ON-d dnouan "ON 'ON (edIW) 1S "ON-SNN apeurn Jao ‘oN "29ds
‘Sawry reard4A L, Surzexg 809ST 0SI dnoxn -4 ‘QIISUd L, ‘ad£],
SSaWD[Y L [eUIwoN payads ‘uoneusisaq
Surpppm wnuwiruiy

(P3uo)) siaquinN-d 1e3al aseg

TTr-40/MD 19elL

161


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

ASME BPVC.IX-2023

$3uy Surdid 3y3noam d-12S6'66  00€ VN (s02) og 00201D 27914
s3umy ise) qd/-UZS'8-USSZ  0ZE VN (002) 62 00¥¥82 81914
s8umy se) qd9-uz§'9-usy  0Z¢ VN (s02) og 008£8D 81914
S3uthy 1se) qdS-uzS-uss  0zZ¢ VN (s02) og 009£8D 81914
eIp (S2) 15 poy qd€-uz-nds9  0zZ€ VN (oge) 8% 0009€D 914
elp (os) zs (s2) 1< poy. qd€-uz-nds9  0Z€ VN (s0¢€) #¥ 0009€D 914
elIp (0S) Z< poy qdg-uz-nds9  0Z€ VN (5,2 o¥ 0009€D 914
eIp (52) 1S JTeg qd€-uz-n)s9  0zZ€ VN (sog) v¥ 0009€D 914
BIp (G7) 1< JTeq qd€-uz-nds9  0Z€ VN (s,2) o¥ 0009€D 914
s3unsep 912=1)8]-ON6T-IN9S  0Z¥ ¥ b (s6¥) L LOTOEN IW9MD Y6}4-VS 10 v
s3unsep ID-94S T7ONSTE-INS9  0T% A % (sz9) 9L LOOOEN WLN Y6}7-VS 10 v
s8unse) 24-qDH-OW6—I0FTZ-IN09  0ZF & &F (s8%) 0L SZ99ZN JDIN9MD Y64-VS 10 vV
s8unse) M—24-I1D9T-ON9P-IN99  0Z% & &F (s6¥) ZL SSY9ZN INZMD Y64-VS 10 vV
s3unse)n ME-dY-OWHYT-IDZZ-INGS, 0% ¥ ¥ (0ss) 08 Z2092N MIZXD ¥6H-VS 10 v
sSunse) qD-342-ND0E-INLY />~ 00% W (0s¥) s9 SETHIN 1-SEW Y67-VS 10 v
s3unsepn qD-342-NDOE-INLY  ~O0F A 47 (0s+) s9 0ETHZN D0EW ¥6}4-VS 10 v
sdunse) n)EZ-ONE-IISTZ-INZY  0ZF S¥ S¥ (st18) sz 9Z880N JNDNSND ¥6H-VS 10 v
sunse) IS-948-IDST-INZZ  0ZF & &F (s8%) 0L 0%090N 0¥AD ¥64-VS 10 v
s3unsepn IS-94-NDOE-INL9  00F iy A (0s¥) s9 0Z0%0N Z-SEW Y64-VS 10 vV
odid popem uoisng  N-M-ND-UNE-OWI-INZZ-1D¥Z  0ZF A 4 (052) 601 99Z1€S 85g-VS 10 v
s8unse) OWS0-IDST-INSE  0ZF St SF (0s¥) s9 £0980N 0ELH 1Sg-vS 1oy
s3unse)n qD-ID0Z-24SH-INZE  0Z% Sy ¥ (sev) €9 1ST80N DSTLD 1Sg-vs doy
s3unsepn OW-ND-ID6T-IN8Z  0ZF 78  Sb (sz¥) 29 LO08ON WLND 1Sg-vS 1oy
s8unse) N-ND-OWN9-IDTZ-INYZ-2:d9%  0T¥ 78  Sb (0gs), 08 159%6( NIWEND 1Sg-vS do v
dins % 393ys ‘91e]d N)-UN-OWZ-IDZZ-INLZ  0ZF 78 St (0L2) Ttx LLTIES 0¥g-vs 1oy
dins 79 399ys 91eld  N-M-ND-UNE-OW9-INZZ-ID¥Z  0ZF 78  Sb (0S2) 60% 9971€S 0vg-vs 1oy
sguid10d  N-M-ND-UNE-OW9-INZZ-1D¥Z  0ZF 78  Sb (052) 601 99¢1€S 8G4 Z8T-VS 1oy
SNO.LI9JUON
wiw) “ur uLIoyj uonisodwo) eurwioN ‘oN-d dnoan  oN-d (edin) 1S¥ ‘OrIsudL "ON SNN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
sldqunN-d eI aseq
¢Zr-40/MO 91qel

162


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

ASME BPVC.IX-2023

aqng, d-nJ6'66  00€ 1€ 1€ (s02) o¢ 00221D 88d
aqng, d-nJ6'66  00€ 1€ 1€ (s02) o¢ 000Z1D 88d
aqng, d-nDS6'66  00€ 1€ 1€ (s02) o€ 002Z0TD 88d
3qn3 ‘s[us d-nJ6'66  00€ 1€ 1€ (s02) og 002212 S/-gs 10 g
aqn ‘spus d-nJ6'66  00€ 1€ 1€ (s02) o¢ 00021D S/-dgS 10 g
aqny/srus d-nJS6'66  00€ 1€ 1€ (s02) o¢ 002Z0TD S/-dgs 10 g
aqny; d-nJ6'66  00€ 1€ 1€ (s02) o€ 00221D 894
aqn, d-nJ6'66  00€ 1€ 1€ (s02) og 000212 894
aqn, d-nJse'66  00€ 1€ 1€ (s02) og 002012 894
s3unse) qd§-uzS-uss-ndsg  0Zg VN (s02) o¢ 009€£8D Z9-gs 10 g
s3unse) qd=uz-us-ndgg  0Z¢ VN (s02) o€ 002262 19-4S 1o g
adid ‘squig UZST=nd0S8  00€ 1Z¢ € (s22) o¥ 000£2D ey-ds o g
adid "squig d-nD666), 00€ 1€ 1€ (s02) o€ 00221D Zy-as 10 g
adid "squig d-1D6'664"700€ 1€ 1€ (so2) o¢ 000ZTD ZH-gs 10 g
adid 'spus d-nJSe'66 7 00€ 1€ 1€ (s02) og 00201 Zi-gs 1o g
s3unse) IS-IV 012 1% 9z (st1) L1 \[5% 74" 9g-49S 10 g
s3unse) SW-IS-IV - 012 ve 9T (0£1) sz 09S£0V TLL 9g-49S 10 g
sdunse) SW-IS-IV - 012 Ve Y4 (s02) o€ 09S£0V 9L 9g-4S 10 g
s3umy Surdid jysnoapm uzSsT-ndS8  00€ VN < (s22) o¥ 000£2D 0s'914
sdumy Surdid 1ydnoap d-nJ6'66  00€ VN (s02) o¢ 002212 05914
sdumy Surdid 1ydnoap d-nJ6'66  00€ VN (s02) o¢ 000212 05914
sdumy Surdid 1ysnoapm d-nds6'66  00€ VN (s02) o€ 002012 0s914
s3umy Surdid 3ysnoapm uzSsT-ndS8  00€ VN (sLD.0% 000£2D z9t1d
sdumy Surdid 1ydnoap d-nJ6'66  00€ VN (so2) og 002212 27914
sdumy Surdid 1ydnoap d-nJ6'66  00€ VN (s02) o¢ 000212 27914
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SsowypIy, [eurwoN [eord4, 0sI wnwiuiy
Surpppm
(Puo)) s13quIinN-d eI 3segq
¢Zr-40/MO 91qel

163


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

ASME BPVC.IX-2023

sdunse) 2db-IVII-NDS8  09¢ S€ S€ (s15) Sz 00%562 8¥1-4S 10 g
sdunse) 941-IV01-nD68  09¢€ S€ SE (0s¥) s9 00€562D 8¥1-4s 10 g
sgunse) 94E€-1V6-1D88 09¢ S€ S€ (0s#) s9 002S6D 8%1-dS 10 g
aqmy ‘s[us uzST-n3s8  00¢€ 1'z€e 4% (s,2) o¥ 000€2D Sel-ds 1o g
dris 79 399ys ‘Sle|q nJ0e-INL9  00% 44 44 (s8%) 0L 00%¥0ON LZT-4S 10 g
aqny 'spus IDG°0-94S4°0-IN9T-ND08  00¢€ e e (ote) sv 002242 IT7-dS 1o g
aqmny 's[us INOE-ND0L  00€ ¥e € (09€) 25 02ZSTLD 117-4S 10 g
aqm) ‘s[us INOE-ND0L  00€ e te (09¢€) 28 00STLD 1T1-ds 1o g
aqm] ‘s[us INOZ-ND08  00¢€ e e (o1¢€) s¥ 000TLD 117-dS 1o g
aqn] ‘s[us INOT-ND06  00€ e te (s22) o¥ 029042 117-ds 1o g
aqny 'sjus INOT-ND06 00€ e e (5,2 o¥ 0090LD T17-4dS 1o g
aqm ‘s[us ING=NDS6  00€ e e (092) 8¢ 00%0LD 1T1-ds 1o g
aqny 's[ug IVZ-UZ0Zz1J8L  0S€ zee g (ste) 0s 004892 1T7-dS Jo g
aqny ‘s[uIs [VS-n)G6) 09¢€ S€ S€ (s¥€) oS 008090 117-ds 1o g
aqm) ‘s[us d90°0-UST-UZ8Z-NITL* 00€ zCe [4% (o1¢€) s¥ 00S¥¥D 1T7-9S 10 g
aqm) ‘s[us qs90°0-UST-uzZ8Z-nd1L  00¢ zCe [4% (o1¢€) s¥ 00¥¥¥D T17-dS 1o g
aqn 'sjus SY90'0-UST-UZ8Z-NJTL 008 2'ce (43 (o1€) S¥ 00€YYD TTy-das 1o g
aqm) ‘s[us uzo¥-nd09  00€ ¥ee 4% (s¥€) 0s 000820 1T1-dS 1o g
aqm) ‘s[us uzSs1-n3S8  00€ Vs 4% (s,2) o¥ 000€2D 1T1-dS 1o g
aqn] ‘s[us d-°d-nJL'66  00€ 1€ 1€ (092) 8¢ 002612 117-das 1o g
aqnj 'sjus d-SV-N)¥'66 00€ 1€ 14> (s02) o€ 002%1D T17-4dS 1o g
aqny 'sjus d-ND6'66 00€ 1€ T€ (s02) og 002¢1D T17-4dS 1o g
aqm ‘s[us d-nd6'66  00€ 1€ 1€ (s02) og 0002TD 1T1-dS 1o g
aqm) ‘s[us d-n3S6'66  00€ 1€ 1€ (s02) og 0020TD 1T7-ds 1o g
sadeys % Ieq ‘poy ISE-NJT6 0€e LE €€ (09€)72s 00199) 8¢4-4dS 10 g
sadeys  Ieq ‘poy ISE-NJL6 0€e LE €€ (09¢) Z8 00SS90 8¢-4dS 10 g
sadeys % Jeq ‘poy ISG'T-NDS'86  0€€ LE €¢ (s22) o¥ 00TS9D 84-4S 10 g
Ieq % dins 999ys ‘are[d ISe-n)L6  0€€ LE €€ (s¥€) os 005590 9g-4S 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
TZy-90/MO @19el

164


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

ASME BPVC.IX-2023

aqmn) "s[wsg n)OE-INL9  00% W (s8%) 0L 00¥¥0N £97-ds 10 g
aqny sy D MOT-INO'66  00% 1E 2 £ 2 (s¥€) 0s 10ZZ0N €97-4s 10 g
aqn3 s[ws INO'66  00% 1w 1¥ (08¢€) ss 00ZZON €97-4gs 10 g
drisy® 199ys ‘ae[d 0 MOT-IN0'66  00% 1¥ ¥ (s¥€) os T0ZZ0N 297-4ds 10 g
dins 8.399ys ‘91e[d INO'66  00% 12N £ 2 (08¢) ss 00ZZON Z291-ds 10 g
aqm % adrd’ s[us 0 MOT-INO'66  00% 154 ¥ (s¥¢€) 0s T0ZZON 197-4s 10 g
aqny 73 adid "squis INO'66  00F 1¥ 1¥ (08¢) ss 00ZZ0N 197-4S 10 g
leq 3 poy 0 MOT-INO'66  00% 12N £ 2 (s¥€) 0s 10ZZ0N 091-4s 10 g
JIeq i poy INO'66  00% 1w 1F (08¢€) ss 00ZZON 091-4s 10 g
Ieq 3 dins 999ys ‘91e[d d-sv-nd¥'66  00€ 1€ 1€ (s02) og 00Z¥12 ZSs1-as 1o g
Ieq B dras 999ys ‘91eld d-n6'66  00€ 1€ 1€ (s02) og 00£Z12 ZS1-as 1o g
Ieq 3 dias 999ys ‘91e[d d-n6'66  00€ 1€ 1€ (s02) og 002212 ZS1-ds 1o g
Ieq 3 dins 999ys ‘91e[d nj06'66  00€ 1€ 1€ (s02) og 000112 ZSt-as 1o g
Teq 3 drns 999ys ‘91e[d 8V + 98666 00€ 1€ 1€ (s02) og 004012 ZS7-ds 10 g
Teq 3 drns 199ys ‘a1e[d 8V + nDSE66), 00€ 1€ 1€ (s02) og 005012 Zs-as 1o g
Teq 3 dins 999ys ‘91e[d 8V + nDS6'664°700€ 1€ 1€ (s02) og 00%0TD ZSY-das 10 g
Ieq g dins 199ys ‘areld d-nds6'66 ~00€ 1€ 1€ (s02) o€ 002012 ZST-ds 10 g
JIeq i poy INOT-ND06  00€ ¥e b€ (092) 8¢ 0290LD 157-4s 10 g
JTeq 3 poy INOT-1D06  00€ ¥ ¥E (092) 8¢ 009042 157-4S 1o g
Jleq 3 poy ISZ-IVL-1DT6  09€ Se” ose (s8%) 0L 002792 0Ss7-ds 1o g
leq 3 poy 94€-ING-IVOT-NDTI8  09¢€ se  §g (s89) s8 000£92 0S7-ds 1o g
(punou) poy 24€-¥6-ND88  09€ S GE (s19) Sz 00£292 0S7-4s 1o g
J1eq 3 poy 24E-IVL-ND06  09€ S¢ &g (s8%) 0L 00¥192 0S7-4gs 1o g
s3unsep UNT-24S-INS-IV6-NIT8  09€ s sg (099) ¥6 028562 8¥1-ds 10 g
s3unse)n UNT-2dP-ING-IV6-NDT8  09€ S §g (s85).s8 008562 8¥1-4ds 1o g
s3unsepn ISE-[VZ-1D06  09¢€ S &g (s1%) 09 009562 8¥1-4ds 10 g
s3unsepn UNE-OIP-IVIT-NDZ8  09€ S &g (0z9) 06 005562 8¥1-4ds 1o g
(pauo)) sno.idjuoN
) -ur uLIoj uonisodwo) eurwioN 'oN-d dnoan  -oN-d (edIn) 1SY ‘O[ISU3]L “ON/'SNN apeay Jo oN "2ads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, osI wnuirup
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

165


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

ASME BPVC.IX-2023

dins 3 199Ys ‘a1e[d 218-IDST-INZL  0TF &y &F (0sS) 08 00990N 891-4S 10 g
dis 3 199ys ‘@1e]d 1SG4Z-2d€Z-1DLZ-IN9Y  0Th SY  9¥ (029) 06 S¥090N 8971-4S 10 g
duisiy 399ys @reld  IZ-A-LL-[VZ-940T1-IDSZ-INE9  0ZF & &F (s29) 86 SZ09ON 8971-4S 10 g
aqn3 3 adid "sjus 216-1D6Z-IN8S  0T% & &F (s19) Sz 06990N L9745 1o g
aqmy B adid sjus OW6-0DET-IDZZ-INZS  0TF 9%  £F (s59) s6 LT990N L9T7-dS 1o g
aqny R adid "sjws [V-24ZT-IDEZ-IN09  0Z¥ & &F (0sS) 08 T0990N L97-4S o g
aqny 73 adid "squig 948-IDST-INZ.L  0ZF £¥ €¥ (s19) S¢ 00990N L97}-4S 10 g
aqny ¢ adid "squig 1SG2°2-9d€Z-1DLZ-IN9Y  0T¥ S¥ 9% (0z9) 06 S¥090N L97}-dS 1o g
aqmy % adid 'sjwiS  IZ-XILFVZ-940T-I1DSZ-INE9  0ZF 274 £¥ (s£9) 86 SZ090N L97}-dS 1o g
aIIM 3 Jeq ‘poy 216-1D6Z-IN8S  0ZF [ 2 (s85) s8 06990N 997-4S 0 g
aIIM % JIeq ‘poy OW6-0)ET-IDZZ-INZS  0TF 9%  €F (559) s6 LT990N 997-4S 10 g
a1m B Ieq ‘poy [V-242TADEZ-IN09  0ZF & &F (0ss) 08 10990N 997-4S 10 g
a11m B 1eq ‘poy 248-IDSTZINZL  0Th & &F (0ss) 08 00990N 997-4S 10 g
a11M 3 1eq ‘poy ISGL'Z-dET-IDLTZINGL.  0TF St 9F (0z9) 06 SY090N 9971-4S 10 g
aIIM B qeq POy IZ-A-LL-TVZ-9d0T—IDSZ-INE9 A _0Z¥ X 2 (s29) 86 SZ09ON 997-4S 0 g
aqny 7 adid "squig nDOE-INL9  00% A7 A (s8%) 0L 00+¥¥0N S97-4dS 10 g
a11m 3 Ieq ‘poy n)OE-INL9  00% W (s8%) 0L SOYHON ¥91-4S 1o g
1M R Jeq ‘poy nDOE-INL9  00% 4 S 4 (s8%) 0L 00¥¥0N $91-4S 1o g
aqn3 's[ws n)EZ-OWE-IDSTZ-INZY  OE¥ St (S5F (s89) s8 SZ88ON €91-ds 10 g
aqny s[ws LL-[V-IDTZ-2dZv-INEE 0¥ St 6% (0s¥) s9 T1880N €91-ds 10 g
aqny s|us IDTZ-94Zh-INEE  0Ed Sv ¥ (0s¥) s9 01880N €97-ds 10 g
aqn3 sjws 1L-10G°02-24S¥-INZE  OE¥ S¥  Sh (0s¥) s9 T0880N €97-4s 10 g
aqn3 s|ws IDTZ-94Zh-INEE  0E¥ S¥  S¥ (sts) sz 00880N €97-4s 10 g
aqn3 s[ws IDGZ-94EE-INLE  0E¥ SY  S¥ (629) 06 0ZI80N €97-4gs 10 g
aqny sjws 216-106Z-IN8S  0T% & &F (s89)'s8 06990N €97-ds 1o g
aqny 's[ws [V-24ZT-1DEZ-IN09  0Z% & &F (0sS) 08 T0990N €97-ds 1o g
aqn3 s|us 248-IDST-INZL  0TF & &F (0s9) 08 00990N €97-ds 10 g
aqny s[WS  JIZ-A-LL-[VZ-9d0T-IDSZ-INE9  0ZF [ X 2 (s29) 86 GZO9ON €97-4s 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury pnpoid Suizexg 809S1 payads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

166


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

ASME BPVC.IX-2023

(sp) €5 (e1) 0= a1e[d np-up-y 002 12 (z6) ¥1 €00€ PepIv 60g-4S 10 g
(1) 0> (€71) S0°0< 199ys % ajeld nD-uUN-IvV 002 12 (06) €1 €00€ PePIY 604-4S 10 g
Jleq 3 poy ne66  00€ 1€ 1€ (s61) 82 000112 090 L81-4S 1o g
Jleq 3 poy d-nDS6'66  00€ 1€ 1€ (s61) 82 002012 090 L81-4S 1o g
(s9) sz5 109ys/ 8 areld INOE-NDOZ  00€ ¥e 43 (s¥¢€) 0s 02ZSTLD 1LY-4S 10 g
(szf) ss (s9) sz< 3eld INOE-NDOL  00€ 23 23 (ote) sv 0ZSTLD TLY-4S 10 g
(s9) sz 199s B 1e[d INOE-NDOL  00€ ¥E  bE (s¥€) 0s 00STLD 1L7-ds 10 g
(szf) s5 (59) sz< a1e[d INOE-ND0L  00€ 43 43 (o1¢) s¥ 00STLD 1L7-4ds 1o g
199ys 79 ale[d INOT-ND06  00€ ¥e € (5,2 o¥ 0290LD 1L7-4s 10 g
199ys 79 ale[d INOT-ND06  00€ ¥e € (s22) o¥ 009042 1L7-4s 10 g
(09) zs 199ys 3 aleld SAE-ING-IVOT-NDTI8  09¢€ € g (029) 06 000£92 TLY-4S 10 g
(0p) 55 (0S) z< ale[d SHEAINS-IVOT-NDI8  09¢€ S¢ 13 (s8s) s8 000£9D TL7-4S 10 g
(szf) ss (06) S'€< a1e[d 94€-ING-IVOT-NDTI8  09€ Sg S¢ (0ss) 08 000£9D TLY-4S 10 g
(05) z5 199ys 7 ale[d QAW L-ND06  09€ S Gg (s8%) 0L 00¥192 1L7-4s 10 g
(de1) ss (0s) z< a1e[d 24e-IVL-1006  09€ S¢ S€ (0s¥) 9 00%19D 1LY-4S 10 g
199ys 7 91eld SY-uz6£-np09y,  00¢ zee g (s¥¢€) 0s 0059%D 1L7-4S 1o g
199ys 7 91eld uS-uz,6£-1309 /5-00€ rArA S 4> (s¥¢€) 0s 00¥9%D 1L1-ds 10 g
199ys 79 aleld d90°0-uST-uz8z-nJ1. >O0g rArA S A (o1¢) s¥ 00S¥%D 1L1-ds 1o g
199ys 79 a1eld qs90°0-uUST-uzg8z-ndTL  00E rArA S A (o1¢) s¥ 00¥¥¥D 1L1-4ds 10 g
199ys B 21e|d SY90°0-UST-UzZ8Z-NDTL  00€ rArA A (o1¢€) s¥ 00£¥%D 1L7-4s 10 g
(0%) 0zs 199ys 3 aleld qd-uz6€-1D09  0T€ Ay S A (sv€) 0s 0059€D 1L7-4S 1o g
(06)|ses (0S) 0z< a1e[d qd-uzZ6£-nD09  0OT€ rArA3 € (o1¢€) s¥ 0059€D TLY-4S 10 g
(szf) ss (06) s¢e< a1e[d qd-uz6£-nD09  0IE A4S Z£ (s22) o¥ 0059€D 1L1-ds 10 g
(1) s05 1eq 78 dLis 199ys ‘O3e[d 24E-IVL-ND06  09€ S GE (s6¥) zL 00¥192 697-4S 10 g
(of) z5 (1) S°0< Teq % aje|d 94€-IVL-ND06  09¢€ S€ S€ (s8%) 0L 00%19D 697-4S 10 g
(de1) ss (0s) z< Teq % ajeld 94E-VL-ND06  09€ € € (0S¥) S9 00¥192 697-4S 10 g
dins 3 399ys ‘ae[d 946-1D6Z-IN8S  0Z% £¥ €¥ (s85).s8 06990N 891-4dsS 10 g
dins 7 329ys ‘91e[d OW6-0DET-IDZZ-INZS  0TF 9%  &F (559) s6 LI990N 891-4S 10 g
dins 73 393ys ‘91e[d [V-24ZT-IDEZ-IN09  0Z¥ &y &F (0ss) 08 T0990N 891-4S 10 g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaWYPIYL [EUIWON eord4L 0SI WnuIuIp
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

167


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

ASME BPVC.IX-2023

aqn3 's|ws UN-SINOP-TV 022 ARt (0¥2) s¢ 98056V 9805 01g4-4s 10 g
aqny ‘s UN-SIWFP-TY 022 LA T4 (0£2) 65 £8056Y €805 014-4s 10 g
aqn3 's[ws SWSZ-IV 022 €T (021) sz 75056V Z50S 014-4s 1o g
2qm 's[us nD-UN-IY 002 122 12 (z6) ¥1 €00E6Y €00¢€ 01g-4S 10 4
aqna, s|ws V0966 002 1z 12 (65) 58 09016V 0901 014-4s 1o g
aqnj Spus n-uN-Iy 002 12 (06) €1 €00€ PePIY 01g-4S 1o g
199ys 7 9ield n-IS-8N-1V - 022 e €2 (s91) %2 19096V 1909 604-4s 10 g
199Ys 3 k(g SWSZ-IV 022 A4 44 (041) sz 75956V 259§ 604-4S 10 4
(8€) 415 (£1) S0°0< 199ys 7 ale[d UN-SINT'S-IV 022 ¥'22 4 (062) z¥ 9S¥S6V 95¥S 604-4S 10 g
(sp) €5 (8¢) s1< a1e[d UN-SINT'S-TV 022 ¥'2e 4 (s82) 1% 95¥S6V 95¥S 609-4S 10 g
(de1) ss (52) €< a1e[d UN-SINT'S-TV 022 ¥z ST (s22) o¥ 95¥S6V 95¥S 609-4S 10 g
(og1) £5 (s21) 6< aeld UN-SNT'S-IV 022 ¥'2e Y4 (0£2) 6€ 95YS6Y 9SS 604-4S 10 4
(00f2) 85 (081) < a1e[d UNSSNT'S-IV 022 Y2z Sz (092) 8¢ 95¥S6Y 95¥S 604-4S 10 g
199ys % aleld UN-SNLZTY 022 €22 A4 (s12) 1€ ¥S¥S6V ¥SHS 604-4S 10 g
199ys 79 ale[d SNEgAV, 02z LA 44 (s02) og ¥S7S6V $S2S 604-4s 10 g
199ys 7 91eld SING'E-W A 022 A A4 (s02) o¢ ¥SIS6Y $S1S 607-4S 1o g
199ys 73 91eld UN-SNOH-TY  502¢ vzz sz (o¥2) s¢ 98056V 9805 604-4S 10 g
(8¢) 415 (¢'1) So0< 193Ys 3 Aeld UN-SINEP-TY 022 ¥'ze Y4 (s22) 0¥ £80S6V €80S 604-4S 10 4
(sp) €5 (8¢) s1< a1eld UN-SINFP-TV 022 LA T4 (0£2) 68 £8056Y €805 604-4S 10 g
(dz1) ss (s2) €< a1eld UN-SINFP-TV 022 Yz St (092) 8¢ £8056Y €805 604-4S 10 g
(og1) s (sz1) S< a1eld UN-SINFH-TV 022 A 4 (ss2) Lg £8056Y €805 604-4S 10 g
(o0fz) 85 (081) £L< aeld UN-SNFH-IV 022 ¥'2e (Y4 (0s2) 9¢ £80S6Y €805 604-4s 10 4
199Ys 73 93eld SWSZ-IV  02Z A/ / (021) sz 75056V Z50S 604-4S 10 g
199ys % aleld SWST-IV 022 e 12 (sz1) 81 05056V 0S50S 604-4S 10 g
199ys 79 ale|d SW-UW-IV 022 A A A A (os1) 22 $00£6Y $00€ 604-4S 10 g
199ys 73 ale[d n-UN-IvV 002 17 12 (z6) ¥1 £00£6Y €00€ 604-4S 10 g
199ys 7 91eld n-[v0'66 0027 12 12 CTAPAS 00TT6Y 00TT 607-4S 1o g
199ys 73 91eld V0966 002 12 12 (s9)'s 09016V 0901 604-4s 10 d
199ys 7 91eld n-IS-8W-1V 002 €z (s91) ¥2 1909 PepPIy 604-4s 10 d
(sp) €5 (1) S°0< a1eld SW-UW-IV 022 A (os1) 22 $00€ PePIY 604-4S 10 g
(1) 0> (€71) S0°0< 199ys % ale|d SW-UW-IV 022 44 (s¥1) 12 ¥00€ PepPIV 604-4S 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

168


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

ASME BPVC.IX-2023

aqmy 3 adid ‘sjus n-IS-8N-V 022 1€ €2 (s91) %2 19096V 1909 1¥4-4S 10 4
aqm % adid ‘sjus UN-SINT'S-IV 022 A4 (s82) 1% 9556V 95%S 1¥q-4S 1o g
aqny 73 adid "squig UN-8NL'Z-TV 022 A4 A4 (s12) 1€ ¥SYS6v SYS 1¥4-4S 10 4
gy % adid 'sjus UN-SNO'P-TV 022 ¥'2e Y4 (0¥2) s¢ 98056V 9805 1¥4-4S 10 4
aqm 7 adid ‘squig UN-SINFP-IV 022 ¥'2e Sz (0£2) 68 £8056Y €806 1¥4-4S 10 4
aqny podid sjus SWSZ-IV 022 AR A (021) sz 75056V Z505 1¥gd-4s 10 g
aqm % adid, s|us n-UN-IV 002 17 12 (z6) 1 £00€6Y €00€ 1¥gd-4s 10 g
aqny R adid Spis n)-v0'66 002 12 12 (94) 11 00116V 0011 1vqd-4s 10 g
aqn ¢ adid "squig IV09'66 002 12 12 (65) 58 09016V 090T 1¥4-4S 10 4
aqn) ¢ adid "squwig nD-UN-IY 002 12 (06) €1 €00€ PepIv 1¥4-4S 10 4
aqmny sy n-IS-8N-V 022 1€ €2 (s91) %2 19096V 1909 ¥€4-4S 1o g
aqn3 s[ws UN-SINLZ-TV 022 €7¢ 44 (s12) 1€ ¥S¥S6v ¥S¥S ¥£4-4S 10 g
aqn3 s[ws SWSZ-IV 022 €7e A (021) sz 75056V 2508 yeg-ds 10 g
aqny 's[ws n-uN-Iv 002 172 12 (z6) ¥1 £00£6Y €00€ ¥£4-4S 10 g
aqny 'sjus IV09'66 002 12 12 (6S) S8 09016V 0901 ¥€g-4S 10 g
aqn) 'spus -UN-IV 002 12 (06) €1 €00€ Peplv ¥€g-4S 10 g
sadeys % pou ‘reg IS-SWAY, 012 1€ €2 (s11) L1 £9096V €909 17g-9S 10 g
sodeys 3 poa ‘Ieg n)-1S-8-1V />~ 022 1€z €2 (s91) ¥z 19096V 1909 124-4s 10 g
sadeys z pou “1eg UN-SINT'S-TV 072 ¥'ze Y4 (s82) 1% 9SYS6Y 9SS 124-4S 10 4
sodeys 3 poa ‘legq UN-SINLZ-TV 022 € (s12) 1€ ¥S¥S6V $S¥S 124-4s 10 4
sadeys % pou ‘teg SWSE-IV 022 Y22 A4 (s02) og ¥S1S6V ¥STS 12g-9S 10 g
sadeys 3 pou ‘reg UN-SINFH-TV 022 ¥zZ  SC (0£2) 6¢ £8056V €805 12d-49s 10 g
sadeys 3 pou ‘reg nD-uUN-IvV 002 1272/, 12 (L6) #1 €00E6Y €00€ 12q-4S 1o g
sadeys z pou ‘reg n-[y0'66 002 12 1z (92) 11 00TT6Y 00TT 17g-9S 10 4
sadeys 3 pod ‘leg V0966 002 12 W (6) 58 09016V 0901 124-4s 1o g
aIIM % pol ‘1eg n-IS-8N-IV 022 1€ €2 (s91) %2 19096V 1909 114-49s 10 g
aqny s[ws IS-SW-IY 012 e €2 (1) 21 £9096Y €909 014-4s 10 g
aqny 'spus n-IS-8N-1V 022 1€ €2 (soU) vz 19096V 1909 01g-4s 10 g
aqn3 s[ws UN-SINT'S-TV 022 LAt (s82) 1¥ 9556V 95%5 014-4s 1o g
aqn3 s|ws SWSE-IV 022 LA 44 (s02) og $S1S6V $S1S 014-4s 1o g
(pauo)) sno.idjuoN
) -ur uLIoj uonisodwo) eurwioN 'oN-d dnoan  -oN-d (edIn) 1SY ‘O[ISU3]L “ON/'SNN apeay Jo oN "2ads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, osI WnuIuIp
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
¢Zr-40/MO 91qel

169


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

ASME BPVC.IX-2023

(8¢) §1< s3ug1o, qdz-uz8€-nd09  0Z€ VN (s1€) 9% 00LL€D  sseaq Suidiog €8g-4s 10 g
s3urdioy me66  00€ 1€ 1€ (0€2) €€ 000112 ny €8q-49s 10 g
Iqny syus d-n6'66  00€ 1€ 1€ (s02) og 002212 zat 08zd
agm 'sjus d-NJ6'66  00€ 1€ 1€ (s02) og 000210 0zt 08zd
aqny ;Spurs d-nS6'66  00€ 1€ 1€ (s02) og 002012 201 08zd
sgunse) adb-IVIT-NDS8  09¢€ s€  sg (s19) sz 007562 1.g-ds 1o g
s3unse)n 24€-¥6-1D88  09¢ S¢g S¢g (0s¥) s9 002562 1,4-4s 10 4
duns 3 393ys ‘a1e[d NYT'0-ASZ-IVE-LL 00§ €S €S (0z9) 06 £2£954 82 59g-4s 10 g
dins 3 393ys ‘91e]d ASZ-IVE-LL 00§ €S €S (0z9) 06 0Z£954 6 59g-4s 10 g
dins % 393ys ‘91e]d SAST-AST-IVP-IL 00§ €S ¥S (s68) 0€1 0SZ¥Sy 8¢ 59g-4s 10 g
dins = 199ys ‘91e]d ING'OFQNE0-1L 00§ ZS S (s8%) 0L 00¥£SY (A 59¢-4ds 10 g
dins 3 399ys ‘ae[d wy-1L 00§ rAR 15 (oo¥) 85 ¥0¥zsd H9Z 59g-4ds 10 g
dins 8 399ys ‘a1e[d WIFLL 00§ rA 15 (s¥€) 0s ¥0¥zsd 9z 59g-4ds 10 g
dins 3 393ys ‘a1e[d pd<IL', 00§ rA 15 (oo¥) 8S Z0vZsy H9T 59g-4s 10 g
dins % 399ys ‘@1eld pPd-1L“" 00§ A 15 (s¥¢€) 0s Z0vzsy 91 59g-4s 10 g
dins 3 199ys ‘a1e[d pd-lL 00§ A 16 (oo%) 85 00v2sY HL 59¢-4s 10 g
drus 3 199ys ‘ae[d pd-1L 00§ 4 18 (s¥€) os 00v2sy L S9¢-4s 10 4
diis 73 399ys ‘91e[d ny-1L 00§ ¥1S 15 (o¥2) s¢ ATAAY L2 59g-4s 10 g
duns 3 393ys ‘a1e[d pd-lL 00§ VIS 15 (o¥2) s¢ 752254 L1 59g-4s 10 g
dins 3 399ys ‘91e]d pd-1L 00§ 43 S (0¥2) s¢ 057754 1T 59g-4s 10 g
dins % 393ys ‘91e]d 1L 00§ €18 Zs (0s¥) s9 055054 € 59¢-4ds 10 g
dins % 199ys ‘Ae[d IL 00§ 18 16 (oo%) 85 00+05Y HZ 59¢-4s 10 g4
dins 8 399ys ‘a1e[d 1L 00§ rA 15 (s¥€) 0s 00%054 z 59¢-4ds 10 g
dins 73 399ys ‘91e[d 1L 00§ 118 15 (o¥2) s¢ 052054 T 59g-4s 10 g
s3urdioy n-1S-8W-IV 022 1€ €2 (sotIwz 19096V 1909 Lyd-4s 10 g
s3urdioy UN-SNVH-IV 022 ¥'2e Y4 (092) 8¢ £80S6Y €80S Lyd-4s 1o g
s3uIg1o, nD-up-y 002 122 12 (z6) ¥1 £00£6Y £00€ L¥q-4S 10 g
aqm % adid ‘sjus IS-8W-IY 012 1€ €2 (s11) L1 £9096V €909 1¥qd-4s 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
TTr-90/M0O ?1qel

170


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

ASME BPVC.IX-2023

R aqn3 pap[em 7 ‘s|us pd-lL 00§ AT A (oo¥) 85 00¥25d HL 8£g-4ds 1o g
aqm) pap[om 7 ‘s[us pd-lL 00§ A A (s¥¢€) 0s 00¥254 L 8£g-4s 1o g
Sgn) pap[em 7 ‘s[ug 1L 00§ €IS TS (0s¥) s9 055054 € 8£g-4ds 10 g
oMy pop[em 7 ‘s|us 1L 00§ 1S 1S (0o0¥) 85 00%054 HZ 8£g-4ds 10 g
aqm(paprem 3 'sfus 1L 00S 18 18 (s¥€) os 00%05Y r4 ged-ds 1o g
aqm) pap[am 1 ‘s[us L 00§ IS IS (o¥2) s¢ 052054 T 8£g-4ds 1o g
poy IDZ-94Z-OWG'6Z-INS9  OT¥ A% (092) 011 SL90IN sed-gs 10 g
poy 947-OW8Z-INS9  0T¥ ¥ b (092) 011 S990IN sed-das 1o g
Pod ¢/ A¥ST 0-1DE T-24E-ONBZ-IN99 0T+ 4% (092) 011 6Z90IN sed-ds 1o g
(8¢) sfrs (8) sz1€0% poy 94G-OW8Z-INZ9  0T% 4 44 (s6L) STT T000TN gegd-ds 10 g
(06)| 5€s (8¢) §'1< poy 945-0N8Z-INZ9  0T¥ ¥ b (069) 001 T000IN seg-ds 10 g
dins % 199ys ‘a1€]d I1)Z799Z-0NS'62-INS9  0T% 4 44 (092) 011 SL90IN cegd-ds 10 g
dius 3 199ys ‘are[d 94C-ON8Z-ING9  0T% 44 44 (092) 011 S990TN gegd-das 10 g
dins 7 399ys @1eld  [VSZ'0-1DE T-948-O0NBZ-IN99  0T¥ 44 44 (092) 011 6290TIN gegd-as 10 g
(s) L81°0> dins % 399ys 94S-OW8ZSINZ9 0¥ ¥ b (s64) S11 T000IN ced-ds 10 g
(s9) $z5 (S) L8T0= dins 73 399ys ‘91eld 91S-OW8ZAINZ9  OT¥ A A (069) 001 T000IN ced-gs 10 g
aqny R adid ‘sjus ISE-ND L6477 0L€ €€ €€ (s¥¢€) oS 005590 s1d-das o g
sadeys n-IS-8N-1V 022 1€ €2 (s91) ¥2 19096V 1909 80g-4s 10 g
adid d-nD6'66  00€ 1€ 1€ (s02) og 002212 z0€d
adid d-nJ6'66  00€ 1€), 1¢ (s02) og 000212 zoed
(0s1) 95 s3uig1o, INOE-ND0ZL  00€ ¥e Ve (s¥€) 0s 0ZSTLD €89-4S 10 g
(0s71) 9< s3ug1o, INOE-D0Z  00€ ¥e  ¥E (o1¢€) s¥ 0ZSTLD €89-4S 10 g
(os1) 95 sdurdioy INOT-ND06  00€ ¥e  ¥E (o1¢€) s¥ 0290LD €8g-4s 10 g
(0sT) 9< s3urdioy INOI-ND06  00€ 43 43 (s22) o¥ 0290LD €89-4S 10 g
s3uguo, uS-94-UzZ6£-1D6S  00€ rArA S 4> (g6v) 2L 00S49)  ozuolg Uup €8qd-ds 10 d
s3uIg10, ISe-NJL6  0€€ 1€ €€ (09X .zs 00559D dzuoug IS Y3y €89-4S 10 g
sguid1o4 us-uz6€£-nJ09  00€ rArA A (o¥¥) ¥9 00¥9%D  sseig [eaeN £8q-4s 10 g
(8¢) 15 s3u810, qdz-uz8€-nd09  0Z€ VN (s¥¢€) 0s 00LL€D  sseaq Suidiog €8q-4s 10 g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, 0SI WnuIuIp
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

171


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

ASME BPVC.IX-2023

aqn3 s[ws SY90°0-UST-UzZ8Z-NDTL  00€ A4 Z€ (o1¢€) s¥ 00£¥%D 654-4s 10 g
aqn3 s[ws d-nD6'66  00€ 1€ 1€ (s02) og 002212 654-4s 10 g
SI9{Iq % sieq nYT'0-ASZ-IVE-LL 00§ €S €S (029) 06 £2£954 82 8¥g-ds 1o g
siofjiqy sieg ASZ-IVE-LL 00§ €S €S (0z9) 06 02£954 6 8¥g-4ds 10 g
s19[Iq(Rsied S T-ASZ-IVP-LL 00§ €5 S (s68) 0€1 0SZ¥Sd 8¢ 8¥g-4ds 1o g
s19[[1q B 'sdeq IN8'0-OWEO0-LL 00§ A A (s8%) 0L 00¥£5Y rAs 8¥g-4s 1o g
s19[[1q B sieq my-1L 00§ 18 18 (oo%) 85 ¥0¥zsy H9Z 8¥g-4s 10 g
S19[[1q % sIeqg -1, 00§ 18 18 (s¥€) os ¥0vzsy 92 8vd-ds 1o g
S19[[1q % S.teq pd-1L 00§ 18 18 (oo%) 85 20%2sy HOT 8vd-ds 1o g
s19[[1q B sieq pd-lL 00§ rA 15 (s¥¢€) 0s Z0vZsy 91 8¥g-4ds 10 g
s39[[1q B sieq pd-1L 00§ A 15 (oo¥) 8s 00¥254 HL 8¥g-4ds 1o g
s19[[1q B sieq pd-1L 00§ A3 15 (s¥¢€) 0s 00¥254 L 8¥g-4ds 10 g
S19[[1q B sieq IL 00§ €18 S (0s¥) 9 055054 € 8¥g-ds 1o g
s19[[1q 3 sieq L 00§ rAR 15 (oo¥) 85 00%054 HZ 8¥g-ds 10 g
$19[[1q 3 sieg L 00§ 18 18 (s¥€) 0s 00%054 z 8%g-ds 10 g
s19[[1q B sieq L), 00s 118 15 (0¥2) s¢ 052054 T 8¥g-4ds 1o g
aqny % adid 'sjus IS-SN-IV - Y01z 1€z €2 (st1) 21 £€9096Y €909 Syed
aqn) g adid ‘squwg n-IS-8N-1V  02¢ 1€ €2 (s91) %2 19096V 1909 syed
aqn) g adid ‘squig UN-SINOP-TV 022 %22 Sz (o¥2) s¢ 98056V 980§ Sved
aqny R adid ‘sjus UN-SINFH-TV 022 Y2z ST (0£2) 6¢ £8056Y €805 sved
aqny R adid ‘sjus n-uUN-IvV 002 12/ 12 (L6) #1 £00E6Y €00€ Sved
aqny R adid ‘sjus V0966 002 1z O (65) 58 090T6Y 0901 syed
aqm) pap[em 7 ‘s[us MWYT0-ASZ-IVE-LL 00§ €S €S (0z9) 06 £2£954 82 8£g-4ds 1o g
aqm) pap[om 7 ‘s[us ASZ-IVE-LL 00§ €S €S (0z9) 06 02£954 6 8£g-4ds 1o g
aqm) pap[om 7 ‘s[us S T-ASZ-IVP-LL 00§ €5 ¥S (Se8) o€t 0SZ¥Sd 8¢ 8eg-4s 1o g
aqn} papem B 's[ws IN8'0-ONE0-LL 00§ 43 A (s8%) 0L 00¥€54 A 8£g-4ds 10 g
aqm) pap[am 7 ‘s[us m-1L 00§ rAR 15 (00%)'8S ¥0¥zsd H9Z 8£g-4ds 1o g
aqn) pap[em 3 's[ws -1, 00§ 18 18 (s¥€) 0§ ¥0vzsd 92 ged-ds 1o g
aqm) pap[om 7 ‘s[us pd-lL 00§ rA 15 (oo¥) 8S Z0vzZSy H9T 8£g-4ds 1o g
aqn} pap[em 7 ‘s|us pd-1L 00§ A 15 (s¥¢€) 0s (A A 91 8£g-4ds 1o g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury pnpoid Suizexg 809S1 payads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

172


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

ASME BPVC.IX-2023

s3umig D MOT-INO'66  00% LE 2N £ 2 (s¥¢€) 0s T0ZZON 99¢-4S 10 g
s3umig INO'66  00F 152N £ 2 (08¢€) ss 00ZZON 99g-4S 10 g
sSulny-papEm B "s[ws nYT'0-ASZ-IVE-LL 00§ €S €S (029) 06 £7£95Y 87 LdM £9d-ds 10 g
s3umypapEMm % 's[us ASZ-IVE-LL 00§ €S €S (029) 06 02€954 6 LdM £9d-ds 10 g
s3umy popRM % 's[us 94S'T-ASZ-IVP-1L 00§ €S ¥S (s68) 0€1 0SZ¥SY 8¢ LdM £9d-4ds 10 g
s3umy papEm/R ‘s[ws IN8'0-OWE0-LL 00§ S 8 (s8%) 0L 00¥€5Y 7T LdM €9d-gs 10 g
s3umy popEm ¥ S[wis ng-1L 00§ A 15 (oo%) 8S Y0¥Zsd H9Z LdM €9d-ds 10 g
s3umy pappEm x ‘s[us ng-1L 00§ A 15 (s¥¢€) oS ¥0¥zSd 97 LdM €9d-ds 10 g
s3umy pappm B 's[ws pd-lL 00§ A 15 (oot) 85 20%25Y HOT LdM £9d-ds 10 g
s3umy papEm % ‘s[us pd-1L 00§ rAa 15 (s¥€) 0s 20v2sy 9T LdM £9d-4gs 10 g
s3umy papEm % ‘s[us pd-1L 00§ 14 15 (oot) 85 00%254 HZ LdM £9d-4gs 10 g
s3uriy papem 3 s[ug pd-1L 00§ 43 15 (s¥¢€) 0s 00¥254 L LdM €9d-gs 10 g
s3umy papEm B 's[ws 1L 00§ €18 s (0s¥) s9 055054 € LdM £9g-4s 10 g
s3umy pappm B 's[ws 1L 00§ A 15 (s¥¢€) 0s 00%054 7 Ldm £9d-ds 1o g
s3umy pappm 3 ‘sjws L 00§ 118 15 (o¥2) s¢ 052054 T LdM £9d-ds 10 g
s3umig IS-8WSlY. 012 €T €2 (s11) 21 £9096V €909dM 19€4
sgumig n)-1S-8W4Y £ 022 1'€2 €2 (s91) ¥z 19096V 1909dM 19¢d
sgumig SNSE-IY 022 €e 2z (s02) o€ ¥SIS6V $S1S 19€d
s3umiyg UN-SNYH-TY  07¢ ¥z Sz (0£2) 6€ €80S6V €805 19€4
s3umig ny-up-y  00< 122 12 (z6) 1 £00£6Y £00€dM 19¢d
s3umig n)-v0'66 002 12 12 (92) 11 001T6Y 00TTdM 19¢€4
s3umig V0966 002 17) 12 (65) 58 09016V 090TdM 19¢d
s3umig nD-uUN-Iv 002 C (06) €1 €00€8V  £00€ PEPIV dM 19¢d
aqn3 s|us INOE-D0Z  00€ ¥e b€ (09€) zs 02STLD 659-4S 10 g
aqn3 's[ws INOE-NDOZ  00€ ¥e e (09€) zs 00STLD 65d-4gs 10 g
aqn3 s[ws INOZ-ND08  00€ ¥E b€ (01¢€) s¥ 0001LD 6S9-4S 10 g
aqny s[ws INOT-ND06  00€ ¥E  bE (s£2) o¥ 0290LD 6S9-4S 10 g
aqny 'spus INOT-1D06  00€ ¥e  ¥E (s,.2).0% 0090.4D 654-4s 10 g
aqny 'sjus d90°0-uST-uz8zZ-NJIL  00€ rArA3 € (o1¢€) s¥ 00S¥%D 659-4S 10 g
aqny 'sjus qs90°0-uST-uzg8z-ndIL  00€ A3 Z€ (o1¢€) s¥ 00¥¥%D 659-4S 10 g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, osI wnuirup
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

173


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

ASME BPVC.IX-2023

squmId  [VSZ0-I1DET-94€-ONBZ-IN99  0T¥ ¥ b (092) 011 6290TN 99¢-4S 10 g
s3umtg IDST-OWZZ-INZ9  0TF & &F (sz.) so1 Z9€0IN 99g-4S 10 g
s3umtg IDST-OWIT-INYS  0T# & &F (069) 001 9LZ0IN 99g-4S 10 g
s3umtg 942-ID8-ONSZ-INZ9  OT¥ A A (szz) so1 ZYZ0IN 99¢-4S 10 g
s3umg 94G-I1DL-OWN9T-INOZ  0T% 4% (069) 001 €000IN 99g-4S 10 g
s8ulyig 94S-OW8Z-INZ9  OT¥ ¥ b (069) 001 T000IN 99g-4S 10 g
s3uniig N-ND-O0W9-ID0Z-INSZ  0Z¥ 78  Sb (059) +6 9Z680N 99g-4S 10 g
s3umt] N-ND-09-I1D0Z-INSZ  0Z% 8 S¥ (009) 28 SZ680N 99¢-4ds 10 g
s3umtg n)EZ-OWE-IDSTZ-INZY  OEh Sy ¥ (s89) s8 SZ88ON 99g-4S 10 g
s3umig IDIZ-94Zh-INEE  0Ed SY ¥ (s19) Sz 00880N 99g-4S 10 g
(s) L8T0S s3umig N-OWO-IDTZ-IN¥Z-249%  0Z¥ 78 St (069) 001 L9EBON 99g-4S J10 g
(s) L8T0< s3umig N-OW9-IDTZ-IN¥Z-249%  0Z¥ z8 St (s59) s6 L9EBON 99g-4S 10 g
s3umig ISSZ1-1061-INSE  0ZF St 9¥ (s8%) 0L 0£E80N 99g-4S 10 g
s3umty IDSZRJEE-INLE  0ED Sy ¥ (029) 06 0Z180N 99g-4S 10 g
s3umty ONL-IDLZ-RATEAINIE  0ZF S¥ S¥ (059) ¥6 TE080N 99¢-4S 10 g
s3umg qD-1D0Z-24SE-INGE,  0Zh SY  S¥ (0ss) 08 0Z080N 99g-4S 10 g
s3umig OWL—240Z~IDZZ-INLY /0T SY  S¥ (0z9) 06 S8690N 99¢-4S 10 g
sgumig qDS'€-OW6-1DZ2Z2-IN09 0¥ £¥ £y (069) 001 GZ990N 99¢-4s 10 g
s3umtg 948-I1DST-INZL  0Z% 274 £¥ (0ss) 08 00990N 99¢-4ds 10 g
s3umig ID9T-OWSTI-INT9  0ZF & &F (069) 001 SSY9ON 99g-4S 10 g
s3umiyg OW-94-0D-MbT-I1DZZ-INES  0ZF [0 A 1 2 (092) 011 0£Z90N 99g-4S 10 g
s3umig eL8 T-OW6T-ID6T-INO9  0ZF &), €F (069) 001 0TZ90N 99¢-4s 10 g
s3umig n)9'I-0W9T-IDEZ-IN6S  0TF & CEF (069) 001 00Z90N 99g-4S 10 g
s3umig OW9T-IDEZ-IN6S  0ZF A - (069) 001 6S090N 99g-4S 10 g
s3umtg ISGL'Z-9dEZ-IDLZ-IN9Y  0TF SY  9¥ (0z9) 06 SY090N 99g-4S 10 g
s3umig OW8-IDEE-INBS  0TF & &F (s89) s8 SE090N 99g-4S 10 g
s3umg OWSG-2AST-ID6Z-INO¥  0ZF St S¥ (sgs) s8 0£090N 99g-4S 10 g
sumid  IZ-A-1L-[VZ-2d0T-1DSZ-INE9  0ZF I A 32 (829) 86 SZ090N 99¢-4s 10 g
s3umig ONS'ET-IDTZ-INGS  0ZF 34 £¥ (069) ‘001 ZZ090N 99¢-4S 10 g
s3umig ON9-3d6T-IDZZ-INLY  0ZF (27 S¥ (0z9) 06 L0090N 99¢-4ds 10 g
s3umig 9481-OW6-I1DZZ-INLY  0ZF & &F (069) 001 Z0090N 99g-4S 10 g
s3umig n)OE-INL9  00% W (s8%) 0L 00%YON 99¢-4S 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

174


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

ASME BPVC.IX-2023

aqn3 's[ws d-°d-nJL'66  00€ 1€ 1€ (092) 8¢ 002612 Sed-ds 10 g
aqny 'spus d-sy-nd¥'66  00€ 1€ 1€ (s02) o€ 00Z¥1D S6d-ds 10 g
aqny 'spus d-nde'66  00€ 1€ 1€ (s02) o€ 002212 S6d-ds 10 g
aqn3 s[ws d-nD6'66  00€ 1€ 1€ (s02) og 000212 Sed-ds 10 g
Iqn3 squs d-nDS6'66  00€ 1€ 1€ (s02) og 002012 Sed-4gs 10 g
s8u1d10. NYT'0-ASZ-IVE-LL 00§ €S €S (0z9) 06 £2€954 8z-d 18¢-4ds 10 g
sguidioyg AS'Z-IVE-LL 00§ €S €S (0z9) 06 0Z£954 6-4 189-4S 10 g
s3uguo,] 94S T-ASZ-IVP-1L 00§ €S ¥S (S68) 0€1T 0SZ¥Sd 8e-d 184-4s 10 g
s8uiguoy IN8'0-OWE0-LL 00§ s A (s8¥) 0L 00¥£5Y (ART! 184-4s 10 g
s3udao, mg-1L 00§ A 15 (oo%) 8s ¥0¥zsd H9Z-d 18¢-4s 10 g
sguidio4 ny-1L 00§ A 18 (s¥€) os ¥0¥Zsd 9z-4 189-4S 10 g
sguidiog pd-lL 00§ A 18 (oo%) 85 AV ZAE HOT-4 189-4S 10 g
s3uidioy pd-lL 00§ A 15 (sv€) oS 20¥25Y 91-4 184-4ds 10 g
s3uiguoy pd-1L 00§ A3 15 (oo¥) 8s 00¥254 H.-d 184-4s 10 g
s3uiguo, Pd-1L 00§ A3 15 (s¥¢€) 0s 00¥254 L-d 184-4s 10 g
s3urdioy IL 00§ €18 A (0s#) s9 055059 €-d 18¢-4S 10 g
sguidiog 0. £ 00S 18 18 (oo%) 85 00%0S4 HZ-4 189-4S 10 g
sguidiog 1L 008 A 15 (s¥€) os 00%0S4 -4 189-4S 10 g
s3utdioy 1L 00§ T'TS 15 (o¥2) s¢ 052054 1-d 184-4s 10 g
s3unsepn UN-94-INOT-NDSL8 00§ ¥E  bE (01¢) s¥ 002962 694-4s 10 g
s3unsepn 1L 00§ Y16 Ay (0s¥) 9 055254 €D £99-4S 1o g
s3unsepn 1L 00§ Y18 15 (s¥¢€) 0s 055254 D £99g-4S 1o g
ME
s3umig -ONE-0D8T-IDZZ-240E-INTZ  0TF SY  S¥ (069) 001 9550€d 99g-4S 10 g
N
s8umid  -nD9'0-OWS T-2AZE-INTE-IDEE  0Zh St SF (0s.) 601 ££0024 99g-4S 10 g
s3umty 1SL°Z-1D8Z-0D0E-INLE  0ZF 9%  9¥ (029,06 091ZIN 99g-4S 10 g
s3umig I1DZ-94Z-OWSG'6Z-INS9  OT¥ 4% (092) o1 SL90IN 99g-4S 10 g
s3umig 94Z-OW8Z-INS9  OT¥ A% (092) 011 S990TN 99g-4S 10 g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, osI wnuirup
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

175


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

ASME BPVC.IX-2023

Ieq 3 poy n)EZ-OWE-IDSTZ-INZY 0¥ S¥  S¥ (s85) s8 GZ880ON SzZi-das o g
diis)® 393ys ‘91e]d n)EZ-oONE-IDSTZ-INZY  0Eh St S¥ (s85) s8 GZ880ON vzHf-as 10 g
aqmy g ad1d "sjwg n)EZ-OWNE-IDSTZ-INZY  0E% St S¥ (s15) Sz GZ880ON €zi-das 1o g
dins 3 399ys ‘Sield LL-[V-IDTZ-9dZh-INEE 0¥ SY  S¥ (0s¥) s9 TT880N 60#{-4S 10 g
dins % 399ys ‘@reld IDTZ-24Zh-INEE  0Eh St S¥ (0st+) s9 0T1880N 60#-4S 1o g
dins = 199ys ‘91e[d ID1Z-9dZh-INEE  Of¥ St S¥ (s19) Sz 00880N 60#-4S 10 g
duns 3 393ys ‘a1e[d IDGZ-9dEE-INLE  Of¥ St S¥ (029) 06 0ZT80N 60#-4S 10 g
JIeq 3 poy LAIY=IDTZ-9dZh-INEE 0¥ St S¥ (0s¥) s9 TT880N 80%-4S J10 g
JIeq 3 poy IT7-94Zh-INEE  0E¥ SY  S¥ (0s¥) s9 01880N 80%-4S 10 g
JIeq 3 poy IDEZPUZY-INEE  0€h St S¥ (s19) Sz 00880N 80#-ds 10 g
JIeq i poy IDSZ-UEESINLE  OEY St S¥ (029) 06 0ZT80N 80%-4S 10 g
aqm % adid ‘sjus LL-V-IDTZ-9dZv-INEE), 0€¥ s¥  S¥ (0st+) 59 TT880N L0H%-4S 1o g
aqny % adid 's[uig IDTZ-94ZH-INEEL>70EY Sy S¥ (0s¥) 9 0T880N L0H%-4S 1o g
aqny B adid ‘sjus 1L~ID5'0Z-24Sy-INZE  “0EF St S¥ (0st) s9 T0880N L0H-ds 10 g
aqn) 3 adid 'sjuig IDTZ-2dZH-INEE  0€% Sy Sy (s19) s2 00880N L0Y-4S 10 g
aqm) 3 adid 'sjuig IDSZ-2dEE-INLE  OEY Sy SY (0z9) 06 0Z180N L0Y-4S 10 g
aqn3 s[ws INOE-NDOZ  00€ v€), e (09¢€) zs 0ZSTLD Sed-4ds 10 g
aqn3 's[ws INOE-NDOL  00€ e (FE (09¢) zs 00STLD S6d-4s 1o g
aqny 'sjug INOZ-ND08  00€ ve b€ (o1€) s¥ 000TLD S6d-dsS 1o g
aqny 's[ug INOT-ND06  00€ ve  ve (5.2) o¥ 029040 S64-4S 10 g
aqny 'sus INOT-ND06  00€ ¥e e (5.2) o¥ 00900 Se6d-ds 1o g
aqny 's[ug IVZ-UzZ0Z-nD8L  0S€ zee € (sp£) 0s 004890 Se6d-ds 1o g
aqn3 s[ws [VG-NDS6  09€ S &g (s¥€) oS 008092 Se6d-4s 10 g
aqny 's[ug d90'0-uUST-uz8Z-NDIL  00€ A4 A (01€)'s# 00S++D Se6d-dsS 1o g
aqny 's[ug 4s90°0-UST-UZ8Z-NDTL  00€ zee e (01€) S¥ 00%++D Sed-ds 1o g
aqny 's[ug SY90'0-UST-UZ8Z-NDTL  00€ zee e (o1€) s¥ 00€+HD Sed-ds 1o g
aqny ‘s uzS§T-ndS8  00€ 1Tee € (5.2) o¥ 00QEZD Sed-4gs 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom

(P3u0)) s1dquInN-d 1€ 3seg

CTy-40/MD 19eL

176


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

ASME BPVC.IX-2023

sduidiod  [VSZ'0-IDET-94E-OW8Z-IN99  OT¥ A % (092) 011 6290TN Z9Hf-dgs 10 g
sdurdioy IDST-ONZZ-INZ9  0Z¥ £¥ £¥ (szz) sot Z9€0IN Z9%-4s 10 g
s3uIg1o, IDST-OW9T-INYS  0Z% [X 2 > 4 (069) 00T 9LZ0IN 9%-4s 10 g
s8ug1o, N-OW9-IDTZ-INYZ-249%  0TF 78  Sb (s59) s6 L9EBON Z9H-ds 1o g
sduidtod  N-ND-OWNG'9-IDZZ-9dEE-INTE  0ZF S¥  S¥ (059) ¥6 TE080N Z91-ds 10 g
s3ugao, qD-1D0Z-24SE-INSE  0ZF SY  S¥ (0sS) 08 0Z080N Z9Hf-4gs 10 g
SSUIB10, NG'E-OW9T-IDTZ-IN8S  0E¥ €& £F (069) 001 98990N Z9#f-4gs 10 g
s3uguoy n)9'I-0W9T-IDEZ-IN6S  0TF & &F (069) 001 00Z90N Z9H-ds 1o g
s3uIg10, OW9T-IDEZ-IN6S  0ZF [ 2N > 4 (069) 001 6S090N 9%-4s 10 g
s3uidiog ISGL'Z-9dEZ-IDLZ-IN9Y  0TF SY  9¥ (0z9) 06 SY090N Z9H-ds 1o g
s3ug10, OWB-IDEE-INBS  0TF [ A1 2 (s85) s8 SE090N 9%-ds 10 g
s3urdioy OG=2IST-ID6Z-INOY  0ZF S¥ S¥ (s89) s8 0€£090N Z9%-4ds 10 g
s3urdioy ONGET-IDTZ-INSS  0ZF £¥ £¥ (069) 001 ZZ090N Z9%-4ds 10 g
Jleq 3 poy qDS E-OW6TIDZZ-INO9  0EV & &F (069) 001 SZ990N z 9¥H-4S 10 g
etp (001) #> Teq % poy qDS E-OW6-IDZZFINO9  OEV & &F (sz8) 0z1 SZ990N T 9¥H-4S 10 g
e1p (09z) 015 (001) ¥= JIeq %3 poy qDS'€-OW6-1DZZINO9,  0EV £¥ £¥ (069) 001 GZ990N 1 9t#-4s 10 g
aqny ¢ adid "squig qDS E-ON6-1DZZ-IN09”™ 0€t & &F (069) 001 SZ990N z ¥R-4s 1o g
aqny 73 adid ‘squig qDSE-OW6-1DZZ-INO9  0€t & &F (sz8) 0z1 SZ990N I ¥¥H-ds 1o g
dins 3 393ys ‘91e]d qDSE-ON6-1DZZ-INO9  OE¥ & €F (069) 001 SZ990N z ebif-gs 10 g
dins 73 393Ys pa[[01-p[0) qDSE-OW6-1DZZ-INO9  0Eh €y, tF (sz8) 0z1 SZ990N 1 chif-ds 10 g
199ys Pa[[01-10Y 73 ale[d qDS'€-OW6-1DZZ-IN09  0f¥ v/ ¥ (092) 011 SZ990N 1 chif-ds 10 g
ME
dins 7 323ys ‘91e[d ~ONE-0D8T~IDZZ-340E-INTZ  0TF sy S¥ (069) 001 9550€d SeH-gs 10 g
dins 7 399ys ‘91eld 1SL°Z-1D8Z-0D0€-INLE ~ 0ZF 9% 9% (0z9) 06 091ZIN SeH-gs 10 g
dins 3 399ys ‘@1eld OW-94-0)-M¥PT-I1DZZ-INES  0ZF €& £F (09.) 011 0£Z90N SeHf-gs 10 g
drus 3 199ys ‘are|d 9d81-OW6-IDZZ-INLY  0ZF 274 €Y (¢59) s6 Z0090N GeH-ds 10 g
duns 3 393ys ‘a1e[d 94Z-1D8-ONSZ-INZ9  01% 4% (sz.) so1 ZYZOIN yER-4S 1o g
dins 73 393ys ‘91e[d 9G-I1DL-OWN9T-INOZ  0E¥ A% (069) 00T €000IN yER-AS 1o g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, osI wnuirup
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

177


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

ASME BPVC.IX-2023

JIeq qD-1D0Z-24SE-INSE  0ZF SY  S¥ (0ss) 08 0Z080N €LHf-ds 10 g
2q1} papEM n)E-OWN9-I1DHZ-240E-INSE  0ZF St SF (0sS) 08 9Z080N 89H%-4S 10 g
9qnapapEm OWP-IDEZ-9AEE-INLE  0ZF Sy SF (0sS) 08 ¥Z080N 89%-4S 10 g
aqni papMm qD-1D0Z-24SE-INSE  0ZF SY  S¥ (0ss) 08 0Z080N 89%-4S 10 g
ao (st1) ss adid papap INOE-ND0Z  00€ ¥e b€ (s¥¢€) 0s 02ZSTLD L9%-4S 10 g
ao (st1) so< adid papam INOE-ND0L  00€ 43 43 (ote) sv 02STLD L9#-dS 1o g
ao (st1) svs adid papam INOE-ND0L  00€ ¥e  ¥E (s¥€) 0s 00STLD L9R-4S 10 g
ao (St1) §< adid pappom INOE-ND0Z  00€ ¥e  ¥E (o1¢€) s¥ 00STLD L9R-4S 10 g
ao (st1) ss adid papom INOT-ND06  00€ ¥e  ¥E (s22) o¥ 0290LD L9%-4S 1o g
ao (st1) so< adid papram INOT-ND06  00€ 43 43 (092) 8¢ 0290LD L9R-4S 10 g
ao (st1) svs adid papam INOT-ND06  00€ 43 43 (s22) o¥ 009040 L9R-4S 10 g
ao (st1) §o< adid papam INOT<ND06  00€ 43 43 (092) 8¢ 009040 L9H-4S 10 g
aqm % adid ‘sjus INOE-ND0Z,  00€ ¥e  ¥E (09¢€) zs 02ZSTLD 99%-4S 10 g
aqny 7 adid "squig INOE-ND0Z /5-00€ 43 43 (09¢) zs 00STLD 99#-4S 10 g
aqny 73 adid "squig IN0Z-ND08 >00¢€ 43 43 (ote) sv 000TLD 99#-4S 10 g
aqn) ¢ adid ‘squwig INOT-ND06  00E 43 43 (092) 8¢ 0290LD 99#-4S 10 g
aqmy 3 adid "sjus INOT-1D06  00€ ¥e  ¥E (092) 8¢ 0090.4D 99%-4S 10 g
adid papom N)E-OWN9-IDHZ-940E-INSE  0ZF Sv) S¥ (0ss) 08 9Z080N 9%-4s 1o g
adid papam OWNY-IDEZ-9IEE-INLE  0ZF S¥ S¥ (0ss) 08 ¥2080N $9#f-4dsS 10 g
adid papam qD-ID0Z-24S€-INSE  0Z% S¥ Sy (0ss) 08 0Z080N $9#f-ds 1o g
dins 7 399ys ‘91e[d N)E-OWN9-IDHZ-9J0E-INSE  0ZF Sy ¥ (0ss) 08 9Z080N £9H-gs 10 g
dins 7 399ys ‘91e[d OWH-IDEZ-9AEE-INLE  0CZF S¥  Sh (0sS) 08 $Z080N £9H-ds 10 g
dins % 393ys ‘91e]d qD-ID0Z-24SE-INSE  0ZF St S¥ (ass) o8 0Z080N £9Hf-ds 10 g
N
sduigtod -nD9'0-OWST-9AZE-INTE-IDEE  0ZF Sy SF (0S2) 601 ££0024 Z9H-ds 1o g
s3uigaoy I1DZ-94Z-OWSG'6Z-INS9  OT¥ ¥ b (092) 011 SL90IN Z9H-ds 1o g
s3uiguo, 94Z-OW8Z-INS9  OT¥ A% (092) 011 G990TN Z9Hf-dgs 10 g
(pauo)) sno.LJUON

wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads

‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy

SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

178


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

ASME BPVC.IX-2023

aqn1 papPM uzS§I-ndS8  00€ ree € (5.2) o¥ 000£2D evqd-ds 1o g
aqn1 papPMm d-ndS'L6  00€ 1€ 1€ (o1€) s¥ 00610 evd-ds 1o g
aqny papam d-nJ6'66  00€ 1€ 1€ (s02) o¢ 002212 evgd-ds 1o g
dinsy® 199ys ‘ae|d ISSZ'T-ID6T-INSE  0ZF St 9% (s8¥) 0L 0£E€80N 9¢d-4s 10 g
aqn} 3-edid "sjug ISSTT-1D61-INSE  0ZF Sy 9% (s8¥) 0L 0£EBON seg-ds 1o g
aqm) papfam 7 ‘sjius qdSZHIZSS6 009 9 79 (0ss) o8 S0L094 50,094 €zd-as o g
aqn} pap[em 7 's[ulg 17266 009 19 19 (08¢) ss 20094 20094 gzqd-4as 1o g
adid papam 948-IDST-INZL  0ZF €¥ €¥ (0ss) 08 00990N L19-4S 1o g
adid papom IS6£°7-24€7-IDLZ-IN9Y  0TF St 9% (029) 06 S¥090N L14-4s 1o g
adid pappom  IZ-A-LLNIVZ=940T-I1DSZ-INE9  0ZF €& £F (5.9) 86 SZ090ON L14-gs 10 g
aqny papEm 8-IDST-INZL  0ZF A 3 2 (0ss) 08 00990N 914-4s 10 g
aqny papm ISSL'Z-RAELTIOLZ-IN9Y  0TF St 9% (029) 06 SY090N 914-4s 1o g
aqny papPM  IZ-A-LL-TVZ-940T-IDSE7INE9  0ZF & &F (5.9) 86 SZ090N 914-d4s 1o g
aqn3 papEm IL-IV-IDTZ-94ZH-INEE ') OEW St S¥ (0st+) 59 TT880N ST4-4s o g
aqny papem ID1Z-2dZh-INEET €Y St S¥ (0st) s9 0T1880N S1d-4as o g
aqny papm IDTZ-9dZh-INEE  Of St S¥ (s15) Sz 00880N Srg-das o g
aqny papm IDGZ-9dEE-INLE 0P St S¥ (029) 06 0ZT80N Srg-das o g
adid papom IDTZ-94Zh-INEE  0E¥ S¥  S¥ (0st+) 59 0T880N ¥19-9s 1o g
adid papam IDTZ-94Zh-INEE  0E¥ ¥y S¥ (s19) Sz 00880N $19-4S 10 g
adid papam IDGZ-94EE-INLE  0Ed Sp° -SF (029) 06 0ZI80N $19-4S 10 g
sadeys 7 sieg ISSZT-ID6T-INSE  0ZF St 9¥ (s8¥) 0L 0£E€80N 114-4s 1o g
s8unse) 94€-IV6-1D88  09€ eS¢ (0L%) 89 002562 S09-4s 1o g
sguidiog qDSZHIZS'S6 009 9 79 (s8%) 0L S0L094 S0L09Y €61-dS 1o g
sguidiog 17766 009 9 19 (08€)iss 204094 20,094 €6#-4s 10 g
aqn) papnaxy n)-uW-Iy 002 e 12 (z6) ¥1 €00£6Y €00€ T6vd
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSsouwypIy I, [eurwioN _NU_Q%H 0SI uwnuIur
Surpppm
(p3uo0)) s1dquinN-d 119 dseq
TTr-90/M0O 91qel

179


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

ASME BPVC.IX-2023

s3uigaoy 248-IDST-INZL  0TF & &F (0ss) 08 00990N $99-4S 1o g
s3uiguo, OW-94-0D-MPT-IDZZ-INES  0ZF & €F (092) 011 0£Z90N $99-4S 10 g
s3urdioy eL8'T-OW6I-1D6I-INO9  0Z% £¥ €Y (069) 001 0TZ90N $94-4ds 10 g
s3urdioy N9 T-ON9T-IDEZ-IN6S 0¥ £¥ €Y (069) 001 00Z90N $94-4ds 10 g
sguigio, OW9T-IDEZ-IN6S  0ZF ¥ ¥ (069) 001 6S090N #99-4S 10 g
SSUIBLO ISGL'Z-9dET-IDLT-IN9Y  0TF SY 9% (0z9) 06 S¥090N ¥99-4S 1o g
s3u1310y OW8-IDEE-INBS  0TF £¥ £¥ (s85) s8 SE090N ¥99-4S 1o g
(001) ¥5 s8uidog " JAZ-A-1L-TVZ-940T-IDSZ-INE9  0Z¥ £¥ £¥ (s£9) 86 GZ090N $94-4S 10 g
(00g) z15 (00T) ¥< s8uigiod  WZFA-LL-IVZ-9d01-IDSZ-INE9  0ZF 274 £¥ (08s) 8 SZ090N $94-4dsS 1o g
s8uIg1o, OWSET-IDIZ-INSS  0ZF & &F (069) 001 ZZ090N ¥99-4S 1o g
s3uIg1o, n)OE-INL9  00% A A7 (s8%) 0L 00%%0N ¥99-4S 10 g
dins 3 399ys ‘@1eld q0§°Z+HIZSS6 009 9 79 (0sS) 08 S0L09d S0L09Y 159-4S 1o g
drus 3 199ys ‘are[d 17766 009 19 19 (08¢) ss 20,094 20,094 169-4s 10 g
aIMm R 1eg qDSZHIZYS6 009 9 29 (0sS) 08 S0L094 S0L094 0sq-ds 1o g
aIIM B Jeg 1Z266') 009 19 19 (08¢€) ss 204094 204094 0sq-4gs 1o g
aqn} papEM n)-I1S-8-IvV 02z e €2 (s91) ¥z 19096V 1909 L¥Sd
aqnl papEm UN-SINLZ-TV 022 A4 44 (s12) 1€ YSySev SYS LySd
aqn) pappm UN-SINFP-IV 022 %22 Sz (s22) o¥ £8056Y €805 L¥Sd
aqny papam n-UN-IV 002 122, 12 (z6) 1 £00£6Y €00€ LS4
aqn} papEM nD-uUN-IvV 002 "/ 1z (06) €1 €00€8Y  £00€ PEPIY AZ:
aqn} papEM INOE-NDOL  00€ ve  bE (09¢) zs 02ZSTLD evq-ds 1o g
aqn} papEMm INOE-ND0Z  00€ ¥e  bE (09¢€) zs 00STLD evq-ds 1o g
aqn} papEMm INOT-ND06  00€ ¥e e (5.2 o¥ 0290LD evq-gs 10 g
aqn} papEMm INOT-ND06  00€ ¥e b€ (5L.2) o¥ 009042 ebq-gs 10 g
aqn3 papeMm INS-NDS6  00€ ¥e b€ (692) 8¢ 00%0£D ebqd-das 1o g
aqny papm [VZ-UZ0z-nd8L  0SE rArA S A (s¥€) ‘oS 004892 evq-ds 1o g
aqn} papEMm d90°0-uST-Uz8Z-NJIL  00€ rArA S A (01¢€) S¥ 00S¥¥D evq-ds 1o g
aqn} papEM qs90°0-uST-uzg8z-ndIL  00€ rArA S A (o1¢) s¥ 00¥¥¥D ebq-ds 10 g
aqn) papeM SY90°0-UST-UZ8Z-NDTL  00€ rArA A (o1¢€) s¥ DOEYYD ebqd-ds 1o g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

180


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

ASME BPVC.IX-2023

poy OW8-IDEE-INGS  0TF €& ¥ (s85) s8 SE090N ¥L4-4S 10 g
poy OWSET-IDTZ-INSS 0T (A (069) 00T ZZO90N v.4-4S 10 4
poy 94Z-1D8-ONSZ-INZ9  01% A% (szz) so1 ZYZOIN €Lq-9s 10 g
poy 94G-IDL-OWN9T-INOZ  OE¥ ¥ b (069) 00T €000IN €L9-9s 10 g
ME
PO -OWE-0D8T-IDZZ-240E-INIZ  0Th St SF (069) 001 9550€d zL9-ds 1o g
pod 1S£°Z-1D8Z-0D0E-INLE  0ZF 9%  9¥ (0z9) 06 091ZIN zLq-ds 1o g
poy OW-94-0D-MbT-I1DZZ-INES  0ZF & &F (092) 011 0£Z90N zLq-ds 1o g
poy 9481-OW6-I1DZZ-INLY  0ZF & &F (559) se6 Z0090N zLq-gs 10 g
N
s8uiSiod -nD9'0-OWS T=9AZE-INTE-IDEE  0ZF Sy SF (0S2) 601 ££0024 ¥99-4S 10 g
s3ug1o, ISL'7=1982-0D0€-INLE  0ZF 9% 9% (0z9) 06 09TZIN %99-4S 10 g
s3uid1o4 I1DZ-9AZSONG6Z-INS9  OT¥ ¥ b (092) 011 SL90IN ¥99-4S 10 g
s3uiguo, 947-ON8Z<INS9  0T¥ A % (092) 011 S990IN ¥94-4S 10 g
sduidiod  [VSZ'0-IDET-94E-OWBZAN99  OT¥ ¥ b (092) 011 6290TN ¥94-4S 10 g
s3uidioy IDST-ONZZ-INZ9') 0¥ £¥ £¥ (sz) sot Z9€0IN $94-4s 10 g
s3uIg1o, IDST-OW9T-INVSS 0Z¥ [X 2N > 4 (069) 00T 9LZ0IN %99-4S 10 g
s3uIg1o, 94Z-ID8-ONSZ-INZ9  OFF LA A (sz.) so1 ZYZ0IN #99-4S 10 g
sguid1o4 n)EZ-OWE-IDSTZ-INZY  OEh s¥  S¥ (s85) s8 GZ880ON $99-4S 1o g
sguidiog LL-V-IDTZ-2AZF-INEE  OE¥ ¥ S (0s+) s9 TT880N ¥94-4S 10 g
sdurdioy IDTZ-94Zh-INEE  OFF G, S¥ (0s¥) s9 0T880N $99-4S 10 g
s3uguoy IDTZ-94ZH-INEE  OF¥ S Sh (st8) sz 00880N %99-4S 10 g
s3uig1o, N-OW9-IDTZ-INYZ-249%  0T% 78 8% (559) se6 L9ESON ¥99-4S 10 g
s8uigaoy IDGZ-94E€E-INLE  0ED sy S¥ (0z9) 06 0Z180N $99-4S 1o g
s3uiguo, OWL-IDLZ-2ATE-INTE  0ZF SY  S¥ (059) ¥6 TE080N ¥94-4S 10 g
s3uguo, 216-106Z-IN8S  0TF & &F (s85) s8 06990N ¥99-4S 10 g
s3urdioy MSE-OWN9T-IDTZ-IN8S  0E¥ £¥ £¥ (069) 001 98990N $94-4ds 10 g
(o01) ¥5 s8uIg1o, qDS'€-OW6-1DZZ-IN09  0E¥ (274 £¥ (sz8J0z1 SZ990N $94-4dsS 1o g
(0s7) ots (001) ¥< s3uid1o4 qDS'€-OW6-1DZZ-IN09  0E¥ &y &F (092) o1 SZ990N ¥99-4S 1o g
s3u8.10, OW6-0DET-IDZZ-INZS  0TF 9%  £F (s59) s6 LT990N ¥99-4S 1o g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, osI WnuIuIp
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

181


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

ASME BPVC.IX-2023

dins 3 199ys ‘ae[d ON9-3d8T-IDSZ-IN6¥  0F¥ S¥ S¥ (s8s) s8 SL690N z89-4ds 10 g

dins 3 199ys ‘a1e[d OWS-2AST-ID6Z-INOY  0ZF Sy ¥ (s89) s8 0£090N z84-ds 1o g

(61) SL°05 dia3s g 399ys ‘91e[d OW9-246T-IDZZ-INLY  0ZF & SF (0z9) 06 LO090N z84-ds 1o g

(s9) $z5 (61) SL°0< a1eld OW9-246T-IDZZ-INLY  0ZF €& S¥ (s85) s8 LO09ON z84-ds 10 g

poy OWL-1DLZ-2ATE-INTE  0ZF St ¥ (059) ¥6 1£080N 184-4S 10 g
"BIp

(61) s40s5 (8) szTe0= poy ONL-3d0Z-IDZZ-INLY  0ZF S¥ S¥ (0z9) 06 S8690N 189-4S 10 4
BIp

(06) $€s (61) SL70< poy OW.-2402-1D2Z-INLY 0¥ S¥  S¥ (s85) s8 S8690N 184-4S 10 g

poy OW9-2A8T-IDSZ-IN6%  0E¥ s¥  S¥ (s85) s8 SL690N 184-4S 10 g

poy OWG-94ST-1D6Z-INO¥  0ZF SY  S¥ (s85) s8 0£090N 184-4S 10 g
"BIp

(61) s40s (8) szre0= poy ON9-Sd6T-IDZZ-INLY  0ZF £¥ S¥ (0z9) 06 L0090N 189-4S 10 g4
"BIp

(06) $€5 (61) SL°0< poy ON9-246T-MDZZSINLY  0ZF € Sh (s89) s8 LO09ON 189-4S 10 g

dins 7 399ys ‘91e[d IDST-OWZZ-INZ9), 0Z% & &F (szz) sot Z9€0IN G.q-gs 10 g

dins 3 393ys ‘91e]d IDST-OWIT-INYS />~ 0T & €F (069) 001 9LZ0IN G.9-4S 1o g

dins % 393ys ‘91e]d MS'E-ON9T-IDTIZ-INBS “OEF & &F (069) 001 98990N S.q-ds 1o g

dins 3 399ys ‘ae[d ID9T-ON9T-INT9  0Z% £¥ €¥ (069) 00T SSH90N GL9-ds 10 g

dins 73 399ys ‘91e[d eL8 T-OW6TI-ID6I-INO9  0ZF [ 1 2 (069) 001 0TZ90N G.q-ds 1o g

dins 3 399ys ‘91e[d n)9 T-OW9T-IDEZ-IN6S  0TF €, &F (069) 001 00Z90N G.q-gs 10 g

dins 3 399ys ‘@1eld OW9T-IDEZ-IN6S  0ZF €/ €F (069) 001 6S090N G.q-gs 10 g

dins g 399ys ‘ared OW8-IDEE-INBS  0TF e Ogy (s85) s8 SE090N G.q-gs 10 g

dins g 399ys ‘a1e|d ONS'ET-IDTZ-INSS  0ZF €¥ ¥ (069) 00T 2Z090N SL9-9s 10 g

poy IDST-OWZZ-INZ9  0TF & &F (szz) sot Z9€0IN ¥,9-4S 1o g

poy IDST-OWIT-INYS  0ZF & &F (069) 001 9LZ0IN ¥,9-4S 1o g

poy MG E-ON9T-IDTZ-INBS  0f¥ €& £F (669) 001 98990N ¥,9-4S 10 g

poy ID9T-OWIT-INT9  0TF & &F (069) ‘001 SSY9ON ¥,9-4S 1o g

poy eL8'T-OW6TI-1D6T-INO9  0Z% (27 £¥ (069) 00T 0TZ90N ¥,4-dS 10 g

poy n)9'T-OW9T-IDEZ-IN6S  0TF & &F (069) 001 00Z90N ¥,9-4S 1o g

poy OW9T-IDEZ-IN6S  0ZF [ X 2 (069) 001 6S090N ¥,9-4S 1o g

(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
TTr-90/M0O ?1qel

182


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

ASME BPVC.IX-2023

ME
adid papam -ONE-0D8T-IDZZ-340E-INTZ  0Z¥ S¥ S¥ (069) 001 9550€Y 619-4s 10 4
N
adid paplpm -ND9'0-OWS T-9AZE-INTE-IDEE  0ZF SY ¥ (0S2) 601 ££0024 619-4ds 10 g
edid paprom 1S£°Z-1D8Z-0D0E-INLE  0ZF 9% 9% (0z9) 06 091ZIN 619-4s 10 g
adid/paprom IDZ-94Z-ONG6Z-INS9  OT¥ ¥ b (092) 011 SL90IN 619-4s 10 g
adid popam 94Z-OW8Z-ING9  0T¥ 44 44 (092) 011 G990TN 6194-4S 10 g
odid papPMy”, [VSZ0-1DET-24€-0N8Z-IN99  01% 4 % (092) 011 6Z90IN 619-4ds 10 g
adid papam IDST-OWNZZ-INZ9  0Z¥ £¥ £¥ (sz.) so1 Z9€0IN 619-4S 10 g
adid papam IDST-OWIT-INYS  0ZF [ 2 4 (069) 001 9LZ0IN 619-4S 10 g
adid papom 94Z-1D8-OWNSZ-INZ9  01% A % (szz) so1 ZYZOIN 619-4s 10 g
adid papam 94S-OW8Z-INZ9  0T¥ A A %2 (069) 001 T000IN 6194-4S 10 g
adid papam (L-0NS-1DZ2-IN9Z  0E¥ 8 S¥ (st8) sz 0ZE80ON 619-4S 10 4
adid papam ONL-1DLE-RATE-INTE  0ZF S¥ S¥ (059) ¥6 TE080N 619-4S 10 4
adid pappom OWL-940Z€ZZ-INLY  0ZF Sy SF (0z9) 06 S8690N 619-4ds 10 g
adid papom OW9-2A8T-IDSZ-IN6Y 0V s¥  S¥ (s89) s8 SL690N 619-4s 10 g
adid pappem MG E-ON9T-IDTZ-INGS, 0¥ & €F (069) 001 98990N 619-4s 10 g
adid papam ID9T-OW9T-INTY />~0ZF £¥ £¥ (069) 001 SSH90N 619-4S 10 4
adid papam ON-94-0)-M¥T-IDZZ-INES 0¥ £¥ €¥ (092) 011 0E£Z90N 619-4S 10 4
adid papam eL8'T-OW6TI-1D6T-INO9  0ZF% 274 27 (069) 001 0TZ90N 619-4S 10 g
adid papom n)9 T-OW9T-IDEZ-IN6S  0TF & &F (069) 001 00Z90N 619-4s 10 g
adid papam OW9T-IDEZ-IN6S  0ZF & €F (069) 001 6S090N 619-4s 10 g
adid papam OW8-IDEE-INGS  0TF v/, €F (s85) s8 SE090N 619-4s 10 g
adid papam ONG-3dST-ID6Z-INOY  0ZF S¥ Sy (s8s) s8 0£090N 619-4S 10 4
adid papam ONS'ET-IDTZ-INGS  0ZF [ 2N 4 (069) 001 ZZ090N 619-4S 10 g
adid papom OW9-246T-IDZZ-INLY  0ZF & SF (0z9) 06 LO090N 619-4ds 10 g
adid papom 9181-OW6-1DZZ-INLY  0ZF & &F (069) 001 Z0090N 619-4s 10 g
drus 3 199ys ‘are[d ONG-IDTZ-3dLb-INGZ  0ZF 8 S¥ (0Ss) 08 00L80N 669-4S 10 4
(61) SL°05 dins 73 323ys ‘91e[d OW.-940Z-1DZZ-INLY  0ZF S¥  S¥ (029) 06 S8690N z84-ds 10 g
(s9) $z5 (61) SL°0< a1e[d OWL-240Z-IDZZ-INLY ~ 0Z¥ St S¥ (s85) s8 S8690N z84-ds 10 g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaUNpIY L [eUIWION reard4, osI wnuirup
Surpppm
(p.3uo)) s1dqUINN-d eI dseg
TTr-90/M0O 91qel

183


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

ASME BPVC.IX-2023

dins % 199Yys ‘91eld OWL-1DLZ-2ATE-INTE  0ZF St SF (059) ¥6 1E080N Szgd-ds 1o g
ME
aqm) madid 'sjus  —OWE-0D8T-I1DZZ-940E-INTZ  0ZF SY ¥ (069) 001 9550€d zzg-ds 1o g
N
aqmy B adidysjus  -nD9'0-ONS T-3AZE-INTE-IDEE  0ZF SY ¥ (052) 601 ££0024 zz9-dgs 10 g
aqm % adid ‘sjiug 1SL°Z-1D8Z-0D0€-INLE  0ZF 9% 9% (0z9) 06 09TZIN zz9-as 10 g
aqny R adid ‘sjuis I1DZ-94Z-OWS'6Z-INS9  OT¥ ¥ b (092) 011 SL90IN zzd-as 1o g
aqn ¢ adid "squig 94Z-OW8Z-INS9  0T% 44 44 (092) 011 S990TN zzg-ds 10 g
aqmy % adid 'sjwis  [VSZ0AIDET-24E-OW8Z-IN99  0T¥ 44 44 (092) 011 62901IN zzg-4as 10 g
aqmy B adid ‘sjus IDST-OWZZ-INZ9  0T% [ 2 4 (sz.) so1 Z9€0IN zzg-dgs 10 g
aqm % adid ‘sjus 19ST-OWIT-INYS  0TF & €F (069) 001 9LZ0IN zz9-4gs 10 g
aqm % adid ‘sjus 9IZ=1)8-ONSZ-INZ9  01% A % (szz) so1 ZYZOIN zz9-4gs 10 g
aqny ¢ adid "squig 9dG70N8Z-INZ9  0T¥ 44 44 (069) 00T T000TN Zzg-4as 10 g
aqny g adid 'sjus LL-ONS—I)ZZ<IN9Z  0EV 8 S¥ (s19) Sz 0ZE8ON zzg-ds 10 g
aqn3 3 adid ‘sjus OWL-IDLZ-RATEANTE  0ZF Sy ¥ (059) ¥6 1£080N zzg-gs 1o g
aqmy 3 adid ‘sjus OW.-240Z2-1DZZ-INL}') 0Z¥ S¥  Sh (0z9) 06 S8690N Zz9-dgs 10 g
aqny B adid ‘sjus OW9-248T-IDSZ-IN6¥*" 0¥ Sy S¥ (s85) s8 SL690N zzg-4gs 10 g
aqny 7 adid "squig MS'E-OWN9T-IDTZ-IN8S  0€h £¥ £y (069) 001 98990N zz9-4ds 10 g
aqny g adid 'sjus ID9T-OW9T-INT9  0Zh 274 £¥ (069) 001 SSH90N zzg-ds 10 g
aqmy 3 adid ‘sjus OW-94-0D-MbT-I1DZZ-INES  0ZF & &F (092) 011 0£Z90N zz9-as 10 g
aqny 3 adid ‘sjus eL8 T-OW6TI-ID6TI-INO9  0ZF &b €F (069) 001 0TZ90N zz9-as 10 g
aqm % adid ‘sjus n)9 T-OW9T-IDEZ-IN6S  0TF el _e¥ (069) 001 00Z90N zz9-dgs 10 g
aqny 3 adid 'sjug OWN9T-IDEZ-IN6S  0TF (24 (%57 (069) 001 6S090N zzg-ds 10 g
aqny ¢ adid "squig OW8-IDEE-INBS  0Z% £¥ £¥ (s8s) s8 SE090N zzg-ds 10 g
aqn3 3 adid ‘sjus OWS-2AST-ID6Z-INOY  0ZF Sy ¥ (s89) s8 0£090N zzg-gs 10 g
aqny R adid ‘sjus OWSET-IDIZ-INSS  0ZF & &F (069) 001 ZZ090N zz9-as 10 g
aqmy B adid ‘sjus OW9-346T-IDZZ-INLY  0ZF € Sh (029), 06 LO09ON zz9-as 10 g
aqny R adid ‘sjus 9481-OW6-1DZZ-INLY  0T¥ €& £F (069,001 Z0090N zz9-gs 10 g
poy LL-OWS-1DZZ-IN9Z 0% 78  Sb (s19) sz 0ZE£8ON 129-4ds 10 g
dins 7 399ys ‘91eld LL-OWNS-I1DZZ-IN9Z  0E¥ 78  Sb (s19) S2 0Z€80N 0zg-4s 1o g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

184


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

ASME BPVC.IX-2023

N

9qny paplPM  -ND9'0-ONSGT-94ZE-INTE-IDEE (1144 St St (0s2) 601 £€002d 9¢9-4S 10 g

aqn} papeM 1SL7Z-1082-0D0€-INLE (1144 9% 9% (0z9) 06 091ZIN 9¢9-4S 10 g

oqn} papem IDZ-94Z-ONS'6Z-INS9 (1184 a4 a4 (092) 011 SL90IN 9¢9-4S 10 g

#9103 papleM 91Z-ON8Z-INS9 128% 474 474 (092) 011 S990TIN 9¢9-4S 10 g
aqny/pspem [VSZ'0-IDE T-24E-O0NBZ-IN99 0TY 474 47 (092) 011 6Z90TN 9¢9-4S 10 9

aqn} popEM IDST-ONZZ-INZ9 0Zy 154 154 (sz4) sot Z9€0IN 9¢9-4dS 10 g

aqn3 papop ADST-ONIT-INYS 0Zy 544 544 (069) 001 9LZ0TIN 9¢9-4S 10 g

aqn} papPMm 94Z—-1D8-O0SZ-INZ9 (1154 a4 44 (sz.) so1 Z¥20IN 9¢9-4S 10 g

aqn3 psapeMm 94G-0N8Z-INZ9 (1157 a4 a4 (069) 001 TO00IN 9¢9-4sS 10 g

aqn} pspEM LL-ONS—IDZZ-IN9C 0EY '8 St (s19) S2 0ZEBON 9¢9-4dS 10 g

aqn} pspPEM OWL—IDLZ—RATE-INTE 0cy SY St (059) v6 TE080N 9¢9-4S 10 g

aqn} papPeM ONL-2402-1DZZ-INLY (1144 St St (029) 06 S8690N 9¢9-4S 10 g

aqn} papem ON9-d8I—1DSZ-IN6Y (1154 St St (s85) s8 SL690N 9¢9-4S 10 g

aqn} papem MS'E-ONITIDTZ-INSS (1154 1544 1544 (069) 001 98990N 9¢9-4sS 10 g

|aqn} papeMm ON6-0DET—-IDCZFINCZS (\r4% 9% 1544 (s59) s6 LT990N 9¢9-4S 10 g

aqn} pap[PEM ID9T-ON9T-INTOS 0Zy 154 154 (069) 00T SSY90N 9¢9-4dS 10 g

oqn} pap[PEM ON-34-0)-MVT-I1DZZ-INES 0Zy 154 154 (092) o011 0EZ90N 9¢9-4dS 10 g

aqn} papeM BL8'T-ON61-1D6T-INO9 0Zy 544 544 (069) 001 0TZ90N 9¢9-4S 10 g

aqn3 papem N)91-0N9T-IDEZ-IN6S 0Zy 1544 144 (069) 001 00Z90N 9¢9-4sS 10 g

aqn3 papem OW9T-IDEZ-IN6S 0Zy 144 144 (069) 001 6S090N 9¢9-4sS 10 g

aqn} pspEM ONB-IDEE-INBS 0zy & 14 (s8s) s8 SE090N 9¢9-4S 10 g

aqn3} papPM ONS-94ST-I1D6Z-INOY (1144 St St (s8s) s8 0£090N 9¢9-4S 10 g

aqn3 papEm OWS'ET-IDTZ-INSS  0Z¥ AN 5 2 (069) 001 ZZ090N 9z9-gs o g

aqn} papem ON9-946T-1DZZ-INLY 0Zy 544 S, (0z9) 06 LO090ON 9¢9-4S 10 g

|aqn} papeMm 9A8T-O0N6-1DZZ-INLY (\r4% 1544 1544 (069) 001 Z0090N 9¢9-4S 10 g

N
drns 7 399ys ‘93e[d  -ND9'0-OWS T-9dZE-INTE-IDEE (V144 S Y4 (0sz) 601 £€002d q¢qg-dS 1o g
dins 3 399ys ‘a1e[d N-0D-ON9-ID0Z-INSZ ~ 0Z¥ 78 S¥ (059) 76 9Z680N gzg-dgs 1o g
dins 7 329ys ‘91e[d N-ND-O0W9-1D0Z-INSZ 0Zy '8 St (009) 8 SZ680N s¢g-gas o g
dins 73 393ys ‘91e[d OW-IDTZ-INSZ-2d¥¥ 0Zy '8 St (06%) 1L 70680N s¢g-gas o g
(pauo)) sno.idjuoN
) -ur uLIoj uonisodwo) eurwioN 'oN-d dnoan  -oN-d (edIn) 1SY ‘O[ISU3]L “ON/'SNN apeay Jo oN "2ads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSouypIY |, [eUIwION reard4, 0SI wnwiuriy
Surpppm
(P.3u0)) siaquinN-d 123 3seg
TZy-90/MO @1qel

185


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

ASME BPVC.IX-2023

oqn} % adid ‘spus OW-IDTZ-INSZ-3d¥¥  0Z¥ 78 S¥ (06%) 12 ¥0680N L.9-4S 10 g
(s) L8105 aqni papPMm N-OW9-IDTZ-IN¥Z-249%  0Th 78 St (069) 001 L9EBON 9.9-4S 10 g
(s) L8T0< agy_papm N-OW9-1DTZ-INYZ-249%  0ZF 8 S¥ (s59) s6 L9ESON 9.9-4S 10 g
(s) L8T0S adid pspism N-OW9-IDTZ-INYZ-249%  0Z¥ 78 S¥ (069) 001 L9ESON S.9-4S 10 g
(s) £81°0< adid papram N-OW9-IDTZ-INYZ-249%  0Z¥ z8 S¥ (ss9) s6 L9ESON S.94-dS 10 g
aqni papPMm N-ND-OW9-1D0Z-INSZ  0ZF z8 S¥ (0s9) 6 9Z680N ¥.9-4S 10 g
aqn} papEM N-ND-OW9-ID0Z-INSZ  0ZF 8 S¥ (009) .8 SZ680N ¥.9-4S 10 g
aqn} papEMm ON-IDTZ-INSZ-2d¥y  0Z¥ 8 S¥ (06%) 12 ¥0680N ¥.9-4S 10 g
aqn) papem NFOWS'L-IDEZ-INSE  0ZF S¥ Sh (0%9) €6 ¥SESON ¥.9-4S 10 g
adid papem N-ND-094I90Z-INSZ 02 Z8 S¥ (059) v6 9Z680N €L9-49s 10 g
adid papam N-ND-OW9-I)0Z<INSZ 02 Z8 S¥ (009) L8 GZ680N €/9-9s 10 g
adid papam OW-IDTZ-INSZZ0d%y  0Z¥ 8 S¥ (06%) 12 ¥0680N €.9-9S 10 g
aIIm B Jeg ONS-IDTZ-2dLY-INSZ />~ 0Z¥ 78 S¥ (0ss) 08 00L80N ZL9-gs 10 g
aqny ‘sjwis ON-I1D6Z-dTE-INTE  0ZF S¥ S¥ (s0s) €2 8Z080N 899-4s 10 g
adid pap[am 7 ‘sjug qDS°Z+HIZSS6 009 29 29 (0ss) 08 50,094 S0L09Y 869-ds 10 g
adid pap[em % 'sjws 12766 009 19 19 (08¢) ss 20,094 20,094 859-4S 10 g
s3umy papem % ‘sjug 17766 009 19 19 (08¢) ss 20,099 20,094 €59-4S 10 g
N
aIIm g qeg  -ND9'Q-OWNS'T-94ZE-INTE-IDEE  0ZF S¥ St (0s2) 601 ££0024 6¥94-4S 10 g
aaIm 3 qeg N-ND-OW9-1D0Z-INSZ  0ZF z8 S¥ tag9) v6 9Z680N 6¥9-4S 10 g
aIm 3 Ieg N-ND-OW9-I1D0Z-INSZ  0Z% Z8 S¥ (009728 SZ680N 6%9-4s 10 9
aIIm % Jeg OW-IDTZ-INSZ-od¥¥  0Z¥ 8 S¥ (06%) 1 ¥0680N 6¥9-4S 10 g
ME
aqn) pap[eM  -OE-0D8T-I1DZZ-240E-INTZ  0Z¥ S¥ Sh (069) 001 9650£d 9z9-4s 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoq uonisodwo) feurwioN ‘oN-d dnoan oN-d  (edN) ISY ‘O[ISUdL "ON SN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 payads dAL ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
Surprom
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

186


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

ASME BPVC.IX-2023

< s3unse) qdSZ +1ZS'S6 009 29 29 (s8%) oL 50,094 2S0L 7S4-4S 10 g
s3unse) 17766 009 19 19 (08¢) ss 20,094 220L 7S4-ds 10 g
aqni papPMm n)OE-INL9  00% w w (s8%) 0L 007¥0N 0cLd
aqni papPMm D MOT-INO'66  00% ¥ ¥ (s¥€) oS 10ZZ0N 0€.d
aqNLpapPM INO'66  00% 1¥ 1¥ (08€) s§ 00ZZ0ON 0€.d
aqny 73 adid sjurg qD-ID0Z-24SE-INSE  0Z% S¥ S¥ (0ss) 08 0Z080N 62/-4S 10 g
adid pappeM n)OE-INL9 00 47 47 (s8¥) 0L 00¥¥0N sz.4
adid papem D MOT-INO'66  00% 1¥ 1¥ (sv€) oS T0ZZ0ON sz.d
adid pappm INO'66  00% 1¥ 1¥ (08¢) ss 00ZZ0N 5z.4
adid papram ISGZ'T-1D6T-INSE  0Z¥ S¥ 9% (s8%) 0L 0£E8ON 0T4-4S 10 g
dins % 199ys ‘a1e[d ON-I1D6Z72dTE-INTE 02 S¥ S¥ (s0s) €2 8Z080N 604-4S 10 g4
adid papam n)EZ-ONE-IDSTZANZY 0¥ S¥ S¥ (s89) s8 SZ88ON S04-4S 10 g
adid papam qDS'€-OW6-1DZZ-ING9,  0f¥ (34 (34 (069) 001 SZ990N z S0/4-4S 10 g
adid papam qDS €-OW6-1DZZ-IND9 /0¥ (54 £¥ (sz8) 0z1 SZ990N 1 S04-4S 10 g
aqn} papEMm n)EZ-OWE-IDSTZ-INZY  O€h S¥ S¥ (s89) s8 SZ88ON $0/4-4S 10 g
aqn} papEMm 4DS'€-OW6-1DZZ-IN09  0EP (34 ¥ (069) 00T SZ990N z ¥04-4S 10 g
aqn) papem qDS'€-OW6-1DZZ-IN09  0f¥ (54 £b (sz8) 0z1 SZ990N T ¥04-4S 10 g
a11m 7 Jeq ‘poy N-OW9-1DTZ-INYZ-249%  0ZF z'8 S¥ (s59) s6 L9ESON 169-4S 10 g
(s) L8T0S aqny 7 adid ‘squig N-OW9-I1DTZ-INYZ-249%  0Z¥ 8 % (069) 001 L9ESON 069-4S 10 g
(s) L8T0< aqny 7 adid ‘squig N-OW9-I1DTZ-INYZ-249%  0Z¥ A St (s59) s6 L9ESON 069-4S 10 g
(s) L8105 dros % 199ys N-OW9-IDTZ-INYZ-249%  0ZF z8 S¥ (069) 001 L9ESON 889-4S 10 g
(s) L8T0< a1e[d N-OW9-I1DTZ-INYZ-249%  0ZF 8 S¥ (969) s6 L9ESON 889-4S 10 g
aqny 73 adid ‘squig N-ND-0W9-1D0Z-INSZ  0Z¥ 8 S¥ (0s9) v6 9Z680N LL9-4S 10 g
aqny 73 adid "squig N-ND-OW9-I1D0Z-INSZ  0Z¥ 8 S¥ (009) 28 SZ680N £1.9-4S 10 g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SsowypIy, [eurwoN [eord4, 0sI wnwiuiy
Surpppm

(P3uo)) siaquinN-d 1e3al aseg
Zzy-90/MO 31qel

187


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

ASME BPVC.IX-2023

adid papom IN8'0-OWEO0-LL 00§ A4 (s8%) 0L 00¥£5Y A z94-49s 10 g
adid papam mg-1L 00§ A 15 (oo%) 8S ¥0¥zsy H9Z 794-4S 10 g
adid pappm ny-1L 00§ 1S 1S (s¥€) 0s ¥0¥zSd 9z z9g-4ds 10 g
adrd_papram pd-1L 00§ 18 18 (oo%) 85 AV ZAE HOT 799-4s 10 g
adid papam pd-1L 00§ 18 15 (s¥¢€) 0s 20¥25Y 91 z94-4s 10 g
adid papEm pd-1L 00§ A 18 (oo¥) 8S 00%254 HL z94-4s 10 g
adid papram, pd-1L 00§ A3 15 (s¥¢€) 0s 00¥254 L 794-49s 10 g
adid pappm 1L 00§ €IS TS (0s¥) s9 055054 € z9g-4ds 10 g
adid pappm 1L 00§ 1S 1S (oo¥) 8s 00%054 HZ z9g-4ds 10 g
adid papam 1L 00§ 18 18 (s¥€) 0s 00%054 z 799-49s 10 g
adid papom 1L 00§ 118 1§ (0¥2) s¢ 052054 T 799-4s 10 g
adid ‘s[ug NYTP=ASZ-IVE-LL 00§ €S €5 (0z9) 06 £2€954 8z 194-4S 10 g
adid "squig ASZ-IVE-LL 00§ €S €S (0z9) 06 02£95Y 6 194-4S 10 4
adid 'squig 294G T-ASZWH-IL 00§ €S ¥S (s68) 0€1 0Szvsy 8¢ 194-4S 10 g
adid 'sjug IN8'0-OWNE 04K, 00§ A4 (s8%) 0L 00¥£5Y (A 19d4-4s 10 g
adid ‘sjug ny-11, /5-005 1S 1§ (oo¥) 8s ¥0¥Zsd H9Z 194-4S 10 g
adrd -s[ug -1 2Q0s A 15 (s¥¢€) oS ¥0¥zsd °Y4 194-4S 10 g
adrd s[uig pd-1L 00§ A 15 (oo%) 8s Z0%Zsy HOT 194-4S 10 g
adid "squig pd-1L 00§ 18 18 (s¥€) os 20%2sy 91 194-4S 10 g
adid ‘sjug pd-1L 00§ 75 1§ (oo¥) 8S 00%254 HL 194-4S 10 g
adid ‘sjug pd-1L 00§ rAS 15 (s¥€) 0s 00%254 L 194-4S 10 g
adid sjug 1L 00§ e1s Qs (0s¥) s9 055054 € 19d-4S 1o g
adid "squig IL 00§ 18 75 (oo%) 85 00+05Y HZ 194-4S 10 g
adid "squig IL 00§ 18 16 (s¥€) os 00+05Y 4 194-4S 10 g
adid 'squig IL 00§ 118 18 (o¥2) s¢ 052059 T 194-4S 10 g
adid 3y3noam d-nJ6'66  00€ VN (02) o€ 002212 00Z21D 6184
drus 3 199ys ‘are[d MZ-24€-0NG-IN6—1D9Z-0D 008 6% (sz8) 0z1 I ARR 81d-ds 1o g
poy MZ-2JE-ONS-IN6-1D9Z-0D 008 " 6h (sz8) 0z1 €ETTEY S1d-gs 10 g
(pauo)) sno.LJUON
wiw) “ur uLIoyj uonisodwo) eurwioN ‘oN-d dnoan  oN-d (edin) 1S¥ ‘OrIsudL "ON SNN apern Jao oN "dads
‘syury Pnpoid Suizexg 809S1 paynads dA L ‘Aoqy
SSaUNpIY L [eUIWION reard4, osI wnuray
- Suppm
(P3u0)) s1dquInN-d 1€ 3seg
¢Zr-40/MO 91qel

188


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

ASME BPVC.IX-2023

‘pasn aq os[e Aewl a[qe) SIY} Ul papnpur jou nq Sio'srequnud//:sdny e paisy syuawudisse Joquinu-4 HALON TVIANID

[e3ow pEM OW-24-INE-IDEE St S¥ (szz) sot £€0024 1e-£€4d 6'S-V4S
[e39W pIM ONY—IDTZ-INSZ 78  Sb (s19) sz ¥0680N SgeNd 6'S-V4S
[e39u paM IYT-INSE S¥ 9% (st8) s. TEEBON ocedd 6'G-V4S
[e39W paM OW-IDLZ5INSE Sy SF (s19) Sz 8Z080N £8e4d 6'S-V4S
[e39W pEM OW-ND-ID0ZANPE St S¥ (s15) Sz ZZO8ON 10Z€9d 6'S-ViS
[e3ow pEM OW-ND-ID0Z-IN%E SY  S¥ (0sS) 08 1Z08ON 0zedd 6'S-V4S
sdunse) SW-1S0T-IV  ~ 01z Ve 92 (os1) 22 000€% DV NI 90LT NA/@S 10 NI
aqny pap[am pauury INOE-NDOL  00€ ¥e b€ (09¢) zs 02ZSTLD 954-4S 10 g
aqn3} pap[em pauul] INOE-ND0L  00€ e be (09¢) zs 00STLD 9sd-4s 10 g
aqn3} pap[em pauul] INOT-ND06  00€ e/, ve (s.2) o¥ 0290LD 9sd-4s 10 g
aqny pap[em pauury INOT-ND06  00€ ve  Obg (s22) o¥ 0090LD 954-4S 10 g
(sp) €5 (8¢€) s1< aleld UN-SINT'S-TV 022 LA T4 (s82) 1% 9556V 95%5 874-4s 10 g
(05)] z5 (€71) so0°0< 199ys % ale|d UN-SINOP-TV 022 ¥'2e 4 (0¥2) s¢ 98056V 980§ 8zd-ds 1o g
(sp) €5 (8¢) s1< a1eld UN-SINFH-TV  02¢ A4 (0L7) 6€ £8056V €805 874-4s 10 g
adid papam NYT'0-ASZ-IVE-LL 00§ €S €S (0Z9J,06 €7€954 8¢ 299-ds 10 g
adid papam ASZ-IVE-LL 00§ €S €S (029) 06 0Z£954 6 z94-49s 10 g
adid papam 9AST-ASZ-IVP-IL 00§ €5 S (s68) 0€T 0SZ¥Sd 8¢ z94-4s 10 g
(pauo)) sno.idjuoN
) -ur uLIO ] uonisodwio) feurwioN ‘oN-d dnoan oN-d  (edN) IS ‘O[ISUdL “ON/SNN apelry Jao ON "dads
‘syury PNnpoad Suizeig 809ST paynads ‘ad£y, ‘Koqy
SSaWYPIYL [EUIWON eord4L 0SI WnuIuIp

Suiprom

(P3uo)) siaquinN-d 1e3al aseg
Zzy-90/MO 31qel

189


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

ASME BPVC.IX-2023

QW-423 ALTERNATE BASE MATERIALS FOR
WELDER QUALIFICATION

Base Metal(s) Used for
Procedure 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

P-No. 1 through P-No. 15F,
P-No. 34, or P-No. 41
through P-No. 49

P-No. 21 through P-No. 26

P-No. 51 through P-No. 53 or
P-No. 61 or P-No. 62

Any unassigned metal to the
same unassigned metal

Base Metals Qualified

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. 51 through P-No. 53 and
P-No. 61 and P-No. 62

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 imetals are assigned P-Numbers in
Table QW/QB-422_;)metals that do not appear in Table
QW/QB-422 arejconsidered to be unassigned metals
except as otherwise defined for base metals having the
same UNShumbers. Unassigned metals shall be identified
in the“WPS and on the PQR by specification, type, and
grade, or by chemical analysis and mechanical properties.
The minimum 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.

Coupon

Base Metals Qualified

One metal from a P-Number to
any metal from the same
P-Number

One metal from a P-Number to
any metal from any other
P-Number

One metal from P-No. 15E to any
metal from P-No. 15E

One metal from P-No. 15E to any
metal from any other
P-Number

One metal from P-No. 3 to any
metal from P-No. 3

One metal from P-No. 4 to any
metal from P-No. 4

One metal from P-No. 5A<to any
metal from P-No. 5A

One metal from P<No. 5A to a
metal from P-No)4, or P-No. 3,
or P-No. ¥

One metalfrom P-No. 4 to a
metalfiom P-No. 3 or P-No. 1

Any unassigned metal to the
same unassigned metal

Any unassigned metal to any
P-Number metal

Any unassigned metal to any
metal from P-No. 15E

Any unassigned metal to any
other unassigned metal

Any metals assigned that
P-Number

Any metal assigned the first
P-Number to any metal
assigned the second
P-Number

Any P-No. 15E or 5B mietal to
any metal assigned P-No. 15E
or 5B

Any P-No. 15E or 5B metal to
any metal/assigned the
second,P-Number

Any<R:-Neo. 3 metal to any metal
assigned P-No. 3 or 1

Any P-No. 4 metal to any metal
assigned P-No. 4, 3, or 1

Any P-No. 5A metal to any metal
assigned P-No. 54, 4, 3, or 1

Any P-No. 5A metal to any metal
assigned to P-No. 4, 3, or 1

Any P-No. 4 metal to any metal
assigned to P-No. 3 or 1

The unassigned metal to itself

The unassigned metal to any
metal assigned to the same
P-Number as the qualified
metal

The unassigned metal to any
metal assigned P-No. 15E or
5B

The first unassigned metal to
the second unassigned metal

QW-424.2 For welds joining base metals to weld metal
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 Base metals (e.g., additively manufactured
products or components) produced by welding using 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.

(23)
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QW-430 F-NUMBERS tions, where this can logically be done. The grouping does
not imply that base metals or filler metals within a group
‘!‘A‘_43| ‘;EBIERAL may be inﬂicrriminafn]y substituted for ametal that was

used in the qualification test without consideration of the
compatibility of the base and filler metals from the stand-
point of metallurgical properties, postweld heat treatment
design and service requirements, and mechanical prop€r-
ties.

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 the ability of welders to make satisfactory welds with
a given filler metal. This grouping is made to reduce the
number of welding procedure and performance qualifica-

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 EXX20X
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)XX13X
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 SFdAL-li.i;ther than austenitic and EXXX(X)-15
4 SFdAL-li.i;ther than austenitic and EXXX(X)-16
4 SFgl-i).ltfther than austenitic and 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<lassifications
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
20 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 C€61000
36 SFA-5.7 ERCuAl-A2 C61800
36 SFA-5.7 ERCuAl-A3 C€62400
37 SFA-5.6 ECuMnNiAl C60633
37 SFA-5.6 ECuNiAl C60632
37 SFA-5.7 ERCuMnNiAl C63380
37 SFA-5.7 ERCuNiAl 63280
Nickel and Nickel Alloys
41 SFA-5.11 ENi-1 w82141
41 SFA-5.14 ERNi-1 NO02061
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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-45 W86056
43 SFA-5.11 ENiGrMo-2 W86002
43 SFA-5.11 ENiCrMo-3 W86112
43 SFA-5.11 ENiCrMo-4 W80276
43 SFA-5.11 ENiCrMo-5 Ww80002
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-5:41 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 SEA-5.14 ERNiCrEe-6 NQ07092
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 NO06455
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 Ww80008
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 SEA-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 Alleys
51 SFA-5.16 ERTi-1 R50100
51 SFA-5.16 ERTix11 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-516 ERTi-30 R53531
51 SHA-516 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-Z3 R56408
55 SFA-5.16 ERTi-29 R56414
55 SFA-5.16 ERTi-24 R56415

197



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

ASME BPVC.IX-2023

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 EGUuNi 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 EFel 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 SEA-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
7t SFA=513 Efetr-E2 W21
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 Ww83002
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 ERECoCr-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 ERCCuAIl-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
/4 SFA-5.21 ERUFeLr-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 ERCuAI<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 62582
72 SFA-5.21 ERCusSi-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 RWC(CX-40
72 SFA-5.21 RWCX-40/120
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QW-433 ALTERNATE F-NUMBERS FOR WELDER PERFORMANCE QUALIFICATION

Lanll £.11 - Faa b | - | dfoedel £:11 i | 1 . 1 4=l FR A | 1.1 R - - 1oL dn b o [[FaY h 1
TTIT TUHTOWIITE LdUITS TUCTTILTY UIT THITT TTICLAT U1 TITCLLTOUT UIAU LT WETUCT USTU UUTITTs UAIITICAUUITIESUILS 45 QUdIITITU
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 F-No. 1 F-No. 2 F-No. 2 F-No. 3 F-No. 3 F-No. 4 F-No. 4 F-No. 5 F-No. 5
With Without With Without With Without With Without With Without
Qualified For | Backing | Backing | Backing | Backing | Backing | Backing | Backing | Backing | Backing | Backing
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
Any 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

F-No. 34 or any F-No. 41 through
F-No. 46

Any F-No. 51 through F-No. 55
Any F-No. 61
Any F-No. 71 through F-No. 72

All F-No, 6“[Note (1)]
All F-No.\21 through F-No. 26

Only.the same F-Number as was used
during the qualification test

F-No. 34 and all F-No. 41 through F-No. 46

All F-No. 51 through F-No. 55
All F-No. 61

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

Analysis, % [Notes (1), (2)]

A-No. Types of Weld Deposit 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 Ch{/["o’};‘zggf:ﬁ to 2%)- 0.15 0.40-2.00 0.40-0.65 0.50 1,60 1.0
4 Ch{door};ek)((ii?u;? 4%)- 0.15 2.00-4.00 0.40-1.50 0.50 1.60 2.0
5 Chlf/["or;;ebggf’ufs 10.5%)- 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

Range of Thickness T of Base

Metal, Qualified, ¢ Type and Number of Tests Required (Tensiom and

Maximum Thickness t o

Thickness T of Test in. (mm) [Notes (1), (2] Deposited Weld Metal, Guided-Bend Tests) [Note (2)]
Coupon, Welded, Qualified, in. (mm) Tension, Side Bend, Face Bend;~ RootBend,
in. (mm) Min. Max. [Notes (1), (2)] QW-150 QW-160 QW-160\.) QW-160
Less than %4 (1.5) T 2T 2t 2 2 2
1 3
A?ntc‘i %5 (151010), 1) ) 5y 2T 2 2 [Note (5] 2 2
Over % (10), butless 5
than ¥, (19) Y16 (5) 2T 2t 2 [Note((5)] 2 2
3
7 (19) to less than 5, o, 2T 2t when t < ¥ (19) 2 [Note (4)] 4
17 (38)
3
7 (19) to less than 5, oy 2T 2T when ¢ = %, (19) 2 [Note (4)] 4
1/ (38)
1
1 /izn£138) to 6 (150), %6 (5) 8(200) [Note (3)] 2t when t < ¥, (19) 2 [Note (4)] 4
1Y% (38) to 6 (150), 5 8 (200) [Note (3)] when
ol Y16 (5) 8(200) [Note (3)] ~ 7' Y, (19) 2 [Note (4)] 4
Over 6 (150) 3 3
[Note (6)] Y16 (5) 1.33T 2t when t < %, (19) 2 [Note (4)] 4
Over 6 (150) 3 3
[Note (6)] Y16 (5) 1.33T 1.33T wherlt'= %, (19) 2 [Note (4)] 4
NOTES:

(1) The following variable further restricts the limits shown in thistable 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 limifthickness ranges in this table.

(2) For combination of welding procedures, see QW-200.4.

(3) For the SMAW, SAW, GMAW, PAW, LLBW, and GTAW welding 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 fox the required face- and root-bend tests, when thickness T is % 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

Type and Number of Tests Required

Range of Thickness T Thickness t of Deposited
of Base Metal Qualified, Weld Metal Qualified,

(Tension and Guided-Bend Tests)

in. (mm) [Notes (1), (2)] in. (mm) [Notes (1), (2)] [Note (2)]
Thickness T of Test Coupon Tension, Face Bend, Root Bend,
Welded, in. (mm) Min. Max. Max. QW-150 QW-160 QW-160
Less than %4 (1.5) T 2T 2t 2 2 2
Y6 to 3% (1.5 to 10), incl. Y6 (1.5) 2T 2t 2 2 2
Over % (10) %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 Thickness of Test Coupons

Type and Number of
Tests Required
[Figure QW-462.4(a) or
Figure QW-462.4(d)] Macro

Joint as Welded, in. Range Qualified
Fillet Per Figure QW-462.4(a) All fillet sizes on all bas¢\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
Fillet welds are qualified when the groove weld is qualified in accordance

All fillet sizes on all base metal

All groove tests
thicknesses and all diameters

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

vaA OTO0Vv 7y W dp Cl Y U O Cyptdalrd O D O

weld metal qualified.

Table QW-452.1(a)
Test Specimens

Type and Number of Examinations and Test Specimens Required

Face Bend Root Bend
Side Bend Figure QW-462.3(a) Figure QW-462.3(a)
Thickness of Weld Metal, Visual Examination Figure QW-462.2 or Figure QW-462.3(b) or Figure QW-462.3(b)
in. (mm) per QW-302.4 [Note (1)] [Notes (1), (2)] [Notes (1), (2)]
Less than % (10) X 1 T
% (10) to less than %, (19) X 2 [Note (3)]
%, (19) and over X 2

GENERAL NOTE: The “Thickness of Weld Metal” is the total weld metal thickness deposited by all welders and @ll.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) Couponstested by face and root bends shall be limited to weld deposit made by one welder-with one or two processes or two welders with one
process each. Weld deposit by each welder and each process shall be present on the €onvex 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
bends may be substituted for the four side bends in accordance with Figure QW-463:2(d). For a test coupon welded using a combination of 2G
and 5G positions, three face and three root bends may be substituted for the sixSide 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, (13) and over with a minimum of three layers Maximum to be welded

NOTES:

(1) When more than one welder, process, or set of essential variables is used during welding of a test coupon, the thickness, t, of the weld metal in
the coupon deposited by each welder, foreach process, and with each set of essential variables shall be determined and used individually in
the “Thickness, t, of Weld Metal in ‘thie 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
thickness may be applied to preduction welds to the smallest diameter for which the welder is qualified in accordance with Table QW-452.3.

(3) Thickness of test coupontef % in. (19 mm) or over shall be used for qualifying a combination of three or more welders each of whom may use
the same or a different\welding process.

Table QW-452.3
Groove-Weld Diameter Limits

Outside Diameter Qualified, in. (mm)

Outside Diameter of Test Coupon, in. (mm) Min. Max.
Less than 1 (25) Size welded Unlimited
1(25) to 2% (73) 1 (25) Unlimited
Over 2% (73) 2% (73) Unlimited

GENERAL NOTES:

(d) Type and numper or tests required sShnall be I accordance wWith Uw-454.1.
(b) 2% in. (73 mm) 0.D. is the equivalent of NPS 2% (DN 65).
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Table QW-452.4

Small Diameter Fillet-Weld Test (23)
Outside Diameter of Test Coupon, Minimum Outside Diameter,
in. (mm) Qualified, in. (mm) Qualified Thickness
Less than 1 (25) Size welded All
1 (25) to 2% (73) 1 (25) All
Over 2% (73) 2% (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) 2% in. (73 mm) O.D. is considered the equivalent of NPS 2%, (DN 65).

Table QW-452.5
Fillet-Weld Test

Type and Number of
Tests Required
[Figure QW-462.4(b)

or Figure
Thickness of Test Coupon QW-462.4(c)]
Type of Joint as Welded, in. (mm) Qualified'Range, in. (mm) Macro Fracture
Tee fillet %6 (5) or greater All base material thicknesses, fillet sizes, and diameters 2% 1 1
[Figure QW-462.4(b)] (73) 0.D. and’ever [Note (2)]
Less than 3/16 5 T to 2T base material thickness, T maximum fillet size, and all 1 1

diameters\27% (73) 0.D. and over [Note (2)]

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) 2%in. (73 mm) 0.D. s considered the equivalent of NPS 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

Thickness of Test Coupon Type and Number
Type of Joint as Welded, in. (mm) Qualified Range of Tests Required
Anysgroove All thicknesses All base material thicknesses, fillet sizes, Fillet welds are qualified when a welder or
and diameters welding operator qualifies on a groove weld test
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Table QW-453

Procedure and Performance Qualification Thickness Limits and Test Specimens for Hard-Facing (Wear-Resistant) and

Corrosion-Resistant Overlays
4

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)

Type and Number of
Tests Required

Procedure Qualification Testing

Less than 1 in.
(25mm) T

T qualified to unlimited

1in. (25 mm)and
over T

1in. (25 mm) to unlimited

Liquid penetrant

2 transverse side bend and 2 longitudinal side
bend, or 4 transverse side bend

T qualified up to 1 in. (25
mm)

1in. (25 mm) to unlimited

Liquid penetrant

3 hardness readings
per specimeh

Macro test

Performance Qualification Testing

Less than 1 in.
(25 mm) T

T qualified to unlimited

1in. (25 mm)and
over T

1in. (25 mm) to unlimited

2 transverse side bend per position

T qualified to unlimited

Liquid penetrant

1in. (25 mm) to unliniited

Macro test
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QW-460 GRAPHICS

QW-461 POSITIONS

Figure QW-461.1
Positions of Welds — Groove Welds

Tabulation of Positions of Welds

Diagram Inclination Rotation l\\
Position Reference of Axis, deg of Face, deg l \\\
Flat A 0to 15 150 to 210
Horizontal B 010 15 80 to 150 \\'
orizonta ° 210 to 280 |
Overhead c 0 to 80 —E 0 to 80 [
vernea © 280 to 360 |
Vertical 15 to 80 80 to 280 I
ertica E 80 to 90 0 to 360 ||
2 |
c
8
s |
3|
12
S £
L 5] I
3 >
» \
2
.\-
v l
L
_/ |
/ |
/ l
/ |
15 de ‘
I 5
[ |
w
/,1 - = l
<—7 [ i
~ - | %
<
= ~ ~ >J/ ’J/
0 deg <
~

GENERAL NOTES:

(a) The horizontal reference plane is taken to lie always below the weld under consideration.

(b) Inclinatipn of axis is measured from the horizontal reference plane toward the vertical.

(c) Anglejof 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 in which 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

Tabulation of Positions of Fillet Welds

Diagram Inclination Rotation

Position Reference of Axis, deg of Face, deg

Flat A 0to 15 150 to 210

Hori tal B 0to 15 125 to 150

orizonta o 210 to 235

Overhead c 0 to 80 I 0 to 125
ver a

eme © | 235 to 360

. D 15 to 80 125 to 235
Vertical

E 80 to 90 0 to 360

S S —

Vertical plane

<

_——TE
_— - :
< % 0 deg C3g
~ - < _— 0 deg -
~ - \an —
\3\ < orizont?
e
09 ~ _—
~ —
~_ — -
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Figure QW-461.3
Groove Welds in Plate — Test Positions

= 7 || <

(a) 1G

(bl 26 (c) 3G (d) 4G

Figure QW-461.4
Groove Welds in Pipe — Test Positions

D =

(a) 1G (Rotated) (c) 5G

(b) 2G

\4 /

/ 45 deg + 5 deg

(d) 6G

Figure QW-461.5
Fillet Welds in Plate — Test Positions

Axis of weld
vertical

Axis of weld
horizontal

Axis of weld
horizontal

Throat of weld
vertical

45 deg

(a) 1F (b) 2F (ol 3F (4%
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Figure QW-461.6
Fillet Welds in Pipe — Test Positions

4
/" 45 deg /S Al E
7 2
I ﬂ
/
45 deg
(a) 1F (Rotated) (b) 2F (c) 2FR (Rotated)

@ €0

(d) 4F (e) 5F
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Figure QW-461.7
Stud Welds — Test Positions

g

(a) 1S (b) 28 (c) 4S

Figure QW-461.8
Stud Welds — Welding-Positions

315 deg — 45 deg

45 deg — 135 deg

I

28

7 T

135 deg — 225 deg
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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

Weld Position 24 in. (610 mm) O.D. Pipe <24in. (610 mm) O.D. Plate and Pipe
Plate — Groove 1G F F [Note (3)] F
2G F, H F, H [Note (3)] F, H
3G F, vV F [Note (3)] F,HV
4G F, 0 F [Note (3)] F,H 0
3G and 4G F,V,0 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 E_[Note (3)]
2F E, 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 1G F F F
[Note (4]] 26G F H F H F H
5G F,V,0 R\, 0 All
6G All All All
2G and 5G All All All
Special Positions (SP) SP, F SP, F SP, F
Pipe — Fillet 1F F
[Note (4)] 2F F, H
2FR F, H
4F F,H, 0
SF 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
0 = 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 2% 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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Figure QW-461.10
Rotating Tool Design Characteristics (FSW) Referenced in QW-410

2
R
v

Tool pin

Scrolls

Threads

oF
C)\\O

-

QW-462 TEST, IMENS

The purposg_df the QW-462 figures is to give the orga-
nization guidance in dimensioning test specimens for tests
r procedure and performance qualifications.
minimum, maximum, or tolerance is given in
ures (or as QW-150, QW-160, or QW-180 requires),
@ 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):

Tool shoulder

X
y

coupon thickness including reinforcement
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 or multiple bend test specimens and jigs meeting

T = coupon thickness excluding reinforcement
W = specimen width, %, in. (19 mm)
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Figure QW-462.1(a)
Tension — Reduced Section — Plate

Weld reinforcement shall be

made approximately flush \
with base metal. Grind — — AL
or machine the minimum
amount of material necessary | | ¢

to obtain approximately R %/_W’ . — — — Distortion

parallel surfaces over the . . f
reduced section W. 10 in. (250 mm) or as required ———— >

Cold straightening
of the test coupon
is permitted prior

Length sufficient
to extend\info grip

—| y |</yin. t0 removal of weld eq_ual te.two-thirds
I (6 mm) reinforcement grip length
I I 1N o~
| | 4 These edges may
I Y ¥ ~—— Edge of widest
! Ly > be thermally cut g J g face of weld
1 1 Y
! ! t \\
_’| X |‘_ 1/4in. (6 mm) Ypin===727- -==|-="4in. (6 mm)
(6mm)|
)‘\
:n/? Y — Parallel length equals
3 %:\ widest width of weld
3 3\ plus '/, in. (13 mm)
g/‘\ added length

This section prepared
preferably by machining

GENERAL NOTE: Specimens having a reduced section nominal width, W, that)is greater than the nominal %;-in. (19-mm) width may be used.
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Figure QW-462.1(b)

(23) Tension — Reduced Section — Pipe
T
Weld reinforcement shallbe ~ _________________ \ .
made approximately flush =T e
with base metal. Grind \ /
or machine the minimum  ~~~""""""""""7"""77°~° 7“*‘\" """""""""""""

amount of material necessary
to obtain approximately
parallel surfaces over the
reduced section W.

On ferrous material

these edges may
g4 T_ be thermally c(t
/4in. \
(6 mm)
Y \ N\
ym
\
N -
Low Edge of widest
P N AN IS RS B o faceof weld _\ __
-
~/ X/ TJ/ - 1, in. [1/,in. (6 mm)
~ 4 (6 mm) ; -
(6 mm) This section prepared

preferably, by machining

GENERAL NOTE: Specimens having a reduced section nominal width, W, that is greateTthan the nominal ¥, -in. (19-mm) width may be used.

Figure QW-462.1(c)
Tension — ReducedSection Alternate for Pipe

Y - Y

| () | T INote (1)]

3in. (75 mm) min.

Reduced section —|
[Note (2)] l L

1/pin. (13 mm)

] L N5 ) '

| ! Rad. 1in. (25 mm) min.
11/1gin. (27 mm) Edge of widest face of weld

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 — R

==

«—— B —>1 A > B —>

< O —>|

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

D - Diameter

[Note (1)[ [Note (1)] [Note (1)] [Note (1)]

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 % (10) min. Y, (6) min. %46 (5) min. % (3) min.
B - Length of end section 1% (35) approx. 1% (29) approx. % (22) approx. % (13) approx.
C - Diameter of end section ¥, (19) Y% (13) % (10) Y (6)

GENERAL NOTES:

(a) Use maximum diameter specimen (a), (b), (c), or (d) that can be cut from the sectiod,

(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 stch‘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)

Qe

+---
|

. V-jaws of testing machine
’ \

Plug

R
|
|
[

——  —

NOTE: (1) The outside surface of the weld shall be made approximately flush with the base metal to obtain a uniform cross section. The average of
four equally spaced wall thickness measurements shall be used toscaleulate the tensile strength.
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Figure QW-462.2
Side Bend

— (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 /g 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.

T/gin. (3 mm) min.

Ry =gin.

< 6in. (150 mm) or as required (3 mm) max:
e 1L 2SS
Fe——— e e e e
e B N :

T, in. (mm) y, in. (mm) w, in<{mm)
P-No. 23;
F-No.23, All other
3/gto <1/, T F-NG.26, or| metals
(10 to < 38) [Note ()] |P\No. 35
Notos & g (3) 3/5(10)
=11, (= otes
=11/, (= 38) and (2) 1/8 3) 3/8 (10)

T

T ;

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 thair coupon thickness T, side-bend specimen thickness may be t.

(2) When coupon thickness T equals or exceeds 1% in. (38 mm), use one of the following:
(a) Cut specimen into\multiple test specimens of thickness y of approximately equal dimensions %, in. to 1% in. (19 mm to 38 mm).

Y \= tested specimen thickness when multiple specimens are taken from one coupon.

(b) The spécimen 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

Figure QW-462.3(b)
Face and Root Bends — Longitudinal

11/, in. (38 mm)
=1/gin. (3 mm)
max.

6in. (150 mm) or

|<— as required —>|

"~/

1
I
|

v > TWL yl«—
|;Lﬂ(mate) (Pipe)

Face-Bend Specimen — Plate and Pipe

11/, in. (38 mm)

6in. (150 mm) or R=1/gin. (3 mm)
l«—— as required —>| max.
Y
i
1
— I'
------------ |--r-----------|i"‘>| T < > Y |<—
\ / |y T (Plate)  (Pipe)
+__
Root-Bend Specimen — Plate and Pipe
Y, in. (mm)
P-No. 23, F-No. 23, All Other
T, in. (mm) F-No. 26, or P-No. 35 Metals
<% (3) T T
Y to % (3 to 10) Y% (3) T
% (10) % (3) % (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 spetimen 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.

If the pipe being tested has a diameter of NPS 4 (DN 100) or less,
the width of the-benid specimen may be ¥, in. (19 mm) for pipe
diameters NPS 2-(DN 50) to and including NPS 4 (DN 100). The
bend specimen width may be %; in. (10 mm) for pipe diameters
less than'NPS 2 (DN 50) down to and including NPS % (DN 10) and
as an alternative, if the pipe being tested is equal to or less than
NRS.Y (DN 25) pipe size, the width of the bend specimens may be
thiat 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.

(b)

1y in. (38 mm)
=T/gin. (3 mm) max.

1o E

Sy e alyde

6 in. (150 mm) or
|<— as required —»l

—_————

> T e T |«
Face Root
Bend Bend
Y, in. (mm)
P-No. 23, F-No; 23, All Other
T, in. (mm) or P-No. 35 Metals
<% 3) T T
Vs to % (3 to 10) Y (3) T
>% (10) % (3) % (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 specimefimay 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)

(23) Fillet Welds in Plate — Procedure
. | n
1/gin. (3 mm) and less T
Over /g in. (3 mm) Equal to or less than T;, but

not less than /g in. (3 mm)

Zink

Size of fillet = thickness
of T, not greater than
3/4in. (19 mm)

Discard 1in. (25 mm)—:

\

Discard 1 in. (25 mm) ) S
KX/ - : \@‘
b 7 RS Sy . Q&@
6in. (150 mm) - i ______ 5

Macro-Test Specimen

6 in. (150 mm) min.

GENERAL NOTE: A pipe or tube may be substituted for the horizontal platé;

Figure. QW-462.4(b)
Fillet Welds in Plate — Performance

Direction of bending

T—»H<——’

Stop and restart
weld near the
center

3in{75 mm)
min.

*.
/4_. ST S

N
— - P
T |<— 4in. (100 mm) 4\>‘¥ Max. fillet size = T

Base)metal thickness = T min. Macro-Test Specimen

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

Direction of bend

Quarter section: Macro specimen
' T = wall thickness |
| Quarter section:

ﬂ) Fracture specimen

w

in. (75 mm)

min.

Start and stop of weld
near center of bend

7 1

l /" /2in. (50 mm) !
’ min. X

1 1

. i

i T :

1

1

1

1

o ittty wiaa \

Max. fillet size =

T Ny
Base metal thickness = T Wall thickness = T- v/

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

T = wall thickness |

Quarter section:
Macro specimen

) (four required)

w

in. (75 mm)

min.

Start and stop of weld
near center of specimen

l / /2 in. (50 mm)
/ min.

Max. fillet size = T

Base metal thickness = T Wall thickness = ij

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

Chemistry samples

As-welded surface
_\ Prepared surface

Note (1) Note (2) Note (3)
Fusion face —-\oy—/-y——----------------mm ooy

Approximate weld interface J

Original test coupon thickness

NOTES:

(1) \When a chemical analysis or hardness testis conducted on the as-welded surface, the distance from the approximate weld interface to the final
as-welded surface shall become the minimum qualified overlay thickness. The chemical analysis may be performed directly 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

(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)

(23) Chemical Analysis Specimen, Hard-Facing Overlay Hardness, and Macro Test Location(s) for Corrosion-Resistant and
Hard-Facing Weld Metal Overlay

Fixed Vertical and

Fixed Horizontal Pipe Flat Rolled Pipe
Notes (1), (3)

— Notes (1), (3)

. Notes _
(2), (3), (4)

Notes (1), (3)

Test Specimen Location for 5G Overlay Qualification

(Specimens Required From a Minimum of Three Locations) Note (1)

— — — — — o— —

Fixed Pipe on 45-deg Angle

Notes (1), (3)

Notes (1), (3)

Test Specimen Location for

Test Specimen Location for 6G Overlay Qualification 2G and 1G Rotated Overlay Qualification
(Specimens Required From a Minitium of Three Locations) (Specimens Required From One Location)

GENERAL NOTE: Overlay may be on the inside or outside of pipe.

NOTES:

(1) Location of required test specimen removal (see Table QW-453). Refer to Figure QW-462.5(a) for chemical analysis and hardness test surface
locations and minimum qualified thickness.

(2) Testing of pipefmay'be performed on a 5G or a 6G pipe coupon using a vertically welded segment or segments, as necessary, for the chemical
analysis, hafdness, and macro-etch tests as required.

(3) Location/of test specimens shall be in accordance with the angular position limitations of QW-120.

(4) Whenoverlay welding is performed using machine or automatic welding and the vertical travel direction of adjacent weld beads is reversed
ongaltérnate 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

Fixed Vertical and

Flat Rolled Pipe
,“ 45-60 deg Notes (1), (2) Note (1)
/

Fixed Horizontal Pipe

Notes (1), (2)

_._._A\._

——Notes (1), (2)

Notes (1), (2)

Notes (1), (2) Note (1)

Notes (1), (2)
|

Test Specimen Location for 5G
Overlay Qualification

Fixed Pipe on 45-deg Angle

Notes (1), (2) I“45'6° deg

N

-——Notes (1)) (2)

/ Notes (1), (2)
Notes (1), (2)
Test Specimen Location for
Test Specimen Location for 6G 2G and 1G Rotated
Overlay Qualification Overlay Qualification

GENERAL NOTE: Overlay may be on the inside or outside of pipe.

NOTES:
(1) Location for required test speeimen 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

<—6in. (150 mm) min. ———>

~<—— Discard

[Note (1)] |

Discard

Longitudinal ~<——6in. (150 mm) min. ——>

side bends
£ [Note (1)] T
E -
E £
1S Transverse E
3 side bends : : €
= [Notes (1), (2)] —>= €
. T T o
£ [Te)
.c; T T =z
= £
2 L £
|
P x
]
< T ; —~—— Transverse Discard
\ side bends ~——

~—— Discard

NOTES:

(1) Location forrequired test specimen removal — Procedure (seePable QW-453). Four side-bend test specimens are required for each position.

(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)
Plate Macro, Hardness, and Chemical Analysis Specimens — Corrosion-Resistant and Hard-Facing Weld Metal Overlay

— S

6in. (150 mm) min.

6in. (150 mm) min.

GENERAL NOTES:

(a) Location of required test specimen removal (see Table QW-453). One requiredforeach 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

<~ 6in (150 mm) ——> Resistance
seam weld

| I
: : 7—< Weld or braze
: : [
L — N\
. | == - =]
| I
| I
| I
| I
| I
| |

’4— 6 in. (150.mm) —>|
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Figure QW-462.7.2
Seam Weld Section Specimen Removal

Transverse specimens Longitudinal specimens
| |

Discard\ 1Tl 2l ma a2l a]alp2 / Discard
I e

@@ @O @@
[ I A Y AR B B

I 10 in. (250 mm) min. I
GENERAL NOTE: Mark the coupon into ten equal length specimens, label one end of the coupon D-1 the othétend 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 eoupon labeled D-2 and discard the piece marked D-2.
(b) Mark the remaining four specimens L-1 through L-4, cut the specimensét approximately % 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
% weld width, the remaining four specimens containing approximately the-%'weld width shall be prepared as detailed in (-1) below for
examination.
(-1) The specimens shall be smoothed and etched with a suitable'etchant (see QW-470) to give a clear definition to the weld metal and
heat-affected zone.

Figure QW-462.7.3
Resistance Weld Nugget Section Test Specimens

1.50 in.-2.00 in.

(38 mm-
50 mm)

—@—— Transverse weld cross section

specimen, smoothed and etched
in preparation for 10X magnification
inspection

@ Longitudinal weld cross section
Cut line specimen, smoothed and etched

in preparation for 10X magnification
1in. (25 mm) inspection
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Figure QW-462.8.1
Spot Welds in Sheets

m
Step 2
)
Step 1 ‘
L Step 3
a a
Peel Test

Step 1 - Grip in vise or other suitable device.

Step 2 - Bend specimen.
Step 3 - Peel pieces apart with pincers or other suitable:tool.
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Figure QW-462.8.2

Seam Weld Peel Test Specimen and Method

|«——— 10 in. (250 mm) min, —>

Coupon Top View

F——+F Not welded Coupon End View

Coupon Side View

Prior to Peel Test

\,

Step 1 Slot 1/, X 2inZ(6 X 50 mm) in a
round bar 11/, in. (30 mm) to 11/, in.
. (38:mm) diameter
N |
/ | Test Peel Tool
-
% 2, -
— Step 2
|
// - | (L T T Ty
— Step 3
Peel Test

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.
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Figure QW-462.9
Spot Welds in Sheet

L [Note (1)]

— — w — w <

«— 5in. (125 mmhmin. ——————>

(a) Single Spot (b) Multiple Spot
Shear Specimen Sheatr Specimen
[Note (2)]
Nominal Thickness of Thinner W5 in.
Sheet, in. (mm) {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 (250 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

Figure QW-463.1(b)
Plates — ¥, in. (19 mm) and Over Thickness and
3, .

Alternate From %4 in. (10 mm) but Less Than %, in. (19

Direction of iq—a—»:
bead sequence
L, E<—b—>: 51— Overlap length
1

GENERAL NOTE: Measurement of bead overlap - % overlap length =
(a - b)/a x 100%. In this figure, the shaded bead overlaps previous
bead by 30% to 40%. The distance a is measured before the next bead
is deposited.

Figure QW-463.1(a)
Plates — Less Than %, in. (19 mm) Thickness Procedure
Qualification

this piece

Discard

ety Sl Sy ———— b
Root bend specimen
=1 - - =
Face bend specimen
Root bend specithen
Face bend specimen

Discard this piece

mm) Thickness Procedure Qualification

Discard this piece

Figure QW-463.1(c)
Plates — Longitudinal Procedure Qualification

Discard
__ Longitudinal
4/ face-bend
specimen

Reduced-section

4 tensile specimen
| __ Longitudinal
1 root-bend
specimen

— Longitudinal
face bend
specimen

P Reduced-section
tensile specimen

Longitudinal
root-bend
specimen

Discard
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Figure QW-463.1(d)
Procedure Qualification

0 aed —>I Reduced section
H tensile

29 ae8”

Face bend

Root bend

Horizontal plane
(when pipe is welded

_ % _

in horizontal

fixed position)

Root bend

Reduced section
tensilé

Face bend

Figure QW-463.1(e)
Procedure Qualification

1)
@09 ’1 Reduced section
! tensile

A% 3e8”

Side bend
Side bend

N

N\

Horizontal plane
(when pipe is welded

in horizontal fixed
position)

N

Side bend Side Bend

1 Reduced section
T\_/

tensile
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Figure QW-463.1(f)
Toughness Test Specimen Location

10d 0 deg
eg I—- 10 deg

o0 de /
//A /,//// -

',/ //, — ! <2777 /////l position

Figure QW-463.2(a) Figure QW-463.2(b)
(23) Plates — Less Than ¥, in. (19 mm) Thickness Plates — ¥, in. (19 mm) and Over Thickness and (23)
Performance Qualification Alternate From 34 in. (10 mm) but Less Than 3, in. (19
mm) Thickness Performance Qualification
Discard this piece
Discard this piece
Root-bend Specimen | |7 T T T 7] T T T T T
_______ S NS Side-bend specimen
Face-bend specimen | [ T T T 7] T T T T T T
Side-bend specimen
Discard this piece
Discard this piece

v, —7
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Figure QW-463.2(c)
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Plates — Longitudinal Performance Qualification

Figure QW-463.2(d)
Performance Qualification

Discard

this piece

Longitudinal
face-bend
specimen

Longitudinal
root-bend
specimen

this piece

\V

Root bend

Face bend

Side bend

Side bend

45 deg — 60 deg” : !

7/
Horizontal plane

(when pipe is welded
x*
in 5G or 6G

position)

Figure QW-463.2(e)
Performance Qualification

45 deg — 60 deg

Ho;'izontal plane ’
(when pipe is welded

*
in 5G or 6G

position)
,/ X

Face bend

Root bend

Side bend

Side bend
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Figure QW-463.2(f)
Pipe — NPS 10 (DN 250) Assembly Performance Qualification

|
30 deg '

Root’be‘r\ 50 deg

) ‘ bbend
Face bend & A\
V2D I

Side bend

Side bend
Horizontal reference

\ line for fixed horizontal
80 deg

position \
X N | 80deg
100 deg

260 deg
Pipe in fixed ’ Pipe in fixed
vertical position
for (2G) tests

| horizontal position
Side bend

for (5G) tests
/\/ Side_bend
Root be/r&/ < .

Root bend
Face bend
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Figure QW-463.2(g)
NPS 6 (DN 150) or NPS 8 (DN 200) Assembly Performance Qualification

221/2 deg »*\

50 deg

Root bend

\ < Side bend
I

' Side bend

Face bend

Face bend

4

1
Horizontal reference line for
fixed horizontal position -

90 deg ~ \.\l _ \ '_/

Pipe in fixed vertical 80 deg

position for 2G tests 2704deg
s Pipe in fixed horizontal

|  position for 5G tests

Root bend

/
bey 22", deg

Root bend

Face bend \/

239



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

ASME BPVC.IX-2023

Figure QW-463.2(h)
Performance Qualification

90 deg

Macro
specimen
90 deg

Fracture
specimen
90 deg

Fracture specimen to be removed from lower 90 deg
section in position'\bF
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Figure QW-464.1
Procedure Qualification Test Coupon and Test Specimens

Discard

EI in. (25 mm) min.

Tension

—— e —

Tension

R R T,

Tension shear specimen

Tension shear specimen

shear specimen

1 1
[ —
I I
|
I I

shear specimen

1 1
| —
I I
|
I I

P I,

Discard
1

Transverse metal specimen

Longitudinal metal specimen
Transverse metalspecimen

13/4 in. (19 mm) min.

Longitudinal metal specimen

EW
II in. (25 mm) min.

Transverse metal specimen

Longitudinal metal specimen

Transverse metal specimen

Longitudinal metal specimen

(T

L\

—

W‘<—

L

Thickness of Thinner,

Specimen Width, Recommended Length,

Sheet, T, in. (mm) W, in. (mm) L, in. (mm)
Up to 0.029 (0.74) % (16) 3 (75)
0.031 to 0.050 (0.79 to 1.2) % (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) 1Y% (32) 5 (125)
0.131 to 0.190 (3.33 to 4.83) 1Y% (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 1in. (256 mm) min.

Peel test specimen

1

1
Peel test specimen i w
1
1

Discard T

I [ ] |

[ \/
| | T
| | L |
1/, in. (13 mm)
Thickness of Recommended,
Thinner Sheet, Specimen Width, Length
T,in. (mm) W, in. (mm) L,in. (mm)
Up to 0.029 (0.74) 5/g (16) 2 (50)
0.030 to 0.058 (0.75 to 1.4) 1 (25) 1 (25)
0.059 to 0.125 (1.5 to 3.2) 1Y/, (38) 4 (100

(a) Peel Test Coupon and Specimens

3/4 in. (19 mm) min.

i)

. 1in. (25 mm)
Discard min.
s _[—
E L 2%
E 2
et
____________________ o
B £8
) 3°
© | _ el __ l
Discard
[ [ ] |
[ \/ |

|<—11/2 in. (38 mm) min.—»l

(b) Metallurgical Examination
Coupon and Transverse Specimens
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Figure QW-466.1

Test Jig Dimensions

(23)

Tapped hole to suit
testing machine

As required

|

3/,in. (19 m

Shoulders hardened

Hardened rollers 11/, in. (38 mm)
may be substituted for jig shoulders

As required —»‘

al

3

A

i\r

1/, in. (13:mm)
— 11/g inA429' mm)

T
. | and greased |
3/, in. (19 mm) [~ | |
\:\ g
11/g in. (29 mm)I[ | | ~
c
==
' ! ST
,in. (6 mm)—>| <—|— | ©
o I
i mm)
3, in. (19 mm) [ ———!——— = \
' $ \
3,in. (19 mm) | P | o]
' !
2in. (560 mm) <~ C—> D R
Yoke <—"71/,in. (190 mm) ——>|
37/gin. (97 mm) 9in. (2256 mm) ——>
U.S. Customary Units
Thicknéss' of A, in. B, in.
Material Specimen, ¢, in. Max. Max. C, in. D, in.
P-No. 23 to P-No. 21 through P-No. 25; P-No. 21 through % 2%6 1Y%, 2% max. 1% max.
P-No. 25 with F-No. 23 or 26; P-No. 35; any P-No. metal g% than Y, 16Y% t 8Y,t A+2t+ Y C/2+ e
with F-No. 33, 36, or 37
P-No. 114, P-No. 11B; P-No. 25 to P-No. 21 or P-No.Z2 34 2% 1Y, 3% max. 1'Y¢ max.
or P-No. 25 Less than % 6% t 3%t A+2t+ Y%  C/2+ Y6
P-No. 51; P-No. 49 % 3 1% 37 max. 1'% max.
Less than % 8t 4t A+2t+Y C/2 + Yie
P-No. 52; P-No. 53; P-No. 61; P-N0:.62 % 3%, 1% 4% max. 2% max.
Less than % 10t 5¢ A+2t+Y%  C/2+ Ye
All others with greater‘than or equal to 20% elongation % 1Y, % 2% max. 1% max.
Less than % 4t 2t A+2t+Y C/2 + Y6
All others with 3% to less than 20% elongation [Note (1)] 32%t 16% 6t A+2t+ Y C/2 + Y6
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Figure QW-466.1

Test Jig Dimensions (Cont’d)

SI Units
Thickness of A, mm B, mm

Material Specimen, ¢, mm Max. Max. C, mm D, mm

P-No. 23 to P-No. 21 through P-No. 25; P-No. 21 through 3 50 25 57 max. 29 max.
P-No. 25 with F-No. 23 or 26; P-No. 35; any P-No. metal Less than 3 161/2t 81/4_t A+2t+3.0 C/2 +15

with F-No. 33, 36, or 37

P-No. 11A, P-No. 11B; P-No.25 to P-No. 21 or P-No. 22 or 10 67 33 90 max. 45-max.
P-No. 25 Less than 10 6%t 3%t A+2t+30( 6/2+15

P-No. 51; P-No. 49 10 80 40 103 max: 52 max.
Less than 10 8t 4t AF2t¥3.0 C/2+15

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+30 C/2+15

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+15
All others with 3% to less than 20% elongation [Note (1)] 32%t 16% 6t A+2t+30 C/2+15

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) The weld and heat-affected zone, in the case of a transverse weld bend specimen, shall be completely within 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) The dimensions of the testjig shall be such as to give thebend test specimen a calculated percent outer fiber elongation equal to atleast

that of the base material with the lower minimum elongation“as specified in the base material specification.

pereént outer fiber elongation =

100t

t
The following equation is provided for conveniencelin calculating the bend specimen thickness:

thicknéss of specimen, t =

A X percent elongation

[100 - (percent elongation)l
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Figure QW-466.2
Guided-Bend Roller Jig

P Note (3)

Y B A
e

Notes (1), (2)

R min = 3/4in. (19 mm)

Notes (4), (5)

GENERAL NOTES:

(a) See Figure QW-466.1 for jig dimensions and general notes.

(b) When the bending properties of the weldment make it unlikely that the requirements of General Note\(¢) of Figure QW-466.1 can be met, 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 uséed:

(2) Theshouldersorrollers shallhave aminimum bearing surface of 2 in. (50 mm) for placethent of the specimen. The rollers shall be high enough
above the bottom of the jig so that the specimens will clear the rollers when the)ram is in the low position.

(3) Theram shall be fitted with an appropriate base and provision made for attachment to the testing machine, 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) Ifdesired, either the rollers or the roller supports may be made adjustablesiirthe horizontal direction so that specimens of t thickness may 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
Guided-Bend Wrap Around Jig

T

Roller
;(\ /—oe

T+ 116 in. (1.5 mm) max. —7

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
1

L Max. diameter of stud + 1/g4 in. (0.40 mm)
12iin. (300 mm) /

15 deg min. ~

11/4in. (32 mm)

K\ //4\ weld

Vs N
For Stud
Diamieter, Use Adapter Gap,
in, (mm) 4, in. (mm)
% (3) % (3)
%6 (5) % (3)
7 (6) %6 (5)
% (10) 52 (5.5)
% (13) %6 (8)
% (16) a2 (9)
% (19) Y2 (12)
" (22) Yha (12)
1 (25) %2 (15)
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Figure QW-466.5
Torque Testing Arrangement for Stud Welds

Figure QW-466.6
Suggested Type Tensile Test Figure for Stud Welds

Stud
Steel nut

Washer /‘E 2

\ Sleeve
<
3 / /
:
<
<

Weld area — / Member

| |

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.

N

2]

Slotted fixtures
to hold stud head
and specimen plate

Figure QW-469.1
Butt Joint

30 deg max.
)\H 7/2 max.
T

{ 1 A\ i

Suggested size of ring or
strip (T/3) x 1Y, T
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Figure QW-469.2
Alternative Butt Joint

brushed on the surface to be etched until there is a
clear definition or outline of the weld

X\ ’4— 371/, deg max.

SR
T/2 max. T/3 max. but not greater

than V/gin. (3 mm)

T

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 dried with a blast of warm air. Coating the
surface with 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, together with directions for their us€;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 proeess. The specimens are to be
immersed in the solution for a sufficient period of time
to reveal all lack 0f soundness that might exist at their
cross-sectional(surfaces.

QW-472:2, Ammonium Persulfate. One part of ammo-
nium persulfate to nine parts of water, by weight. The solu-
tion sheuld 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.

'!w-4 2.3 Iodine and En_tassillm lodide. One parf of

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 stirting
rod. The specimens may also be placed in a boiling solfition
of the acid, but the work should be done in a wel-venti-
lated room. The etching process should be continued for a
sufficient period of time to reveal all lack of soundness that
might exist at the cross-sectional surfacés 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”feoncentrated) 15 ml
Hydrofluoric dcid, (48%) 10 ml
Water 85 ml

This solution is to be used at room temperature, and
etehing 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 (Si0;)
deposit.

QW-473.3 For Nickel and Nickel-Base Alloys.

Formula
Nitric Acid or Lepito’s Etch
Nitric Acid or Lepito’s Etch
Nitric Acid or Lepito’s Etch
Aqua Regia or Lepito’s Etch

Material

Nickel
Low Carbon Nickel
Nickel-Copper (400)

Nickel-Chromium-Iron
(600 and 800)

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
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Table QW-473.3-1
Makeup of Equations for Aqua Regia and Lepito’s Etch

QW-473.4 For Titanium.

Solution Kroll's Etch Keller’s Etch
Aqua Regia Lepito’s Etch . . N 1
Solution [Notes (1), (2)] [Notes (2), (3)] Hydrofluoric acid (48%) 1 to 3 ml /, ml

Nitric Acid. Concentrated 1 part 3 ml Nitric acid (concentrated) 2 to 6 ml 2% ml

— HNO; Hydrochloric Acid 1% ml
Hydrochloric Acid, 2 parts 10 ml (concentrated)

Concentrated — HCL Water To make 100 ml  To make 100-ml
Ammonium Sulfate — 15¢g

(NH4)2 (S04) QW-473.5 For Zirconium.
Ferric Chloride — FeCls 25¢g
Water 75 ml Solution Volume
NOTES Hydrofluoric acid 3 ml
(1) Warm the parts for faster action. Nitric acid (concentrated) 22 ml
(2) Etching is accomplished by either swabbing or immersing the Water 22 ml

specimen.
(3) Mix solution as follows:
(a) Dissolve (NH4); (SO4) in H,O0.
(b) Dissolve powdered FeClz in warm HCL
(c) Mix (a) and (b) and add HNOs3.

Apply by swab and rinse-in cold water.

These are general purpese etchants which are applied at
room temperature-by swabbing or immersion of the
specimen.
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ARTICLE V
STANDARD WELDING PROCEDURE SPECIFICATIONS (SWPSS)

QW-500 GENERAL

The SWPSslisted in Mandatory Appendix E may be used
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 construction where tough-
ness testing of the WPS is required by the Construction
Code.

QW-510 ADOPTION OF SWPSS

Prior to use, the organization that will 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) Anemployee ofthatorganization shall'sign and date
the SWPS.

(c) The applicable Code Section(s){(Section VIII, B31.1,
etc.) and/or any other fabricatieh.document (contract,
specification, etc.) that must be followed during
welding shall be listed on the/SWPS.

(d) The organizationtshall weld and test one groove
weld test coupon following that SWPS. The following
information shall pe réecorded:

(1) the specification, type, and grade of the base
metal welded

(2) gfoove design

(3)sinitial 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

(10) position of the groove weld and, if applieable,
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 teniperature

(13) post weld heat treatment used, including
holding time and temperature~range

(14) visual inspectioh and mechanical 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-
metri¢ examination, or any test specimen fails to meet
thedrequired 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 the SWPS that was demonstrated
may be used without further demonstration. Such addi-
tional SWPSs shall be compared to the SWPS that was used
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) achange 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

(7) size of consumable electrode or filler metal
(8) shielding gas and flow rate for GTAW and GMAW
(9) preheat temperature
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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.

(c) Only the welding processes shown on an SWPS shall
be used in given production joint. When a multi-process

fe)achange from globular spray or pulsed spray
transfer welding to short-circuiting transfer welding or
vice versa.

(f) achange in the F-Number of the welding electrode.

(g) theaddition of preheatabove ambienttemperature.

(h) achange from an SWPS thatis identified as for sheet
metal to one that is not and vice versa.

QW-530 FORMS

Asuggested Form QW-485 for documenting the welding
variables and test results of the demonstration 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 organization may not deviate from the welding
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.

SWPS is CD]DI“fﬂ{", the processes shown-onthe 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 weélds to
Code or other requirements. When SWPSs aré_supple-
mented with instructions that address ahy,"condition
shown on the SWPS, such instructions(shall be within
the limits of the SWPS. For example,\when an SWPS
permits use of several electrodeysizes, 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 oné-or more 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) Théddentification number of the Supporting
Demoustration 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

QW-600 GENERAL
QW-601 SCOPE

Wire-additive weldingis the process of building parts or
assemblies mainly or entirely from weld metal, 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 remoyed 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) ef metal. The corresponding material spec-
ification may/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
désignation, 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

sy MATERIAL MANUFACTURING USING WIRE-ADDITIVE WELDING

qualification shall follow the rules in Part QW A¥ticles
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, ef)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
integrated backing, additional test specimens are 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 new welding 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 by multiple 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

of the corresponding material specifications. More
details of the testing and acceptance criteria are in
QW-620. Wire-additive welding procedures and their
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extremes of layer width (wall thickness). The limits of
layer width qualification are shown in Table QW-613.
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Table QW-613
Wire-Additive Welding Qualification Layer Width Limits

QW-622.2 Acceptance. The acceptance criteria of
QW-160 shall be used unless otherwise specified in the

Procedure Qualification

Weld Layer Width Qualified, in. (mm)
Number Layer Width
of Beads of Test
per Coupon,
Layer W, in. (mm) Min. Max.
1 Unlimited ¥, (19)
2-8 w 2W (50W)
>8 22 (50) ¥, (19) Unlimited

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
ofthe 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 SPECIMEN REMOVAL AND PREPARATION

Test specimens for tension and guided bend-testing
shall be removed from qualification weldmengsas detailed
in Figure QW-661(a) or Figure QW-661(b),.as applicable.
Specimens for toughness testing, when-tequired, 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-

corresponding material specification
r o r

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 é¢orresponding
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 accéptance 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 theérein.

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. Testing may be done at alower temperature than
that specified in the corresponding material 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

bend testing is a requirement of this Section and shall
be performed even when not required by the corre-
sponding material specification.
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QW-626.1 General. Hardness testing shall be
performed when required in the corresponding material
specification.
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QW-626.2 Acceptance. Minima, maxima, or ranges of
values for acceptance are as specified by the corre-

sponding material specification
r o r

QW-650 WELDING VARIABLES
The welding variables listed in Table QW-651 are subdi-

vided into essential variables and nonessential variables.
Supplementary essential variables and special processes
arenotused in this Article. The “Brief of Variables” 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)

Essential
Paragraph Brief of Variables With Integrated Backing | Without Integrated Backing | Nonessential
QW-403 ¢ Group number X
Base Metals 9 | t Pass> % in. (13 mm) X
.36 | W limits X X
QW-404 4 | ¢ F-Number X X
Filler Metals ¢ A-Number X X
.6 | ¢ Diameter X
12 | ¢ Classification X X
.23 | ¢ Filler metal product form X X
.24 | £ or ¢ Supplemental X X
27 | ¢ Alloy elements X X
QW-406 .2 | ¢ Preheat maint. X
Preheat .12 | ¢ Interpass X X
QW-407 .1 | ¢ PWHT X X
PWHT 2 | ¢ PWHT (T&T range) X X
QW-408 .1 | £ Trail or ¢ comp. X
Gas 2 | ¢ Single, mixture, or % X X
3 | ¢ Flow rate X
.5 | £ or ¢ Backing flow X
10| - Trail or ¢+céomp. X X
QW-409 2 | ¢ Transfer mode
Electrical ¢ Currént or polarity X X
Characteristics
¢ - J&E'range X
.31 | (¢ yHeat input X X
QW-410 ¢ Orifice, cup, or nozzle size X
Technique ¢ Method cleaning X
¢ Oscillation X
.8 | ¢ Tube-work distance X
.10 | ¢ Single to multiple electrodes
15| ¢ Electrode spacing X X
.26 | = Peening X
begend:
+ Addition > Increase or greater than T Uphill < Forehand ¢ Change
- Deletion < Decrease or less than | Downhill — Backhand
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Ei

-661(a)

Layer Width, W, >% in. (13 mm) Procedure Qualification

N T T | Full-width side-bend specimen

1ol I: I : oo

: : : :| : 1 ” :: : —— Full-width side-bend specimen

h :: | ! A | | Full-width tension specimen
F==1r="j

: : : :I : 1 ” :: : | L — Full-width tension specimen

[ L R T I T

1ol 'J oo L Full-width side-bendSpecimen

H - |I |I |'| I' | I' I' I' I' ': T | Full-width side-bend specimen
I I

: : : :I : I “ :: : T Centerline Gharpy V-notch

(T I R T T - — specimensy(set of three),
r==1r="7 I’IP ¢

: :: :, : | :: :: : !_| | when’reqtiired

. [ N L L T T I |1 t— EdgeCharpy V-notch
2in. (50 mm) BT 1! T T Lo L. .
minimum Carob oo specimens (set of three),
T L L T T when required
bmdbmadl e gL aL—a
Side View Top View
Figure QW;661(b)
Layer Width, W, <% in. (13 mm) Procedure Qualification
Tensile Tensile
Face bend Root bend
Face bend—\ / Root bend
2 in. (50 mm)
minimum

Side View

255



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

ASME BPVC.IX-2023

PART QOB

BRAZING

ARTICLE XI
BRAZING GENERAL REQUIREMENTS

QB-100 SCOPE

The rulesin this Part apply to the preparation of 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 i§
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 perférmance 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 recommeénded Forms in Nonmandatory
Appendix B.

QB-110BRAZE 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

The maximum permitted angulafvdeviation from the
specified flow plane is +45 deg;

QB-120 TEST POSITIONS FOR LAP, BUTT,
SCARF, OR RABBET JOINTS

Brazed joints ntay-be made in test coupons oriented in
any of the positigns in Figure QB-461.2 and as described in
the following paragraphs, except that angular deviation
from thesspecified horizontal and vertical flow planes
in accotdance 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

1)l | +1a 1o H £1 £ 1l H £i11 ol
LJ, UadastTu Ull 11T Uasitv 11UVvW Ul Ulabllls ITIIcr 111ctal
through joints. These positions are flat flow, vertical
downflow, vertical upflow, and horizontal flow.
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QB-124 HORIZONTAL-FLOW POSITION

The test coupon joints in a position suitable for applying

tension tests on all thicknesses of plate. The specimens
may be tested in a support fixture in substantial accor-

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 flow plane is +15 deg.

QB-140 TYPES AND PURPOSES OF TESTS AND
EXAMINATIONS

QB-141 TESTS

Tests used in brazing procedure and performance quali-
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., thé
sectioning of test coupons, as described in QB-180,fre
used to determine the soundness of workmanship
coupons or test specimens. Sectioning tests arexalso a
substitute for the peel test when the peel testisimpractical
to perform.

QB-141.5 Workmanship Coupons:*Workmanship
coupons, as described in QB-182, are“used to determine
the soundness of joints other thanthe 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 appearancde, such as continuity of the brazing
filler metal, size;\eontour, 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 conform to one of the types
illustrated in Figures QB-462.1(a) through QB-462.1(f),
and shall meet the requirements of QB-153.

dancewith Ficure OB-462 1(f)
o ~ U

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

(b) Forplate thicknesses greaterthan 1in. (25 mm), fall
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 locatiopsshall comprise a set.

(d) When multiple specimens are’necessary, the entire
thickness shall be mechanically cut into a minimum
number of approximatel§-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
specimensyconforming to the requirements given in
Figure QB-462.1(b) may be used for tension tests on
all thicknésses of pipe or tube having an outside diameter
gréater than 3 in. (75 mm). The specimens may be tested in
a\Support fixture in substantial accordance with Figure
QB-462.1(f).

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

(b) For pipe thicknesses 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 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) When multiple 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),

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
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QB-152 TENSION TEST PROCEDURE

The tension test specimen shall be ruptured under

of the bent specimen. The five types are defined as
follows (see QB-161.1 through QB-161.6).

tensile load. The tensile strength shall be computed by
dividing the ultimate total load by the least cross-sectional
area of the specimen as measured before the load is
applied.

QB-153 ACCEPTANCE CRITERIA — TENSION
TESTS

QB-153.1 Tensile Strength. Minimum values for proce-
dure qualification are provided under the column heading
“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 % in. (13 mm). For Aluminum Alclad material§
% in. (13 mm) and greater, the specified minimum tensile
strength is for both full thickness specimens that include
clad brazing sheets.

QB-153.2 Unassigned Metals. Unassigned'metals shall
be identified in the BPS and on the PQR:bysspecification,
type, and grade, or by chemical analysis*and mechanical
properties. The minimum 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 form specimens of approxi-
mately’rectangular cross section. The cut surfaces shall be
desighated 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

QB-161.1 Transverse First Surface Bend. The joint is
transverse to the longitudinal axis of the specimen, which
isbent so that the first surface becomes the convex surface
ofthe 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 conférm
to the dimensions shown in Figure QB-462.2(d); For
subsize first surface bends, see QB-161.3.

QB-161.2 Transverse Second Surface Bend. The joint
is transverse to the longitudinal axis-ofithe specimen,
which is bent so that the second surface becomes the
convex surface of the bent specimén. In general, the
second surface is defined asthe surface opposite to
that from which the brazing*filler metal is placed or
fed, but definitely is the $urface opposite to that desig-
nated as the first surface, irrespective of how the
brazing filler metal is’/fed. Transverse second surface
bend specimen® shall conform to the dimensions
shown in Figube 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
thamr % in. (10 mm) and the diameter-to-thickness
ratio does not permit the preparation of full-size rectan-
gular guided-bend specimens, the 1% 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 % 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 Surface Bend. The jointis
parallel to the longitudinal axis of the specimen, which is
bentso that the first surface becomes the convex surface of
the bentspecimen. The definition of first surface is as given
in QB-161.1. Longitudinal first surface bend specimens
shall conform to the dimensions given in Figure
QB-462.2(Db).

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

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
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QB-162 GUIDED-BEND TEST PROCEDURE
QB-162.1 Jigs. Guided-bend specimens shall be bent in

QB-172 ACCEPTANCE CRITERIA — PEEL TEST

In order to pass the peel test, the specimens shall show

test jigs that are in substantial accordance with QB-466.
When using the jigs in accordance with Figure QB-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 ' 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 % 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, veids, 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.

evidence of brazing filler metal along each edge of the joint.
Specimens shall be separated or peeled 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 a machine suitable for separating the sections
under tension. The separated faying surfaces of 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-
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.

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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(23)

(23)

ARTICLE XIl
BRAZING PROCEDURE QUALIFICATIONS

QB-200 GENERAL

QB-200.1 A Brazing 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
arelisted in QB-250 and are defined in Article 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. This may be byamendment
to the BPS or by use of a new BPS.

Changes in essential variables requirérequalification of
the BPS [new or additional PQRs to support the change in
essential variable(s)].

(d) Formatofthe BPS. Theinformation required tobe in
the BPS may be in any format;-written or tabular, to fit the
needs of each organization, as long as every essential and
nonessential variablé 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
and doesnotlistall required data for all brazing processes.

QB<200.2 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

(b) Contents of the PQR. The completed PQR shall‘docu-
ment all essential variables of QB-250 for each brazing
process used during the brazing of the test eoupon. Nones-
sential or other variables used during the brazing of the
test coupon may be recorded at the organization’s option.
All variables, if recorded, shall be thie actual variables
(including ranges) used during-the brazing of the test
coupon. If variables are not'meénitored during brazing,
they shall not be recordéd. 't 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 dueto a specific essential variable.

The PQR shallbe certified accurate by the organization.
The organiZation may not subcontract the certification
function.“This certification is intended to be the organiza-
tion’s.yerification that the information in the PQR is a true
record of the variables that were used during the brazing
ofthe test coupon and that the resulting tensile, bend, peel,
or section (as required) testresults are in compliance with
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 to use other filler metals that fall within that parti-
cular F-Number where, prior to the Code revision, the
organization was limited to the particular filler metal 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 of the PQR. Form QB-483 (see

small range of the actual variables that will be used in
production brazing.
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organization, as long as every essential variable, required
by QB-250, is included. Also the type of tests, number of

additional test specimens may be removed as close as
practicable to the original specimen location to replace

tests, and-testresults shall be listed-in-the DQD Additional

sketches or information may be attached or referenced to
record the required variables.

(e) Availability of the PQR. The PQR shall be available 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 BPSs may be prepared from the dataona
single PQR (e.g. a vertical-upflow pipe PQR may support
BPSs for the vertical-upflow and downflow positions on
pipe within all other essential variables). A single BPS may
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 from the standpoint of metallurgical proper-
ties, postbraze heat 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 dissitildr
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 basé\metal is within the
qualified range of thickness~(based on each test
coupon thickness) permitted by-QB-451.

QB-201 ORGANIZATIONAL RESPONSIBILITY

The organizationtshall 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 coupon shall be considered as failed.

the failed test cpnr‘imnnc

When it has been determined that the test failure was
caused by an essential variable, a new test coupon may 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 omthe
PQR.

When itis determined that the test failure was ¢aused by
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 testfailure. If the new
test passes, the brazing related/factors that were deter-
mined to cause the previous teStfailure shall be addressed
by the organization to assufe-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 rangesef‘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-downflow position. 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
may make 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).

Whemitcamrbedetermimed thatthecauseof faiture s ot
related to brazing parameters, another test coupon may be
brazed using identical brazing parameters. Alternatively,
if adequate material of the original test coupon exists,
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QB-210 PREPARATION OF TEST COUPON

The base metals and filler metals shall be one or more 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
other productforms. Qualification using pipe also qualifies
for plate brazing, but not vice versa.

QB-212 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-251.1 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 groperties of
the brazement, and shall require requalification of the
BPS.

QB-251.3 Nonessential Variablés. 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
Torch Brazing (TB)

Paragraph

Essential Variables

Nonessential Variables

QB-402 Base Metal

QB-403 Brazing Filler Metal

QB-406 Brazing Flux, Gas, or Atmosphere

QB-407 Flow Position

QB-408 Joint Design

QB-409 Postbraze Heat Treatment

QB-410 Technique

QB-402

QB-4023

QB-403.1

(QB-403.2

QB-403.3

QB-406.1 QB-406.3

QB-407.1

(QB-408.2

(QB-408.4

QB-409.1
QB-410.1
QB-410.2
QB-410.3
QB-410.4
QB-410.5
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Table QB-253

Furnace Brazing (FB) (23)
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
Induction Brazing (IB) (23)

Paragraph

Essential Variables

Nonessential Variables

QB-402 Base Metal

QB-403 Brazing Filler Metal

QB-404 Brazing Temperature

QB-406 Brazing-Flux, Gas, or Atmosphere

QB-407 Flow.Position

QB-408 Joint Design

QB-409 Postbraze Heat Treatment

QB-410 Technique

QB-411 Brazing Time

QB-402.1
QB-402.3

QB-403.1
QB-403.2
QB-403.3

QB-404.1
QB-406.1
QB-407.1

QB-408.2
QB-408.4

QB-409.1

QB-410.1
QB-410.2

QB-411.1
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Table QB-255

(23)

Resistance Rr;ning (RB)

Paragraph

Essential Variables

Nonessential Variables

QB-402 Base Metal

QB-403 Brazing Filler Metal

QB-404 Brazing Temperature

QB-406 Brazing Flux, Gas, or Atmosphere

QB-407 Flow Position

QB-408 Joint Design

QB-409 Postbraze Heat Treatment

QB-410 Technique

QB-411 Brazing Time

QB-402.1
QB-402.3

QB-403.1
QB-403.2
QB-403.3

QB-404.1
QB-406.1
QB-407.1

(QB-408.2
(QB-408.4

QB-409.1

QB-410.1
QB-410.2

QB-411.1

Tabte QB-256

Dip Brazing —Salt or Flux Bath (DB)

Paragraph

Essential Variables

Nonessential Variables

QB-402 Base Metal

QB-403 Brazing Filler Metal

QB-404 Brazing Temperature

QB-406 Brazing Flux,.Gas, or Atmosphere

QB-407 Flow Position

QB-408 Joint Design

QB<409 Postbraze Heat Treatment

QB-410 Technique

QB-411 Brazing Time

QB-402.1
QB-402.3

QB-403.1
QB-403.2
QB-403.3

QB-404.1
QB-406.1
QB-407.1

(QB-408.2
(QB-408.4

QB-409.1

QB-410.1
QB-410.2

QB-411.1
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Table QB-257

(23)

Dip Brazing — Molten Metal Bath (DB)

Paragraph

Essential Variables

Nonessential Variables

QB-402 Base Metal

QB-403 Brazing Filler Metal

QB-404 Brazing Temperature

QB-406 Brazing Flux, Gas, or Atmosphere

QB-407 Flow Position

QB-408 Joint Design

QB-409 Postbraze Heat Treatment

QB-410 Technique

QB-411 Brazing Time

QB-402.1
QB-402.3

QB-403.1
QB-403.2
QB-403.3

QB-404.1
QB-406.1
QB-407.1

QB-408.2
QB-408.4

QB-409.1

QB-410.1
QB-410.2

QB-411.1
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ARTICLE X1l
BRAZING PERFORMANCE QUALIFICATIONS

QB-300 GENERAL

QB-300.1 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
abrazer or brazing operator is qualified for depends on 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 qualified within the
limits of the performance qualifications-listed in QB-304
or QB-305 for the positions tested inthe 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 anvidentifying number, letter, or
symbol by the organization, which shall be used 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),
thetype 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 type and number of test
specimens required shall be in accordanCe with QB-452,
and shall be removed in a manner similarto 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 Test CouponsinPipe. Fortestcouponsmade
in pipe, specimiens 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
range of thickness of each of the base metals shall be deter-
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 Special Positions. An organization who does
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,
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(23) QB-304 BRAZERS

Each brazer who brazes under the rules of this Code

QB-322 EXPIRATION, REVOCATION, AND
RENEWAL OF QUALIFICATION

(23)

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 Procedurg
Specification (BPS).

QB-310.3 Base Metals. When a brazer or brazing
operator is to be qualified, the test couponsshall 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 in QB=252 may be retested under the following
conditions.

QB-321.1'Immediate Retest. When an immediate
retest'is~made, the brazer or brazing operator shall
maketwo consecutive test coupons for each position
which he has failed, all of which 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

Renewal of a performance qualification is required

(a) when abrazer 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 folloWwing:

(a) repeating any previous qualification test using that
process

(b) taking a new test using that process
Either test will reinstate\all previous qualifications for that
process.

QB-350 BRAZING VARIABLES FOR BRAZERS
AND BRAZING OPERATORS

QB-351GENERAL

Abrazer or brazing operator shall be requalified when-
ever a change is made in one or more 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 Essential Variables — Automatic Brazing. (23)

(a) A change from automatic to machine brazing.
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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 base metal 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 listed in Table
QW/QB-422

The brazing of dissimilar metals need not be requalified
if each base metal involved is qualified individually forthe
same brazing filler metal, flux, atmosphere, and priogess.
Similarly, the brazing of dissimilar metals qualifies’for the
individual base metal brazed to itself and for. the same
brazing filler metal, flux, atmosphere, dnd process,
provided the requirements of QB-153.1(&) are met.

QB-402.2 A change from a base metal listed under one
P-Number in Table QW/QB-422to.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 dissimilar metals need not be requalified
if each base metal inyolyed 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 fillep metal, flux, atmosphere, and process.

QB-202.3 A change in base metal 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

QB-403.2 A change in filler metal from one“preduct
form to another (for example, from preformed ring to
paste).

QB-403.3 A change from mechanically)fed or manually
fed filler metal to preplaced filler metal and vice versa.

QB-403.4 A change from preplaced filler metal to
mechanically fed or manuallyfed 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
ctomposition 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 filler metal 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) thebrazingfiller metal is preplaced in ajointin such
a manner that major flow does occur

QB-407.2 If the brazing filler metal is preplaced in a
jointin such a manner that major flow does not occur, then
the joint may be brazed in any position without requal-
ification.

Table QB-432 to any other F-Number, or to any other
filler metal not listed in Table QB-432.
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QB-408 JOINT DESIGN
QB-408.1 Achangeinthejointtype,i.e.,fromabutttoa

QB-410.3 A change in the nature of the flame (for
example, a change from neutral or slightly reducing).

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) achange 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 15 min or 10% of the
postbraze heat treatment time recorded on the PQR

QB-410 TECHNIQUE

QB-410.1 Achange inthe method of prepating the base
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-410.4 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-4203)

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 to make satis-
factory brazements with a given filler metal. This grouping
is made’to reduce the number of brazing procedure and
perfermance qualifications, where this can logically be
don€) 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 consideration of 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
{23 E-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 BAISi-2
BAISi-3

BAISi-4

BAISi-5

BAISi-7

BAISi-9

BAISi-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-58 (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-SPECHMENS.

Table QB-451.1
Tension Tests and Transverse-Bend Tests — Butt and Scarf Joints

Range of Thickness of Type and Number of Test Specimens Required

Materials Qualified by
Test Plate or Pipe,

Thickness T of Test Coupon as in. (mm) Tension First Surface Bend Second Surface Bend
Brazed, in. (mm) Min. Max. [Note (1)] [Note (2)] [Note (2)]
Less than % (3) 0.5T 2T 2 2 2
% to % (3 to 10), incl. Y6 (1.5) 2T 2 2 2
Over % (10) %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, see Figure QB-462.2(a). For specimenremoval, see Figure QB-463.1(a) for,plate coupons, or Figure QB-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

Type and Number of Test Specimens Required

Range of Thickuess of
Materials Qualified by
Test Plate.or Pipe,

Thickness T of Test Coupon as in, (mm) Tension First Surface Bend Second Surface Bend
Brazed, in. (mm) Min. Max. [Note (1)] [Note (2)] [Note (2)]
Less than % (3) 05T 2T 2 2 2
Y to % (3 to 10), incl. Y6 (1.5) 2T 2 2 2
Over % (10) %6 (5) 2T 2 [Note (3)] 2 2

NOTES:
(1) For specimen dimensionsysee-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
Range of Thickness of Materials Qualified by | Type and Number of Test Specimens Required
Test Plate or Pipe, in. (mm) [Note (1)]
Thickness T of Test Coupon Tension Peel and Section
as Brazed, in. (mm) Min. Max. [Note (2)] [Notes (3), (4)]
Less than % (3) 0.5T 2T 2 2
% to % (3 to 10), incl. Y6 (1.5) 2T 2 2
Over % (10) %6 (5) 2T 2 2

NOTES:

(1) When materials ofarepresentative geometry and thickness are notavailable to prepare butt or lap joint test coupons, workmanship coupons
may be prepared and examined per QB-182 and Table QB-451.5 to establish the range of thickness of base metal qualified. When this is done,
the properties of the joint shall be validated using butt or lap joint test coupons of any thickness.

(2) Forspecimen dimensions, see Figure QB-462.1(c). For pipe specimens not greater than NPS 3 (DN 75), full section t€sting may be 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 specimefremoval.

(4) Sectioning tests may be substituted for peel tests. For section specimens, see Figure QB-462.4 for speeimen dimensions, and Figure
QB-463.1(c) for specimen removal.

Table QB-451.4

(23) Tension Tests and Section Tests\= Rabbet Joints
Range of Thickness of Materials Qualified by Type and Number of Test Specimens
Test Plate or Pipe, in.{(mm) Required
Thickness T of Test Coupon as Tension Section
Brazed, in. (mm) Min. Max. [Note (1)] [Note (2)]
Less than % (3) 0.5T 2T 2 2
Y to % (3 to 10), incl. e (1.5) 2T 2 2
Over % (10) %6 (5) 2T 2 2
NOTES:

(1) Forspecimen dimensions, see Figure QB-462,1¢). 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 Figure QB-462.4; for specimen removal, see Figure QB-463.1(c).

Table QB-451.5

(23) Section Tests — Workmanship Coupon Joints
Range of Thickness of Materials Qualified by Type and Number of Test
Thickness T of Test Coupon Test Plate or Pipe, in. (mm) Specimens Required
as Brazed, in. (mm) Min. Max. Section [Note (1)]
Less than % (3) 05T 2T 2
Y% to ¥% (3 to 10), incl. Y6 (1.5) 2T 2
Over % (10) %6 (5) 2T 2
NOFE—(1-This-testinitself-does-notconstitute-procedurequatifieation but-must-be-vatidated-by-conduetaneeof tests-of butt-ortapjoints-as

appropriate. For joints connecting tension members, such as the stay or partition type in Figure QB-462.5, the validation data may 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

Peel or Section Tests — Butt, Scarf, Lap, Rabbet Joints (28)
Range of Thickness of Materials Qualified by Type and Number of Test
Thickness T of Test Coupon Test Plate or Pipe, in. (mm) Specimens Required
as Brazed, in. (mm) Min. Max. Peel or Section [Notes (1)~(3)]
Less than % (3) 0.5T 2T
Y to % (3 to 10), incl. Y6 (1.5) 2T
Over % (10) %6 (5) 2T
NOTES:
(1) Sectioning tests may be substituted for the peel test when the peel test is impractieal to perform (e.g., when the stréngth 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) Forspecimenremoval, see Figure QB-463.2(a) for section specimens or Figure QB-463.2(b) for peel specimens from plate coupons, or Figure
QB-463.2(c) for pipe coupons.
Table QB-452:2
Section Tests — Workmanship Specimen Joints (23)

Thickness T of Test Coupon

Range of Thickness©f Materials Qualified by
Test Plate or Pipe, in. (mm)

Type and Number of Test
Specimens Required

as Brazed, in. (mm) Min. Max. Section [Note (1)]
Less than % (3) 0.5T 2T 1
% to % (3 to 10), incl. Yie. @5) 2T 1
Over % (10) %e (5) 2T 1

NOTE: (1) For section specimen removal, see Figure QB-462.5.
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QB-460 GRAPHICS
————QB-461POSITIONS

Figure QB-461.1
Flow Positions
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Legend: C = joint clearance; L = length of lap or thickness
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Figure QB-461.2
Test Flow Positions

15 deg

//

(1

]

Horizontal Flow

D [ ]
i
(2) |:| (4) (5)
Flat Flow
3
(1) ® [
l (2) l :
:lz @
Vertical Downflow
(1) [ 3 [ [
(2) :
| . @
Vertical Upflow
D
7 15 deg (1) (2)
¢{-—* /”\ o : ]
v + |
~ 15 deg |
— |
Flow = |
¢ < —
77 :
= i
] |
e ——

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)

Test Flow Position

Qualified Flow Position [Note (2)]

Coupon Type [Note (1)] 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-4612.

(2) Qualified brazing positions are shown in Figure QB-461.1.
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QB-462 TEST SPECIMENS

(23)

NOTES:

Figure QB-462.1(a)
Tension — Reduced Section for Butt and Scarf Joints — Plate

T 10 in. (250 mm)
- approx. [Note (1)] —

2in. 1/4 in. (6 mm)
(50 mm) R—>|

'—@ﬂ/__;f_ _/[_E_dfye of joint ‘
/ ‘

3/4in. (19 mm)

%_J _______ 4IL—

14 in. (6Jm)

£1/4in. (6 mm)

This section prepared
preferably by machining

[«——— 10 in. (250 mm) approx. [Note (1)] ———>

2 in. (60 mm) R

A, min.
[Note (2)]

1in.

24 in. (25 mm)
(57 mm) — 4_/
min. A, ming 1/4 in. (6 mm)
“— — [Note. (2/]
1
|
1
1

i

0.5in.
O~ (13 mm) 3/4in. (19 mm)
' diameter !
‘4— — This section\prepared ‘
A preferably by machining 1/4in. (6 mm)
2in. (50 mm)

approx. [Note (1)]

Alternate Pin-Loaded Specimen

(1) Length may vary to fit testing/machine.
(2) A = greater of Y, in. (6 mimjJor 2T
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Figure QB-462.1(b)

(23) Tension — Reduced Section for Butt, Lap, and Scarf Joints — Pipe
F 10 in. (250 mm)
- approx. [Note (1)]—»
2in. /4 in. (6 mm) 1,
4 in. (6 mm)
(50 mm) R < Edge of joint I Machine the minimum amount
needed to obtain plane parallel
————————————— I faces over the 3/, in. (19 mm)
! ide reduced section
3/4in. (19 mm) | Wi
____________ ! \
\)
t1/4 in. (6 mm)
E This section prepared
preferably by machining
[«—— 10 in. (250 mm) approx. [Note (1)] ———> 1in.
. 21/, in. (25 mm)
2in. (60 mm) R (57 mm) — — <—/
A, min. min. A, min. /4 in. (6 mm)
[Note (2)] “— - [Note (2)]
_________ : ______|____ _
0.5in. ! T
O (13 mm) '@- 3/4 in. (19"mm)
I . ! ]
diameter ! i
‘<— — This section prepared .
* preferably by machining 1/4in. (6 mm)
2 in. (50 mm)
approx. [Note (1)]
Alternate Pin-Loaded Specimen
X As specified
L [Note (3)1 by design
T ! | A
4 | P I_%
For Lap Joints
NOTES:

(1) Length may varysto fit'testing machine.
(2) A = greater of.Y, 'in/ (6 mm) or 2T
(3) X = test specimen overlap
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Figure QB-462.1(c)

(23) Tension — Reduced Section for Lap and Rabbet Joints — Plate
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NOTES:

(1) Length may vary to fit testing machine.
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(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—\

7 2
. Spacers
— Reduced-section
tension specimen
Restrainer bars .
Restrainer’bars
| | <~ N L —
I I
i i
I I L _ _ —-41__1
1 1
! ! - JEN | ER E SN Bolts, body-bound
i i - B
I I
1 1
1 1
___________ L -
I I
[Tttt q =
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I I
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I I
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""""""" ) S ——— 4 locknuts 4 nuts
I I
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i i S __ Bolts, body-bound
| | I N R | |
I I
I I r=—r-- -7
1 1
1 1
I I
I I
I I
Spacers__/ . .
" Reduced-section — Retducgd section
tension specimen ension specimen
% z

Front View Side View

GENERAL NOTE: The restraining fixtun€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 point where a minimum of 0.001 in. (0.03 mm) 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

~<—  6in. (150 mm) min. —>‘

N
i

i

11/, in. (38 mm)

—

Plate

. y, in. (mm)
T, in. (mm) .
All ferrous and nonferrous materials
1/16_3/8 (1.5-10) T
>3/g (>10) 3/g (10)

)

pg

Pip€

GENERALNOTE: For the first surface bend specimens, machine from the second surface as nécessary until 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

11/2 in.
"""""""""""""""""""""""""" (38 mm)

~~—

r

1

1
S |

. y, in. (mm)
T, in.\(mYm) -
All ferrous and nonferrous materials
1164305 (1.5-10) T
>3/3 (>10) 3/5 (10)

. — s 5
6 in. (150 mm) min. |<_y_> R |<_y—>

— /4
<Yy
<~ T

R=1gin.
(3 mm) max.

GENERALNOTE: For the firstsurface bend specimens, machine from the second surface as necessary until 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)]
Lo T
I I
I I
P 11/, in. (38 mm)
Lo
I I
1 1
X X=4T min. or as
z Section A Y required by design
Section B N | N

| 7 ?/ f
. Y Approximately, or sufficient
Fulcrum point

— for peeling purposes

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)

Discard i this piece 1 1 W
W= 11/2 in. ::::::::::.::::::::::::::%::::::::::.::::::::::: —1—
(38mm) [ ______ Section &N b specimen v W
________________________ t---ooooooozzooooooooo
l Discard | this piece W
pa— X
Section A ¢

Section B | | T | | | |
X =4T min_or as required by design ~— 11/, in. (38 mm) =

Alternate for Rabbet Joint

GENERALNOTE: Lap orsocketjointspecimens in the pipe and tube shall be sectioned by cutting the pipe or tube specimen in halflengthwise, and
the“eut edges of at least one-half prepared and visually examined.
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Figure QB-462.5

Workmanship Coupons

A A
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Section i : specimen
b
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Discard
i
[
[
\/\ 1 1
L J
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LA N ]

(a) Typical Stay or Partition Joint
[Note (1)]

NOTES:

i

(b) Typical Spud Joint
[Note (2)]

(¢} Typical Saddle Joint Sectioned
[Note (2)]

(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-HKalf shall be used as the test specimen.
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QB-463 ORDER OF REMOVAL
Figure QB-463.1(a)

Figure QB-463.1(b)
Plates Procedure Qualification

Plates Procedure Qualification
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Figure QB-463.1(c)
Plates Procedure Qualification

Discard . | this piece
— i
1 1 1
I I I
Reduced section 1 i i specimen
tensile Vo |
1 1 1
I I I
| | |
Sectioning . | specimen
T |
I I I
I I I
Reduced section 1 | | specimen
tensile Co |
I I I
I I I
I I I
Sectioning o | specimen
1 1 1
I I I
Discard ! ! ! this piece
Rabbet Joint
[Note (1)]
NOTES:

(1) Required for rabbet joints.

Alternate Lap Joint
[Note (2)]

[ ]

Alternate Lap Joint
[Note (2)]

O

Alternate 'Lap Joint
[Note (2)]

(2) The sectioning specimen in this view may 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 % in. (13 mm) wide.
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