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

Items produced by par�es not formally possessing an ASME Cer�ficate may not be described, 
either explicitly or implicitly, as ASME cer�fied or approved in any code forms or other document.
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FOREWORD*

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Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)
(b) Committee on Materials (II)
(c) Committee on Construction of Nuclear Facility Components (III)
(d) Committee on Heating Boilers (IV)
(e) Committee on Nondestructive Examination (V)
(f) Committee on Pressure Vessels (VIII)
(g) Committee on Welding, Brazing, and Fusing (IX)
(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)
(i) Committee on Nuclear Inservice Inspection (XI)
(j) Committee on Transport Tanks (XII)
(k) Committee on Overpressure Protection (XIII)
(l) Technical Oversight Management Committee (TOMC)
Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and

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

boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nuclear components
and transport tanks. Fornuclear itemsother thanpressure-retaining components, theCommittee alsoestablishes rulesof
safety related to structural integrity. The Committee also interprets these rules when questions arise regarding their
intent. The technical consistency of the Sections of the Code and coordination of standards development activities of the
Committees is supported and guided by the Technical Oversight Management Committee. This Code does not address
other safety issues relating to the constructionof boilers, pressure vessels, transport tanks, or nuclear components, or the
inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevant documents for safety issues other than those relating to pressure integrity
and, for nuclear items other than pressure-retaining components, structural integrity. Except for Sections XI and XII, and
with a few other exceptions, the rules do not, of practical necessity, reflect the likelihood and consequences of deteriora-
tion in service related to specific service fluids or external operating environments. In formulating the rules, the
Committee considers the needs of users, manufacturers, and inspectors of components addressed by the Code. The
objective of the rules is to afford reasonably certain protection of life and property, and to provide amargin for deteriora-
tion in service to give a reasonably long, safe period of usefulness. Advancements in design andmaterials and evidence of
experience have been recognized.
This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction

activities and inservice inspection and testing activities. The Code does not address all aspects of these activities
and those aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook
and cannot replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers
to technical judgments made by knowledgeable engineers experienced in the application of the Code. Engineering judg-
ments must be consistent with Code philosophy, and such judgments must never be used to overrule mandatory re-
quirements or specific prohibitions of the Code.
The Committee recognizes that tools and techniques used for design and analysis change as technology progresses and

expects engineers to use good judgment in the application of these tools. The designer is responsible for complying with
Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code neither
requires nor prohibits the use of computers for the design or analysis of components constructed to the requirements of
the Code. However, designers and engineers using computer programs for design or analysis are cautioned that they are
* The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance with
ANSI's requirements for an ANS. Therefore, this Forewordmay containmaterial that has not been subjected to public reviewor a consensus process. In
addition, it does not contain requirements necessary for conformance to the Code.
** Construction, as used in this Foreword, is an all-inclusive term comprisingmaterials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.

xi

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


responsible for all technical assumptions inherent in theprograms theyuse and the applicationof theseprograms to their
design.
The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any

proprietaryor specificdesign, or as limiting inanyway themanufacturer’s freedomtochooseanymethodofdesignorany
form of construction that conforms to the Code rules.
The Committeemeets regularly to consider revisions of the rules, new rules as dictated by technological development,

Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary inwriting
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be
presented to theCommittee forappropriateaction.Theactionof theCommitteebecomeseffectiveonlyafter confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committee are
submitted to the AmericanNational Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview
to invite comments fromall interestedpersons.Afterpublic reviewand final approval byASME, revisionsarepublishedat
regular intervals in Editions of the Code.
The Committee does not rule on whether a component shall or shall not be constructed to the provisions of the Code.

The scope of each Section has been established to identify the components and parameters considered by the Committee
in formulating the Code rules.
Questions or issues regarding compliance of a specific component with the Code rules are to be directed to the ASME

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

masculine, or neuter gender shall be treated as such other gender as appropriate.
The words “shall,” “should,” and “may” are used in this Standard as follows:
– Shall is used to denote a requirement.
– Should is used to denote a recommendation.
– May is used to denote permission, neither a requirement nor a recommendation.

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

ADVERTISING

ASMEhas establishedprocedures to authorize qualified organizations to performvarious activities in accordancewith
the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide recognition of
organizations so authorized. An organization holding authorization to perform various activities in accordance with the
requirements of the Code may state this capability in its advertising literature.
Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that

havebeenconstructedand inspected in compliancewith theASMEBoilerandPressureVesselCodeare issuedCertificates
ofAuthorization. It is theaimof theSociety tomaintain thestandingof theASMESingleCertificationMark for thebenefitof
the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with all
requirements.
Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the

ASMESingleCertificationMark,CertificatesofAuthorization, andreference toCodeconstruction.TheAmericanSocietyof
Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or activity and there shall
be no statements or implications thatmight so indicate. An organization holding theASMESingle CertificationMark and/
or a Certificate of Authorization may state in advertising literature that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with the requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASMEBoiler and Pressure Vessel Code.”An ASME corporate logo shall not
be used by any organization other than ASME.
TheASMESingleCertificationMarkshall beusedonly for stampingandnameplates as specificallyprovided in theCode.

However, facsimiles may be used for the purpose of fostering the use of such construction. Such usage may be by an
association or a society, or by a holder of theASMESingle CertificationMarkwhomayalso use the facsimile in advertising
to show that clearly specified items will carry the ASME Single Certification Mark.

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

The ASMEBoiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements formaterials, design, fabrication, examination, inspection, and stamping. Items
constructed in accordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the governing Section of the Code.
Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification

Mark shall not be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.
Items shall not bedescribedonASMEDataReport Formsnoron similar forms referring toASME that tend to imply that

all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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PERSONNEL
ð23Þ ASME Boiler and Pressure Vessel Standards Committees,

Subgroups, and Working Groups
January 1, 2023

TECHNICAL OVERSIGHT MANAGEMENT COMMITTEE (TOMC)

R. E. McLaughlin, Chair
N. A. Finney, Vice Chair
S. J. Rossi, Staff Secretary
G. Aurioles, Sr.
R. W. Barnes
T. L. Bedeaux
C. Brown
D. B. DeMichael
R. P. Deubler
J. G. Feldstein
G. W. Galanes
J. A. Hall
T. E. Hansen
G. W. Hembree
R. B. Keating
B. Linnemann

W. M. Lundy
D. I. Morris
T. P. Pastor
M. D. Rana
S. C. Roberts
F. J. Schaaf, Jr.
G. Scribner
W. J. Sperko
D. Srnic
R. W. Swayne
J. Vattappilly
M. Wadkinson
B. K. Nutter, Ex-Officio Member
M. J. Pischke, Ex-Officio Member
J. F. Henry, Honorary Member

Subgroup on Research and Development (TOMC)

S. C. Roberts, Chair
S. J. Rossi, Staff Secretary
R. W. Barnes
N. A. Finney
W. Hoffelner

R. B. Keating
R. E. McLaughlin
T. P. Pastor
D. Andrei, Contributing Member

Subgroup on Strategic Initiatives (TOMC)

N. A. Finney, Chair
S. J. Rossi, Staff Secretary
R. W. Barnes
T. L. Bedeaux
G. W. Hembree

M. H. Jawad
R. B. Keating
R. E. McLaughlin
T. P. Pastor
S. C. Roberts

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

S. C. Roberts, Chair
P. J. Coco
N. A. Finney
S. A. Marks
R. Rockwood
C. Stevens

M. Tannenbaum
J. Cameron, Alternate
A. Byk, Contributing Member
J. Pang, Contributing Member
S. J. Rossi, Contributing Member
C. A. Sanna, Contributing Member

Special Working Group on High Temperature Technology (TOMC)

D. Dewees, Chair
F. W. Brust
T. D. Burchell
P. R. Donavin

B. F. Hantz
R. I. Jetter
P. Smith

ADMINISTRATIVE COMMITTEE

R. E. McLaughlin, Chair
N. A. Finney, Vice Chair
S. J. Rossi, Staff Secretary
J. Cameron
R. B. Keating
B. Linnemann
B. K. Nutter

M. J. Pischke
M. D. Rana
S. C. Roberts
R. R. Stevenson
R. W. Swayne
M. Wadkinson

MARINE CONFERENCE GROUP

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

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 — Iowa
J. H. Burpee — Maine
M. Carlson — Washington
T. G. Clark — Oregon
B. J. Crawford — Georgia
E. L. Creaser — New Brunswick,
Canada

J. 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

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

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
C. L. O’Guin — Tennessee
B. S. Oliver — New Hampshire
J. L. Oliver — Nevada
P. B. Polick — Illinois
J. F. Porcella — West Virginia
B. 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
G. Teel — California
D. M. Warburton — Florida
M. Washington — New Jersey
E. Wiggins — Alabama
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INTERNATIONAL INTEREST REVIEW GROUP

V. Felix
Y.-G. Kim
S. H. Leong
W. Lin
O. F. Manafa

C. Minu
Y.-W. Park
A. R. Reynaga Nogales
P. Williamson

COMMITTEE ON POWER BOILERS (BPV I)

R. E. McLaughlin, Chair
E. M. Ortman, Vice Chair
U. D’Urso, Staff Secretary
D. I. Anderson
J. L. Arnold
K. K. Coleman
J. G. Feldstein
S. Fincher
G. W. Galanes
T. E. Hansen
J. S. Hunter
M. Ishikawa
M. Lemmons
L. Moedinger
Y. Oishi
M. Ortolani
A. Spangenberg
D. E. Tompkins
D. E. Tuttle

J. Vattappilly
M. Wadkinson
R. V. Wielgoszinski
F. Zeller
H. Michael, Delegate
D. L. Berger, Honorary Member
P. D. Edwards, Honorary Member
D. N. French, Honorary Member
J. Hainsworth, Honorary Member
J. F. Henry, Honorary Member
W. L. Lowry, Honorary Member
J. R. MacKay, Honorary Member
P. A. Molvie, Honorary Member
J. T. Pillow, Honorary Member
B. W. Roberts, Honorary Member
R. D. Schueler, Jr., Honorary Member
J. M. Tanzosh, Honorary Member
R. L. Williams, Honorary Member
L. W. Yoder, Honorary Member

Executive Committee (BPV I)

E. M. Ortman, Chair
R. E. McLaughlin, Vice Chair
D. I. Anderson
J. L. Arnold
J. R. Braun
K. K. Coleman
H. Dalal
T. Dhanraj

U. D’Urso
P. F. Gilston
K. Hayes
P. Jennings
A. Spangenberg
D. E. Tompkins
M. Wadkinson

Subgroup on Design (BPV I)

D. I. Anderson, Chair
L. S. Tsai, Secretary
P. Becker
L. Krupp
C. T. McDaris

N. S. Ranck
J. Vattappilly
M. Wadkinson
D. Dewees, Contributing Member
J. P. Glaspie, Contributing Member

Subgroup on Fabrication and Examination (BPV I)

J. L. Arnold, Chair
P. F. Gilston, Vice Chair
P. Becker, Secretary
K. K. Coleman
S. Fincher
G. W. Galanes
T. E. Hansen

P. Jennings
M. Lewis
C. T. McDaris
R. E. McLaughlin
R. J. Newell
Y. Oishi
R. V. Wielgoszinski

Subgroup on General Requirements and Piping (BPV I)

D. E. Tompkins, Chair
M. Wadkinson, Vice Chair
M. Lemmons, Secretary
R. Antoniuk
T. E. Hansen
M. Ishikawa
R. E. McLaughlin
L. Moedinger

B. J. Mollitor
Y. Oishi
E. M. Ortman
D. E. Tuttle
J. Vattappilly
R. V. Wielgoszinski
W. L. Lowry, Contributing Member

Subgroup on Locomotive Boilers (BPV I)

J. R. Braun, Chair
S. M. Butler, Secretary
G. W. Galanes
D. W. Griner
M. A. Janssen

S. A. Lee
L. Moedinger
G. M. Ray
M. W. Westland

Subgroup on Materials (BPV I)

K. K. Coleman, Chair
K. Hayes, Vice Chair
M. Lewis, Secretary
S. H. Bowes
G. W. Galanes
P. F. Gilston
J. S. Hunter
E. Liebl

F. Masuyama
L. S. Nicol
M. Ortolani
D. W. Rahoi
F. Zeller
B. W. Roberts, Contributing Member
J. M. Tanzosh, Contributing Member

Subgroup on Solar Boilers (BPV I)

P. Jennings, Chair
R. E. Hearne, Secretary
S. Fincher

J. S. Hunter
P. Swarnkar

Task Group on Modernization (BPV I)

D. I. Anderson, Chair
U. D’Urso, Staff Secretary
J. L. Arnold
D. Dewees
G. W. Galanes
J. P. Glaspie

T. E. Hansen
R. E. McLaughlin
E. M. Ortman
D. E. Tuttle
J. Vattappilly

Germany International Working Group (BPV I)

A. Spangenberg, Chair
P. Chavdarov, Secretary
B. Daume
J. Fleischfresser
C. Jaekel
R. Kauer
D. Koelbl
S. Krebs
T. Ludwig

R. A. Meyers
H. Michael
F. Miunske
M. Sykora
R. Helmholdt, Contributing Member
J. Henrichsmeyer, Contributing

Member
B. Müller, Contributing Member
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India International Working Group (BPV I)

H. Dalal, Chair
T. Dhanraj, Vice Chair
K. Thanupillai, Secretary
P. Brahma
S. Chakrabarti
A. Hantodkar
A. J. Patil

S. Purkait
M. G. Rao
G. U. Shanker
D. K. Shrivastava
K. Singha
R. Sundararaj
S. Venkataramana

COMMITTEE ON MATERIALS (BPV II)

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. O. 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
O. 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. W. Mikitka
P. K. Rai
M. Wadkinson

Subgroup on Ferrous Specifications (BPV II)

A. Appleton, Chair
K. M. Hottle, Vice Chair
C. Hyde, Secretary
D. Amire-Brahimi
G. Cuccio
O. Elkadim
D. Fialkowski
J. F. Grubb
D. S. Janikowski
Y.-J. 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 International Material Specifications (BPV II)

M. Ishikawa, Chair
P. Chavdarov, Vice Chair
A. Chaudouet
H. Chen
A. F. Garbolevsky
D. O. Henry
W. M. Lundy

F. Zeller
C. Zhou
O. Oldani, Delegate
H. Lorenz, Contributing Member
T. F. Miskell, Contributing Member
E. Upitis, 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. Denis, Contributing Member
D. T. Peters, Contributing Member

Subgroup on Physical Properties (BPV II)

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 II & 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.

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

M. Ortolani, Chair
G. W. Galanes, Vice Chair
P. Becker, Secretary
S. H. Bowes
K. K. Coleman
K. Kimura
M. Lang
S. Luke
F. Masuyama

T. Melfi
W. F. Newell, Jr.
J. J. Sanchez-Hanton
J. 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.-J. 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 III)

R. B. Keating, Chair
T. M. Adams, Vice Chair
D. E. Matthews, Vice Chair
A. Maslowski, Staff Secretary
A. Appleton
S. Asada
R. W. Barnes
W. H. Borter
M. E. Cohen
R. P. Deubler
P. R. Donavin
A. C. Eberhardt
J. V. Gardiner
J. Grimm
S. Hunter
R. M. Jessee
R. I. Jetter
C. C. Kim
G. H. Koo
D. W. Lewis
M. A. Lockwood
K. A. Manoly

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

Executive Committee (BPV III)

R. B. Keating, Chair
A. Maslowski, Secretary
T. M. Adams
P. R. Donavin
J. V. Gardiner
J. Grimm
D. W. Lewis

K. A. Manoly
D. E. Matthews
S. McKillop
J. McLean
T.-L. Sham
W. K. Sowder, Jr.
K. A. Kavanagh, Alternate

Argentina International Working Group (BPV III)

M. F. Liendo, Chair
J. Fernández, Vice Chair
O. Martinez, Staff Secretary
O. A. Verastegui, Secretary
E. H. Aldaz
G. O. Anteri
A. P. Antipasti
D. O. Bordato
G. Bourguigne
M. Brusa
A. Claus
R. G. Cocco

A. J. Dall’Osto
J. I. Duo
M. M. Gamizo
I. M. Guerreiro
I. A. Knorr
D. E. Matthews
A. E. Pastor
M. Rivero
M. D. Vigliano
P. Yamamoto
M. Zunino

China International Working Group (BPV III)

Y. Wang, Chair
H. Yu, Secretary
L. Feng
J. Gu
L. 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. Döring
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
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India International Working Group (BPV III)

R. N. Sen, Chair
S. B. Parkash, Vice Chair
A. D. Bagdare, Secretary
S. Aithal
S. Benhur
N. M. Borwankar
M. Brijlani
H. Dalal
S. K. Goyal
A. Johori
A. P. Kishore
D. Kulkarni

R. Kumar
S. Kumar
M. Lakshminarasimhan
T. Mukherjee
D. Narain
A. D. Paranjpe
J. R. Patel
E. L. Pleins
T. J. P. Rao
V. Sehgal
S. Singh
B. K. Sreedhar

Korea International Working Group (BPV III)

G. H. Koo, Chair
O.-S. Kim, Secretary
H. Ahn
S. Cho
G.-S. Choi
M.-J. Choi
S. Choi
J. Y. Hong
N.-S. Huh
J.-K. Hwang
S. S. Hwang
C. Jang
I. I. Jeong
S. H. Kang
J.-I. Kim
J.-S. Kim
M.-W. Kim
S.-S. Kim
Y.-B. Kim

Y.-S. Kim
D. Kwon
B. Lee
D. Lee
S. Lee
S.-G. Lee
H. Lim
I.-K. Nam
C.-K. Oh
C.-Y. Oh
E.-J. Oh
C. Park
H. Park
Y. S. Pyun
T. Shin
S. Song
W. J. Sperko
J. S. Yang
O. Yoo

Seismic Design Steering Committee (BPV III)

T. M. Adams, Chair
F. G. Abatt, Secretary
G. A. Antaki
C. Basavaraju
D. Chowdhury
R. Döring

G. H. Koo
A. Maekawa
K. Matsunaga
J. McLean
R. M. Pace
D. Watkins

Task Group on Alternate Requirements (BPV III)

J. Wen, Chair
R. R. Romano, Secretary
P. J. Coco
P. R. Donavin
J. V. Gardiner
J. Grimm
R. S. Hill III
M. Kris
M. A. Lockwood

D. E. Matthews
S. McKillop
B. P. Nolan
J. B. Ossmann
E. C. Renaud
M. A. Richter
I. H. Tseng
Y. Wang

United Kingdom International Working Group
(BPV III)

C. D. Bell, Chair
P. M. James, Vice Chair
C. B. Carpenter, Secretary
T. M. Adams
T. Bann
M. J. Chevalier
A. J. Cole-Baker
M. Consonni
M. J. Crathorne

G. Innes
S. A. Jones
B. Pellereau
C. R. Schneider
J. W. Stairmand
J. Sulley
J. Talamantes-Silva
A. J. Holt, Contributing Member

Special Working Group on New Plant Construction Issues (BPV III)

J. B. Ossmann, Chair
A. Maslowski, Staff Secretary
M. C. Buckley, Secretary
M. Arcaro
A. Cardillo
P. J. Coco
K. Harris
J. Honcharik
M. Kris

R. E. McLaughlin
E. L. Pleins
D. W. Sandusky
M. C. Scott
R. R. Stevenson
H. Xu
J. Yan
J. C. Minichiello, Contributing

Member

Special Working Group on Editing and Review (BPV III)

D. E. Matthews, Chair
R. P. Deubler
A. C. Eberhardt
J. V. Gardiner

S. Hunter
J. C. Minichiello
J. F. Strunk
C. Wilson

Special Working Group on HDPE Stakeholders (BPV III)

S. Patterson, Secretary
S. Choi
C. M. Faidy
M. Golliet
R. M. Jessee
J. Johnston, Jr.
M. Kuntz
M. Lashley
K. A. Manoly

D. P. Munson
T. M. Musto
J. E. O’Sullivan
V. Rohatgi
F. J. Schaaf, Jr.
R. Stakenborghs
M. Troughton
B. Lin, Alternate

Special Working Group on Honors and Awards (BPV III)

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

R. M. Jessee
D. E. Matthews

Special Working Group on International Meetings and IWG Liaisons
(BPV III)

D. E. Matthews, Chair
A. Maslowski, Staff Secretary
T. M. Adams
R. W. Barnes

P. R. Donavin
E. L. Pleins
W. J. Sperko
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Joint ACI-ASME Committee on Concrete Components for Nuclear
Service (BPV III)

J. McLean, Chair
L. J. Colarusso, Vice Chair
J. Cassamassino, Staff Secretary
A. Dinizulu, Staff Secretary
C. J. Bang
A. C. Eberhardt
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T. J. Hitchcock, Contributing Member
S. L. McWilliams, Contributing

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

Subgroup on Nonmandatory Appendices (BPV XII)

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

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

Member
Y. Doron, Contributing Member

COMMITTEE ON OVERPRESSURE PROTECTION (BPV XIII)

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

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

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

Executive Committee (BPV XIII)

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

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

Subgroup on Design and Materials (BPV XIII)

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

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

A. Donaldson, Chair
B. F. Pittel, Vice Chair
J. M. Levy, Secretary
R. Antoniuk
D. J. Azukas
J. F. Ball
J. Burgess
D. B. DeMichael
S. T. French
J. Grace
C. Haldiman
J. Horne
R. Klimas, Jr.
Z. E. Kumana
P. K. Lam
D. Mainiero-Cessna
K. R. May
J. Mize
L. Moedinger
M. Mullavey
K. Shores

D. E. Tezzo
D. E. Tompkins
J. F. White
B. Calderon, Contributing Member
P. Chavdarov, Contributing Member
T. M. Fabiani, Contributing Member
J. L. Freiler, Contributing Member
J. P. Glaspie, Contributing Member
G. D. Goodson, Contributing Member
B. Joergensen, Contributing Member
C. Lasarte, Contributing Member
M. Mengon, Contributing Member
D. E. Miller, Contributing Member
R. Miyata, Contributing Member
B. Mruk, Contributing Member
J. Phillips, Contributing Member
M. Reddy, Contributing Member
S.Ruesenberg, Contributing Member
R. Sadowski, Contributing Member
A. Swearingin, Contributing Member
A. P. Varghese, Contributing Member

Subgroup on Nuclear (BPV XIII)

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

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

Subgroup on Testing (BPV XIII)

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

C. Sharpe
J. R. Thomas, Jr.
Z. Wang
D. Nelson, Alternate
J. Mize, Contributing Member
M. Mullavey, Contributing Member
S.Ruesenberg, Contributing Member
K. Shores, Contributing Member
A. Strecker, Contributing Member
A. Wilson, Contributing Member

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

D. Miller, Chair
C. E. Rodrigues, Staff Secretary
J. F. Ball
T. J. Bevilacqua
D. B. DeMichael
J. W. Dickson

B. K. Nutter
T. Patel
J. R. Thomas, Jr.
D. Tuttle
J. A. West
J. F. White

COMMITTEE ON BOILER AND PRESSURE VESSEL CONFORMITY
ASSESSMENT (CBPVCA)

R. V. Wielgoszinski, Chair
G. Scribner, Vice Chair
G. Moino, Staff Secretary
M. Blankinship
J. P. Chicoine
T. E. Hansen
W. Hibdon
B. L. Krasiun
L. E. McDonald
N. Murugappan
I. Powell
D. E. Tuttle
E. A. Whittle
P. Williams

T. P. Beirne, Alternate
N. Caputo, Alternate
P. Chavdarov, Alternate
J. M. Downs, Alternate
P. D. Edwards, Alternate
Y.-S. Kim, Alternate
B. Morelock, Alternate
M. Prefumo, Alternate
R. Rockwood, Alternate
K. Roewe, Alternate
B. C. Turczynski, Alternate
J. Yu, Alternate
D. Cheetham, Contributing Member
A. J. Spencer, Honorary Member

COMMITTEE ON NUCLEAR CERTIFICATION (CNC)

R. R. Stevenson, Chair
M. A. Lockwood, Vice Chair
S. Khan, Staff Secretary
A. Appleton
J. F. Ball
G. Claffey
N. DeSantis
C. Dinic
G. Gobbi
J. W. Highlands
K. A. Kavanagh
J. C. Krane
T. McGee
E. L. Pleins
T. E. Quaka
T. N. Rezk
D. M. Vickery
E. A. Whittle

T. Aldo, Alternate
M. Blankinship, Alternate
G. Brouette, Alternate
M. Burke, Alternate
P. J. 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
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ð23Þ CORRESPONDENCE WITH THE COMMITTEE

General
ASME codes and standards are developed andmaintained by committeeswith the intent to represent the consensus of

concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Pressure Vessel
Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web page, accessible at
https://go.asme.org/CSCommittees.
NOTE: See ASMEBPVC Section II, Part D for guidelines on requesting approval of newmaterials. See Section II, Part C for guidelines on
requesting approval of new welding and brazing materials (“consumables”).

Revisions and Errata
The committee processes revisions to this Code on a continuous basis to incorporate changes that appear necessary or

desirable as demonstrated by the experience gained from the application of the Code. Approved revisions will be
published in the next edition of the Code.
In addition, the committee may post errata and Special Notices at http://go.asme.org/BPVCerrata. Errata and Special

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

as specific as possible, citing the paragraph number(s), the proposed wording, and a detailed description of the reasons
for the proposal, including any pertinent background information and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation

directly into the Code
(4) to permit use of a new material or process

(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.

(c) The committee will consider proposed cases concerning the following topics only:
(1) equipment to be marked with the ASME Single Certification Mark, or
(2) equipment to be constructed as a repair/replacement activity under the requirements of Section XI

(d) Aproposedcaseshall bewrittenasaquestionandreply in thesame formatasexisting cases.Theproposal shall also
include the following information:

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

(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approvedwill appear in the next edition or supplement of the Code Cases books,
“Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supplements.
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Supplementswill be sent ormade available automatically to the purchasers of the CodeCases books until the next edition
of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a
Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available at
http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

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

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

(c) ASMEdoesnot act as a consultant for specific engineeringproblemsor for thegeneral applicationorunderstanding
of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the requestwill be returnedwith the recommendation that such assistance beobtained. Inquirers
may track the status of their requests at http://go.asme.org/Interpretations.

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

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

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

should contact the secretary of the applicable committee. Information on future committee meetings can be found at
http://go.asme.org/BCW.
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ð23Þ ORGANIZATION OF SECTION III

1 GENERAL
Section III consists of Division1, Division 2, Division 3, Division4, andDivision 5. TheseDivisions are brokendown into

Subsections and are designated by capital letters preceded by the letter “N” for Division 1, by the letter “C” for Division 2,
by the letter “W” for Division 3, by the letter "F" for Division 4, and by the letter “H” for Division 5. Each Subsection is
published separately, with the exception of those listed for Divisions 2, 3, 4, and 5.

• Subsection NCA — General Requirements for Division 1 and Division 2
• Appendices
• Division 1

– Subsection NB — Class 1 Components
– Subsection NCD — Class 2 and Class 3 Components
– Subsection NE — Class MC Components
– Subsection NF — Supports
– Subsection NG — Core Support Structures

• Division 2 — Code for Concrete Containments
– Subsection CC — Concrete Containments

• Division 3 — Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level
Radioactive Material
– Subsection WA — General Requirements for Division 3
– Subsection WB — Class TC Transportation Containments
– Subsection WC — Class SC Storage Containments
– Subsection WD — Class ISS Internal Support Structures

• Division 4 — Fusion Energy Devices
– Subsection FA — Fusion Energy Device Facilities
– Subsection FB — Pressure Boundary Components

• Division 5 — High Temperature Reactors
– Subsection HA — General Requirements

Subpart A — Metallic Materials
Subpart B — Graphite Materials
Subpart C — Composite Materials

– Subsection HB — Class A Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HC — Class B Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HF — Class A and B Metallic Supports
Subpart A — Low Temperature Service

– Subsection HG — Class SM Metallic Core Support Structures
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HH — Class SN Nonmetallic Core Components
Subpart A — Graphite Materials
Subpart B — Composite Materials
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2 SUBSECTIONS
Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs and

subsubparagraphs.

3 ARTICLES
Articles are designated by the applicable letters indicated above for the Subsections followed by Arabic numbers, such

as NB-1000.Where possible, Articles dealing with the same topics are given the same number in each Subsection, except
NCA, in accordance with the following general scheme:

Article Number Title
1000 Introduction or Scope
2000 Material
3000 Design
4000 Fabrication and Installation
5000 Examination
6000 Testing
7000 Overpressure Protection
8000 Nameplates, StampingWithCertificationMark, andReports

The numbering of Articles and thematerial contained in the Articles may not, however, be consecutive. Due to the fact
that the complete outline may cover phases not applicable to a particular Subsection or Article, the rules have been
prepared with some gaps in the numbering.

4 SUBARTICLES
Subarticles are numbered in units of 100, such as NB-1100.

5 SUBSUBARTICLES
Subsubarticles are numbered in units of 10, such as NB-2130, and generally have no text. When a number such as NB-

1110 is followed by text, it is considered a paragraph.

6 PARAGRAPHS
Paragraphs are numbered in units of 1, such as NB-2121.

7 SUBPARAGRAPHS
Subparagraphs, when they aremajor subdivisions of a paragraph, are designated by adding a decimal followed by one

or more digits to the paragraph number, such as NB-1132.1. When they areminor subdivisions of a paragraph, subpar-
agraphs may be designated by lowercase letters in parentheses, such as NB-2121(a).

8 SUBSUBPARAGRAPHS
Subsubparagraphs are designated by adding lowercase letters in parentheses to the major subparagraph numbers,

such as NB-1132.1(a). When further subdivisions of minor subparagraphs are necessary, subsubparagraphs are desig-
nated by adding Arabic numerals in parentheses to the subparagraph designation, such as NB-2121(a)(1).
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9 REFERENCES
References used within Section III generally fall into one of the following four categories:
(a) References to Other Portions of Section III.When a reference ismade to another Article, subarticle, or paragraph, all

numbers subsidiary to that reference shall be included. For example, reference toArticleNB-3000 includes allmaterial in
Article NB-3000; reference to NB-3100 includes all material in subarticle NB-3100; reference to NB-3110 includes all
paragraphs, NB-3111 through NB-3113.

(b) References to Other Sections. Other Sections referred to in Section III are the following:
(1) Section II, Materials.When a requirement for amaterial, or for the examination or testing of amaterial, is to be in

accordancewith a specification such as SA-105, SA-370, or SB-160, the reference is tomaterial specifications in Section II.
These references begin with the letter “S.”

(2) Section V, Nondestructive Examination. Section V references begin with the letter “T” and relate to the nondes-
tructive examination of material or welds.

(3) Section IX, Welding and Brazing Qualifications. Section IX references begin with the letter “Q” and relate to
welding and brazing requirements.

(4) Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components.When a reference is made to inser-
vice inspection, the rules of Section XI shall apply.

(c) Reference to Specifications and Standards Other Than Published in Code Sections
(1) Specifications for examination methods and acceptance standards to be used in connection with them are

published by the American Society for Testing and Materials (ASTM). At the time of publication of Section III,
some such specifications were not included in Section II of this Code. A reference to ASTM E94 refers to the specification
so designated by and published by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

(2) Dimensional standards covering products such as valves, flanges, and fittings are sponsored and published by
The American Society of Mechanical Engineers and approved by the American National Standards Institute.* When a
product is to conform to such a standard, for example ASME B16.5, the standard is approved by the American National
Standards Institute. The applicable year of issue is that suffixed to its numerical designation in Table NCA-7100-1, for
example ASME B16.5-2003. Standards published by The American Society of Mechanical Engineers are available from
ASME (https://www.asme.org/).

(3) Dimensional and other types of standards covering products such as valves, flanges, and fittings are also
published by the Manufacturers Standardization Society of the Valve and Fittings Industry and are known as Standard
Practices. When a product is required by these rules to conform to a Standard Practice, for example MSS SP-100, the
Standard Practice referred to is published by the Manufacturers Standardization Society of the Valve and Fittings
Industry, Inc. (MSS), 127 Park Street, NE, Vienna, VA 22180. The applicable year of issue of such a Standard Practice
is that suffixed to its numerical designation in Table NCA-7100-1, for example MSS SP-58-2009.

(4) Specifications for welding and brazing materials are published by the American Welding Society (AWS), 8669
NW36 Street, No. 130,Miami, FL 33166. Specifications of this type are incorporated in Section II and are identified by the
AWS designation with the prefix “SF,” for example SFA-5.1.

(5) Standards applicable to the design and construction of tanks and flanges are published by the American Petro-
leum Institute and have designations such as API-605. When documents so designated are referred to in Section III, for
example API-605–1988, they are standards published by the American Petroleum Institute and are listed in Table
NCA-7100-1.

(d) References to Appendices. Section III uses two types of appendices that are designated as either Section III Appen-
dices or Subsection Appendices. Either of these appendices is further designated as either Mandatory or Nonmandatory
for use. Mandatory Appendices are referred to in the Section III rules and contain requirements that must be followed in
construction. Nonmandatory Appendices provide additional information or guidance when using Section III.

(1) Section III Appendices are contained in a separate book titled “Appendices.” These appendices have the potential
formultiple subsection applicability. Mandatory Appendices are designated by a Roman numeral followed, when appro-
priate, by Arabic numerals to indicate various articles, subarticles, and paragraphs of the appendix, such as II-1500 or
XIII-1210. Nonmandatory Appendices are designated by a capital letter followed, when appropriate, by Arabic numerals
to indicate various articles, subarticles, and paragraphs of the appendix, such as D-1200 or Y-1440.

* The American National Standards Institute (ANSI) was formerly known as the American Standards Association. Standards approved by the
Association were designated by the prefix “ASA” followed by the number of the standard and the year of publication. More recently, the
American National Standards Institute was known as the United States of America Standards Institute. Standards were designated by the prefix
“USAS” followed by the number of the standard and the year of publication. While the letters of the prefix have changed with the name of the
organization, the numbers of the standards have remained unchanged.
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(2) Subsection Appendices are specifically applicable to just one subsection and are contained within that subsec-
tion. Subsection-specific mandatory and nonmandatory appendices are numbered in the same manner as Section III
Appendices, but with a subsection identifier (e.g., NF, NH, D2, etc.) preceding either the Roman numeral or the capital
letter for a unique designation. For example, NF-II-1100 or NF-A-1200 would be part of a Subsection NF mandatory or
nonmandatory appendix, respectively. For Subsection CC, D2-IV-1120 or D2-D-1330 would be part of a Subsection CC
mandatory or nonmandatory appendix, respectively.

(3) It is the intent of this Section that the information provided in both Mandatory and Nonmandatory Appendices
may be used to meet the rules of any Division or Subsection. In case of conflict between Appendix rules and Division/
Subsection rules, the requirements contained in the Division/Subsection shall govern. Additional guidance on Appendix
usage is provided in the front matter of Section III Appendices.
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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. In addition,
gender pronouns have been eliminated throughout Division 3.

Page Location Change
x 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”

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

Vessel Standards Committees”)
xxxviii Organization of Section III In para. 1, Division 4 added
xliv Cross-Referencing in the ASME BPVC Updated
6 WA-3131 Second sentence revised
11 WA-3810 First sentence revised
11 WA-3820 Revised
15 WA-5241 Revised
20 Table WA-7100-2 (1) ANSI/ASNT CP-189 added

(2) For ISO/IEC 17075, “Division 3 Referenced Edition” revised
25 Form N-7 “Certificate of Inspection” and “Certificate of Shop Inspection” revised
27 Form N-8 “Certificate of Inspection” revised
28 Form N-9 “Certificate of Shop Inspection” revised
30 Form N-11 “Certificate of Inspection” revised
33 WB-1132.1 Revised in its entirety
33 WB-1132.2 (1) Second sentence added

(2) Subparagraphs (d) and (e) revised
34 Figure WB-1132.2-1 Added
35 WB-2121 Subparagraph (c) revised
40 WB-2321.2 Revised
63 Table WB-3133.4-1 Table editorially reformatted
68 Table WB-3217-1 Under “Classification,” “Bending” corrected by errata to “Q [Note (2)]”
80 WB-3240 Subparagraph (a) revised
104 WB-4451 Revised in its entirety
106 Table WB-4622.1-1 Column headings revised
105 WB-4622.3 Revised
120 WB-5352 Subparagraph (b)(4) revised
121 WB-5510 Revised
121 WB-5521 Endnotes 13 and 14 revised
122 WB-5540 Added
123 WB-6120 Revised in its entirety
124 WB-6134 Added
124 WB-6135 Added
125 WB-6412 Subparagraph (b) revised
125 WB-6413 Revised
126 WB-6710 Subparagraph (d) added
128 WC-1132.1 Revised in its entirety
128 WC-1132.2 (1) Second sentence added

(2) Subparagraphs (d) and (e) revised
129 Figure WC-1132.2-1 Added
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Page Location Change
130 WC-2121 Subparagraph (c) revised
132 WC-2130 First and second sentences revised
136 WC-2321.2 Revised
154 Table WC-3133.4-1 Table editorially reformatted
163 WC-3232.1 First paragraph revised
169 Table WC-3262-1 Last entry under “Examination Requirements” revised
169 WC-3262.2 First sentence revised
169 WC-3262.3 Revised in its entirety
172 WC-4125 Revised in its entirety by errata
179 Figure WC-4265-2 Sketches (c) and (d) added
189 WC-4451 Revised in its entirety
193 Table WC-4622.1-1 Column headings revised
194 WC-4622.3 Last sentence revised
208 WC-5320 Subparagraph (e) revised
209 WC-5510 First and second sentences revised
210 WC-5540 Added
211 WC-6120 Revised in its entirety
213 WC-6412 Subparagraph (b) revised
213 WC-6413 Revised
214 WC-6700 Revised in its entirety
217 Figure WD-1131-1 Figure and General Note (a) revised
220 WD-2130 First and second sentences revised
223 WD-2321.2 Revised
228 WD-2432.2 Subparagraph (c) revised
235 WD-2610 Subparagraph (b) revised
269 WD-4451 Revised in its entirety
271 Table WD-4622.1-1 Title and column headings revised
271 WD-4622.3 First and last sentences revised
273 Table WD-4622.7(b)-1 For P-No. 9A Gr. 1 or 9B Gr. 1, “Type of Weld” entry revised
279 WD-5321 Subparagraph (d) revised
280 WD-5510 First and second sentences revised
281 WD-5540 Added
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ð23Þ CROSS-REFERENCING IN THE ASME BPVC

Paragraphswithin the ASMEBPVCmay include subparagraph breakdowns, i.e., nested lists. The following is a guide to
the designation and cross-referencing of subparagraph breakdowns:

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

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

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

xliv
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SUBSECTION WA
GENERAL REQUIREMENTS

ARTICLE WA-1000
SCOPE OF DIVISION 3

WA-1100 SCOPE

WA-1110 NATURE OF THESE RULES AND
CONTAINMENT SYSTEMS TO WHICH
THEY ARE APPLICABLE

(a) The rules ofDivision 3 contain the requirements for
the construction of individual components (and parts
where appropriate) that comprise Containment
Systems (see Article WA-9000). Division 3 Containment
Systems are used for the transportation and/or storage,
including disposal,1 of spent nuclear fuel and high-level
radioactive material.

(b) As used inDivision 3, Containment Systemsmay be
comprised of one or more components, such as contain-
ments and internal support structures. Containment
System components for which Division 3 provides
rules are as follows:

( 1 ) the t ranspor ta t ion conta inment ( see
Subsection WB — Class TC)

(2) the storage containment (see Subsection WC —
Class SC)

( 3 ) t h e i n t e rna l s uppo r t s t r u c t u r e ( s e e
Subsection WD — Class ISS)

WA-1120 DEFINITIONS

Definitions of key terms used in this Division are
included in Article WA-9000.

WA-1130 LIMITS OF THESE RULES

(a) The rules of this Division provide requirements for
new construction including consideration of mechanical
and thermal stresses due to cyclic operation. They do not
cover deteriorationwhichmay occur in service as a result
of radiation effects, corrosion, erosion, or instability of the
material. These effects shall be addressed in the Design
Specification by requiring appropriate measures to be
included in the design.

(b) The rules are intended to be applicable to any item
that serves a containment or internal support structure
function.

WA-1140 USE OF CODE EDITIONS AND CASES

(a) The Design Specification shall establish the Code
Edition.

(b) The Certificate Holder shall construct the compo-
nents or parts under the provisions of a Quality Assurance
Program which has been accepted by the Society. The
Quality Assurance Program shall be updated to meet
the requirements of the latest Division 3 Edition
within 6 months of issuance.

(c) Code Cases are permissible andmay be used begin-
ning with the date of approval by the ASME Council. Only
Code Cases that are specifically identified as being appli-
cable to this Divisionmay be used. CodeCasesmay only be
used by mutual consent of the parties involved.

(d) Materials produced and certified in accordance
with Code Editions and Addenda, if applicable, other
than the one specified in the Design Specification may
be used, provided all of the following requirements are
satisfied.

(1) The material (see WA-1220) meets the applica-
ble requirements of a material specification permitted by
WB-2121, WC-2121, or WD-2121, as appropriate, of the
Edition specified for construction.

(2) The material meets all the requirements of
Article WB-2000, Article WC-2000, or Article WD-2000,
as appropriate, of the Edition specified for construction.

(3) Thematerial was produced under the provisions
of a Quality System Program which had been accepted by
the Society or qualified by a party other than the Society
(NCA‐3820), in accordance with the requirements of the
latestEditionandAddenda, if applicable, issuedat the time
the material was produced. Material exempted from
portions of the provisions of NCA‐3800 by WB-2610,
WC-2610, or WD-2610, as appropriate, may be used,
provided the requirements of (1) and (2) above are met.
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WA-1150 UNITS OF MEASURE

Either U.S. Customary or SI units may be used for
compliance with all requirements of this edition, but
one system shall be used consistently throughout for
all phases of construction.
Either theU.S. Customaryunits or SI units that are listed

in Section III Appendices, Mandatory Appendix XXIV shall
be used consistently for all phases of construction (e.g.,
materials, design, fabrication, and reports). Since
values in the two systems are not exact equivalents,
each system shall be used independently of the other
without mixing U.S. Customary units and SI units.
When SI units are selected, U.S. Customary values in

referenced specifications that do not contain SI units
shall be converted to SI values to at least three significant
figures for use in calculations and other aspects of
construction.
With the publication of the 2004 Edition, Section II, Part

D is published as two separate publications. One publica-
tion contains values only in U.S. Customary units and the
other contains values only in SI units. The selection of the
version to use is dependent on the set of units selected for
construction.

WA-1200 GENERAL REQUIREMENTS

WA-1210 VALVES

Valvesmay formpart of theClassTCorClass SC contain-
ment boundary. If valves are included in the containment,
they shall be designed and constructed in accordancewith
Section III, Division 1, Class 1 for transportation contain-
ments, or Class 1 or Class 2 for storage containments.

WA-1220 MATERIALS

WA-1221 Metallic Materials

Metallicmaterials shall bemanufactured to an SA, SB, or
SFA Specification,2 or any other material specification
permitted byWB-2121, WC-2121, or WD-2121, as appro-

priate. Such material shall be manufactured, identified,
and certified in accordance with the requirements of
this Division. Tubular products and fittings welded
with filler metal shall meet the requirements of
Section III, Division 1, Class 1.

WA-1222 Material, ASTM Specification

Materials produced under an ASTMdesignationmay be
accepted as complying with the corresponding ASME
Specification, provided the ASME Specification is desig-
nated as being identical with the ASTM Specification
for the grade, class, or type produced and provided
that the material is confirmed as complying with the
ASTM Specification by a Certified Material Test Report,
when permitted by NCA‐3862.1(a), or Certificate of
Compliance from the Material Manufacturer.

WA-1223 Welding Material, AWS Specification

Welding material produced under an AWS designation
may be accepted as complying with the corresponding
ASME Specification, provided the latter Specification is
indicated to be identical with the AWS Specification
and provided the welding material is confirmed as
complyingwith the AWS Specification by a CertifiedMate-
rial Test Report or Certification from the Material
Manufacturer.

WA-1230 PARTS

The Design Specification and Design Documents for
parts shall meet the requirements of WA-3350. If the
fabrication of such parts is subcontracted to others,
the subcontractor shall possess a valid and appropriate
Certificate of Authorization for Section III, Division 3
construction.
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ARTICLE WA-2000
DESIGN BASIS

WA-2100 GENERAL REQUIREMENTS

WA-2110 SCOPE

Rules for the design of components or parts used for
transportation and storage as defined in Article
WA-1000 are provided in Article WB-3000, Article
WC-3000, or Article WD-3000. The N3 Certificate
Holder shall be responsible for establishing aDesign Spec-
ification that identifies design and safety criteria for the
design of the component or part in accordance with the
appropriate rules of this Division.

WA-2120 DESIGN BASIS

WA-2121 Consideration of Operating Conditions

(a) Transportation or storage components (see
WA-1110) are subject to operating and test conditions
(when specified) that are required to be considered in
the design in order to satisfy applicable safety criteria.

(b) Operating conditions for transportation or storage
components are classified as either normal, off-normal
[applicable only to storage uses (see Subsections WC
and/or WD), or accident conditions. Each condition
shall be defined in the Design Specification.

(c) Theselectionofoperating conditions, and thedeter-
mination of their significance to the design and function-
ality of the component, are beyond the scope of this
Division. Appropriate guidance for the selection of oper-
ating conditionsmay be derived from safety criteria docu-
ments from the regulatory and enforcement authorities
having jurisdiction.

WA-2122 Consideration of Test Conditions

(a) Components shall be subject to a test, when
required by Article WB-6000 or Article WC-6000. The
stress produced in the component during testing shall
not exceed the limits provided in WB-3225 or
WC-3218, as appropriate.

(b) Other tests may be specified in the Design Specifi-
cation. Stresses produced in the component by such a test
shall not exceed the test limits specified in the Design
Specification.

WA-2123 EstablishmentofLoadings,Stresses, and
Limits

(a) The Design Specification shall identify the loadings
and combination of loadings and the applicable Service
Limits for the stresses resulting from those loadings.

(b) Normal loadings result from normal conditions.
(c) Off‐normal loadings result from off‐normal condi-

tions [applicable only to storage uses (see SubsectionsWC
and/or WD)].

(d) Accident loadings result from accident conditions.
(e) Test loadings include pressure and leak tests

required by Article WB-6000 or Article WC-6000 of
this Division.

WA-2123.1 Design Loadings. Design Loadings for
components shall be in accordance with (a), (b), and
(c) belowand the additional requirements of thisDivision.

(a) Design Pressure. The specified internal and external
DesignPressure shall notbe less than themaximumdiffer-
ence in pressure between the inside and outside of the
item, or between any two chambers of a combination
unit, which exists under the most severe loadings for
which the Level A Service Limits are applicable. It shall
includeallowances forpressure surgesandstaticpressure
heads. Pressure loads are not applicable to internal
support structures per Article WD-3000.

(b) Design Temperature . The specified Design
Temperature shall not be less than the expected
maximum metal temperature through the thickness of
the part under consideration for which Level A Service
Limits are specified. Where a component is heated by
internal heat generation the effects of such heat input
shall be considered in establishing the Design Tempera-
ture.

(c) Design Mechanical Loads. The Design Mechanical
Loads identified in the Design Specification shall
include the weight of the component(s), contents, and
other items such as operating equipment, impact limiting
devices, shielding, insulation, and linings, as applicable.

WA-2123.2 Operating Loadings. When the Design
Specification or applicable Subsection of this Division
requires computation to demonstrate compliance with
specified Service Limits, the Design Specification shall
provide information from which the operating loadings
can be identified (pressure, temperature, mechanical
loads, cycles, etc.). The Design Specification shall
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designate the appropriate Service Limit (see WA-2123.4)
to be associated with each operating loading or combina-
tion of loadings.

WA-2123.3 Test Loadings.

(a) Test loadings include pressure tests required by
this Division.

(b) Loads due to other types of tests asmaybe required
by the Design Specification.

WA-2123.4 Design, Service, and Test Limits.

(a) Design Limits. The limits for Design Loadings shall
meet the requirements of the appropriate Subsection of
this Division.

(b) Service Limits. The Design Specification shall desig-
nate Service Limits as defined in (1) through (3). Level B
Service Limits are not used in this Division.

(1) Level A Service Limits. Level A Service Limits are
those sets of limits that must be satisfied for all normal
loadings identified in theDesign Specification towhich the
component may be subjected in the performance of its
specified function. The component must withstand
these loadings without damage requiring repair.

(2) Level C Service Limits. Level C Service Limits,
which are applicable only to storage uses (see
Subsections WC and/or WD), are those sets of limits
thatmust be satisfied for all off‐normal loadings identified
in the Design Specification for which these Service Limits
are designated. These sets of limits permit large deforma-
tions in areas of structural discontinuity, which may
necessitate removal of the component from service for
inspection or repair of damage to the component. The
selection of this limit shall be reviewed for compatibility
with established safety criteria.

(3) Level D Service Limits. Level D Service Limits are
those sets of limits that must be satisfied for all accident
loadings identified in the Design Specification for which

these Service Limits are designated. These sets of limits
permit gross general deformation with some consequen-
tial loss of dimensional stability and damage requiring
repair, which may require removal of the component
from service. The selection of this limit shall be reviewed
for compatibility with established safety criteria.

(c) Alternative Service Limits. Components may be
designed usingmore restrictive Service Limits than speci-
fied in the Design Specification. For example, Level C
Service Limits may be used when Level D Service
Limits have been specified.

(d) Test Limits
(1) The limits for Test Loadings shall meet the re-

quirements of the appropriate Subsection of this Division.
(2) The selection of limits for other tests shall be

included in the Design Specification.

WA-2124 Acceptance Criteria

(a) Components shall comply with the design rules
established for design, operating, and test conditions in
the appropriate Subsection of this Division.

(b) Design documentation shall be completed in accor-
dance with the requirements of the Subsection applicable
to the component.

WA-2130 SPECIAL REQUIREMENTS

Contractual arrangements between the Owner and the
N3 Certificate Holder (seeWA-3111) that specify require-
ments in addition to, ormore restrictive than, those speci-
fied by the rules of this Division may be applied, provided
such requirements donot negate any rules of thisDivision.
Such special contractual requirements are beyond the
scope of this Division and shall not apply as conditional
requirements for Code construction.
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ARTICLE WA-3000
RESPONSIBILITIES AND DUTIES

WA-3100 GENERAL

WA-3110 RESPONSIBILITIES VS. LEGAL
LIABILITIES

The parties identified in WA-3111, WA-3112, and
WA-3113 are involved in the construction of transporta-
tion and storage components or items that comeunder the
jurisdiction of this Division. Each party has specific duties
and responsibilities as set forth in this Article. The respon-
sibilities relate only to Code compliance and are not to be
construed as involving contractual or legal liabilities. A
single organization may perform one or more of the
roles assigned to eachparty provided all the requirements
of this Division are met.

WA-3111 N3 Certificate Holder

(a) The N3 Certificate Holder is the organization that
obtainsaCertificateofAuthorization issuedby theSociety.
The N3 Certificate Holder prepares a Design Specification
(see WA-3351), determines the loads applied to the
component, designs the component, demonstrates the
adequacy of the design of the component, and issues a
Design Report and other documents required by this Divi-
sion.

(b) If there are site-specific design criteria thatmust be
met to satisfy the requirements of this Division, then it is
the responsibility of the N3 Certificate Holder to obtain
these criteria for inclusion into the Design Documents
required by this Division.

(c) The N3 Certificate Holder is responsible for the
preparation and certification of the Fabrication Specifica-
tion and its issuance to the component fabricator.

(d) The N3 Certificate Holder has the overall respon-
sibility for the construction of the component in accor-
dance with the requirements of this Division. In
addition to obtaining a Certificate of Authorization
from the Society, the N3 Certificate Holder completes
the appropriate Data Report Form and applies the Certi-
fication Mark to completed components as required by
this Division.

WA-3112 Owner

The Owner, as used in this Division, is the organization
that assumes title to the transportation or storage compo-
nent upon delivery by the Certificate Holder.

WA-3113 NPT Certificate Holder

(a) The NPT Certificate Holder is the organization that
fabricates components and/or parts in accordance with
the requirements of the Fabrication Specification. The
NPT Certificate Holder obtains an N‐type Certificate of
Authorization issued by the Society, completes the appro-
priate Data Report Form, and applies a Certification Mark
to the items they fabricate as required by this Division.

(b) N3CertificateHoldersmay perform the duties of an
NPTCertificateHolderprovided theseactivities arewithin
the scope of their Certificate of Authorization.

WA-3120 AUTHORIZATION

WA-3121 Types of Authorization

TableWA-8100-1 lists the types of certificates issuedby
the Society and indicates the responsibilities of eachCerti-
ficate Holder.

WA-3122 Subcontracted Services

(a) Servicesmay be subcontracted that are bothwithin
and beyond the scope of this Division. There are no re-
quirements for the subcontracting of services beyond
the scopeof thisDivision. Services coveredby thisDivision
may either be of a type for which the Society issues Certi-
ficates, ormaybeof the type forwhich the Societydoesnot
issue a Certificate. Subcontracts for activities for which
Certificates are required shall be made only to Certificate
Holders. The Certificate Holder may subcontract to
another organization the surveying and auditing of its
subcontractors and Material Organizations, but must
retain the responsibility for these activities and for the
qualification of these subcontractors and Material Orga-
nizations.

(b) AnN3CertificateHoldermay subcontract the fabri-
cation of parts to a Section III, Division 1Class 1NPTCerti-
ficateHolder provided the scope ofwork is included in the
scope of the subcontractor’s N‐type Certificate of Author-
ization.

(c) The Certificate Holder shall describe in its Quality
Assurance Manual the manner in which it controls and
accepts the responsibility for the subcontracted activities
that are not required by this Division to be subcontracted
to a Certificate Holder.

ASME BPVC.III.3-2023

5

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


WA-3123 Subcontracted Calibration Services

As an alternative to survey and audit of suppliers of
subcontracted calibration services, a Certificate Holder,
Material Organization, or approved supplier may
accept accreditation by accrediting bodies recognized
by the International Laboratory Accreditation Coopera-
tion (ILAC), Mutual Recognition Arrangement (MRA),
provided the requirements of (a) through (d) are met.

(a) A documented review of the supplier’s accredita-
tion shall be performed and shall include verification

(1) that the accreditation is to ISO/IEC 17025,
General Requirements for the Competence of Testing
and Calibration Laboratories, from an accredited body
recognized by the ILAC MRA

(2) that the published scope of accreditation for the
calibration laboratory covers the needed measurement
parameters, ranges, and uncertainties

(b) The procurement documents shall specify
(1) that the service must be provided in accordance

with the accredited ISO/IEC 17025 program and scope of
accreditation

(2) that the calibration certificate/report shall
include identification of the laboratory equipment/stan-
dards used

(3) that the calibration certificate/report shall
include as‐found calibration data when calibrated
items are found to be out‐of‐tolerance

(4) that the service supplier shall not subcontract the
service to any other supplier

(5) that the Certificate Holder, Material Organiza-
tion, or approved supplier must be notified of any condi-
tion that adversely impacts the laboratory’s ability to
maintain the scope of accreditation

(6) additional technical and quality requirements, as
necessary, based on a review of the procured scope of
services, including but not limited to, tolerances, accura-
cies, ranges, and industry standards.

(c) At receipt inspection, the Certificate Holder, Mate-
rial Organization, or approved supplier shall be respon-
sible for validating that the supplier’s documentation
certifies

(1) that the subcontracted calibration was
performed in accordance with the supplier’s ISO/IEC
17025 program and scope of accreditation

(2) conformance to the procurement document’s re-
quirements

(d) This activity shall be documented in the Certificate
Holder’s Quality Assurance Program, Material Organiza-
tion’s Quality System Program Manual, or approved
supplier’s quality program.

WA-3124 Subcontracted Testing Services

As an alternative to survey and audit of suppliers of
subcontracted services, a Certificate Holder, Material
Organization, or approved supplier may accept accredita-

tion by accrediting bodies recognized by the International
Laboratory Accreditation Cooperation (ILAC), Mutual
Recognition Arrangement (MRA), provided the require-
ments of (a) through (d) are met.

(a) A documented review of the supplier’s accredita-
tion shall be performed and shall include verification

(1) that the accreditation is to ISO/IEC 17025,
General Requirements for the Competence of Testing
and Calibration Laboratories, from an accredited body
recognized by the ILAC MRA

(2) that the published scope of accreditation for the
testing laboratory covers the needed testing services
including test methodology and tolerances/uncertainties

(b) The procurement documents shall specify
(1) that the service must be provided in accordance

with the accredited ISO/IEC 17025 program and scope of
accreditation

(2) that the service supplier shall not subcontract the
service to any other supplier

(3) that the Certificate Holder, Material Organiza-
tion, or approved supplier must be notified of any condi-
tion that adversely impacts the laboratory’s ability to
maintain the scope of accreditation

(4) additional technical and quality requirements, as
necessary, based on a review of the procured scope of
services, including but not limited to, tolerances, accura-
cies, ranges, and industry standards

(c) At receipt inspection, the Certificate Holder, Mate-
rial Organization, or approved supplier shall be respon-
sible for validating that the supplier’s documentation
certifies

(1) that the subcontracted testing was performed in
accordance with the supplier’s ISO/IEC 17025 program
and scope of accreditation

(2) conformance to the procurement document’s re-
quirements

(d) This activity shall be documented in the Certificate
Holder’s Quality Assurance Program, Material Organiza-
tion’s Quality System Program Manual, or approved
supplier’s quality program.

WA-3130 WELDING AND SUBCONTRACTING OF
WELDING

WA-3131 ð23ÞWelding During Construction

This Division requires that all welding during construc-
tion be done only by an organization holding the N‐type
Certificate of Authorization appropriate to the scope of
welding to be performed. A Certificate Holder may
engage individuals by contract for services as welders
or welding operators at the location shown on the Certi-
ficate, provided the conditions of (a) through (f) below are
met. This is an acceptable method of complying with
Section IX requirements concerning responsibility for
welding.
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(a) The work performed by such welders and welding
operators is within the scope of the Certificate.

(b) The conditions governing the use of such welders
andwelding operators are contained in the Quality Assur-
ance Manual of the Certificate Holder. The Quality Assur-
ance Program (see WA-3372 and WA-3460) shall include
a requirement for direct supervision and direct technical
control of thewelders andwelding operators by the Certi-
ficate Holder during such welding operations, and this
program shall be acceptable to the Certificate Holder’s
Authorized Inspection Agency (seeWA-5121) performing
the inspections.

(c) The welding procedures have been properly qual-
ified by the Certificate Holder, and Code responsibility for
such procedures is retained by the Certificate Holder.

(d) Welders andwelding operators are qualified by the
Certificate Holder to perform such procedures.

(e) The Certificate Holder shall have contractual
control of the welding operation, including authority to
assign or remove welders and welding operators at its
discretion.

(f) The Certificate Holder shall be responsible for Code
complianceof thecompleted itemincludingstampingwith
theCertificationMarkandproviding thecompletedappro-
priate Data Report Form.

WA-3300 RESPONSIBILITIES OF AN N3
CERTIFICATE HOLDER

WA-3320 CATEGORIES OF THE N3 CERTIFICATE
HOLDER’S RESPONSIBILITIES

The N3 Certificate Holder’s responsibilities include the
following:

(a) obtaining an N3 Certificate of Authorization (see
WA-3330);

(b) compliance with this Division (see WA-3340);
(c) achievement of structural integrity (seeWA-3340);
(d) establishing the Code Editions and Code Cases to be

used in the Design Specification, and determining they are
acceptable to the regulatory and jurisdictional authorities
(see WA-1140);

(e) developing and certifying a Design Specification
(see WA-3351);

(f) evaluating the loads applied to components;
(g) provision of a Design Report (see WA-3350)

including:
(1) stress analysis for parts (see WA-3353)
(2) reconciliation of Design Drawing changes with

the Design Report (see WA-3355)
(3) certificationof theDesignReport (seeWA-3356);

(h) preparing and certifying the Fabrication Specifica-
tion (see WA-3360);

(i) providing the Certified Fabrication Specification to
the fabricator (see WA-3361.4);

(j) providing and correlating the Certified Design Spec-
ification, CertifiedDesignReport andCertifiedFabrication
Specification to the Owner;

(k) making available the Certified Design Specification
and documentation of review to the Inspector (see
WA-3358);

(l) making available to the Inspector the Certified
Design Report and other documents required by this Divi-
sion and those requested by the Inspector to assure
compliance with Code requirements;

(m) obtaining an agreement with an Authorized
Inspection Agency (see WA-8130);

(n) establishing and maintaining a Quality Assurance
Program (see WA-4130):

(1) documenting a Quality Assurance Program (see
WA-3372);

(2) filing the Quality Assurance Program (see
WA-3373);

(3) qualification of Material Organizations and
suppliers of subcontracted services (see WA-3371);

(o) review of CertifiedMaterial Test Reports and Certi-
ficates of Compliance for materials used by it (see
WA-1220);

(p) documentation of the review and approval ofmate-
rials used by it [see WA-1140(d)];

(q) preparation, accumulation, control, and protection
of required recordswhile in its custody [seeWA-4134(b)];

(r) Data Reports (see WA-3380);
(s) subcontracting (see WA-3122) for materials,

design, fabrication, examination, testing, and inspection.
The N3 Certificate Holder shall retain overall responsi-
bility, including certification and stamping;

(t) review of the Design Report (see WA-3357).

WA-3330 OBTAINING A CERTIFICATE

An N3 Certificate (see WA-8100) shall be obtained for
construction of components intended to be in compliance
with the requirements of this Division and to be stamped
with a Certification Mark with N3 Designator. The N3
Certificate Holder may do all the work of an NPT Certi-
ficate Holder, provided that the scope of work is included
in this Certificate.

WA-3340 COMPLIANCE WITH THIS DIVISION

The N3 Certificate Holder has the responsibility for
assuring that the construction of a component to be
stamped with the Certification Mark with N3 Designator
meets all the requirements of this Division.

WA-3350 DESIGN DOCUMENTS

WA-3351 Design Specifications

WA-3351.1 Provision and Correlation. It is the respon-
sibility of the N3 Certificate Holder to prepare, certify and
issue the Design Specification for a component. The N3
Certificate Holder shall also be responsible for the

ASME BPVC.III.3-2023

7

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


correlation of all Design Specifications. Separate Design
Specifications are not required for parts that form part
of a componentwhen theyare included in theDesignSpec-
ification for the component (see WA-1230).

WA-3351.2 Contents of Design Specifications. The
Design Specifications shall contain sufficient detail to
provide a complete basis for design and construction
in accordance with this Division. Such requirements
shall not result in design or construction that fails to
conform with the rules of this Division. All Design Speci-
fications shall include (a) through (i) below.

(a) the functions and boundaries of the items covered
(see WA-3351.3);

(b) the design requirements (see Article WA-2000);
(c) the environmental conditions, including radiation;
(d) the Code classification(s) (TC, SC, bothTCand SC, or

ISS) of the components covered;
(e) material requirements including impact test re-

quirements;
(f) examination and testing requirements for contain-

ment closure welds;
(g) theeffectiveCodeEditionandCodeCases tobeused

for construction;
(h) the maximum allowable leakage rate; and
(i) mechanical loads, such as drop and handling, that

must be considered in the design.
Section III Appendices, Nonmandatory Appendix LL

provides additional guidance on what a Division 3
Design Specification should contain as well as additional
insights on pertinent rules.

WA-3351.3 Boundaries of Jurisdiction. In order to
define the boundaries of componentswith respect to adja-
cent components and other structures, the Design Speci-
fications shall include the boundary of the component as
given inWB-1130,WC-1130, orWD-1130, as appropriate.

WA-3351.4 Certification of the Design Specifications.
The Design Specifications shall be certified to be correct
and complete and to be in compliance with the require-
ments of WA-3351 by one or more Certifying Engineers,
competent in the applicable field of design and related
transportation or storage component requirements and
qualified in accordance with the requirements of
Section III Appendices, Mandatory Appendix XXIII.

WA-3351.5 Availability of the Design Specification.
The N3 Certificate Holder shall make a copy of the
completed Design Specification available to the Inspector
and the Owner.

WA-3352 Requirements for Design Documents
WA-3352.1 Design Documents.

(a) The Design Report and the Design Drawings used
for construction are the primary Design Documents. The
design shown by the Design Drawings shall comply with
the Design Specification and the rules of this Division and

shall be in agreement with the other Design Documents.
The Design Report shall demonstrate the adequacy of the
design with regard to the structural integrity of the
component.

(b) The N3 Certificate Holder may subcontract stress
analysis or complete design of all or a portion of a compo-
nent.However, theN3CertificateHolder is responsible for
the design of the component and for the Design Docu-
ments.

(c) TheDesignDrawings shall be in agreementwith the
Design Report before it is certified (see WA-3356) and
shall be identified and described in the Design Report.

(d) When the design includes parts, including piping
that is to be purchased from an NPT Certificate Holder
or valves that are to be purchased from a Division 1 N
Certificate Holder, the N3 Certificate Holder shall incor-
porate theDesignDocuments for the purchased items into
the Design Documents of the component.

(e) The N3 Certificate Holder shall demonstrate the
adequacy of the design of any item comprising the
boundary of the component to meet the requirements
of the Design Specification and this Division. This demon-
stration shall be included in the Design Report for the
component.

WA-3353 Design Output Documents for Parts

When theN3CertificateHolderpurchasesparts froman
NPT Certificate Holder, it is the responsibility of the N3
Certificate Holder to provide or cause to be provided the
calculations for the parts and to incorporate them into the
Design Output Documents.

WA-3355 Modification of Document and
Reconciliation With Design Report

Anymodification of any document used for design from
the corresponding document used for design analysis,
shall be reconciled with the Design Report by the
person or organization responsible for the design. A revi-
sion or addenda to the Design Report shall be prepared
and certified (seeWA-3356) to indicate the basis onwhich
this has been accomplished. All such revised documenta-
tion shall be filed with the completed Design Report.

WA-3356 Certification of Design Report

(a) The Design Report shall be certified to be correct
and complete and to be in accordance with the require-
ments of WA-3352 by one or more Certifying Engineers
competent in the applicable field of design and related
transportation or storage component requirements and
qualified in accordance with the requirements of
Section III Appendices, Mandatory Appendix XXIII. The
Design Report shall be certified only after all design re-
quirements of this Divisionhave beenmet. SuchCertifying
Engineers shall beother than the individuals certifying the
Design Specification (see WA-3351.4), and they are not
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required by these rules to be independent of the organiza-
tion holding the Certificate.

(b) It is the intent of this Division that the certification
of the Design Report shall in no way relieve the N3 Certi-
ficate Holder of the responsibility for ensuring that the
design of the component meets the conditions stated
in the Design Specification and this Division.

WA-3357 Review of Design Report

(a) A review of the Design Report shall be made by the
N3CertificateHolder certifying theDesign Specification to
determine that all the design and loading conditions iden-
tified in the Design Specification have been considered,
and that the acceptance criteria established in the
Design Specification and this Division have been met.
This review shall be made by individuals who did not
prepare the Certified Design Report.

(b) Documentation shall be provided to the Owner to
indicate that the review required by (a) above has been
completed.

(c) A copy of the documentation required by (b) above
shall beattached to, andbecomepart of, theDesignReport.

WA-3358 Availability of Design Reports

The N3 Certificate Holder shall make a copy of the
completed Certified Design Report, including documenta-
tion of the review when required (see WA-3357), and
drawings used for construction available to the Inspector.

WA-3360 FABRICATION SPECIFICATION

WA-3361 Provisions of the Fabrication
Specification

WA-3361.1 Responsibility. It is the responsibility of the
N3 Certificate Holder to prepare, certify, and issue the
Fabrication Specification for components. The N3 Certi-
ficate Holder shall be responsible for the correlation of
all Data Reports for the component. Separate Fabrication
Specifications are not required for parts when they are
included in the Fabrication Specification for the compo-
nent.

WA-3361.2 Contents of the Fabrication Specification.
The Fabrication Specification shall be based upon the
Design Specification and the Design Output Documents,
and shall contain sufficient detail, including forming
and fabrication tolerances, to provide a complete basis
for fabrication in accordance with this Division. Fabrica-
tion Specifications for components shall include the exam-
ination and testing requirements for closure welds. Such
requirements shall not result in fabrication that fails to
conformwith the Design Specification, Design Documents
and the rules of this Division. Section III Appendices, Non-
mandatory Appendix LL provides guidance on developing
a Fabrication Specification.

WA-3361.3 Certification of the Fabrication Specifica-
tion. The Fabrication Specification shall be certified to be
correct and complete and to be in compliance with the
requirements of WA-3361.2 by one or more Certifying
Engineers, competent in the requirements of this Division
and the fieldofDivision3component fabrication andqual-
ified in accordance with the requirements of Section III
Appendices, Mandatory Appendix XXIII. Such Certifying
Engineers are not required to be independent of the orga-
nization preparing the Fabrication Specification.

WA-3361.4 Filing the Fabrication Specification. The
Fabrication Specification in its entirety shall become
the principal document governing fabrication and shall
be available at the location of fabrication during the
complete fabrication process.

WA-3361.5 Availability of the Fabrication Specifica-
tion. The N3 Certificate Holder shall make a copy of
the completed Fabrication Specification used for fabrica-
tion available to the Inspector and the Owner.

WA-3370 RESPONSIBILITY FOR QUALITY
ASSURANCE

WA-3371 Scope of Responsibilities

The N3 Certificate Holder shall be responsible for
surveying, qualifying, and auditing suppliers of subcon-
tracted services (seeWA-3122), including nondestructive
examination contractors and Material Organizations.
Material Organizations holding Quality System Certifi-
cates (Materials), and Certificate Holders whose scope
includes the supply or manufacture of materials, need
not be surveyed or audited for work or material
covered by the scope of their Certificate. Subcontractors
holding an appropriate Certificate of Authorization need
not be surveyed nor audited for work within the scope of
the subcontractor’s Certificate.
AnN3CertificateHoldermayqualify vendorsof subcon-

tractedservices (seeWA-3122)other than those requiring
a Certificate of Authorization for another Certificate
Holder doing work for that N3 Certificate Holder. The
qualification documentation shall be supplied to the
other Certificate Holder prior to their use of the subcon-
tracted service.

WA-3372 Documentation of Quality Assurance
Program

TheN3 Certificate Holder shall be responsible for docu-
menting its Quality Assurance Program (see WA-4134).

WA-3373 Filing of Quality Assurance Manual

The N3 Certificate Holder shall file with the Authorized
Inspection Agency (see WA-5121) copies of the Quality
Assurance Manual. The N3 Certificate Holder shall

ASME BPVC.III.3-2023

9

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


keep a copy on file available to the Inspector (see
WA-5123).

WA-3380 DATA REPORTS

The N3 Certificate Holder shall certify compliance with
this Division by signing the appropriate Data Report and
application of the Certification Mark (see Article
WA-8000).

WA-3390 N3 CERTIFICATE HOLDER’S
RESPONSIBILITY FOR RECORDS

TheN3Certificate Holder shall be responsible formain-
taining the records identified inTablesWA-4134.17-1 and
WA-4134.17-2 during construction. Upon completion of
construction, these records shall be transferred to the
Owner.

WA-3400 RESPONSIBILITIES OF AN NPT
CERTIFICATE HOLDER

WA-3420 CATEGORIES OF AN NPT CERTIFICATE
HOLDER’S RESPONSIBILITIES

The responsibilities of an NPT Certificate Holder
include the following:

(a) obtaining an NPT Certificate (see WA-3430);
(b) compliance with this Division (see WA-3440);
(c) qualification of Material Organizations and

suppliers of subcontracted services (see WA-3451);
(d) establishing and maintaining a Quality Assurance

Program (see WA-3460);
(e) documenting a Quality Assurance Program (see

WA-3460);
(f) filing the Quality AssuranceManual (seeWA-3461);
(g) Data Reports (see WA-3470);
(h) obtaining an agreementwith anAuthorized Inspec-

tion Agency (see WA-8130);
(i) fabricating parts assigned to it in accordance with

the Fabrication Specification(s) and this Division;
(j) preparing fabrication procedures and shop draw-

ings;
(k) making available to the Inspector the documents

specified by this Division and those requested by the
Inspector to assure compliance with Code requirements;

(l) review of Certified Material Test Reports and Certi-
ficates of Compliance for materials used by it (see
WA-1220);

(m) preparation, accumulation, control, and protection
of required records while in its custody [see WA-4134(b)
and NCA‐4134.17];

(n) documentation of review and approval of material
used by it as permitted by WA-1140(d).

WA-3430 OBTAINING A CERTIFICATE

An NPT Certificate (see WA-8100), listing Division 3 in
its scope, shall be obtained for the fabrication of any item
intended tobe in compliancewith the requirements of this
Division and to be stampedwith a CertificationMark with
NPT Designator.

WA-3440 COMPLIANCE WITH THIS DIVISION

The NPT Certificate Holder shall have all work
performed in accordance with the applicable require-
ments of this Division.

WA-3450 RESPONSIBILITY FOR QUALITY
ASSURANCE

WA-3451 Scope of Responsibilities

(a) The NPT Certificate Holder shall be responsible for
surveying, qualifying, and auditing suppliers of subcon-
tracted services (see WA-3122) including nondestructive
examination contractors and Material Organizations.
Material Organizations holding Quality System Certificate
(Materials), and Certificate Holders whose scope includes
the supply or manufacture of materials, need not be
surveyed or audited for work or material covered by
the scope of their Certificate. Subcontractors holding
an appropriate Certificate of Authorization need not be
surveyed nor audited for work within the scope of the
subcontractor’s Certificate.

(b) An NPT Certificate Holder may qualify vendors of
subcontracted services other than those requiring a Certi-
ficate for another Certificate Holder doing work for that
NPT Certificate Holder. The qualification documentation
shall be supplied to the other Certificate Holder prior to
their use of the subcontracted service.

WA-3460 DOCUMENTATION OF QUALITY
ASSURANCE PROGRAM

The NPT Certificate Holder shall be responsible for
documenting its quality assurance program.

WA-3461 Filing of Quality Assurance Program

TheNPTCertificateHoldershall filewith theAuthorized
Inspection Agency (see WA-5121) copies of the Quality
Assurance Manual. The NPT Certificate Holder shall
keep a copy on file and available to the Inspector (see
WA-5123).

WA-3470 DATA REPORT

TheNPTCertificateHoldershall certify compliancewith
this Division by signing the appropriate Data Report Form
and applying the appropriate stamping (see Article
WA-8000).
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WA-3800 METALLIC MATERIAL

WA-3810ð23Þ SCOPE AND APPLICABILITY

The requirements of WA-3800 provide for various
entities known as Certificate Holders, Material Organiza-
tions (see NCA‐3312), and approved suppliers (see
NCA-4255.3). These entities are involved in the perfor-
mance of operations, processes, and services related to
the procurement, manufacture and supply of material,
source material, and unqualified source material, as
defined in the Glossary (see NCA‐9200).

WA-3811 Limitations

The following limitations apply to approved suppliers:
(a) Approved suppliers shall not approve other

suppliers of materials or services that affect materials.
(b) Approved suppliers may adopt a limited scope

quality system program as approved by the Certificate
Holder or Material Organization [see NCA-4255.3(b)].

WA-3812 Exclusions

Material falling within the small products exclusion of
WB-2610, WC-2610, or WD-2610, as appropriate, or
material that is allowed by this Section to be furnished
with a Certificate of Compliance, is exempted from the
requirements of WA-3800, except:

(a) Certified Material Test Reports or Certificates of
Compliance shall meet the requirements of NCA‐3862.1.

(b) For construction of components meeting the re-
quirements of this Division, material identification and
marking shall meet the requirements of NCA-4256.3.

WA-3820 ð23ÞMATERIAL ORGANIZATIONS

AMaterial Organization shall be certified or qualified in
accordance with NCA‐3312 through NCA-3814, and NCA-
4250 through NCA-4259.2. Material Certification shall be
in accordance with NCA‐1224 and NCA-1225.
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ARTICLE WA-4000
QUALITY ASSURANCE

WA-4100 REQUIREMENTS

WA-4110 SCOPE AND APPLICABILITY

(a) This Article sets forth the requirements for plan-
ning, managing, and conducting Quality Assurance
Programs for controlling the quality of activities
performed under this Division and the rules governing
the evaluation of such Programs prior to the issuance
of Certificates for construction of Division 3 components.
The Quality Assurance requirements for Material Organi-
zations are provided in WA-3800. Certificate Holders are
advised to consult other regulations for quality assurance
requirements governing activities beyond the scope of
this Division.

(b) As identified, modified, and supplemented in
WA-4120 and WA-4134, N3 and NPT Certificate
Holders shall comply with the requirements of ASME
NQA-1, Part I, and when specifically stated, Part II.3

WA-4120 DEFINITIONS

(a) The definitions in Article WA-9000 shall apply.
(b) The definitions in Article NCA-9000 shall apply

unless defined in Article WA-9000
(c) The terms and definitions of NQA-1 shall apply

unless defined in Article WA-9000 or Article NCA-9000.

(d) For the following terms, which are defined in both
NQA-1 andArticleWA-9000orArticleNCA-9000, the defi-
nitions in Article WA-9000 or Article NCA-9000 shall
apply, as determined by (b).

(1) item
(2) Owner
(3) quality assurance
(4) repair
(5) rework
(6) service
(7) use‐as‐is
(8) nonconformance

WA-4130 ESTABLISHMENT AND
IMPLEMENTATION

WA-4131 Material Organizations

The requirements of NCA‐3800 and WA-3800 apply.

WA-4134 Division 3 Certificate Holders

(a) Provisions of NCA‐4134 apply to N3 and NPT Certi-
ficate Holders.

(b) For this Division, Tables WA-4134.17-1 and
WA-4134.17-2 shall be used in place of Tables NCA‐
4134.17‐1 and NCA‐4134.17‐2 to identify lifetime and
nonpermanent records.
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Table WA-4134.17-1
Lifetime Quality Assurance Records

Record
1. Index to lifetime records (see NCA‐4134.17)
2. Code Data Reports (see WA-8400)
3. Design Specification (see WA-3300)
4. Design Documents (see WA-3300)
5. As‐built drawings (see WA-3300)
6. Certified Material Test Reports (CMTR) and

documentation providing traceability to location used,
if required (see WB-4100, WC-4100, WD-4100)

7. Heat treatment records [Note (1)]
8. Final hydrostatic and pneumatic test results (see

Article WB-6000, Article WC-6000)

Record
9. Final nondestructive examination reports
10. Repair records when required by Code (see

Article WB-4000, Article WC-4000, Article WD-4000)
11. Weld procedures
12. Audit and survey reports (see NCA‐4134.18)
13. Process sheets, travelers, or checklists
14. Joint‐welder identification records when such records

are used in lieu of physical marking of welds (see
WB-4300, WC-4300, WD-4300)

15. Fabrication Specification (see WA-3300)
16. Casting Plan (see WB-2126, WC-2126)

GENERAL NOTE: Nonconformance reports that affect those records listed shall be incorporated into the record or be retained with the records.

NOTE: (1)Eitherheat treatment charts or certified summaries of timeand temperaturedatamaybeprovided. Thesedatamaybe includedaspart
of the CMTR.

Table WA-4134.17-2
Nonpermanent Quality Assurance Records

Record Retention Period
1. QA Program Manual 3 yr after superseded or invalidated
2. Design procurement and QA procedures (see NCA‐4134.5) 3 yr after superseded or invalidated
3. NDE procedures (see WB-5112, WC-5112, WD-5112) 10 yr after superseded or invalidated
4. Personnel qualification records (see WB-5520, WC-5520, WD-5520 and WB-4322, WC-4322,
WD-4322)

3 yr after superseded or invalidated

5. Purchase orders 10 yr after superseded or invalidated
6. Final radiographs not covered in Table WA-4134.17-1 10 yr after completion
7. Calibration records (see NCA‐4134.12) Until recalibrated

GENERAL NOTE: Nonconformance reports that affect those records listed and are not incorporated into the record shall be retained for the
retention period applicable to the record the nonconformance report affects.
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ARTICLE WA-5000
AUTHORIZED INSPECTION

WA-5100 INTRODUCTION

WA-5110 APPLICABILITY

ThisArticleprovides therequirements for inspectionby
the Authorized Inspection Agency.

WA-5120 PERFORMANCE OF INSPECTION

WA-5121 Authorized Inspection Agency

(a) The Authorized Inspection Agency shall be accre-
dited by the Society in accordance with the provisions set
forth in ASME QAI‐1.

(b) The Authorized Inspection Agency shall notify the
Societywhen it enters into an agreementwith aCertificate
Holder, or whenever an existing agreement is terminated.

WA-5122 AuthorizedNuclear Inspector Supervisor

TheAuthorized InspectionAgency shall employAuthor-
ized Nuclear Inspection Supervisors, qualified in accor-
dance with ASME QAI‐1, to supervise the Inspectors.

WA-5123 Authorized Nuclear Inspector

The Authorized Inspection Agency shall also employ
Authorized Nuclear Inspectors qualified in accordance
with the latest revision of ASMEQAI‐1, to perform inspec-
tions required by this Division. The inspections required
by this Division shall be performed by an Authorized
Nuclear Inspector. Any reference to Inspector throughout
this Division shall mean Authorized Nuclear Inspector.
The Authorized Nuclear Inspector shall not be in the
employ of a Certificate Holder.

WA-5125 Duties of Authorized Nuclear Inspector
Supervisors

(a) Supervisors, in conjunction with Inspectors
employed by the same Authorized Inspection Agency
(see WA-5121), shall participate in the Society’s review
of the applicant’s Quality Assurance Program (see
WA-8160). In those cases where the Supervisor performs
the functions of the Inspector, the Supervisor may repre-
sent both during the review of the Program. A Supervisor
designated by the Authorized Inspection Agency shall
review and accept any proposed modifications to
Quality Assurance Manuals before they are put into
effect. The Authorized Nuclear Inspector Supervisor

shall audit the Inspector’s performance at least twice
per year at locations where the Certificate Holder is
actively engaged in Section III work. The Supervisor
shall be available, as needed, for consultation and
support of the local inspection staff. The Supervisor
shall maintain supervisory control over one or more
Authorized Nuclear Inspectors and shall perform all of
the functions and maintain the records required of the
Supervisor in ASME QAI‐1.

(b) The portion of a Certificate Holder’s Quality Assur-
ance Program that involves Material Organization activ-
ities [see NCA‐3820(c)] shall be audited by the Supervisor
at least once each year.

WA-5130 ACCESS FOR INSPECTION AGENCY
PERSONNEL

WA-5131 Access to the Certificate Holder’s
Facilities

(a) The Certificate Holder shall arrange for the Inspec-
tion Agency Personnel to have free access at all times to
those locations where Code activities, including those
concerned with supply or manufacture of materials,
are being performed on an item, when so requested.
The Certificate Holder shall keep the Inspector informed
of the progress of the work and shall notify the Inspector
reasonably in advancewhen the itemwill be ready for any
required tests or inspections.

(b) The Certificate Holder shall provide personnel to
accompany the Authorized Nuclear Inspector Supervisor
during the Supervisor’s required audits.

WA-5200 DUTIES OF INSPECTOR

WA-5210 GENERAL INSPECTION DUTIES

(a) The Inspector who performs the detailed inspec-
tions in compliance with this Division shall witness or
otherwiseverifyall examinationsandmakeall inspections
required by this Division. The Inspector shall also make
any other inspections and witness or verify (including
makingmeasurements) any other examinations and addi-
tional investigations which, in the Inspector’s judgment,
are necessary to ascertain whether the item being
inspected has been constructed (seeWA-1110) in compli-
ancewith the rules of this Division. Parts, including piping
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subassemblies, shall be in accordance with the accepted
documents (see WA-3300).

(b) The duties of the Inspector shall not be interpreted
by virtue of these rules to extend to any construction re-
quirements beyond those of this Division that may be set
forth in the Fabrication Specifications (see WA-3360).
However, such requirements shall not result in construc-
tion which fails to conform with the requirements of this
Division.

WA-5220 CATEGORIES OF INSPECTOR’S DUTIES
The duties of the Inspector shall include but not neces-

sarily be limited to those given in (a) through (i) below.
(a) verifying the scope of work to be performed [see

WA-5230(a)];
(b) monitoring of the Certificate Holder’s Quality

Assurance Program including subcontracted activities
(see WA-5240);

(c) reviewing of the Certificate Holder’s qualification
records (see WA-5250);

(d) verifying materials (see WA-5260);
(e) witnessing or verifying in‐process fabrication,

nondestructive examination, and tests (see WA-5270);
(f) witnessing final testing (see WA-5280);
(g) reviewing and signing Data Reports (see

WA-5290);
(h) reviewing drawings and inspecting in accordance

with them;
(i) performing all other duties specifically required in

ASME QAI‐1.

WA-5230 SCOPE OF WORK, DESIGN
SPECIFICATIONS, DESIGN REPORTS,
AND FABRICATION SPECIFICATIONS

(a) The Inspector shall verify that the scope stated in
the N‐type Certificate of Authorization includes the work
to be performed.

(b) The Inspector shall verify that the Design Specifi-
cation, Design Reports, and Fabrication Specifications,
when required, are on file and that they have been prop-
erly certified in accordance with WA-3351.4, WA-3356,
and WA-3361.3.

(c) The Inspector shall not be held responsible for the
scope or adequacy of the Design Specifications, for the
completeness or accuracy of the Design Report or calcula-
tions or for the qualification of Certifying Engineers certi-
fying documents in compliance with the requirements of
this Division.

WA-5240 QUALITY ASSURANCE PROGRAMS

WA-5241 ð23ÞStipulation of Inspections Prior to
Issuance of Process Sheets or Controls

Prior to the issuance of process sheets or controls
required by NCA‐4134.9, the Certificate Holder shall
review them and the applicable drawings with the
Inspector, who shall then stipulate the inspections
intended to be performed in order to fulfill the require-
ments of WA-5210.

WA-5242 Monitoring of Quality Assurance
Programs

The Inspector shall monitor the performance of the
Certificate Holder for conformity to the requirements
of their Quality Assurance Program accepted by the
Society. The Inspector shall verify that all changes to
the Quality Assurance Manual have been accepted by
the Authorized Inspection Agency before they are put
into effect.

WA-5243 Process Control Checklist

The Inspector shall indicate concurrence on the Certi-
ficateHolder’s process sheets or checklist that compliance
has been attained at each stipulated point (seeWA-5241).

WA-5250 QUALIFICATION RECORDS

WA-5251 Review of Qualification Records

The Inspector shall review the qualification records of
the Certificate Holder.

WA-5253 Welding Procedures

Inspectors shall assure themselves that the welding
procedures employed in fabrication have been qualified
under the provisions of this Division. The Certificate
Holder shall submit evidence to the Inspector that
these requirements have been met. When there is a spe-
cific reason to question the welding procedure, the
Inspector may require requalification as a requirement
for theprocedure tobeusedonwork subject to inspection.

WA-5254 Welders and Welding Operators

Inspectors shall assure themselves that all welding is
performed by welders or welding operators qualified
under the provisions of this Division. The Certificate
Holder shall make available to the Inspector a certified
copy of the record of performance qualification tests of
each welder and welding operator as evidence that
these requirements have been met. When there is a spe-
cific reason to question the ability of the welder or the
welding operator to make welds that meet the require-
ments of the specification, the Inspector may require re-
qualification before the welder or welding operator is
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permitted to continue welding on work subject to inspec-
tion. Inspectors shall also assure themselves that each
welder and welding operator has been assigned an iden-
tifying symbol and that such symbols are regularly and
consistently applied when required by this Division.

WA-5255 Examination Procedures

Inspectors shall assure themselves that theexamination
and testing procedures required by this Division have
been qualified.When there is a specific reason to question
whether the examination or testing procedure require-
ments are being met, the Inspector may require requal-
ification of the procedure.

WA-5256 Nondestructive Examination Personnel

The Inspector has the duty to verify the qualification
andcertificationofnondestructiveexaminationpersonnel
employed by the Certificate Holder and has the duty to
monitor the nondestructive examination activities and
require requalification of any personnel when there is
reason to question the performance of that person. In
addition, the Inspector shall monitor the Certificate
Holder’s Quality Assurance Program as it relates to the
nondestructive examination activities of Material Organi-
zations, and NDE subcontractors that the Certificate
Holder qualified.

WA-5260 MATERIALS, PARTS, AND HEAT
TREATMENT

WA-5261 Inspection of Materials for Compliance

Inspectors shall assure themselves that all materials
used comply with all applicable requirements of this Divi-
sion. The Certificate Holder shall make available to the
Inspector certified reports of the results of all tests
performed in accordance with (a) and (b) below:

(a) the material specifications;
(b) the requirements in the applicable materials

Articles of this Division, including certified reports of
the results of all required tests and examinations
performed.

WA-5262 Dimensional Check

Inspectors shall satisfy themselves
(a) that the item is being constructed within the toler-

ance required by the Design Specification, Design Draw-
ings, and Fabrication Specifications, and this Division;

(b) that head and shell sections conform to the
prescribed shape and meet the thickness requirements;

(c) that fittings and attachments to be welded to the
component fit properly to the surface of that component.
If required by the Inspector, the Certificate Holder shall
make available accurately formed templates for the
Inspector’s use.

WA-5263 Check of Heat Treatment Practice

Inspectors shall assure themselves that all heat treat-
ment operations required by this Division are correctly
performed and that the temperature readings and gradi-
ents conform to the requirements.

WA-5270 EXAMINATIONS AND TESTS

The Inspector shall witness in‐process fabrication
nondestructive examinations and destructive tests,
when feasible. Alternatively, the Inspector shall check
the examination and test records to determine the accept-
ability of the items involved.

WA-5280 FINAL TESTS

The Inspector shall witness final tests required by this
Divisionandexaminationsperformedduring such tests by
the Certificate Holder.

WA-5290 DATA REPORTS

The appropriate Data Reports prepared by the Certifi-
cate Holder shall be reviewed and signed by the Inspector
only after they have been certified by a responsible repre-
sentative of the Certificate Holder and after the Inspector
is satisfied that all requirements of this Divisionhave been
met and that eachDataReport certified is a correct record.

WA-5300 RESPONSIBILITIES OF THE
AUTHORIZED INSPECTION AGENCY

The responsibilities of the Authorized Inspection
Agency shall include but not necessarily be limited to
those given in (a) through (j) below.

(a) Maintain a staff of Authorized Nuclear Inspectors
and Authorized Nuclear Inspector Supervisors (see
WA-5122 and WA-5123).

(b) Make agreements with Certificate Holders for
inspection service (see WA-5121 and WA-8130). Notify
the Society whenever such agreements are terminated
(see WA-5121).

(c) Provide for participation in the Society’s review of
the applicant’s Quality Assurance Program (see
WA-5125).

(d) Provide for the review and acceptance of any
proposed modifications to Quality Assurance Manuals
before they are put into effect (see WA-5125).

(e) Review and accept the Certificate Holder’s method
of securing the nameplate to components to which,
because of size or other considerations, the nameplate
cannot be directly attached [see WA-8220(b)].

(f) Review and accept the Certificate Holder’s alterna-
tivemethodof identification, including the uniquemethod
of marking of components to which, because of size or
other considerations, nameplates cannot be directly
attached [see WA-8220(b)].
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(g) Review and accept the Certificate Holder’s alterna-
tive method of marking of parts (see WA-8230).

(h) Review and accept the Certificate Holder’s proce-
dures for alternative stamping requirements (see
WA-8311).

(i) Determine by agreementwith the CertificateHolder
the sequence for stamping and the completion of the Code
Data Report [see WA-8310(c)].

(j) And all other duties specifically required in ASME
QAI‐1.
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ARTICLE WA-7000
REFERENCE STANDARDS

WA-7100 GENERAL REQUIREMENTS
Dimensions of standard products shall comply with the

dimensional standards listed in Table WA-7100-1 when
the standard is referenced in the Division 3 Subsection.
However, compliance with these standards does not
replace or eliminate the requirements for stress analysis
when called for by Article WB-3000, Article WC-3000, or
Article WD-3000 for a specific component.

The standards and specifications referenced in the text
of each Subsection are listed in Table WA-7100-2. Where
reference is made within Division 3 to requirements that
arepart of theASMEBoiler andPressureVessel Code, they
are not included in this Table.

ASME BPVC.III.3-2023

18

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


Table WA-7100-1
Dimensional Standards

Standard ID Published Title

Division 3
Referenced
Edition

Other Acceptable
Editions

Pipes and Tubes
ASME B36.10M Welded and Seamless Wrought Steel Pipe 2015 2004, 2000, 1996, 1985
ASME B36.19M Stainless Steel Pipe 2004 1985

Fittings, Flanges, and Gaskets
ASME B16.5 Pipe Flanges and Flanged Fittings 2017 2013, 2009, 2003, 1998,

1988, 1981
ASME B16.9 [Note (1)] Factory‐Made Wrought Buttwelding Fittings 2012 2007, 2001, 1993, 1986,

1981
ASME B16.11 Forged Fittings, Socket‐Welding and Threaded 2016 2011, 2009, 2001, 1996,

1980
ASME B16.20 Metallic Gaskets for Pipe Flanges: Ring‐Joint Spiral

Wound and Jacketed
2012 2007, 2000, 1998, 1984

ASME B16.21 Nonmetallic Flat Gaskets for Pipe Flanges 2016 2011, 2005, 1992
ASME B16.25 Buttwelding Ends 2012 1997, 1986
ASME B16.47 Large Diameter Steel Flanges 2017 2011, 2006, 1998
MSS SP‐43 Wrought and Fabricated Butt-Welding Fittings for Low

Pressure, Corrosion Resistant Applications
2013 2008, 1991, 1982

Bolting
ASME B18.2.1 [Note (2)] Square, Hex, Heavy Hex, and Askew Head Bolts and Hex,

Heavy Hex, Hex Flange, Lobed Head and Lag Screws
2012 2010, 1999, 1981

ASME/ANSI B18.2.2 [Note (2)] Square and Hex Nuts (Inch Series) 2015 2010, 1987, 1972
ASME B18.3 [Note (2)] Socket Cap, Shoulder, and Set Screws, Hex and Spine

Keys (Inch Series)
2012 2003, 1998, 1986, 1982

ASME B18.31.2 Continuous Thread Stud, Double-End Stud, and Flange
Bolting Stud (Stud Bolt) (Inch Series)

2014 ...

Threads
ASME B1.1 [Note (2)] Unified Inch Screw Threads (UN and UNR Thread Form) 2003 1989, 1982
ANSI/ASME B1.20.1 [Note (2)] Pipe Threads, General Purpose (Inch) 2013 1983
ANSI B1.20.3 [Note (2)] Dryseal Pipe Threads (Inch) 1976 ...

GENERAL NOTES: Reaffirmed versions of the listed standards are also acceptable.

NOTES:
(1) Analysis per ASME B16.9, para. 2.2, is acceptable only for caps and reducers.
(2) These standards are referenced for dimensional purposes only. Any manufacturing or inspection requirements contained in them are not

mandatory. The SA or SB Material Specification specifies the applicable manufacturing and inspection requirements.
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Table WA-7100-2
ð23Þ Standards and Specifications Referenced in Division 3

Standard ID Published Title

Division 3
Referenced
Edition

The American Society of Mechanical Engineers (ASME)
ASME NQA‐1 Quality Assurance Requirements for Nuclear Facility Applications 2015
ASME QAI‐1 Qualifications for Authorized Inspection Latest

American Society for Nondestructive Testing (ASNT)
ANSI/ASNT CP-189 Standard for Qualification and Certification of Nondestructive Testing Personnel 2006
SNT‐TC‐1A Personnel Qualification and Certification in Nondestructive Testing 2006, 2011

American Society for Testing and Materials (ASTM)
ASTM E23 Standard Test Methods for Notched Bar Impact Testing of Metallic Materials 2002a
ASTM E185 Standard Practice for Design of Surveillance Programs for Light‐Water Moderated Nuclear Power

Reactor Vessels
2010

ASTM E186 Standard Reference Radiographs for Heavy‐Walled (2 to 41∕2−in.) [(51 to 114−mm)] Steel Castings 67, 73, 75, 79
ASTM E208 Standard Test Method for Conducting Drop‐Weight Test to Determine Nil‐Ductility Transition

Temperature of Ferritic Steels
1991

ASTM E280 Standard Reference Radiographs for Heavy‐Walled (41∕2 to 12‐in.) [(114 to 305−mm)] Steel Castings 68, 72, 75
ASTM E399 Standard Test Method for Plane-Strain Fracture Toughness of Metallic Materials 1983, 1990
ASTM E446 Standard Reference Radiographs for Steel Castings up to 2 in. (51 mm) in Thickness 72, 75, or 78
ASTM E604 Standard Test Method for Dynamic Tear Testing of Metallic Materials 1983
ASTM E1820 Standard Test Method for Measurement of Fracture Toughness 2001
ASTM F788 Standard Specification for Surface Discontinuities of Bolts, Screws, and Studs, Inch and Metric Series 2013
ASTM F812 Standard Specification for Surface Discontinuities of Nuts, Inch and Metric Series 2012

American Welding Society (AWS)
AWS A4.2 Calibrating Magnetic Instruments to Measure the Delta Ferrite Content of Austenitic and Duplex

Ferritic‐Austenitic Stainless Steel
1991

American National Standards Institute (ANSI)
ANSI N14.5 Leakage Test on Packages for Transportation 1997, 2014

International Organization for Standardization (ISO)
ISO/IEC 17025 General requirements for the competence of testing and calibration laboratories 2017
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ARTICLE WA-8000
CERTIFICATES OF AUTHORIZATION, NAMEPLATES,
CERTIFICATION MARK, AND DATA REPORTS

WA-8100 AUTHORIZATION TO PERFORM
CODE ACTIVITIES

WA-8110 GENERAL

Certificates of Authorization to use the official Certifica-
tionMark in TableWA-8100-1 to certify work in this Divi-
sion will be granted by the Society for a 3-yr period
pursuant to the provisions set forth in this Article.

WA-8120 SCOPE OF AUTHORIZATION

(a) TheCertificate ofAuthorization (seeWA-3120)will
identify the facility covered and state the scope of activ-
ities for which authorization is granted. The Society may,
at its discretion, limit or extend the scope of an author-
ization to any types or classes of items or to a specific
location.

(b) The Society may, at any time, make regulations
concerning the issuance and use of Certificates and the
CertificationMark as it deems appropriate, and all regula-
tions shall become binding upon the holders of a valid
Certificate.

WA-8130 INSPECTION AGREEMENT REQUIRED

Certificate Holders shall possess an agreement with an
ASME accredited Authorized Inspection Agency to
provide inspection and audit services. The agreement
with the Authorized Inspection Agency shall be made
prior to application for a survey. Certificate Holders
shall notify the Society whenever their agreements
with an Authorized Inspection Agency are cancelled or
changed to another Authorized Inspection Agency.

Table WA-8100-1
Authorizations and Certification Mark Issued by the Society for the Construction

of Transportation and Storage Components and Parts

Type of Organization
(Code Division) Scope Division 1 Division 3

Data Report
Form Notes

N3 or NPT (Div. 3) Transportation containments … Class TC N‐7 (1)
Storage containments … Class SC N‐7 (1)
Internal support structures … Class ISS N-11 …

N3 or NPT (Div. 3) Parts … Class TC, SC, or
ISS

N‐9 (1), (2)

Field closure welds … Class TC or SC N‐8 (1)
NPT (Div. 1) Tubular products welded with

filler metal
Class 1 for transportation
containments, Class 1 or 2 for
storage containments

… NM‐1 (3)

N (Div. 1) Line valves Class 1 for transportation
containments, Class 1 or 2 for
storage containments

… NPV‐1 (4)

NOTES:
(1) Completed Data Reports for closure welds of containments shall be forwarded to the Owner.
(2) Data reports for parts shall be forwarded in duplicate to the Certificate Holder of the finished component.
(3) Material (see WA-1220) shall be documented on a Certified Material Test Report or a Certificate of Compliance in accordance with Article

WB-2000, Article WC-2000, or Article WD-2000, as appropriate..
(4) Line valves shall meet the requirements of Division 1 in their entirety.
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WA-8140 QUALITY ASSURANCE PROGRAM
REQUIREMENTS

It is a requirement that a Certificate Holder have a
Quality Assurance Program (see Article WA-4000) that
has been evaluated and accepted by the Society.

WA-8150 APPLICATION FOR AUTHORIZATION

An Organization desiring a Certificate of Authorization
shall apply to the Society upon forms issued by the Society
describing the scope of Code activities to be performed.

WA-8151 Field Operations

The N3 or NPT Certificate of Authorization may be
extended to include field operations such as the comple-
tion or repair of components and parts constructed under
that authorization. Except as permitted in WA-8152, the
Society requires a survey of each field site to assure that
the Quality Assurance Programdescribed in theManual is
implemented and enforced.

WA-8152 Field Operations for Containment
Closure Welds

The N3 or NPT Certificates may be extended to field
locations for making final closure welds to loaded
spent nuclear fuel or high-level radioactive material
containments without a site survey by the Society,
provided

(a) the control of materials, special processes, exami-
nations, inspections, tests, and certification at field loca-
tions shall be described in the Certificate Holders Quality
Assurance Manual, including involvement of the
Inspector;

(b) the Certificate Holders Quality Assurance Program
hasbeenreviewedandacceptedby theAuthorized Inspec-
tion Agency to confirm (a) above prior to any welding at
field locations;

(c) unique identifiers are permanentlymarked on each
of the containment parts that are to be assembled
together;

(d) the welds are to be made in accordance with the
requirements of the Fabrication Specification; and

(e) the Data Report for each containment includes the
unique identifiers of (c) above.

WA-8153 Shop Assembly

Shop assembly of components, or components to piping
orother items,maybebyN‐typeCertificateHolders if such
activities are included within the scope of their N‐type
Certificate of Authorization.

WA-8154 Code Activities Prior to Certification

Code activities performed prior to issuance of an N3 or
NPT Certificate of Authorization shall be subject to the
acceptance of the Inspector.

WA-8160 EVALUATION FOR AUTHORIZATION

WA-8161 Evaluation for Certificate of
Authorization

(a) Applicants for a new or renewed N3 or NPT Certi-
ficate ofAuthorization for construction require a survey of
their facilities. The purpose of the survey is to evaluate the
applicant’s Quality Assurance Manual and the implemen-
tation of the Quality Assurance Program.

(b) The extent of the survey will be determined by the
Society based on a review of the applicant’s intended
scope of Code activities described in the application.
The acceptance by the Society of the Quality Assurance
Program shall not be interpreted to mean endorsement
of technical capability to perform design work such as
system design or stress analysis. Such capability is
implied for the specific component involved by the certi-
fication of Design Reports (see WA-3356) by a Certifying
Engineer.

(c) Authorization to certify a Data Report or apply a
Certification Mark to an item will be granted only after
a survey by the Society has satisfactorily demonstrated
the adequacy and implementation of the Quality Assur-
ance Program.

WA-8170 ISSUANCE OF AUTHORIZATION

Each Certificate Holder shall have agreed that each
Certificate and Certification Mark (if one is issued) is
at all times the property of the Society, that it will be
used according to the rules and regulations of this Divi-
sion, and that the Certificate and CertificationMarkwill be
promptly returned to the Society upon demand, or when
the Certificate Holder discontinues the scope of Code
activities covered by its Certificate. The holder of a Certi-
fication Mark shall not permit any other party to use its
Certificate or Certification Mark. The Society reserves the
absolute right to cancel or refuse to renew such author-
ization, returning fees paid for the prorated unexpired
term.

WA-8180 RENEWAL OF AUTHORIZATION

Not later than6months prior to thedate of expiration of
any Certificate, the Certificate Holder shall apply for a
renewal of such authorization and the issuance of a
new Certificate.
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WA-8200 NAMEPLATES AND STAMPING
WITH CERTIFICATION MARK

WA-8210 GENERAL REQUIREMENTS

WA-8211 Nameplates

(a) Each component or part to which a Certification
Mark is applied shall have a nameplate, except as other-
wise permitted by this subarticle. Marking shall be as
required by (1) through (5) below.

(1) the applicable official Certification Mark, as
shown in Table WA-8100-1;

(2) Class of construction and Designator;
(3) the statement “Certified by”;
(4) Certificate Holder’s name;
(5) Serial number and, if applicable, National Board

number and/or Canadian registration number.
(b) Valves fabricated by a Division 1 Certificate Holder

shall be stamped in accordance with Article NCA‐8000.

WA-8212 Stamping With the Certification Mark

The CertificationMark shall be stamped on a nameplate
attached to an item, except as otherwise permitted by this
subarticle. Thearrangementofmarkings shall beas shown
in Figure WA-8212-1. The data shall be in characters not
less than 3∕32 in. (2.5 mm) high. The selected method shall
not result in any harmful contamination or sharp discon-
tinuities. Stamping directly on items, when used, shall be
done with blunt‐nosed continuous or blunt‐nose inter-
rupted dot die stamps.

WA-8213 Attachment of Nameplates

(a) The nameplate shall be attached by a method that
will not affect the structural integrity of the item.

(b) If the nameplate is marked before it is attached, the
CertificateHolder shall assure that the nameplatewith the
correctmarking has been attached and the Inspector shall
verify that this has been done.

WA-8220 NAMEPLATES

(a) The markings required by WA-8210 shall be
applied to a separate nameplate attached to the item.
The nameplate shall be of a visible, permanent type
and not detrimental to the item. The type, method, and
manner of marking shall be described in the Certificate
Holder’s Quality Assurance Program or Procedure.

(b) If, because of size or other considerations, the
nameplates cannot be directly attached to the component
orpart, theCertificateHoldermay secure thenameplate in
amanner acceptable to theAuthorized Inspection Agency.
The use of this alternative method of identification,
including the method of marking, shall be reviewed by
and found acceptable to the Authorized Inspection
Agency (see WA-5121) prior to implementation by the
Certificate Holder.

(c) For internal support structures, if because of size,
geometric constraints, or other considerations the name-
plate cannot be directly attached to the component, an
alternative method of identification may be used. The
alternative method is to be acceptable to the Authorized
Inspection Agency and includes application of a unique
identification mark to the component that will serve to
identify the component with the appropriate Data
Report. The marking shall be of a visible, permanent
type and not detrimental to the component. That type,
method, and manner of marking shall be described in
the Certificate Holder's Quality Assurance Program or
Procedure. The use of this alternative method of
marking shall be reviewed by and found acceptable to
the Authorized Inspection Agency (see WA-5121) prior
to the implementation by the Certificate Holder.

WA-8230 NAMEPLATES FOR CERTIFICATION
MARK WITH NPT DESIGNATOR ITEMS

Parts shall have a separate nameplate equivalent to that
required for completed itemswhen the size and use of the
itemwill accommodatesuchanameplate.Whenthesizeor
use of the item will not permit the installation of a name-
plate, themarking shall consist of suitable identification of
the item until it has been incorporated into the finished
component or other Certification Mark with NPT Desig-
nator item. This alternative method of marking shall be
reviewed with and found acceptable to the Authorized
Inspection Agency before being used by the Certificate
Holder.

WA-8300 CERTIFICATION MARK

WA-8310 GENERAL REQUIREMENTS

(a) The CertificationMark shall be applied by the Certi-
ficate Holder only with authorization of the Inspector. In
any case, the Certification Mark shall not be applied until

Figure WA-8212-1
Form of Stamping

Certified by 
 

(Name of Certificate Holder) 

(Serial number)

(Designator)
(Class)
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completion of the required examination and testing,
except as permitted in WA-8311.

(b) Table WA-8100-1 provides Certification Mark re-
quirements as related to type of certificates, scope of
work, and class of construction. The class of construction
shall be indicated by the letters TC, SC, TC and SC, or ISS
stamped below and outside the official CertificationMark.
For construction of components, parts, or welds to be
certified as meeting a Section III Edition or Addenda
before the 2011 Addenda, the ASME Certification Mark
is equivalent to and may be used in lieu of the N3 or
NPT Stamp shown in the Section III Edition and
Addenda used for construction.

(c) The completed Code Data Report certifies that the
Inspector has inspected the itemand authorized the appli-
cation of the Certification Mark. The sequence for
stamping and the completion of the Code Data Report
shall be determined by agreement between the Author-
ized Inspection Agency and the Certificate Holder.

WA-8311 Alternative Stamping Requirements

For containments where final closure welds are not
completed until after spent nuclear fuel or high-level
radioactive materials are loaded into the containment,
the organization assuming overall responsibility for the
containment may apply the Certification Mark with N3
Designator prior to completion of the final closure
welds, provided

(a) unique identifiers are permanentlymarked on each
of the containment parts that are to be assembled
together;

(b) the Data Report for each component includes the
assigned unique identifiers; and

(c) the procedure for controlling, and the use of, the
unique identifiers shall be included in the Certificate
Holders Quality Assurance Program and accepted by
the Certificate Holders Authorized Inspection Agency
prior to use.

WA-8330 REMOVABLE ITEMS

Removable items that form part of a containment
boundary shall have unique markings identifiable to an
individual component.

WA-8400 DATA REPORTS

WA-8410 GENERAL REQUIREMENTS

The appropriate Data Report,4 as specified in Table
WA-8100-1, shall be filled out by the Certificate Holder
and shall be signed by the Certificate Holder and the
Inspector for each item (except as provided elsewhere
in this Article) to be marked with a Certification Mark.
Any quantity to which units apply shall be entered on
the Manufacturer’s Data Report with the chosen units.

WA-8412 Availability of Data Reports

All Data Reports and referenced supporting material
shall be available to the Inspector, Owner, and enforce-
ment, or regulatory authority having jurisdiction.
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FORM N-7   NUCLEAR CONTAINMENTS 

As Required by the Provisions of the ASME Code, Section III, Division 3 

(07/17)

1.  Manufactured and certified by 

2.  Manufactured for 

3.  Transport and/or Storage 

4.  Type 

5.  ASME Code, Section III, Division 3 

6.  Shell 

7.  Seams Long 

If removable, bolts used; . If quick opening closure or other fastening, describe in detail 

; girth 

8.  Heads 

9.  Design pressure 

10.  Supports 

11.  Nozzles 

12.  Parts supplied by others (Data Reports attached). 

13.  For containments list identifying markings of matching items to be joined in the field by welding. 

14.  Remarks 

to be welded to 

(a) Part (b) Serial No. (c) CRN No. (d) National Bd. No. 

Purpose Quantity 
Diameter 

or Size Type Material Thickness Location 
Reinforcement 

Material 
How 

Attached 

Lugs Legs Other Attached 

He leak test 

at .  Min. pressure-test temp. .  Pneu., hydro., or comb. test pressure 

(a) 

(c) 

(d) 

(b) 

Crown 
Radius Thickness 

Location (top, 
bottom, ends) 

Knuckle 
Radius 

Elliptical 
Ratio 

Conical 
Apex Angle 

Hemispherical 
Radius 

Flat 
Diameter 

Side to Pressure 
(convex or concave) 

(CRN) (National Bd. no.) (year built) (Certificate Holder’s serial no.) (Containment serial no.) (horizontal or vertical) 

(edition)

(nominal thickness) 

(describe) 

(shell assembly) (closure plates, heads) 

[maximim acc. leak rate (from fab. spec.)] 

(quantity) (quantity) (yes or no) (where and how) 

(type) (HT) (RT or UT) (joint eff. %) (joint eff. %) 

(tensile strength) (tensile strength) 

(tensile strength) (tensile strength) 

(tensile strength) (material spec. no.) [length (overall)] (diameter ID) 

(class) (Code Case no.)

(name and address) 

(RT or UT) (HT) (type) 

[(a) material spec. no.] [(b) material spec. no.] 

[(c) material spec. no.] [(d) material spec. no.] 

Pg. 1 of 
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FORM N-7 (Back — Pg. 2 of )

Certificate Holder’s Serial No.

CERTIFICATE OF COMPLIANCE FOR OVERALL RESPONSIBILITY

CERTIFICATION OF DESIGN

Design Specification on file at

Fabrication Specification on file at

Fabrication Specification certified by P.E. State or Prov.

Design Report certified by P.E. State or Prov.

Design Report on file at

Design Specification certified by P.E. State or Prov.

Reg. No.

Reg. No.

Reg. No.

Following completion of the above, the Certificate of Authorization Holder accepting overall responsibility for this Division 3 containment shall 
complete the following statement:
We certify that the statements made by this report are correct and that construction of the items described in this Data Report conforms to the 
rules of the construction of the ASME Code, Section III, Division 3.

N3 Certificate of Authorization No. Expires

Date N3 Certificate Holder Signed
(authorized representative)

CERTIFICATE OF INSPECTION

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

of

Date Signed Commission
(Authorized Nuclear Inspector) [National Board Number and Endorsement]

CERTIFICATE OF SHOP COMPLIANCE

We certify that the statements made in this report are correct and that this nuclear containment conforms to the rules for construction of the 
ASME Code, Section III, Division 3.

Certificate of Authorization Type and No. Expires

Date Name Signed
(N3 Certificate Holder) (authorized representative)

CERTIFICATE OF SHOP INSPECTION

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

of have inspected the component described in this Data Report on

Date Signed Commission
(Authorized Nuclear Inspector) [National Board Number and Endorsement]

(07/23)

                                                 have compared the statements described on this Data Report with those described in the attached Certificate Hold- 
er's Data Reports and to the best of my knowledge and belief, the described items have been constructed in accordance with the ASME Code, 
Section III, Division 3.
By signing this certificate neither the Inspector nor the Inspector's employer makes any warranty, expressed or implied, concerning the items 
described in this Data Report. Furthermore, neither the Inspector nor the Inspector's employer shall be liable in any manner for any personal injury 
or property damage or a loss of any kind arising from or connected with this inspection.

                                   , and state that to the best of my knowledge and belief, the Certificate Holder has constructed this component in accordance 
with the ASME Code, Section III, Division 3.
By signing this certificate neither the Inspector nor the Inspector's employer makes any warranty, expressed or implied, concerning the component 
described in this Data Report. Furthermore, neither the Inspector nor the Inspector's employer shall be liable in any manner for any personal injury 
or property damage or a loss of any kind arising from or connected with this inspection.
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1.  Welds made by

2.  Welds made for

3.  Location of installation

4.  Welds were made in accordance with Fabrication Specification No.

5.  Containment Serial No.

6.  ASME Code, Section III, Division 3 ,

7.  Testing: Hydro., pneu., or comb. pressure test at

8.  Remarks:

He leak test of Welds

Year Built Identification Markings of Items to be Joined

Welded to

Revision

National Bd. No. CRN No.

Date

(name and address of certificate holder)

(owner’s name and address)

(heads, covers)

(editions)

(class) (Code Case no.)

(max. acceptable leak rate)

(shell assy.)

(name and address)

FORM N-8   FOR CLASS SC OR TC CLOSURE WELDS
As Required by the Provisions of the ASME Code, Section III, Division 3

CERTIFICATE OF COMPLIANCE

We certify that the statements made in this report are correct and that these closure welds conform to the rules of construction of the ASME Code, 
Section III, Division 3, and the Fabrication Specification listed on this Data Report.

Certificate of Authorization Type and No. Expires

Date Name Signed
(Certificate Holder) (authorized representative)

CERTIFICATE OF INSPECTION

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

of have inspected these items described in this Data Report on

Date Signed Commission
(Authorized Nuclear Inspector) [National Board Number and Endorsement]

(07/23)

                                                                                                                                                                                                             , and state that to the 
best of my knowledge and belief, the Certificate Holder has fabricated these parts in accordance with the ASME Code, Section III, Division 3. Each 
part listed has been authorized for stamping on the date shown above.
By signing this certificate neither the Inspector nor the Inspector's employer makes any warranty, expressed or implied, concerning the 
equipment described in this Data Report. Furthermore, neither the Inspector nor the Inspector's employer shall be liable in any manner for any 
personal injury or property damage or loss of any kind arising from or connected with this inspection.
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FORM N-9   SHOP FABRICATED PARTS

As Required by the Provisions of the ASME Code, Section III, Division 3 Pg. 1 of

(07/17)

1.  Manufactured and certified by

2.  Manufactured for

3.  Transport and/or Storage

4.  Type

5.  ASME Code, Section III, Division 3

6.  Shell

7.  Seams Long

If removable, bolts used . If quick opening closure or other fastening, describe in detail

; girth

8.  Heads

9.  Design pressure

10.  Supports

11.  Nozzles

12.  Parts supplied by others (Data Reports attached).

13.  For components list identifying markings of matching items to be joined in the field by welding.

14.  List of Drawings (with last revision and date)

to be welding to

(a) Part (b) Serial No. (c) CRN No. (d) National Bd. No.

Purpose Quantity
Diameter
 or Size Type Material Thickness Location

Reinforcement
Material

How
Attached

Lugs Legs Other Attached

He leak test

at .  Min. pressure-test temp. . Pneu., hydro., or comb. test pressure

15.  Remarks

(a)

(c)

(d)

(b)

Crown
RadiusThickness

Corrosion
Allowance

Location (top,
bottom, ends)

Knuckle
Radius

Elliptical
Ratio

Conical
Apex Angle

Hemispherical
Radius

Flat
Diameter

Side to Pressure
(convex or concave)

(CRN) (National Bd. no.) (year built)(Certificate Holder’s serial no.)(Serial no.)(horizontal or vertical)

(edition)

(nominal thickness)

(describe)

(shell assembly)(closure plates, heads)

[maximum acc. leak rate (from fab. spec.)]

(quantity)(quantity)(yes or no) (where and how)

(type) (HT) (RT or UT) (joint eff. %)(joint eff. %)

(tensile strength) (tensile strength)

(tensile strength) (tensile strength)

(tensile strength)(material spec. no.) [length (overall)](diameter ID)

(class) (Code Case no.)

(name and address of Purchaser)

(name and address of N Certificate Holder)

(RT or UT)(HT)(type)

[(a) material spec. no.] [(b) material spec. no.]

[(c) material spec. no.] [(d) material spec. no.]
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FORM N-9 (Back — Pg. 2 of )

Certificate Holder’s Serial No.

16. Fabrication specification used for the manufacture of this item
revision no. prepared by
Certified by P.E. State or Prov. Reg. No.

CERTIFICATE OF SHOP COMPLIANCE

We certify that the statements made by this report are correct and that this (these)

conforms to the rules of the construction of the ASME Code, Section III, Division 3
Certificate of Authorization Type and No. Expires

Date Name Signed
(NPT Certificate Holder) (authorized representative)

CERTIFICATE OF  SHOP INSPECTION

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

of have inspected these items described in this Data Report on

Date Signed Commission
[National Board Number and Endorsement](Authorized Nuclear Inspector)

                                                                                                                                                                                                               , and state that to the 
best of my knowledge and belief, the Certificate Holder has fabricated these parts in accordance with the ASME Code, Section  III, Division 3. Each 
part listed has been authorized for stamping on the date shown above.
By signing this certificate, neither the Inspector nor the Inspector's employer makes any warranty, expressed or implied, concerning the equipment 
described in this Data Report. Furthermore, neither the Inspector nor the Inspector's employer shall be liable in any manner for any personal injury 
or property damage or a loss of any kind arising from or connected with this inspection.

(07/23)
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FORM N-11   CERTIFICATE HOLDER’S DATA REPORT FOR INTERNAL SUPPORT STRUCTURES*

As Required by the Provisions of the ASME Code, Section III, Division 3 Pg. 1 of

(07/23)

1.  Manufactured and certified by

2.  Manufactured for

3.  Applicable Installation(s)

4.  Type

5.  ASME Code, Section III, Division 3

7.  List of Drawings (with last revision and date)

8.  Remarks

(drawing no.) (National Bd. no.) (year built)(CRN)(C.H.’s serial no.)(Transportation, storage, or both)

(edition)

6.  Manufactured in accordance with specification Rev. Date
(Fabrication Specification)

(class) (Code Case no.)

(name and address of Purchaser)

(specific identifiers)

(name and address of Certificate Holder)

Design Specification certified by

Date

N3 Certificate of Authorization No. Expires

Name Signed

Design Report certified by
P.E. State

CERTIFICATION OF DESIGN AND FABRICATION

CERTIFICATE OF INTERNAL SUPPORT STRUCTURES

P.E. State
Reg. no.
Reg. no.

* Supplemental sheets in the form of lists, sketches, or drawings may be used provided: (1) size is 81/2 3 11; (2) information in items 1 through 4 on this Data Report is 
included on each sheet; and (3) each sheet is numbered and the number of sheets is recorded at the top of this form.

Fabrication Specification certified by P.E. State Reg. no.

(authorized representative)(Certificate Holder)

The undersigned, having a valid Certification of Authorization, certify that the construction of the internal support structure will not adversely affect 
the integrity of the containment.

Date

Certificate of Authorization Type and No. Expires

Name Signed

CERTIFICATE OF SHOP COMPLIANCE

(authorized representative)(Certificate Holder)

We certify that the statements made in this report are correct and that this internal support structure conforms to the rules of construction of the 
ASME Code, Section III, Division 3.

Commission
(Authorized Nuclear Inspector) [National Board Number and Endorsement]

SignedDate

CERTIFICATE OF INSPECTION

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

have inspected the internal support structure described in this Data Report on     , and state that to the best of 
my knowledge and belief, the Certificate Holder has constructed this item in accordance with the ASME Code, Section III, Division 3. By signing 
this certificate neither the Inspector nor the Inspector's employer makes any warranty, expressed or implied, concerning the item described in this 
Data Report. Furthermore, neither the Inspector nor the Inspector's employer shall be liable in any manner for any personal injury or property 
damage or a loss of any kind arising from or connected with this inspection.
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ARTICLE WA-9000
GLOSSARY

WA-9100 INTRODUCTION
This Article defines selected terms used in this Division.

The definitions in this Glossary shall prevail should a
conflict existwith definitions found elsewhere in this Divi-
sion or other documents referenced in this Division.
Unless defined below, the definitions of Article NCA‐
9000 shall apply.

WA-9200 DEFINITIONS
Authorized Nuclear Inspector: an Authorized Nuclear
Inspector is an employee of an Authorized Inspection
Agency who has qualifications for and has been properly
qualified for Division 3.
Authorized Nuclear Inspector Supervisor: an Authorized
Nuclear Inspector Supervisor is anemployeeof anAuthor-
ized Inspection Agency who has been assigned by that
agency to oversee and direct the work of one or more
AuthorizedNuclear Inspectors andwho has qualifications
for and has been properly qualified for Division 3.
Class ISS: the Division 3 classification assigned to internal
support structures.
Class SC: the Division 3 classification assigned to storage
containments.
Class TC: theDivision3 classification assigned to transpor-
tation containments.
Code Class: the classification, specified in the Design Spec-
ification, which establishes the rules for design and
construction of items.
component: a containment or internal support structure
that is designed, constructed, and stamped in accordance
with the rules of Division 3.
construction (as used in Division 3): an all‐inclusive term
comprising materials, design, fabrication, examination,
testing, inspection, and certification required in themanu-
facture of an item.
containment: an enclosure that serves as a barrier for
spent nuclear fuel or high-level radioactive material
within a prescribed volume for transportation or storage.
containment closure weld: a weld made to close the
containment after spent nuclear fuel or high-level radio-
active material has been loaded into the containment.

Containment Systems: a collective term for one or more
components whose construction requirements are
addressed by Division 3. Division 3 does not require
nor prohibit any Containment System component to be
used in conjunction with another Containment System
component.
Design Documents:documents used to establish thedesign
requirements, which include those criteria, parameters,
bases, or other design requirements upon which detailed
final design is based. For this Division, these include the
Design Specifications and any other documents refer-
enced by them. Additionally, Design Documents are the
output of the above and provide the technical description
of the item; these include Certified Design Reports, draw-
ings, calculations, and Fabrication Specifications.
Design Specification (Division 3): a document prepared by
the N3 Certificate Holderwhich provides a complete basis
for design in accordance with this Division.
disposal: thepermanent placementof spent nuclear fuel or
high-level radioactive material in a repository.
energy-limited dynamic event: a time-dependent, nonre-
peating event characterized by an impact or other
mechanical loading with a known level of energy content.
examination: specific actions by qualified personnel using
qualified procedures to verify that items and fabrication
processes are in conformance with specified require-
ments. This term, when used in conjunction with qualifi-
cation of personnel to perform quality‐related activities,
shall mean a written examination.
Fabrication Specification:adocument, or setofdocuments,
prepared by the N3 Certificate Holder that establishes the
requirements for fabrication.
functionality: the ability of a Division 3 component to
perform its specified function, including mechanical
motion if appropriate, when subjected to its intended
prescribed service, considering all Design and Service
Loadings.
Inspector: the Authorized Nuclear Inspector as defined in
WA-5123.
internal support structure: a componentusedwithin trans-
portation or storage containments that performs a combi-
nation of structural and configuration control and other
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functions as described by the Design Specification (e.g.,
heat transfer and criticality).
item: a product constructed under a Certificate of Author-
ization (see WA-3120) or material (see WA-1220).
Lowest Service Temperature (LST): the lowest tempera-
ture that the metal may experience in service as detailed
in the Design Specification.
material: for Section III, Division 3, metallic materials
manufactured to an SA, SB, SFA, or any other material
specification permitted by this Division.
modification: a change to an item made necessary by, or
resulting in, a change in design requirements.
N3 Certificate Holder (Division 3): the organization that
causes a Design Specification, Design Report, and Fabrica-
tion Specification to be developed. This organization
assumes responsibility for Code compliance with
respect to materials, design, fabrication, examination,
testing, inspection, certification, and stamping of items
constructed to the requirements of this Division.
Owner: the organization that takes legal ownership of a
Division 3 component.
qualified source material: metallic products produced by
anapprovedsupplier,MaterialOrganization, orCertificate
Holder in accordance with the requirements of WA-3800,
or the output of the qualification process requirements of
NCA-4255.5.
quality control: measurement of the characteristics of an
item or process to determine conformance to specified
requirements.
Quality System Certificate: a Certificate issued by the
Society that permits an organization to perform specified
Material Organization activities in accordance with Code
requirements.
regulatory authority: a Federal Government Agency, such
as the United States Nuclear Regulatory Commission,
empowered to issue and enforce regulations concerning
thedesign and construction of components used for trans-
portation and/or storage of spent nuclear fuel and high-
level radioactive material.
shop drawings: drawings which describe fabrication
details, physical dimensions, arrangements, and any
significant engineering features needed to establish

conformance to the Fabrication Specification, and this
Division.
source material: metallic products used by a Material
Organization or Certificate Holder in a product form
conversion process in the manufacture of material
[see NCA-4251.2(a)(1)], or in a qualification process
based on test and examination to the requirements of
the material specification [see NCA-4255.5(a)(2) and
(3)]. Source material may be qualified or unqualified.
special process: a process, the results of which are highly
dependent on the control of the process or skill of the
operator, or both.
storage: the interim placement of spent nuclear fuel or
high-level radioactive material in a Section III, Division
3, Class SC containment in accordance with specified re-
quirements.
supplier: any individual or organization that furnishes
materials or services in accordance with a procurement
document.
survey: a documented evaluation of an organization’s
ability to perform Code activities as verified by a deter-
mination of the adequacy of the organization’s quality
program and by a review of the implementation of
that program at the location of the work.
testing: an element of verification for the determination of
the capability of an itemtomeet specified requirementsby
subjecting the item to a set of physical, chemical, envir-
onmental, or operating conditions.
traceability: the ability to verify the history, location, or
application of an itembymeans of recorded identification.
transportation: the conveyance of spent nuclear fuel or
high-level radioactive material over public access
routes in a Section III, Division 3, Class TC containment
in accordance with specified requirements.
unqualified source material: sourcematerial not produced
by a Certificate Holder, Material Organization, or
approved supplier in accordance with the requirements
of WA-3800.
use‐as‐is: only applicable requirements of this Division
have been met.
verification: a review to ensure that activities have been
performedanddocumented inaccordancewithapplicable
requirements.
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SUBSECTION WB
CLASS TC TRANSPORTATION

CONTAINMENTS

ARTICLE WB-1000
INTRODUCTION

WB-1100 SCOPE

(a) Subsection WB contains rules for the material,
design, fabrication, examination, testing, marking,
stamping, and preparation of reports by the Certificate
Holder for Class TC transportation containments for
spent nuclear fuel and high-level radioactive material.

(b) The rules of Subsection WB cover the strength and
containment integrity of items where their failure could
breach the containment boundary. The rules cover load
stressesbutdonot coverdeteriorationwhichmayoccur in
service as a result of corrosion, radiation effects, or
instability of containment materials. WA-1130 further
limits the rules of this Subsection.

WB-1120 LIMITS OF RULES FOR CLASS TC
TRANSPORTATION CONTAINMENTS

(a) Subsection WB does not contain rules to cover all
details of construction of Class TC containments. Where
complete details are not provided in this Subsection, it is
intended that the N3 Certificate Holder, subject to review
by the Inspector (see Article WA-5000), shall provide the
details of constructionwhichwill be consistentwith those
provided by the rules of this Subsection.

(b) Valves, classified as part of the containment by the
Design Specification, shall be classified as Class 1 and shall
meet the requirements of Division 1 in lieu of all other
requirements of this Division.

WB-1130 BOUNDARIES OF JURISDICTION

WB-1131 Boundary of Containments

The Design Specification shall define the boundary of a
containment. The containment includes thevessel andany
penetrations attached to the vessel.

WB-1132 Boundary Between a Containment and
Attachments

WB-1132.1 ð23ÞAttachments.

(a) An attachment is an element in contact with or
connected to the inside or outside of a containment.

(b) Attachments may have a containment or noncon-
tainment function.

(1) Attachments with a containment function
include items such as stiffeners, containment opening re-
inforcement, and weld buildup.

(2) Attachments with a noncontainment function
include items such as

(-a) internal support structures or other perma-
nent structures within the containment

(-b) support and shear lugs, brackets, trunnions,
skirts, and other items in the support load path

(c) Attachments may also have either a structural or a
nonstructural function.

(1) Attachments with a structural function (i.e.,
structural attachments) meet at least one of the following
criteria:

(-a) They perform a containment function.
(-b) They are internal support structures or other

permanent structures within the containment.
(-c) They are in the load path.

(2) Attachments with a nonstructural function (i.e.,
nonstructural attachments)

(-a) do not perform a containment function
(-b) are not in the support load path
(-c) may be permanent or temporary

Nonstructural attachments include items such as
nameplates or lifting lugs used to handle an empty
containment.

WB-1132.2 ð23ÞJurisdictional Boundary. The jurisdictional
boundary between a containment and an attachment
defined in the Design Specification shall not be any
closer to the containment than as defined in (a)
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through (g) below. FigureWB-1132.2-1 is provided to aid
in defining the boundary and construction requirements
of this Subsection.

(a) Attachments forged with the containment or weld
buildup on the containment surface shall be considered
part of the containment.

(b) Attachments,welds, and fastenershavingacontain-
ment function shall be consideredpart of the containment.

(c) Except as provided in (d) and (e) below, the
boundary between a containment and an attachment
not having a containment function shall be at the
surface of the containment.

(d) The first connectingweldof a structural attachment
that doesnot performacontainment function to a contain-
ment shall be considered part of the containment if the

weld is within 2t of the shell wall, where t is the
nominal thickness of the containment shell material.
Beyond 2t from the shell wall, the first weld shall be
considered part of the attachment.

(e) The first connectingweld of awelded nonstructural
attachment to a containment shall be considered part of
the attachment. At orwithin 2t from the containment shell
wall, the first connecting weld shall conform toWB-4430.

(f) Mechanical fasteners used to connect an attachment
that does not perform a containment function to the
containment shall be considered part of the attachment.

(g) The boundary may be located further from the
containment portion of the containment than as
defined in (a) through (f) above when specified in the
Design Specification.

Figure WB-1132.2-1
ð23Þ Jurisdictional Boundary Between Containment and Internal Support Structure, Including Attachments

1 Jurisdictional boundary (heavy line).

2 Containment shell shall conform to Subsection
WB requirements.

3 Boundary of the containment.

4 Weld or material buildup shall conform to
Subsection WB requirements as appropriate.

5 At or within 2t from the boundary of the
containment, the first connecting weld shall
conform to Subsection WB requirements as
appropriate.

6 Beyond 2t from the boundary of the containment
or beyond the first connecting weld, the
attachment or weld shall conform to Subsection
WD requirements, except for containment
attachments as noted in item 10 below.

7 Structural attachment connections that do not
perform a containment function shall conform to
Subsection WD requirements.

8 At or within 2t from the boundary of the
containment, the interaction effects of the
attachment shall conform to Subsection WB
requirements as appropriate.

9 Drilled or threaded holes through the boundary of
the containment and into the containment shall
conform to Subsection WB requirements as
appropriate.

10 Attachments on the containment shell, internal or
external, that do not perform a containment
function shall conform to Subsection WB
requirements in WB-2190 and WB-4430.

1

2

3

4

5

6

7

5

9

10

6

8

6

6

1

2 t

10

2 t

5

GENERAL NOTES:
(a) This figure is intended to show jurisdictional concepts, not recommended configurations.
(b) The containment shell shall conform to SubsectionWB requirements. Additional requirements for the regionwithin 2t from the boundary of

the containment, where t is the thickness of the containment at the location of interest, can be found in WB-2190 and WB-3135.
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ARTICLE WB-2000
MATERIAL

WB-2100 GENERAL REQUIREMENTS FOR
MATERIAL

WB-2110 SCOPE OF PRINCIPAL TERMS
EMPLOYED

(a) The term material as used in this Subsection is
defined in Article WA-9000. The term Material Organiza-
tion is defined in Article NCA‐9000.

(b) The term containment material as used in this
Subsection applies to items such as containment shells
and heads; reinforcement around openings and penetra-
tions such as leak testing and drainage ports, and struc-
tural reinforcements required by design to maintain
structural integrity.

(c) The requirements of this Article make reference to
the term thickness t. For the purpose intended, the
following definitions of nominal thickness apply.

(1) plate: the thickness is the dimension of the short
transverse direction.

(2) forgings: the thickness is the dimension defined
as follows:

(-a) hollow forgings: the nominal thickness is
measured between the inside and outside surfaces
(radial thickness)

(-b) disk forgings (axial length less than theoutside
diameter): the nominal thickness is the axial length

(-c) flat ring forgings (axial length less than the
radial thickness): for axial length ≤2 in. (50 mm), the
axial length is the nominal thickness. For axial length
>2 in. (50 mm), the radial thickness is the nominal thick-
ness.

(-d) rectangular solid forgings: the least rectan-
gular dimension is the nominal thickness

(3) castings: thickness for fracture toughness testing
and heat treatment purposes is defined as the wall thick-
ness of the containment.

WB-2120 CONTAINMENT MATERIAL

WB-2121ð23Þ Permitted Material Specifications

(a) Containmentmaterial andmaterialwelded thereto,
except as permitted in WB-4435, and except for welding
and hard surfacing metals and cladding which is 10% or
less of the thickness of the base material (see WB-3122),
shall conform to the requirements of one of the specifica-

tions formaterial given in Section II, Part D, Tables 2A, 2B,
and4, including all applicable footnotes in the table, and to
all of the special requirements of this Article which apply
to the product form in which the material is used. As an
additional control, only the following materials shall be
used:

(1) materials whose P-Numbers are listed in
Table WB-4622.1-1

(2) ductile cast iron castings per specifications
SA-874 or SA/JIS G5504

(b) The requirements of this Article do not apply to
seals and gaskets.

(c) Material for instrument line fittings, NPS 1 (DN 25)
and less, may be of material made to specifications other
than those listed in Section II, Part D, Tables 2A and 2B,
provided that the material is determined to be adequate
for the service conditions.

(d) Welding material used in the manufacture of items
shall complywith an SFA specification in Section II, Part C,
except as otherwise permitted in Section IX, and shall also
comply with the applicable requirements of this Article.
The requirements of this Article do not apply to material
used as backing rings or backing strips in welded joints.

WB-2122 Special Requirements Conflicting With
Permitted Material Specifications

Special requirements stipulated in this Article shall
apply in lieu of the requirements of the material specifi-
cationwherever the special requirements conflictwith the
material specification requirements (NCA‐4256). Where
the special requirements include an examination, test, or
treatment which is also required by the material specifi-
cation, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in WB-2500. Any examination, repair, test, or treat-
ment required by the material specification or by this
Article may be performed by the Material Organization
or the Certificate Holder as provided in WB-4121. Any
hydrostatic or pneumatic pressure test required by a
material specification need not be performed, provided
the material is identified as not having been pressure
tested and it is subsequently pressure tested as part of
the containment pressure test in accordance with
WB-6100, except where the location of the material in
the component or the installation would prevent
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performing any nondestructive examination required by
the material specification to be performed subsequent to
the hydrostatic or pneumatic test.

(a) The stress rupture test of SA-453 and SA-638 for
Grade 660 (UNS S66286) is not required for design
temperatures of 800°F (427°C) and below.

WB-2123 Size Ranges

Material outside the limits of size or thickness given in
any specification in Section IImaybeused if thematerial is
in compliance with the other requirements of the speci-
fication and no size limitation is given in the rules for
construction. In those specifications in which chemical
composition or mechanical properties are indicated to
vary with size or thickness, anymaterial outside the spec-
ification range shall be required to conform to the compo-
sition and mechanical properties shown for the nearest
specified range (NCA‐4256).

WB-2124 Fabricated Hubbed Flanges

Fabricated hubbed flanges shall be in accordance with
the following:

(a) Hubbed flanges may be machined from a hot rolled
or forged billet. The axis of the finished flange shall be
parallel to the long axis of the original billet. (This is
not intended to imply that the axis of the finished
flange and the original billet must be concentric.)

(b) Hubbed flanges, except as permitted in (a) above,
shall not be machined from plate or bar stock material
unless the material has been formed into a ring, and
further provided that:

(1) in a ring formed from plate, the original plate
surfaces are parallel to the axis of the finished flange
(this is not intended to imply that the original plate
surface must be present in the finished flange);

(2) the joints in the ring are welded butt joints that
conform to the requirements of this Division. Thickness to
be used to determine postweld heat treatment and radio-
graphy requirements shall be the lesser of t, or (A − B)/2,
where these symbols are as defined in Section III Appen-
dices, Mandatory Appendix XI, XI-3130.

(c) The back of the flange and the outer surface of the
hub shall be examined by themagnetic particlemethod or
the liquid penetrantmethod in accordancewithWB-2540
to ensure that these surfaces are free from defects.

WB-2125 Bolting Material

(a) Material for bolts and studs shall conform to the
requirements of one of the specifications listed in
Section II, Part D, Subpart 1, Table 4. Material for nuts
shall conform to SA-194 or to the requirements of one
of the specifications for nuts or bolting listed in
Section II, Part D, Subpart 1, Table 4.

(b) The use of washers is optional. When used, they
shall be made of wrought material with mechanical prop-
erties compatible with the nuts with which they are to be
employed.

WB-2126 Ductile Cast Iron for Containment

The containment body shall be cast by a single pouring
controlled by a casting plan to ensure reproducibility. The
casting plan shall be agreed upon between the manufac-
turer and purchaser and shall become a lifetime quality
assurance record in accordance with WA-4134.

WB-2127 Additional Requirements When Strain-
Based Acceptance Criteria Have Been
Implemented

In order to satisfy the strain-based acceptance criteria
of WB-3700 regarding sufficient ductility, all material
specified to beused in the constructionof the containment
and implementing the strain-based acceptance criteria
shall meet the requirements of Section III Appendices,
Nonmandatory Appendix FF, FF-1122, and FF-1140(a)
orFF-1140(b).Assuranceof satisfying these requirements
shall bedocumented in the finalDesignReport.PerSection
III Appendices, Nonmandatory Appendix FF, FF-1140(a),
when temperature-dependent material test data are not
available, the Certified Material Test Report(s) shall
include reduction of area values in order to have the nec-
essary data to ensure sufficient material ductility. This
requirement is only necessary when strain-based accep-
tance criteria have been employed in the design of the
containment.

WB-2130 CERTIFICATION OF MATERIAL

All material used in construction of containments shall
be certified as required in NCA‐3860. Certified Material
Test Reports are required for containment material
except as provided by NCA‐3860. A Certificate of Compli-
ance may be provided in lieu of a Certified Material Test
Report for all other material. Copies of all Certified Mate-
rial TestReports andCertificatesof Complianceapplicable
to material used in a containment shall be furnished with
the material.

WB-2140 WELDING MATERIAL

For the requirements governing thematerial to be used
for welding, see WB-2400.

WB-2150 MATERIAL IDENTIFICATION

The identification of containment material and mate-
rials welded thereto shall meet the requirements of
NCA‐4256. Material for small items shall be controlled
during manufacture and installation of a component so
that they are identifiable as acceptable material at all
times. Welding material shall be controlled during the
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repair ofmaterial and themanufacture and installation so
that they are identifiable as acceptable until thematerial is
actually consumed in the process (see WB-4122).

WB-2160 DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is generally outside the scope of this Subsection.
It is the responsibility of theN3CertificateHolder to select
material suitable for the conditions stated in the Design
Specifications (see WA-3351), with specific attention
being given to the effects of service conditions upon
the properties of the material. Any special requirement
shall be specified in the Design Specifications (see
WA-3351 and WB-3120). When so specified, the check
analysis shall be made in accordance with the base
metal specification and in accordance with WB-2420
for the welding material.

WB-2170 HEAT TREATMENT TO ENHANCE
IMPACT PROPERTIES

Carbon steels and low alloy steels may be heat treated
by quenching and tempering to enhance their impact
properties. Postweld heat treatment of the component
at a temperature of not less than 1,100°F (595°C) may
be considered to be the tempering phase of the heat treat-
ment.

WB-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

When heat treating temperature or time is required by
thematerial specification and the rules of this Subsection,
the heat treating shall be performed in temperature‐
surveyed and temperature‐calibrated furnaces or shall
be performed with thermocouples in contact with the
material or attached to blocks in contactwith thematerial.
Heat treating shall be performed under furnace loading
conditions such that the heat treatment is in accordance
with the material specification and the rules of this
Subsection.

WB-2190 MATERIAL NOT PERFORMING A
CONTAINMENT FUNCTION

Material not performing a containment functionwelded
at or within 2t of the containment shall comply with the
requirements of WB-4430.

WB-2200 MATERIAL TEST COUPONS AND
SPECIMENS FOR FERRITIC STEEL
MATERIALANDDUCTILECAST IRON

WB-2210 HEAT TREATMENT REQUIREMENTS

WB-2211 Test Coupon Heat Treatment for Ferritic
Material

Where ferritic steel material is subjected to heat treat-
ment during fabrication of a containment, the material
used for the tensile and impact test specimens shall be
heat treated in the same manner as the containment,
except that test coupons and specimens for P‐No. 1 mate-
rial with a nominal thickness of 2 in. (50 mm) or less are
not required to be so heat treated. The Certificate Holder
shall provide theMaterial Organizationwith the tempera-
ture and heating and cooling rate to be used. In the case of
postweld heat treatment, the total time at temperature or
temperatures for the test material shall be at least 80% of
the total time at temperature or temperatures during
actual postweld heat treatment of the material, and the
total time at temperature or temperatures for the test
material, coupon, or specimen may be performed in a
single cycle. Any postweld heat treatment time, which
is anticipated to be applied to the material or item
after it is completed, shall be specified in the Design Spec-
ification. The Certificate Holder shall include this time in
the total time at temperature specified to be applied to the
test specimens.

WB-2212 Test Coupon Heat Treatment for
Quenched and Tempered Material

WB-2212.1 CoolingRates.Where ferritic steelmaterial
is subjected to quenching from the austenitizing tempera-
ture, the test coupons representing that material shall be
cooled at a rate similar to andno faster than themain body
of the material except in the case of certain forgings (see
WB-2223.2). This rule shall apply to coupons taken
directly from the material as well as to separate test
coupons representing the material, and one of the
general procedures described in WB-2212.2 or one of
the specific procedures described in WB-2220 shall be
used for each product form.

WB-2212.2 General Procedures. One of the general
procedures stipulated in (a), (b), and (c) below may be
applied to quenched and tempered material or test
coupons representing the material, provided the speci-
mens are taken relative to the surface of the product
in accordance with WB-2220. Further specific details
of the methods to be used shall be the obligation of
the Material Organization and the Certificate Holder.

(a) Any procedure may be used which can be demon-
strated to produce a cooling rate in the testmaterialwhich
matches the cooling rate of themainbodyof theproduct at
the regionmidway betweenmidthickness and the surface
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(1∕4t) and no nearer any heat-treated edge than a distance
equal to the nominal thickness t being quenched within
25°F (14°C) and 20 sec at all temperatures after cooling
begins from the austenitizing temperature.

(b) If cooling rate data for thematerial and cooling rate
control devices for the test specimens are available, the
test specimensmay be heat treated in the device to repre-
sent thematerial, provided that theprovisionsof (a) above
are met.

(c) When any of the specific procedures described in
WB-2220areused, faster cooling rates at the edgesmaybe
compensated for by:

(1) taking the test specimens at least t from a
quenched edge, where t equals the material thickness;

(2) attaching a steel pad at least t wide by a partial
penetration weld (which completely seals the buffered
surface) to the edge where specimens are to be
removed; or

(3) using thermal barriers or insulation at the edge
where specimens are to be removed. It shall be demon-
strated (and this information shall be included in theCerti-
fied Material Test Report) that the cooling rates are
equivalent to (a) or (b) above.

WB-2213 Test Coupon Heat Treatment for Ductile
Cast Iron

The tensile and impact coupon shall receive the same
heat treatment as the casting.

WB-2220 PROCEDURE FOR OBTAINING TEST
COUPONS AND SPECIMENS FOR
QUENCHED AND TEMPERED MATERIAL
AND FOR DUCTILE CAST IRON

WB-2221 General Requirements

The procedure for obtaining test coupons and speci-
mens for quenched and tempered material is related
to the product form. Coupon and specimen location
and thenumberof tension test specimensshall be inaccor-
dance with the material specifications, except as required
by the following paragraphs. References to dimensions
signify nominal values.

WB-2222 Plates

WB-2222.1 Number of Tension Test Coupons. The
number of tension test coupons required shall be in accor-
dance with the material specification and with SA-20,
except that from carbon steel plates weighing 42,000
lb (19000 kg) and over and alloy steel plates weighing
40,000 lb (18 000 kg) and over, two tension test
coupons shall be taken, one representing the top end
of the plate and one representing the bottom end of
the plate.

WB-2222.2 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have
their longitudinal axes at least 1∕4t from a rolled
surface and with the midlength of the specimen at
least t from any heat-treated edge, where t is the
nominal thickness of the material.

WB-2222.3 Requirements for Separate Test Coupons.
Where a separate test coupon is used to represent the
component material, it shall be of sufficient size to
ensure that the cooling rate of the region from which
the test coupons are removed represents the cooling
rate of the material at least 1∕4t deep and t from any
edge of the product. Unless cooling rates applicable to
the bulk pieces or product are simulated in accordance
with WB-2212.2(b), the dimensions of the coupon shall
be not less than 3t × 3t × t, where t is the nominal material
thickness.

WB-2223 Forgings

WB-2223.1 Location of Coupons. Coupons shall be
taken so that specimens shall have their longitudinal
axes at least 1∕4t from any surface and with the midlength
of the specimens at least t from any second surface, where
t is themaximumheat-treated thickness. A thermal buffer
as described in WB-2212.2(c) may be used to achieve
these conditions, unless cooling rates applicable to the
bulk forgings are simulated as otherwise provided in
WB-2212.2.

WB-2223.2 Very Thick or Complex Forgings. Test
coupons for forgings that are very thick or complex
and other forgings that are contour shaped or machined
to essentially the finished product configuration prior to
heat treatment may be removed from prolongations or
other stock provided on the product. The Certificate
Holder shall specify the surfaces of the finished
product subjected to high tensile stresses in service.
The coupons shall be taken so that specimens shall
have their longitudinal axes at a distance below the
nearest heat-treated surface, equivalent at least to the
greatest distance that the indicated high tensile stress
surface will be from the nearest surface during heat treat-
ment, andwith themidlengthof the specimensaminimum
of twice this distance from a second heat-treated surface.
In any case, the longitudinal axes of the specimens shall
not be nearer than 3∕4 in. (19 mm) to any heat-treated
surface and the midlength of the specimens shall be at
least 11∕2 in. (38 mm) from any second heat-treated
surface.

WB-2223.3 Coupons From Separately Produced Test
Forgings. Test coupons representing forgings from one
heat and one heat treatment lotmay be taken froma sepa-
rately forged piece under the conditions given in (a)
through (e) below.
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(a) Theseparate test forging shall beof the sameheatof
material and shall be subjected to substantially the same
reduction and working as the production forging it repre-
sents.

(b) The separate test forging shall beheat treated in the
same furnace charge andunder the same conditions as the
production forging.

(c) The separate test forging shall be of the same
nominal thickness as the production forging.

(d) Test coupons for simple forgings shall be taken so
that specimens shall have their longitudinal axes at the
region midway between midthickness and the surface,
and with the midlength of the specimens no nearer
any heat-treated edge than a distance equal to the
forging thickness, except when the thickness–length
ratio of the production forging does not permit, in
which case a production forging shall be used as the
test forging and the midlength of the specimens shall
be at the midlength of the test forging.

(e) Test coupons for complex forgings shall be taken in
accordance with WB-2223.2.

WB-2223.4 Test Specimens for Forgings. When test
specimens for forgings are to be taken under the appli-
cable specification, the Inspector shall have the option
of witnessing the selection, placing an identifying
stamping on them, and witnessing the testing of these
specimens.

WB-2224 Location of Coupons

(a) Bars. Coupons shall be taken so that specimens shall
have their longitudinal axes at least 1∕4t fromtheoutside or
rolled surface and with the midlength of the specimens at
least t from a heat-treated end, where t is either the bar
diameter or thickness.

(b) Bolting. For boltingmaterials, tests shall bemade of
either full‐size bolts or test coupons as required by the
base specification. The gage length of the tension speci-
mens and the area under the notch of Charpy specimens
shall be at least one diameter or thickness from the heat-
treated end.

WB-2225 Tubular Products and Fittings

WB-2225.1 Location of Coupons. Coupons shall be
taken so that specimens shall have their longitudinal
axes at least 1∕4t from the inside or outside surface and
with the midlength of the specimens at least t from a
heat-treated end, where t is the nominal wall thickness
of the tubular product.

WB-2225.2 Separately Produced Coupons Repre-
senting Fittings. Separately produced test coupons repre-
senting fittings may be used. When separately produced
coupons are used, the requirements ofWB-2223.3 shall be
met.

WB-2226 Tensile Test Specimen Location for
Ductile Cast Iron

Tensile specimens shall be taken from each contain-
ment casting or its excess length part that has the
same or equivalent solidification property. The location
shall be near the center of the thickness and shall be
at a distance from the end of the excess length part
that is not less thanone-half of themaximumcasting thick-
ness. The excess length part shall be at least the same
thickness as the maximum casting thickness.

WB-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

WB-2310 MATERIAL TO BE TOUGHNESS TESTED

WB-2311 Material for Which Toughness Testing Is
Required

(a) Containment material andmaterial welded thereto
shall be toughness tested in accordance with the require-
ments of this subarticle, except that the material listed in
(1) through (7) below is not to be toughness tested as a
requirement of this Subsection:

(1) material with a nominal section thickness of 3∕16
in. (5mm)and lesswhere the thicknesses shall be taken as
defined in (-a) through (-c) below:

(-a) for containments, use the nominal thickness
of the shell or head, as applicable;

(-b) for items welded to containments, use the
lesser of the containment shell thickness to which the
item is welded or the maximum radial thickness of the
item exclusive of integral shell butt welding projections;

(-c) for flat heads or flanges, use the maximum
shell thickness associated with the butt welding hub;

(2) bolting, including studs, nuts, and bolts, with a
nominal size of 1 in. (25 mm) and less;

(3) bars with a nominal cross‐sectional area of 1 in.2
(650 mm2) and less;

(4) all thicknesses of material for fittings with an
NPS 6 (DN 150) diameter and smaller;

(5) material for fittings with all pipe connections of
5∕8 in. (16 mm) nominal wall thickness and less;

(6) austenitic stainless steels, including precipita-
tion hardened austenitic Grade 660 (UNS S66286);

(7) nonferrous material.
(b) Dropweight tests are not required for precipitation

hardening steels listed in Section II, Part D, Subpart 1,
Table 2A. The other requirements of WB-2332 apply
for these steels. For nominal wall thicknesses greater
than 21∕2 in. (64 mm), the required Charpy V‐notch
values shall be 40 mils (1.02 mm) lateral expansion.
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WB-2320 IMPACT TEST PROCEDURES

WB-2321 Types of Tests

WB-2321.1 Drop Weight Tests. The drop weight test,
when required, shall be performed in accordance with
ASTM E208. Specimen types P‐1, P‐2, or P‐3 may be
used. The results, orientation, and location of all tests
performed to meet the requirements of WB-2330 shall
be reported in the Certified Material Test Report.

WB-2321.2ð23Þ Charpy V‐Notch Tests.The Charpy V‐notch
test (Cv),when required, shall be performed in accordance
with SA-370 . Specimens shall be in accordance with
SA-370, Figure 11, Type A. A test shall consist of a set
of three full‐size 0.394 in. × 0.394 in. (10 mm × 10
mm) specimens and meet the requirements of
WB-2330. When the material being tested is expected
to exceed 80% of the testingmachine’s full-scale capacity,
standard subsize specimens may be used as permitted in
SA-370. When subsize specimens are used, the average
lateral expansion and absorbed energy results shall be
a minimum of 50 mils (1.27 mm) and 75 ft-lb (100 J),
respectively. The test location, orientation, size, test
temperature, lateral expansion, and absorbed energy
shall be reported in the Certified Material Test Report.

WB-2321.3 Fracture Toughness Tests. Fracture tough-
ness tests, when required, shall be performed in accor-
dance with ASTM E399. The tests shall be performed
at the lowest service temperature (LST). A test shall
consist of two test specimens.

WB-2321.4 Dynamic Tear Test.The dynamic tear tests,
when required, shall be performed in accordance with
ASTM E604. The tests shall be performed at the LST. A
test shall consist of two test specimens.

WB-2322 Test Specimens
WB-2322.1 Location of Test Specimens.

(a) Toughness test specimens for quenched and
tempered material shall be removed from the locations
in each product form specified in WB-2220 for tensile
test specimens. For material in other heat-treated condi-
tions, toughness test specimens shall be removed from the
locations specified for tensile test specimens in the mate-
rial specification. For allmaterial, thenumberof tests shall
be in accordancewithWB-2340. For bolting, the Cv tough-
ness test specimen shall be taken with the longitudinal
axis of the specimen located at least one‐half radius or
1 in. (25mm) below the surface plus themachining allow-
ance per side, whichever is less. The fracture plane of the
specimens shall be at least one diameter or thickness from
theheat-treated end.When the studs, nuts, or bolts arenot
of sufficient length, themidlength of the specimen shall be
at themidlengthof the studs, nuts, orbolts. The studs, nuts,
or bolts selected to provide test coupon material shall be
identical with respect to the quenched contour and size

except for length, which shall equal or exceed the length of
the represented studs, nuts, or bolts.

(b) For fracture toughness requirements, toughness
test specimens for ductile cast iron shall be taken from
each containment casting or its excess length part. The
location shall be the sameas that for the tensile specimens.

WB-2322.2 Orientation of Toughness Test Specimens.

(a) Toughness test specimens shall be oriented as
follows:

(1) Specimens for forgings, other than bolting and
barsused for containments, shall beoriented inadirection
normal to theprincipal direction inwhich thematerialwas
worked. Specimens are neither required nor prohibited
from the thickness direction.

(2) Specimens from material for pipe, tube, and
fittings, except for those made from plate and castings,
shall be oriented in the axial direction.

(3) Specimens from bolting material and bars shall
be oriented in the axial direction.

(4) Specimens for all plate material, including that
used forpipe, tube, and fittings, shall beoriented inadirec-
tion normal to the principal rolling direction, other than
thickness direction.

(5) Specimens for cast material shall have their axes
oriented the same as the axes of the tensile specimens (see
WB-2226).

(6) The plane of the toughness test specimen notch
shall benormal to the surface of thematerial. However, for
ductile cast iron, the fracture toughness specimenorienta-
tion shall be L-R, as identified in ASTM E399, Fig. 1 (Crack
Plane Identifications for Cylindrical Bars and Tubes).

(b) Specimens for drop weight tests may have their
axes oriented in any direction. The orientation used
shall be reported in the Certified Material Test Report.

WB-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS5

WB-2331 Material for Containments

WB-2331.1 Test Requirements for Ferritic Steel Mate-
rial for Containments. Ferritic steel material for contain-
ments, other than bolting, shall be tested in accordance
with (a) and (b), (c), or (d) below. Consideration shall
be given to the test temperature requirements of leak
testing and hydrostatic testing of the containment (see
WB-6212).

(a) Formaterial with a nominal section between 3∕16 in.
(5 mm) and 5∕8 in. (16 mm) thick, the dynamic tear test
shall exhibit at least 80% shear fracture at the LST. For
material of 5∕8 in. (16 mm) and more but not exceeding 12
in. (300 mm) thick, the reference temperature, RTNDT,
shall be established as follows:

(1) Determine a temperature TNDT that is at or above
the nil‐ductility transition temperature by drop weight
tests.
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(2) At a temperature not greater than TNDT + 60°F
(TNDT + 33°C), each specimen of the Cv test (see
WB-2321.2) shall exhibit at least 35 mils (0.89 mm)
lateral expansion andnot less than50 ft-lb (68 J) absorbed
energy. Retesting in accordance with WB-2350 is
permitted. When these requirements are met, TNDT is
the reference temperature RTNDT.

(3) In the event that the requirements of (2) above
are not met, conduct additional Cv tests in groups of three
specimens (see WB-2321.2) to determine the tempera-
ture Tc at which they are met. In this case the reference
temperature RTNDT = Tc − 60°F (RTNDT = Tc − 33°C). Thus,
the reference temperatureRTNDT is the higher of TNDT and
(Tc − 60°F) (Tc − 33°C).

(4) When a Cv test has not been performed at TNDT
+ 60°F (TNDT + 33°C), or when the Cv test at TNDT + 60°F
(TNDT+33°C), doesnot exhibit aminimumof50 ft-lb (68 J)
and 35 mils (0.89 mm) lateral expansion, a temperature
representingaminimumof50 ft-lb (68 J) and35mils (0.89
mm) lateral expansion may be obtained from a full Cv
impact curve developed from the minimum data points
of all the Cv tests performed.

(b) Apply theproceduresof (a) above to (1), (2), and (3)
below.

(1) the containment base materials,6
(2) the base material, the heat-affected zone, and

weld metal from the weld procedure qualification tests
in accordance with WB-4330;

(3) the weld metal of WB-2431.
(c) For materials where fracture toughness values are

determined in accordance with WB-2321.3 the measured
fracture toughness shall be reported in the CertifiedMate-
rial Test Report.

(d) Bars having a width or diameter of 2 in. (50 mm)
and less which prohibit obtaining drop weight test speci-
mens shall be tested in accordance with WB-2332.

WB-2331.2 Acceptance Standards for Ferritic Steel
Material for Containments. Except as limited in
WB-4330, the reference temperature RTNDT shall be

the highest value of the individual RTNDT values deter-
mined in accordance with WB-2331 .1(a) and
WB-2331.1(b). If applicable, the containment base mate-
rials shall be tested to determine the fracture toughness in
accordance with WB-2321.3. The results shall meet the
acceptance standards of either (a) or (b) below.

(a) For materials not exceeding 12 in. (305 mm), the
reference temperatureRTNDT shall satisfy the value ofA in
accordance with Table WB-2331.2-1 where A = LST −
RTNDT.

(b) For materials not exceeding 4 in. (100 mm), the
rapid‐load fracture toughness of the base material
shall satisfy the required value in TableWB-2331.2-2, and

(1) All full penetration fabrication weld joints are
ultrasonically examined in accordance with WB-5110
and meet the ultrasonic acceptance standards of
WB-5330.

(-a) Rules for fracture toughness requirements
based on fracturemechanicsmethodology are in prepara-
tion.

WB-2331.3 Test Requirements for Ductile Cast Iron for
Containments. A rapid-load fracture toughness test shall
be performed in accordance with WB-2321.3, except that
ASTM E1820 shall be used. A test shall consist of at least
four specimens. The test shall be performed at −40°F
(−40°C).

WB-2331.4 AcceptanceStandards forDuctileCast Iron
for Containments. The rapid-load fracture toughness
value shall satisfy the following inequality at −40°F
(−40°C):

K 3 46 ksi-in. (50 MPa-m )IC R SD,(average)
1/2 1/2

Table WB-2331.2-1
Required LST— RTNDT Values for Ferritic Steel Material

for Containment Material

Nominal Wall Thickness,
in. (mm)

A = LST − RTNDT,
°F (°C)

5∕8 (16) 25 (14)
1 (25) 45 (25)
2 (50) 75 (42)
3 (75) 90 (50)
4 (100) 103 (57)
8 (200) 115 (64)
12 (300) 120 (67)

GENERAL NOTE: Linear interpolation is permissible.

Table WB-2331.2-2
Required Fracture Toughness Values for Ferritic Steel
Material for Containments Having a Specified Yield
Strength of 50 ksi (350000 kPa) or Less at 100°F (38°C)

Nominal Wall Thickness,
in. (mm)

Rapid‐Load Fracture
Toughness,

ksi in. (MPa m )
[Note (1)]

5∕8 (16) 50 (55)
1 (25) 64 (70)
2 (50) 94 (103)
3 (75) 113 (124)
4 (100) 130 (143)

GENERAL NOTE: Linear interpolation is permissible.

NOTE: (1) Measured for test time equal to or less than 10 ms.
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where

KIC,R = rapid-load fracture toughness, ksi-in.1/2
(MPa-m1/2)

σSD = standard deviation, ksi-in.1/2 (MPa-m1/2)

The average value and standard deviation shall be estab-
lished assuming Weibull distribution of the measure-
ments.

WB-2332 Material for Piping, Excluding Bolting
Material

(a) Containment boundary material, other than
bolting, with nominal wall thickness 21∕2 in. (64 mm)
and less for piping (pipe and tubes) and fittings with
all pipe connections of nominal wall thickness 21∕2 in.
(64 mm) and less shall be tested as required in (1)
and (2) below.

(1) Test three Cv specimens at a temperature lower
thanorequal to theLST.All three specimens shallmeet the
requirements of Table WB-2332(a)-1.

(2) Apply the procedures of (1) above to:
(-a) the base material;6
(-b) the base material, the heat-affected zone, and

weld metal from the weld procedure qualification tests in
accordance with WB-4330; and

(-c) the weld metal of WB-2431.
(b) Containment material, other than bolting, with

nominal wall thickness over 21∕2 in. (64 mm) for piping
(pipe and tubes) and fittings with any pipe connections

of nominal wall thickness greater than 21∕2 in. (64 mm)
shall meet the requirements of WB-2331. The LST
shall not be lower than RTNDT + 100°F (RTNDT + 56°C).

WB-2333 Bolting Material

For bolting material, including studs, nuts, and bolts,
test three Cv specimens at a temperature no higher
than the preload temperature or the LST, whichever is
less. All three specimens shall meet the requirements
of Table WB-2333-1.

WB-2340 NUMBER OF TOUGHNESS TESTS
REQUIRED

WB-2341 Plates

One test shall be made from each plate as heat treated.
Where plates are furnished in the nonheat‐treated condi-
tion and qualified by heat-treated test specimens, one test
shall be made for each plate as‐rolled. The term as‐rolled
refers to the plate rolled from a slab or directly from an
ingot, not to its heat-treated condition.

WB-2342 Forgings

(a) Where the weight of an individual forging is less
than 1,000 lb (450 kg), one test shall bemade to represent
each heat in each heat treatment lot.

(b) When heat treatment is performed in a continuous
type furnace with suitable temperature controls and
equipped with recording pyrometers so that complete
heat treatment records are available, a heat treatment
charge shall be considered as the lesser of a continuous
run not exceeding 8 hr duration or a total weight, so
treated, not exceeding 2,000 lb (900 kg).

(c) One test shall bemade for each forging of 1,000 lb to
10,000 lb (450 kg to 4500 kg) in weight.

(d) As an alternative to (c), a separate test forging may
be used to represent forgings of different sizes in one heat
and heat treat lot, provided the test piece is a representa-
tion of the greatest thickness in the heat treat lot.

WB-2343 Bars

One test shall be made for each lot of bars with cross-
sectional area greater than 1 in.2 (650mm2),where a lot is
defined as one heat of material heat treated in one charge
or as one continuous operation, not to exceed 6,000 lb
(2700 kg).

WB-2344 Tubular Products and Fittings

On products which are seamless or welded without
filler metal, one test shall be made from each lot. On
products which are welded with filler metal, one addi-
tional test with the specimens taken from the weld
area shall also be made on each lot. A lot shall be
defined as stated in the applicable material specification,
but in no case shall a lot consist of products from more

Table WB-2332(a)-1
Required Cv Values for Piping

Nominal Wall Thickness,
in. (mm), [Note (1)]

Lateral
Expansion, mils

(mm)
5∕8 (16) or less No test required
Over 5∕8 to 3∕4 (16 to 19) , incl. 20 (0.50)
Over 3∕4 to 11∕2 (19 to 38), incl. 25 (0.64)
Over 11∕2 to 21∕2 (38 to 64), incl. 40 (1.0)

NOTE: (1) For fittings, use the nominal pipe wall thickness of the
connecting piping.

Table WB-2333-1
Required Cv Values for Bolting Material

Nominal Diameter,
in. (mm)

Lateral
Expansion,
mils (mm)

Absorbed Energy,
ft-lb (J)

1 (25) or less No test required No test required
Over 1 to 4 (25 to 100),
incl.

25 (0.64) No requirements

Over 4 (100) 25 (0.64) 45 (61)
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than one heat of material and of more than one diameter,
with the nominal thickness of any product included not
exceeding that to be tested by more than 1∕4 in. (6 mm);
such a lot shall be in a single heat treatment load or in the
same continuous run in a continuous furnace controlled
within a 50°F (28°C) range and equipped with recording
pyrometers.

WB-2345 Bolting Material

One test shall be made for each lot of material, where a
lot is defined as one heat of material heat treated in one
charge or as one continuous operation, not to exceed in
weight the following:

Diameter, in. (mm) Weight, lb (kg)
13∕4 (44) and less 1,500 (680)
Over 13∕4 to 21∕2 (44 to 64) 3,000 (1350)
Over 21∕2 to 5 (64 to 127) 6,000 (2700)
Over 5 (127) 10,000 (4500)

WB-2346 Test Definitions

Unless otherwise stated inWB-2341 throughWB-2345,
the term one test is defined to include the combination of
thedropweight test and theCv testwhenRTNDT is required
[see WB-2331.1(a) andWB-2331.1(b)] or only the Cv test
or the fracture toughness test when RTNDT is not required
[see WB-2331.1(c) and WB-2331.1(d)].

WB-2350 RETESTS

(a) For Cv tests required byWB-2330, one retest at the
same temperature may be conducted provided the re-
quirements of (1) through (3) below are met:

(1) the average value of the test results meets the
minimum requirements;

(2) notmore than one specimen per test is below the
minimum requirements;

(3) the specimen not meeting the minimum require-
ments is not lower than 10 ft-lb (14 J) or 5mils (0.13mm)
below the specified requirements.

(b) A retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retest, both specimens shall meet the
minimum requirements.

WB-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and test
machines used in toughness testing shall be performed
at the frequency given in (a) and (b) below.

(a) Temperature instruments used to control test
temperature of specimens shall be calibrated and the
results recorded to meet the requirements of
NCA‐4258.2 at least once in each 3 month interval.

(b) Test machines shall be calibrated using the
frequency and methods outlined in ASTM E23 and
employing standard specimens obtained from the
National Institute of Standards and Technology, or any
supplier of subcontracted calibration services accredited
in accordance with the requirements of WA-3123 and
NCA-4255.3(c).

WB-2400 WELDING MATERIAL

WB-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construction and
repair of containments, except welding material used for
cladding or hard surfacing, shall conform to the require-
ments of the welding material specification or to the re-
quirements for other welding material as permitted in
Section IX. In addition, welding material shall conform
to the requirements stated in this subarticle and to the
rules covering identification in WB-2150.

(b) The Certificate Holder shall provide the organiza-
tion performing the testing with the information listed
below, as applicable.

(1) welding process;
(2) SFA Specification and classification;
(3) other identification if no SFA Specification

applies;
(4) minimum tensile strength [seeWB-2431.1(e)] in

the as‐welded or heat-treated condition or both [see
WB-2431.1(c)];

(5) drop weight test for material as‐welded or heat-
treated, or both (see WB-2331);

(6) Charpy V‐notch test for material as‐welded or
heat treated, or both (seeWB-2331); the test temperature
and the lateral expansion or the absorbed energy shall be
provided;

(7) fracture toughness test formaterial as‐welded or
heat treated, or both (see WB-2331);

(8) the preheat and interpass temperatures to be
used dur ing weld ing of the tes t coupon [see
WB-2431.1(c)];

(9) postweld heat treatment time, temperature
range, and maximum cooling rate, if the production
weld will be heat treated [see WB-2431.1(c)];

(10) elements for which chemical analysis is
required per the SFA Specification or Welding Procedure
Specification and WB-2432;

(11) minimum delta ferrite (see WB-2433).

WB-2420 REQUIRED TESTS

The required tests shall be conducted for each lot of
covered, flux cored, or fabricated electrodes; for each
heat of bare electrodes, rod, or wire for use with the
OFW, GMAW, GTAW, and PAW processes (Section IX);
for each heat of consumable inserts; for each combination
of heat of bare electrodes and lot of submerged arc flux
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(SAW); for eachcombinationof lot of fabricatedelectrodes
and lot of submerged arc flux; or for each combination of
heat of bare electrodes or lot of fabricated electrodes, and
dry blend of supplementary powdered fillermetal, and lot
of submerged arc flux. Tests performed on welding mate-
rial in the qualification of weld procedures will satisfy the
testing requirements for the lot, heat, or combination of
heat and batch of welding material used, provided the
tests required by Article WB-4000 and this subarticle
are made and the results conform to the requirements
of this Article. The definitions in (a) through (h) below
apply.

(a) A dry batch of covering mixture is defined as the
quantity of dry covering ingredients mixed at one time
in one mixing vessel; a dry batch may be used singly
or may be subsequently subdivided into quantities to
which the liquid binders may be added to produce a
number of wet mixes [see (c) below].

(b) A dry blend is defined as one or more dry batches
mixed in amixing vessel and combined proportionately to
produce a uniformity of mixed ingredients equal to that
obtained by mixing the same total amount of dry ingre-
dients at one time in one mixing vessel.

(c) A wet mix is defined as the combination of a dry
batch or dry blend [see (a) and (b) above, respectively],
and liquid binder ingredients at one time in one mixing
vessel.

(d) A lot of covered, flux cored, or fabricated electrodes is
defined as the quantity of electrodes produced from the
same combination of heat of metal and dry batch, dry
blend, or chemically controlledmixes of flux or coremate-
rials. Alternatively, a lot of covered, flux cored, or fabri-
cated electrodes may be considered one type and size of
electrode, produced in a continuous period, not to exceed
24 hr and not to exceed 100,000 lb (45000 kg), from
chemically controlled tube, wire, or strip and a dry
batch, a dry blend, or chemically controlled mixes of
flux, provided each container of welding material is
coded for identification and traceable to the production
period, the shift, line, and the analysis range of both the
mix and the rod, tube, or strip used to make the electrode.

(1) Chemically controlled tube, wire, or strip is
defined as consumable tube, wire, or strip material
supplied on coils with a maximum of one splice per
coil that has been chemically analyzed to ensure that
the material conforms to the electrode manufacturer’s
chemical control limits for the specific type of electrode.
Both ends of each coil shall be chemically analyzed, except
that those coilswhichare splice freeneedonlybeanalyzed
on one end of the coil.

(2) Chemically controlled mixes of flux are defined as
flux material that has been chemically analyzed to ensure
that it conforms to the percent allowable variation from
the electrode manufacturer’s standard for each chemical
element for that type electrode. A chemical analysis shall

be made on each mix made in an individual mixing vessel
after blending.

(e) A heat of bare electrode, rod, wire, or consumable
insert is defined as the material produced from the
same melt of metal.

(f) Alternatively, for carbon and low alloy steel bare
electrode, rod, wire, or consumable inserts for use
with SAW, OFW, GMAW, GTAW, and PAW processes, a
heat may be defined as either the material produced
from the same melt of metal or the material produced
fromone type and size of wirewhen produced in a contin-
uous period [not to exceed 24 hr and not to exceed
100,000 lb (45 000 kg)] from chemically controlled
wire, subject to requirements of (1), (2), and (3) below.

(1) For the chemical control of the product of the rod
mill, coils shall be limited to amaximumof one splice prior
to processing the wire. Chemical analysis shall be made
from a sample taken from both ends of each coil of mill
coiled rod furnished by mills permitting spliced coil prac-
tice of one splice maximum per coil. A chemical analysis
need be taken from only one end of rod coils furnished by
mills prohibiting spliced coil practice.

(2) Carbon, manganese, silicon, and other intention-
ally added elements shall be identified to ensure that the
material conforms to the SFA or user’s material specifi-
cation.

(3) Each container of wire shall be coded for identi-
ficationand traceability to the lot, productionperiod, shift,
line, and analysis of rod used to make the wire.

(g) A lot of submerged arc flux is defined as the quantity
of flux produced from the same combination of rawmate-
rials under one production schedule.

(h) Adry blend of supplementary powdered filler metal is
defined as one or more mixes of material produced in a
continuous period, not to exceed 24 hr and not to exceed
20,000 lb (9000 kg) from chemically controlled mixes of
powdered filler metal, provided each container of
powdered metal is coded for identification and traceable
to the productionperiod, the shift, and themixing vessel. A
chemically controlled mix of powdered filler metal is
defined as powdered filler metal material that has
been chemically analyzed to assure that it conforms to
the percent allowable variation from the powdered
filler metal manufacturer’s standard, for each chemical
element, for that type of powdered fillermetal. A chemical
analysis shall be made on each mix made in an individual
mixing vessel after blending. The chemical analysis range
of the supplemental powdered filler shall be the same as
that of the welding electrode, and the ratio of powder to
electrode used to make the test coupon shall be the
maximum permitted for production welding.
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WB-2430 WELD METAL TESTS

WB-2431 Mechanical Properties Test

Tensile and toughness tests shall be made, in accor-
dance with this paragraph, of welding materials which
areused to joinP‐Nos. 1 and3basematerials inanycombi-
nation,with the exceptions listed in (a) through (d) below.

(a) austenitic stainless steel and nonferrous welding
material used to join the listed P‐Numbers;

(b) consumable inserts (backing filler material);
(c) weldingmaterial used for GTAW root deposits with

a maximum of two layers;
(d) welding material to be used for the welding of base

material exempted from toughness testing by WB-2311
shall likewise be exempted from the impact testing
required by WB-2330 and this paragraph.

WB-2431.1 General Test Requirements. The welding
test coupon shall be made in accordance with (a)
through (f) below, using each process with which the
weld material will be used in production welding.

(a) Test coupons shall be of sufficient size and thick-
ness such that the test specimens required herein can be
removed.

(b) Theweldmetal tobe tested for all processes shall be
deposited in such a manner as to eliminate substantially
the influenceof thebasematerial on theresultsof the tests.
The base material shall conform to the requirements of
Section IX, QW‐403.1 or QW‐403.4, as applicable.

(c) The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
that will be used in production welding. Coupons shall be
tested in the as‐welded condition, or they shall be tested in
the applicable postweld heat-treated condition when the
production welds are to be postweld heat-treated. The
postweld heat treatment holding time shall be at least
80% of the maximum time to be applied to the weld
metal in production application. The total time for post-
weld heat treatment of the test coupon may be applied in
one heating cycle. Any postweld heat treatment time,
which is anticipated to be applied to the material or
item after it is completed, shall be specified in the
Design Specification. The Certificate Holder shall
include this time in the total time at temperature specified
to be applied to the test specimens. The cooling rate from
the postweld heat treatment temperature shall be of the
same order as that applicable to the weld metal in the
component.

(d) The tensile specimens, and the Cv test specimens
where required, shall be located and prepared in accor-
dance with the requirements of SFA-5.1 or the applicable
SFAspecification.Dropweight and fracture toughness test
specimens, where required, shall be oriented so that the
longitudinal axis is transverse to theweldwith thenotch in
the weld face or in a plane parallel to the weld face. For
specimen preparation and testing, the applicable parts of
WB-2321.1 and WB-2321.2 shall apply. The longitudinal

axis of the specimen shall be at a minimum depth of 1∕4t
from a surface, where t is the thickness of the test weld.

(e) One all weld metal tensile specimen shall be tested
and shall meet the specifiedminimum tensile strength re-
quirements of the base material specification. When base
materials of different specifications are to be welded, the
tensile strength requirements shall conform to the speci-
fied minimum tensile strength requirements of either of
the base material specifications.

(f) Toughness specimens of the weld metal shall be
tested where toughness tests are required for either of
the base materials of the production weld. The weld
metal shall conform to the parts of WB-2331.1(a) or
WB-2332 applicable to the basematerial. Where different
requirements exist for the two base materials, the weld
metal may conform to either of the two requirements.

WB-2431.2 Standard Test Requirements. In lieu of the
use of the General Test Requirements specified in
WB-2431.1, tensile and toughness tests may be made
in accordance with this subparagraph where they are
required for mild and low alloy steel covered electrodes;
the material combinations to require weld material
testing, as listed inWB-2431, shall apply for this Standard
Test Requirements option. The limitations and testing
under this Standard Test option shall be in accordance
with (a) through (f) below.

(a) Testing to the requirements of this subparagraph
shall be limited to electrode classifications included in
Specifications SFA-5.1 or SFA-5.5.

(b) The test assembly required by SFA-5.1 or SFA-5.5,
as applicable, shall be used for test coupon preparation,
except that it shall be increased in size to obtain the
number of Cv specimens, dropweight specimens, and frac-
ture toughness test specimens required by WB-2330,
where applicable.

(c) The welding of the test coupon shall conform to the
requirementsof the SFASpecification for the classification
of electrodebeing tested. Coupons shall be tested in theas‐
welded condition and also in the postweld heat-treated
condition. The PWHT temperatures shall be in accordance
with Table WB-4622.1-1 for the applicable P‐Number
equivalent. The time at PWHT temperature shall be 8
hr. (This qualifies PWHT of 10 hr or less.) When the
PWHT of the production weld exceeds 10 hr, or the
PWHT temperature is other than that required above,
the general test of WB-2431.1 shall be used.

(d) The tensile and Cv specimens shall be located and
prepared in accordance with the requirements of SFA-5.1
or SFA-5.5, as applicable. Dropweight and fracture tough-
ness test specimens, where required, shall be located and
oriented as specified in WB-2431.1(d).

(e) One all weld metal tensile specimen shall be tested
and shall meet the specified minimum tensile strength
requirement of the SFA Specification for the applicable
electrode classification.
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(f) The requirements ofWB-2431.1(f) shall be applica-
ble to the toughness testing of this option.

WB-2432 Chemical Analysis Test

Chemical analysis of filler metal or weld deposits shall
be made in accordance with WB-2420 and as required by
the following subparagraphs.

WB-2432.1 Test Method. The chemical analysis test
shall be performed in accordance with this subparagraph
and Table WB-2432.1-1, and the results shall conform to
WB-2432.2.

(a) A‐No. 8weldingmaterial to be usedwithGTAWand
PAWprocesses and any otherweldingmaterial to be used
with any GTAW, PAW, or GMAWprocess shall have chem-
ical analysis performed either on the filler metal or on a
welddepositmadewith the fillermetal in accordancewith
(c) or (d) below.

(b) A‐No. 8weldingmaterial to be usedwith other than
the GTAWand PAWprocesses and otherweldingmaterial
to be used with other than the GTAW, PAW, or GMAW
process shall have chemical analysis performed on a
weld deposit of the material or combination of materials
being certified in accordance with (c) or (d) below. The
removal of chemical analysis samples shall be from an
undiluted weld deposit made in accordance with (c)
below. As an alternative, the deposit shall be made in
accordance with (d) below for material that will be
used for corrosion resistant overlay cladding. Where
theWelding Procedure Specification or theweldingmate-
rial specification specifies percentage composition limits
for analysis, it shall state that the specified limits apply for
the filler metal analysis, the undiluted weld deposit
analysis, or in situ cladding deposit analysis in confor-
mance with the above required certification testing.

(c) The preparation of samples for chemical analysis of
undiluted weld deposits shall comply with the method
given in the applicable SFA Specification. Where a weld
deposit method is not provided by the SFA specification,
the sample shall be removed from a weld pad, groove, or
other test weld made using the welding process that will
be followed when the welding material or combination of
welding materials being certified is consumed. The
methods given in Annex A of SFA-5.9 shall be used to

establish a welding and sampling method for the pad,
groove, or other test weld to ensure that the weld
deposit being sampled will be substantially free of
base metal dilution. The weld for A‐No. 8 material to
be used with the GMAW process shall be made using
the shielding gas composition specified in the Welding
Procedure Specifications that will be followed when
the material is consumed. Where a chemical analysis is
required for a welding material that does not have a
mechanical properties test requirement, a chemical
analysis test coupon shall be prepared as required by
WB-2431.1(c), except that heat treatment of the
coupon is not required and the weld coupon thickness
requirements of WB-2431.1(c) do not apply.

(d) The alternative method provided in (b) above for
the preparation of samples for chemical analysis of
welding material to be used for corrosion resistant
overlay cladding shall require a test weld made in accor-
dance with the essential variables of the WPS that will be
followedwhen theweldingmaterial is consumed. The test
weld shall bemade in conformancewith the requirements
of Section IX, QW‐214.1. The removal of chemical analysis
samples shall conform with Section IX, Table QW-453 for
the minimum thickness for which the welding procedure
specification is qualified.

WB-2432.2 Requirements for Chemical Analysis. The
chemical elements to be determined, the composition re-
quirements of theweldmetal, and the recording of results
of the chemical analysis shall be in accordance with (a)
through (c) below.

(a) See (1) and (2) below.
(1) All weldingmaterial of ferrous alloys A‐No. 8 and

A‐No. 9 (Section IX, Table QW‐442) shall be analyzed for
the elements listed in Table WB-2432.2-1 and for any
other elements specified in the welding material specifi-
cation referenced by the WPS or in the WPS.

(2) All other welding material shall be analyzed for
the elements specified in either theweldingmaterial spec-
ification referenced by the WPS or in the WPS.

(b) Thechemical compositionof theweldmetal or filler
metal shall conform to the welding material specification
for elements having specified percentage composition
limits. Where the Welding Procedure Specification
contains a modification of the composition limits of
SFA or other referenced welding material specifications,
or provides limits for additional elements, these composi-
tion limits of the welding procedure specification shall
apply for acceptability.

Table WB-2432.1-1
Sampling of Welding Materials for Chemical Analysis

Welding
Material GTAW/PAW GMAW

All Other
Processes

A‐No. 8 filler
metal

Filler metal or
weld
deposit

Weld deposit Weld deposit

All other filler
metal

Filler metal or
weld
deposit

Filler metal or
weld
deposit

Weld deposit

Table WB-2432.2-1
Chemical Analysis for Welding Material

Materials Elements
Chromium–Nickel stainless
steels

C, Cr, Mo, Ni, Mn, Si, Cb + Ta
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(c) The results of the chemical analysis shall be
reported. Elements listed in Table WB-2432.2-1 but
not specified in the welding material specification or
WPS shall be reported for information only.

WB-2433 Delta Ferrite Determination

Adeterminationofdelta ferrite shall beperformedonA‐
No. 8 weld material (Section IX, Table QW‐442) backing
filler metal (consumable inserts); bare electrode, rod, or
wire filler metal; or weld metal, except that delta ferrite
determinations are not required for SFA-5.9 and SFA-5.4,
Type 16‐8‐2, or A‐No. 8 weld filler metal to be used for
weld metal cladding.

WB-2433.1 Method. Delta ferrite determinations of
welding material, including consumable insert material,
shall be made using a magnetic measuring instrument
and weld deposits made in accordance with (b) below.
Alternatively, the delta ferrite determinations for

welding materials may be performed by the use of chem-
ical analysis of WB-2432 in conjunction with Figure
WB-2433.1-1.

(a) Calibration of magnetic instruments shall conform
to AWS‐A4.2.

(b) The weld deposit for magnetic delta ferrite deter-
mination shall bemade in accordancewithWB-2432.1(c).

(c) Aminimum of six ferrite readings shall be taken on
the surface of the weld deposit. The readings obtained
shall be averaged to a single Ferrite Number (FN).

WB-2433.2 Acceptance Standards. The minimum ac-
ceptable delta ferrite shall be 5FN. The results of the
delta ferrite determination shall be included in the Certi-
fied Material Test Report of WB-2130 or WB-4120.

Figure WB-2433.1-1
Weld Metal Delta Ferrite Content
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GENERAL NOTES:
(a) The actual nitrogen content is preferred. If this is not available, the following applicable nitrogen value shall be used:

(1) GMAW welds — 0.08%, except that when self-shielding flux-cored electrodes are used — 0.12%
(2) Welds made using other processes — 0.06%

(b) This diagram is identical to the WRC‐1992 Diagram, except that the solidification mode lines have been removed for ease of use.
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WB-2440 STORAGE AND HANDLING OF WELDING
MATERIAL

Suitable storage and handling of electrodes, flux, and
other welding material shall be maintained. Precautions
shall be taken to minimize absorption of moisture by
fluxes and cored, fabricated, and coated electrodes.

WB-2500 EXAMINATION AND REPAIR OF
CONTAINMENT MATERIAL

WB-2510 EXAMINATION OF CONTAINMENT
MATERIAL

(a) Containment material andmaterial welded thereto
shall be examined by nondestructive methods applicable
to the material and product form as required by the rules
of this subarticle. Seamless pipe, tubes, and fittings NPS 1
(DN25), and less, neednot beexaminedby the rules of this
subarticle.

(b) The requirements of this subarticle for repair by
welding, including examination of the repair welds,
shall be met wherever repair welds are made to contain-
ment material and material welded thereto. The excep-
tions in (a) above do not apply to repair welds.

WB-2520 EXAMINATION AFTER QUENCHING AND
TEMPERING

Ferritic steel products that have their properties
enhanced by quenching and tempering shall be examined
by the methods specified in this subarticle for each
product form after the quenching and tempering phase
of the heat treatment.

WB-2530 EXAMINATION AND REPAIR OF PLATE

WB-2531 Required Examination

All plates 2 in. (50mm)nominal thickness and less shall
be examined by the angle beam ultrasonic method in
accordance with WB-2532.2. All plates greater than 2
in. (50 mm) thickness shall be examined by the straight
beam ultrasonic method in accordance with WB-2532.1.

WB-2532 Examination Procedures

WB-2532.1 Straight Beam Examination. The require-
ments for straight beam examination shall be in accor-
dance with SA-578, Specification for Straight Beam
Wave Ultrasonic Testing and Inspection of Plain and
Clad Steel Plates for Special Applications, as shown in
Section V, except that the extent of examination and
the acceptance standards to be applied are given in (a)
and (b) below.

(a) Extent of Examination. One hundred percent of one
major plate surface shall be covered bymoving the search
unit in parallel paths with not less than a 10% overlap.

(b) Acceptance Standards
(1) Any area where one or more imperfections

produce a continuous total loss of back reflection accom-
panied by continuous indications on the same plane that
cannot be encompassed within a circle whose diameter is
3 in. (75mm) or one‐half of the plate thickness, whichever
is greater, is unacceptable.

(2) In addition, two or more imperfections smaller
than described in (1) above shall be unacceptable unless
separated by a minimum distance equal to the greatest
diameter of the larger imperfection, or unless they
may be collectively encompassed by the circle described
in (1) above.

WB-2532.2 Angle Beam Examination. The require-
ments for angle beam examination shall be in accordance
with SA-577, Specification for Ultrasonic Beam Wave
Inspection of Steel Plates, as shown in Section V and
supplemented by (a) and (b) below. The calibration
notch, extent of examination, and acceptance standards
to be applied are given in (a) through (c) below.

(a) Calibration. Angle beam examination shall be cali-
brated from a notch.

(b) Extent of Examination. One hundred percent of one
major plate surface shall be covered bymoving the search
unit in parallel paths with not less than 10% overlap.

(c) Acceptance Standards. Material that shows one or
more imperfections which produce indications exceeding
in amplitude the indication from the calibration notch is
unacceptable unless additional exploration by the straight
beam method shows the imperfections are laminar in
nature and are acceptable in accordance with
WB-2532.1(b).

WB-2537 Time of Examination

Acceptanceexaminations shall beperformedat the time
of manufacture as required in (a) through (c) below.

(a) Ultrasonic examination shall be performed after
rolling to size and after heat treatment, except for post-
weld heat treatment.

(b) Radiographic examination of repair welds, when
required, may be performed prior to any required post-
weld heat treatment.

(c) Magnetic particle or liquid penetrant examination of
repairwelds shall be performed after final heat treatment,
except that the examination may be performed prior to
postweld heat treatment of P‐No.1 material 2 in. (50 mm)
and less nominal thickness.

WB-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) through
(d) below are met.

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.
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(b) Afterdefect elimination, the area is examinedby the
magnetic particlemethod in accordancewithWB-2545 or
the liquid penetrantmethod in accordancewithWB-2546
to ensure that the defect has been removed or reduced to
an imperfection of acceptable size.

(c) Areas ground to remove oxide scale or other
mechanically caused impressions for appearance or to
facilitate proper ultrasonic testing need not be examined
by the magnetic particle or liquid penetrant test method.

(d) When the elimination of the defect reduces the
thickness of the section below the minimum required
to satisfy Article WB-3000, the product shall be repaired
in accordance with WB-2539.

WB-2539 Repair by Welding

TheMaterial Organizationmay repair byweldingmate-
rial from which defects have been removed, provided the
depth of the repair cavity does not exceed one‐third the
nominal thickness and the requirements of the following
subparagraphs are met. Prior approval of the Certificate
Holder shall be obtained for the repair of plates to be used
in the manufacture of a containment.

WB-2539.1 Defect Removal. The defect shall be
removed by suitable mechanical or thermal cutting or
gouging methods and the cavity prepared for repair
(see WB-4211.1).

WB-2539.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or
welding operators shall be qualified in accordance with
Article WB-4000 and Section IX.

WB-2539.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the
surrounding surface.

WB-2539.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(see WB-2545) or by the liquid penetrant method (see
WB-2546). In addition, when the depth of the repair
cavity exceeds the lesser of 3∕8 in. (10 mm) or 10% of
the section thickness, the repair weld shall be radio-
graphed after repair in accordance with WB-5110 and
to the acceptance standards of WB-5320. The penetra-
meter and the acceptance standards for radiographic
examination of repair welds shall be based on the
section thickness at the repair area.

WB-2539.5 HeatTreatmentAfterRepairs.Theproduct
shall be heat treated after repair in accordance with the
heat treatment requirements of WB-4620.

WB-2539.6 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the
lesser of 3∕8 in. (10 mm) or 10% of the section thickness
shall be described in the Certified Material Test Report.
The Certified Material Test Report for each piece shall
include a chart which shows the location and size of

the prepared cavity, the welding material identification,
the welding procedure, the heat treatment, and the exam-
ination results, including radiographs.

WB-2539.7 Repair of Cladding by Welding. The Mate-
rial Organization may repair defects in cladding by
welding, provided the requirements of (a) through (d)
below are met.

(a) Qualification of Welding Procedures and Welders.
Thewelding procedure and thewelders orwelding opera-
tors shall be qualified in accordancewithArticleWB-4000
and with Section IX.

(b) Defect Removal and Examination of Cavity. The
defect shall be removed, and the cavity prepared for
repair shall be examined by the liquid penetrant
method (see WB-2546).

(c) Examination of Repaired Areas. The repaired area
shall be examined by a liquid penetrant method (see
WB-2546).

(d) Report of Repairs. Each defect repair shall be
described in the Certified Material Test Report for each
piece, including a chart which shows the location and
size of the repair, the welding material identification,
welding procedure, heat treatment, and examination
results.

WB-2540 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

WB-2541 Required Examinations

(a) Forgings and bars shall be examined by the ultra-
sonic method in accordance with WB-2542, except
forgings or sections of forgings which have coarse
grains, or configurations which do not yield meaningful
examination results by ultrasonicmethods, shall be exam-
ined by radiographic methods in accordance with Section
V,Article2, using theacceptance standardsofWB-5320. In
addition, all external surfaces and accessible internal
surfaces shall be examined by a magnetic particle
method (see WB-2545) or a liquid penetrant method
(see WB-2546).

(b) Forged flanges and fittings, such as elbows, tees,
and couplings, shall be examined in accordance with
the requirements of WB-2550.

(c) Bar material used for bolting shall be examined in
accordance with WB-2580.

(d) Forgings and forged or rolled bars which are to be
bored to form tubular products or fittings shall be exam-
ined in accordance with the requirements of WB-2550
after boring.

WB-2542 Ultrasonic Examination

WB-2542.1 Examination Procedure. All forgings in the
rough‐forged or finished condition, and bars, shall be
examined in accordance with Section V, Article 5 and
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the following supplemental requirements. The techniques
of (a) through (d) below are required, as applicable.

(a) Forgingsmay be examined by the use of alternative
ultrasonic methods which utilize distance amplitude
corrections, provided the acceptance standards are
shown to be equivalent to those listed in WB-2542.2.

(b) Cylindrical section bars shall be scanned from the
entire external circumference.

(c) Noncylindrical section bars shall be scanned in two
perpendicular directions to the maximum extent possible
(through each pair of parallel sides).

(d) Bar products do not require recording and
reporting of indications smaller than the acceptance stan-
dard, except when so specified for specialized applica-
tions.

WB-2542.2 Acceptance Standards.

(a) Straight Beam General Rule. A forging shall be un-
acceptable if the results of straight beam examinations
show one or more reflectors which produce indications
accompanied by a complete loss of back reflection not
associated with or attributable to geometric configura-
tions. Complete loss of back reflection is assumed
when the back reflection falls below 5% of full calibration
screen height.

(b) Straight Beam Special Rule for Containment Shell
Sections

(1) A ring forgingmade to fine grainmelting practice
and used for containment shell sections shall be unaccept-
able if the results of the straight beam radial examination
show one or more reflectors producing a continuous
complete loss of back reflection accompanied by contin-
uous indications on the same plane that cannot be encom-
passed with a circle whose diameter is 3 in. (75 mm) or
one‐half of the wall thickness, whichever is greater.

(2) In addition, two or more reflectors smaller than
described in (1) above shall be unacceptable unless sepa-
rated by a minimum distance equal to the greatest
diameter of the larger reflector or unless they may be
collectively encompassed by the circle described in (1)
above.

(c) Angle Beam Rule. A forging shall be unacceptable if
the results of angle beam examinations show one ormore
reflectors which produce indications exceeding in ampli-
tude the indication from the appropriate calibration
notches.

WB-2545 Magnetic Particle Examination

WB-2545.1 ExaminationProcedure.Theprocedure for
magnetic particle examination shall be in accordancewith
the methods of Section V, Article 7.

WB-2545.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
which are not relevant.

(b) Any indication in excess of the WB-2545.3 accep-
tance standards, which is believed to be nonrelevant, shall
be reexaminedby the sameor other nondestructive exam-
inationmethods toverifywhetherornot actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications which would mask
defects are unacceptable.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width.

WB-2545.3 Acceptance Standards.

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following indications
are unacceptable:

(1) any linear indications greater than 1∕16 in. (1.5
mm) long for material less than 5∕8 in. (16 mm) thick,
greater than 1∕8 in. (3 mm) long for material from 5∕8
in. (16 mm) thick to under 2 in. (50 mm) thick, and
3∕16 in. (5 mm) long for material 2 in. (50 mm) thick
and greater;

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thicknesses less than 5∕8 in. (16
mm) and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater;

(3) fourormore indications in a line separatedby 1∕16
in. (1.5 mm) or less edge to edge;

(4) ten ormore indications in any 6 in.2 (4000mm2)
of area whose major dimension is nomore than 6 in. (150
mm) with the dimensions taken in the most unfavorable
location relative to the indications being evaluated.

WB-2546 Liquid Penetrant Examination

WB-2546.1 ExaminationProcedure.Theprocedure for
liquid penetrant examination shall be in accordance with
the methods of Section V, Article 6.

WB-2546.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks, surface conditions, or an incomplete
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bond between base metal and cladding, may produce
similar indications which are not relevant.

(b) Any indication in excess of the WB-2546.3 accep-
tance standards, which is believed to be nonrelevant, shall
be reexamined to verify whether or not actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications and broad areas of
pigmentation, which would mask defects, are unaccept-
able.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width.

WB-2546.3 Acceptance Standards.

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following indications
are unacceptable:

(1) any linear indications greater than 1∕16 in. (1.5
mm) long for material less than 5∕8 in. (16 mm) thick,
greater than 1∕8 in. (3 mm) long for material from 5∕8
in. (16 mm) thick to under 2 in. (50 mm) thick, and
3∕16 in. (5 mm) long for material 2 in. (50 mm) thick
and greater;

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thicknesses less than 5∕8 in. (16
mm) and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater;

(3) fourormore indications in a line separatedby 1∕16
in. (1.5 mm) or less edge to edge;

(4) ten ormore indications in any 6 in.2 (4000mm2)
of area whose major dimension is no more than 6 in. (150
mm) with the dimensions taken in the most unfavorable
location relative to the indications being evaluated.

WB-2547 Time of Examination

Acceptance examinations, including those for repair
welds, shall be performed at the time of manufacture
as required in (a) through (d) below.

(a) Ultrasonic examination may be performed at any
time after forging [see WB-2541(d)], and the maximum
practical volume, including weld repairs, if required,
shall be examined after final heat treatment, excluding
postweld heat treatment.

(b) Radiographic examination of repair welds, if
required, may be performed prior to any required post-
weld heat treatment.

(c) Magnetic particle or liquid penetrant examination
shall be performed in the finished condition, except repair
welds of P‐No. 1material, 2 in. (50mm)nominal thickness
and less, may be examined prior to postweld heat treat-
ment.

(d) Forgings and rolled bars which are to be bored or
turned to form tubular parts or fittings shall be examined
after boring or turning, except for threading.

WB-2548 Elimination of Surface Defects

Elimination of surface defects shall be made in accor-
dance with WB-2538.

WB-2549 Repair by Welding

Repairbywelding shall be inaccordancewithWB-2539,
except that:

(a) the depth of repair that is permitted is not limited;
and

(b) for ferritic steel forgings, the completed repair may
be examined by the ultrasonicmethod in accordance with
the requirements of WB-2542 in lieu of radiography.

WB-2550 EXAMINATION AND REPAIR OF
SEAMLESS AND WELDED TUBULAR
PRODUCTS AND FITTINGS

WB-2551 Required Examination

In addition to the requirements of the material speci-
fication and of this Article, seamless and welded tubular
products (including pipe flanges and fittings machined
from forgings and bars) shall comply with the following.

(a) Wrought seamlessandweldedpipeand tubing shall
be examined over the entire volume of the material in
accordancewith (1), (2), or (3), as follows. The volumetric
examinations required by this paragraph need only be
conducted from one surface. Tubular products may
require both outside and inside surface conditioning
prior to examination.

(1) Pipe and Tubing
(-a) Pipe and tubing smaller than 21∕2 in. (64 mm)

O.D. shall be examined by the ultrasonic method in accor-
dancewithWB-2552.1(a) in two opposite circumferential
directions7 and by the eddy currentmethod in accordance
with WB-2554, provided the product is limited to sizes,
materials, and thicknesses for which meaningful results
canbeobtainedbyeddycurrent examinationasevidenced
by detection of required standards. Each method shall be
calibrated to the appropriate standard: that is, the ultra-
sonic method shall be calibrated to the axial notches or
grooves of WB-2552.1(b), and the eddy current method
shall be calibrated to the circumferential notches and
grooves as well as the radial hole of WB-2554.2.

(-b) As an alternative to the eddy current exam-
ination or when the eddy current examination does
not yield meaningful results, an axial scan ultrasonic
examination in two opposite axial directions,7 in accor-
dance with WB-2552.1(b), shall be made.

(2) Pipe and tubing 21∕2 in. (64 mm) O.D. and larger
shall be examined by the ultrasonicmethod in accordance
with WB-2552.1(a) in two opposite circumferential
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directions, and in accordance with WB-2552.1(b) in two
opposite axial directions. Alternatively, for welded
without filler metal pipe larger than 63∕4 in. (170 mm)
O.D., the plate shall be examined by the ultrasonic
method in accordance with WB-2530 prior to forming
and the weld shall be examined by the radiographic
method inaccordancewithWB-2553.Radiographic exam-
ination of welds, including repair welds, shall be
performed after final rolling and forming and may be
performedprior to any required postweld heat treatment.

(3) Copper–nickel alloy and nickel alloy seamless
pipe and tubing shall be examined as follows.

(-a) Each pipe and tube, all sizes shall be ultraso-
nically examined in accordancewithWB-2552.1(a) in two
opposite circumferential directions.

(-b) Pipe and tubing smaller than 21∕2 in. (64 mm)
O.D. shall be examined by the eddy current method in
accordance with WB-2554 if meaningful indications
can be obtained from the reference specimen notches.
If meaningful indications cannot be obtained from the
reference specimen, an axial scan ultrasonic examination
in two opposite axial directions, in accordance with
WB-2552.1(b), shall be made.

(-c) Pipe and tubing 21∕2 in. (64 mm) O.D. and
larger shall be examined by an axial scan ultrasonic exam-
ination in twoopposite axial directions in accordancewith
WB-2552.1(b).

(b) Wrought seamless and welded without filler metal
fittings (including pipe flanges and fittingsmachined from
forgings and bars) shall be examined in accordance with
thematerial specification, and in addition by themagnetic
particlemethod inaccordancewithWB-2555,or the liquid
penetrant method in accordance with WB-2556 on all
external surfaces and all accessible internal surfaces
(excluding bolt holes and threads). Additionally, for
fittings over NPS 6 (DN 150), the entire volume shall
be examinedby theultrasonicmethod, if feasible, in accor-
dance with WB-2552, or the radiographic method in
accordance with WB-2553. Alternatively, the plate shall
be examined by the ultrasonic method in accordance
with WB-2530 prior to forming and the weld shall be
examined by the radiographic method in accordance
with WB-2553. Radiographic examination of welds,
including repair welds, shall be performed after final
rolling and forming, and may be performed prior to
any required postweld heat treatment.

WB-2552 Ultrasonic Examination7

WB-2552.1 Examination Procedure for Pipe and
Tubing. Independent channels or instruments shall be
employed for circumferential and axial scans.

(a) Circumferential Direction. The procedure for ultra-
sonic examination of pipe and tubing in the circumferen-
tial direction shall be in accordancewith SE-213 except as
required in WB-2551(a)(1), WB-2551(a)(2), and
WB-2551(a)(3)(-a), and the requirements of this para-

graph. The procedure shall provide a sensitivity which
will consistently detect defects that produce indications
equal to, or greater than, the indications produced by the
standard defects included in the reference specimens
specified in WB-2552.3.

(b) Axial Direction. When required by WB-2551, the
ultrasonic examination of pipe and tubing shall include
angle beam scanning in the axial direction. The procedure
for the axial scans shall be in accordance with SE-213,
except that the propagation of sound in the tube or
pipe wall shall be in the axial direction instead of the
c i rcumferent ia l d i rec t ion and as required in
W B - 2 5 5 1 ( a ) ( 1 ) ( - b ) , W B - 2 5 5 1 ( a ) ( 2 ) ,
WB-2551(a)(3)(-b), and WB-2551(a)(3)(-c). Figure
WB-2552.1-1 illustrates the characteristic oblique
entry of sound into the pipe or tube wall and the axial
directionof ultrasonic energy propagation to detect trans-
verse notches or similar surface discontinuities.

(c) Acceptance Standards. Products with defects that
produce indications in excess of the indications produced
by the standard defects in the reference specimen are un-
acceptable unless the defects are eliminated or repaired in
accordance with WB-2558 or WB-2559.

WB-2552.2 Examination Procedure for Fittings.

(a) Procedure. The procedure for ultrasonic examina-
tion of fittings shall be in accordance with the require-
ments of SA-388 for straight beam examination and,
where feasible, angle‐beamexamination in twocircumfer-
ential directions.

(b) Acceptance Standards. Fittings shall be unaccept-
able if straight beam examination shows one or more
reflectors that produce indications accompanied by
complete loss of back reflection not associated with or
attributable to the geometric configuration, or if angle
beam examination results show one or more reflectors
that produce indications exceeding in amplitude the indi-
cations from the calibrated notch. Complete loss of back

Figure WB-2552.1-1
Axial Propagation of Sound in Tube Wall
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reflection is assumedwhen the back reflection falls below
5% of full calibration screen height.

WB-2552.3 Reference Specimens.

(a) The reference specimen shall be of the same
nominal diameter and thickness, and of the same
nominal composition and heat-treated condition as the
product which is being examined. For circumferential
scanning, the standard defects shall be axial notches or
grooveson theoutsideand inside surfacesof the reference
specimen, and shall have a length of approximately 1 in.
(25mm)or less, awidthnot toexceed 1∕16 in. (1.5mm) fora
squarenotchorU‐notch, awidthproportional to thedepth
for a V‐notch, and a depth not greater than the larger of
0.004 in. (0.10 mm) or 5% of the nominal wall thickness.
For axial scanning in accordancewithSE-213, a transverse
(circumferential) notch shall be introduced on the inner
and outer surfaces of the standard. Dimensions of the
transverse notch shall not exceed those of the longitudinal
notch. The reference specimen may be the product being
examined.

(b) The reference specimen shall be long enough to
simulate the handling of the product being examined
through the examination equipment. When more than
one standard defect is placed in a reference specimen,
the defects shall be located so that indications from
eachdefect are separateanddistinctwithoutmutual inter-
ference or amplification. All upset metal and burrs adja-
cent to the reference notches shall be removed.

WB-2552.4 Checking and Calibration of Equipment.
The proper functioning of the examination equipment
shall be checked and the equipment shall be calibrated
by the use of the reference specimens, as a minimum

(a) at the beginning of each production run of a given
size and thickness of a given material;

(b) after each 4 hr or less during the production run;
(c) at the end of the production run;
(d) at any time that malfunctioning is suspected. If,

during any check, it is determined that the test equipment
is not functioningproperly, all of theproduct that hasbeen
tested since the last valid equipment calibration shall be
reexamined.

WB-2553 Radiographic Examination

(a) General . When radiographic examination is
performed as an alternative for ultrasonic examination
of the entire volume of the material, it shall apply to
the entire volume of the pipe, tube, or fitting material.
Acceptance standards specified for welds shall apply to
the entire volume of material examined.

(b) Examination Procedure. The radiographic examina-
tion shall be performed in accordance with Section V,
Article 2, as modified by WB-5111.

(c) Acceptance Standard. Welds that are shown by
radiography to have any of the following types of discon-
tinuities are unacceptable:

(1) any type of crack or zone of incomplete fusion or
penetration;

(2) anyotherelongated indicationwhichhasa length
greater than:

(-a) 1∕4 in. for t up to 3∕4 in. (6 mm to 19 mm),
inclusive

(-b) 1∕3t for t from3∕4 in. to21∕4 in., inclusive (19mm
to 57 mm)

(-c) 3∕4 in. for t over 21∕4 in. (19 mm to 57 mm)
where t is the thickness of the thinner portion of theweld;

(3) any group of aligned indications having an aggre-
gate length greater than t in a length of 12t, unless the
minimum distance between successive indications
exceeds 6L, in which case the aggregate length is unlim-
ited, L being the length of the largest indication;

(4) rounded indications in excess of that shown as
acceptable in Section III Appendices,MandatoryAppendix
VI.

WB-2554 Eddy Current Examination

This examinationmethod is restricted tomaterialswith
uniformmagnetic properties and of sizes forwhichmean-
ingful results can be obtained.

WB-2554.1 ExaminationProcedure.Theprocedure for
eddy current examination shall provide a sensitivity that
will consistently detect defects by comparison with the
standard defects included in the reference specimen
specified in WB-2554.2. Products with defects that
produce indications in excess of the reference standards
are unacceptable unless the defects are eliminated or
repaired in accordance with WB-2558 orWB-2559 as ap-
plicable.

WB-2554.2 Reference Specimens. The reference
specimen shall beof the samenominal diameter and thick-
ness, and of the same nominal composition and heat-
treated condition as the product that is being examined.
The standard shall contain tangential or circumferential
notches on the outside surface plus a 1∕16 in. (1.5 mm)
diameter hole drilled through the wall. For copper–
nickel alloy and nickel alloy materials, the standard
shall have one notch extending circumferentially on
the outside surface and one notch extending circumfer-
entially on the inside surface plus a 1∕16 in. (1.5 mm)
diameter hole drilled through the wall. These shall be
used to establish the rejection level for the product to
be tested. The reference notches shall have a depth
not greater than the larger of 0.004 in. (0.10 mm) or
5% of the wall thickness. The width of the notch shall
not exceed 1∕16 in. (1.5 mm). The length shall be approxi-
mately 1 in. (25 mm) or less. The size of reference speci-
mens shall be as specified in WB-2552.3.
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WB-2554.3 Checking and Calibration of Equipment.
The checking and calibration of examination equipment
shall be the same as in WB-2552.4.

WB-2555 Magnetic Particle Examination

Magnetic particle examination shall be performed in
accordance with the requirements of WB-2545.

WB-2556 Liquid Penetrant Examination

Liquid penetrant examination shall be performed in
accordance with the requirements of WB-2546.

WB-2557 Time of Examination

(a) Products that are quenched and tempered shall be
examined, as required, after the quenching and tempering
heat treatment.

(b) Products that are not quenched and tempered shall
receive the required examinations as follows:

(1) Ultrasonic or eddy current examination, when
required, shall be performed after final heat treatment,
except postweld heat treatment.

(2) Radiographic examination, when required, may
be performed prior to any required postweld heat treat-
ment.

(3) Magnetic particle or liquid penetrant examina-
tion, including repair welds, shall be performed after
final heat treatment, except that the examination may
be performed prior to postweld heat treatment for
P‐No. 1 (Section IX of the Code) materials of 2 in.
(50 mm) and less nominal thickness.

(4) Forgings and rolled bars which are to be bored
and/or turned to form tubular parts or fittings shall be
examined after boring and/or turning, except for
threading. Fittings shall be examined after final forming.

WB-2558 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) through
(c) below are met.

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(b) Afterdefect elimination, the area is examinedby the
method which originally disclosed the defect to assure
that the defect has been removed or reduced to an imper-
fection of acceptable size.

(c) If the eliminationof thedefect reduces the thickness
of the section below the minimum required to satisfy the
rules of Article WB-3000, the product shall be repaired in
accordance with WB-2559.

WB-2559 Repair by Welding

Repair of defects shall be in accordance withWB-2539,
except repair by welding is not permitted on copper–
nickel alloy and nickel alloy materials.

WB-2570 EXAMINATION AND REPAIR OF CAST
PRODUCTS

WB-2571 Required Examination

For examination of the containment casting, the
following shall apply:

(a) All cast products shall be examined by the ultra-
sonic method as specified in WB-2574.

(b) All external and accessible internal surfaces, except
threaded surfaces, shall be examined using either the
liquid penetrant method (see WB-2576) or the magnetic
particle method (see WB-2577).

WB-2572 Time of Nondestructive Examination

All examinations shall be performed after final
machining except that ultrasonic testing shall be
performed at the time when the configuration is best
suited for scanning and the most meaningful results
can be obtained.

WB-2573 Provisions for Repair of BaseMaterial by
Welding

Castings shall not be repaired by plugging, welding,
brazing, impregnation, or any other means.

WB-2574 Ultrasonic Examination of Castings

Ultrasonic examination shall be performed in accor-
dance with Section V, Article 5, T-571.4. Each manufac-
turer shall certify that the procedure is in accordance
with the following requirementsandshallmake theproce-
dure available for approval upon request.
The following acceptance standards shall be applied:
(a) The Quality Levels of SA-609 as shown in Section V

shall apply for the casting thickness indicated.
(1) QualityLevel1 for thicknessesup to2 in. (50mm)
(2) Quality Level 3 for thicknesses 2 in. to 4 in. (50

mm to 100 mm)
(3) Quality Level 4 for thicknesses greater than 4 in.

(100 mm)
(b) In addition to theQuality Level requirements stated

in (a) above, the requirements in (1) through (5) below
shall apply for both straight beam and angle beam exam-
ination.

(1) Areasgiving indicationsexceeding theAmplitude
Reference Line with any dimension longer than those
specified in the following tabulation shall beunacceptable:
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UT Quality Level
Longest Dimension of Area, in. (mm)

[Notes (1)–(3)]
1 1.5 (38)
2 2.0 (50)
3 2.5 (64)
4 3.0 (75)

NOTES:
(1) Theareas for theUltrasonicQuality Levels inSA-609refer to

the surface area on the casting over which continuous indi-
cation, exceeding the transfer-corrected distance amplitude
curve, is maintained.

(2) Areas shall bemeasured from dimensions of themovement
of the search unit, using the center of the search unit as the
reference point.

(3) In certain castings, becauseof very longmetal pathdistances
or curvature of the examination surfaces, the surface area
over which a given discontinuity is detected may be consid-
erably larger or smaller than the actual area of the discon-
tinuity in the casting; in such cases, other criteria that
incorporate a consideration of beam angles or beam
spread shall be used for realistic evaluation of the disconti-
nuity.
(2) Quality Level 1 shall apply for the volume of cast-

ings within 1 in. (25 mm) of the surface regardless of the
overall thickness.

(3) Discontinuities indicated to have a change in
depth equal to or greater than one-half the wall thickness
or 1 in. (25 mm), whichever is less, shall be unacceptable.

(4) Two or more indications in the same plane with
amplitudes exceeding the Amplitude Reference Line and
separated by a distance less than the longest dimension of
the largerof the adjacent indications shall beunacceptable
if they cannot be encompassed within an area less than
that of the Quality Level specified in (1).

(5) Two or more indications greater than permitted
for Quality Level 1 for castings less than 2 in. (50 mm) in
thickness, greater than permitted for Quality Level 2 for
thicknesses 2 in. to 4 in. (50 mm to 100 mm), and greater
than permitted for Quality Level 3 for thicknesses greater
than 4 in. (100 mm), separated by a distance less than the
longest dimensionof the larger of the adjacent indications,
shall be unacceptable if they cannot be encompassed in an
area less than that of the Quality Level requirements
stated in (1).

WB-2576 Liquid Penetrant Examination

(a) Castings shall be examined, if required, on all acces-
sible surfaces by the liquid penetrant method in accor-
dance with Section V of the Code.

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by bleeding out of the penetrant; however, localized
surface discontinuities as may occur from machining
marks, scale, or dents may produce indications that

arenot relevant. Any indication in excessof theacceptance
standards believed to be nonrelevant shall be regarded as
a defect until it is reexamined to verify whether actual
defects are present. Nonrelevant indications and broad
areas of pigmentation that would mask indications of
defects are unacceptable. Surface conditioning may
precede the reexamination. Relevant indications are
those that result from mechanical discontinuities.
Linear indications are those whose length is more than
3 times the width. Rounded indications are those that
are circular or elliptical with the length less than 3
times the width. Indications with major dimensions
greater than 1∕16 in. (1.5 mm) are considered relevant.

(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

(1) any linear indications greater than 1∕16 in. (1.5
mm) long for materials less than 5∕8 in. (16 mm) thick,
greater than 1∕8 in. (3 mm) long for materials from 5∕8
in. (16 mm) thick to under 2 in. (50 mm) thick, and
3∕16 in. (5 mm) long for materials 2 in. (50 mm) thick
and greater

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thicknesses less than 5∕8 in. (16
mm) and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater

(3) four or more relevant indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge-to-edge

(4) ten or more relevant indications in any 6 in.2
(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) taken in the
most unfavorable orientation relative to the indications
being evaluated

WB-2577 Magnetic Particle Examination (for
Ductile Cast Iron)

(a) Castings of magnetic material shall be examined, if
required, on all accessible surfaces by a magnetic particle
method in accordance with Section V of the Code.

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by retention of the examination medium. All indications
are not necessarily defects since certain metallurgical
discontinuities and magnetic permeability variations
may produce indications that are not relevant. Any indi-
cation in excess of the acceptance standards that is
believed to be nonrelevant shall be regarded as a
defect until it is reexamined to verify whether actual
defects are present. Nonrelevant indications that would
mask indications of defects are unacceptable. Surface
conditioning may precede the reexamination. Relevant
indications are those that result from unacceptable
mechanical discontinuities and have a major dimension
greater than 1∕16 in. (1.5 mm). Linear indications are
those whose length is more than 3 times the width.
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Rounded indications are those that are circular or ellip-
tical with the length less than 3 times the width.

(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

(1) linear indications greater than 1∕16 in. (1.5 mm)
long for materials less than 5∕8 in. (16 mm) thick, greater
than 1∕8 in. (3 mm) long for materials from 5∕8 in. (16 mm)
thick to under 2 in. (50mm) thick, and 3∕16 in. (5mm) long
for materials 2 in. (50 mm) thick and greater

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) long for materials from 5∕8 in. (16
mm) thick to under 2 in. (50 mm) thick, and 3∕16 in. (5
mm) long for materials 2 in. (50 mm) thick and greater

(3) four or more relevant indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge-to-edge

(4) ten or more relevant indications in any 6 in.2
(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) taken in the
most unfavorable orientation relative to the indications
being evaluated

WB-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

WB-2581 Required Examination

All bolting material shall be visually examined in accor-
dance with WB-2582. In addition, nominal sizes greater
than 1 in. (25 mm) shall be examined by either the
magnetic particle method in accordance with WB-2583
or the liquid penetrant method in accordance with
WB-2584. In addition, nominal sizes greater than 2 in.
(50 mm) but not over 4 in. (100 mm) shall be examined
by the ultrasonic method in accordance with WB-2585
and nominal sizes greater than 4 in. (100 mm) shall be
examined by the ultrasonic method in accordance with
both WB-2585 and WB-2586.

WB-2582 Visual Examination

The final surfaces of threads, shanks, and heads shall be
visually examined for workmanship, finish, and appear-
ance in accordance with the requirements of ASTM F788
for bolting material and ASTM F812 for nuts. The visual
examination personnel shall be trained and qualified in
accordance with the Material Organization’s Quality
System Program or the Certificate Holder’s Quality Assur-
ance Program. These examinations are not required to be
performed either in accordancewith procedures qualified
to WB-5100 or by personnel qualified in accordance with
WB-5500.

WB-2583 Magnetic Particle Examination (for
Ferritic Steel Bolting Material Only)

WB-2583.1 Examination Procedure. All bolts, studs,
and nuts greater than 1 in. (25 mm) nominal bolt size
shall be examined by the magnetic particle method in

accordance with ASTM A275. If desired, the supplier
may perform liquid penetrant examination in accordance
with WB-2584 instead of magnetic particle examination.
Such examination shall be performed on the finished
component after threading or on the materials stock at
approximately the finished diameter before threading
and after heading (if involved). This examination shall
be performed on all accessible surfaces.

WB-2583.2 Evaluation of Indications.

(a) All indications shall be evaluated in terms of the
acceptance standards. Linear indications are those indi-
cations inwhich the length ismore than 3 times thewidth.
Rounded indications are those which are circular or ellip-
ticalwith the length equal to or less than3 times thewidth.

(b) All indications are not necessarily relevant: leakage
of magnetic fields and permeability variations may
produce indications that are not relevant to the detection
of unacceptable discontinuities. Indications with major
dimensions of 1∕16 in. (1.5 mm) or less are not relevant.

(c) Any indication that is believed to be nonrelevant,
and that is larger than acceptable, shall be considered
to be a defect and shall be reexamined after light
surface conditioning.

(d) Any indication observed during such reexamina-
tion shall be considered relevant and shall be evaluated
in terms of the acceptance standards.

(e) As an alternative to magnetic particle reexamina-
tion, other nondestructive examination means (such as
liquid penetrant examination for surface discontinuities)
may be used to determine relevancy.

WB-2583.3 Acceptance Standard. Linear nonaxial
indications are unacceptable. Linear axial indications
greater than 1 in. (25 mm) in length are unacceptable.

WB-2584 Liquid Penetrant Examination

WB-2584.1 Examination Procedure. All bolts, studs,
and nuts greater than 1 in. (25 mm) nominal bolt size
shall be examined by a liquid penetrant method in accor-
dancewith themethods of Section V, Article 6. Such exam-
ination shall be performed on the finished component
after threading or on thematerials stock at approximately
the finished diameter before threading and after heading
(if involved).

WB-2584.2 Evaluation of Indications. All indications
shall be evaluated in terms of the acceptance standards.
Linear indications are those indications in which the
length is more than three times the width. Rounded indi-
cations are those which are circular to elliptical with the
lengthequal to or less than three times thewidth. All pene-
trant indications are not necessarily relevant. Surface
imperfections such as machining marks and scratches
mayproduce indications that arenonrelevant to thedetec-
tion of unacceptable discontinuities. Broad areas of
pigmentation, which could mask indications of defects,
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are unacceptable. Indications with major dimensions of
1∕16 in. (1.5 mm) or less are not relevant. Any indication
that is believed to be nonrelevant, and that is larger than
acceptable, shall be considered to be a defect and shall be
reexamined after light surface conditioning. Any area of
pigmentation also shall be reexamined after recleaning or
light surface conditioning, as appropriate. Any indication
observed during such reexamination shall be considered
relevant and shall be evaluated in terms of the acceptance
standards.

WB-2584.3 Acceptance Standard. Linear nonaxial
indications are unacceptable. Linear axial indications
greater than 1 in. (25 mm) long are unacceptable.

WB-2585 UltrasonicExamination forSizesGreater
Than 2 in. (50 mm)

All bolts, studs, and nuts greater than 2 in. (50 mm)
nominal bolt size shall be ultrasonically examined over
the entire cylindrical surface prior to threading in accor-
dance with the following requirements.

WB-2585.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, radial‐scan method in
accordance with Section V, Article 23, SA-388.

WB-2585.2 ExaminationProcedure.Examination shall
be performed at a nominal frequency of 2.25 MHz unless
variables such as production material grain structure
require the use of other frequencies to ensure adequate
penetrationorbetter resolution. Thesearchunit area shall
not exceed 1 in.2 (650 mm2).

WB-2585.3 Calibration of Equipment. Calibration
sensitivity shall be established by adjustment of the
instrument so that the first back reflection is 75% to
90% of full‐screen height.

WB-2585.4 Acceptance Standard. Any discontinuity
that causes an indication in excess of 20% of the
height of the first back reflection or any discontinuity
that prevents the production of a first back reflection
of 50% of the calibration amplitude is not acceptable.

WB-2586 Ultrasonic Examination for Sizes Over 4
in. (100 mm)

In addition to the requirements of WB-2585, all bolts,
studs, and nuts over 4 in. (100mm)nominal bolt size shall
be ultrasonically examined over the entire surface of each
end before or after threading in accordance with the
following requirements.

WB-2586.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, longitudinal‐scan
method.

WB-2586.2 ExaminationProcedure.Examination shall
be performed at a nominal frequency of 2.25 MHz unless
variables such as production material grain structure

require the use of other frequencies to ensure adequate
penetration or better resolution. The search unit shall
have a circular cross section with a diameter not less
than 1∕2 in. (13 mm) nor greater than 11∕8 in. (29 mm).

WB-2586.3 CalibrationofEquipment.Calibration shall
be established on a test bar of the same nominal composi-
tion and diameter as the production part and a minimum
of one‐half of the length. A 3∕8 in. (10mm) diameter by 3 in.
(75 mm) deep flat‐bottom hole shall be drilled in one end
of the bar and plugged to full depth. A distance–amplitude
curve shall be established by scanning from both ends of
the test bar.

WB-2586.4 Acceptance Standard. Any discontinuity
that causes an indication in excess of that produced by
the calibrationhole in the reference specimenas corrected
by the distance–amplitude curve is not acceptable.

WB-2587 Time of Examination

Acceptance examinations shall be performed after the
final heat treatment required by the basic material spec-
ification.

WB-2588 Elimination of Surface Defects

Unacceptable surface defects on finished bolts, studs,
and nuts are not permitted, and are cause for rejection.

WB-2589 Repair by Welding

Weld repairs of bolts, studs, and nuts are not permitted.

WB-2600 MATERIAL ORGANIZATION’S
QUALITY SYSTEM PROGRAMS

WB-2610 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

(a) Except as provided in (b) below,Material Organiza-
tions shall have a Quality System Program or an Identi-
fication and Verification Program, as applicable, which
meets the requirements of WA-3800.

(b) The requirements ofNCA‐3860andNCA‐4256shall
be met as required by WB-2130 and WB-2150, respec-
tively. The other requirements of WA-3800 need not
be used by Material Organizations for small products,
as defined in (c) below, and for material which is
allowed by this Subsection to be furnished with a Certi-
ficate of Compliance. For these products, the Certificate
Holder’s Quality Assurance Program (see Article
WA-4000) shall include measures to provide assurance
that thematerial is furnished in accordancewith themate-
rial specification and with the applicable requirements of
this Subsection.

(c) For the purpose of this paragraph, small products
are defined as given in (1) through (4) below:
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(1) pipe, tube, pipe fittings, and flanges NPS 2 (DN
50) and less;

(2) bolting material, including studs, nuts, and bolts
of 1 in. (25 mm) nominal diameter and less;

(3) bars with a nominal cross‐sectional area of 1 in.2
(650 mm2) and less; and

(4) material for valves with inlet pipe connections of
NPS 2 (DN 50) and less.

WB-2700 DIMENSIONAL STANDARDS
Dimensions of standard items shall comply with the

standards and specifications listed in Article WA-7000.
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ARTICLE WB-3000
DESIGN

WB-3100 GENERAL DESIGN

WB-3110 LOADING CRITERIA

WB-3111 Loading Conditions

The loadings considered in designing a containment as
identified in the Design Specification shall include, but are
not limited to those in (a) through (g) below:

(a) internal and external pressures
(b) impact loads caused by either internal or external

conditions, including drop and puncture
(c) weight of the containment and normal contents

under operating or test conditions, including additional
pressure due to static and dynamic head of liquids

(d) superimposed loads such as other components,
operating equipment, impact limiting devices, shielding,
insulation, and linings

(e) shock loads, vibration loads, transportation loads,
and handling loads

(f) reaction loads from attachments and supports
(g) temperature effects caused by contents, the

external environment, and other components

WB-3112 Design Loadings

The Design Loadings shall be established in accordance
with WA-2123.1 and the following subparagraphs.

WB-3112.1 Design Pressure.The specified internal and
external Design Pressures to be used in this Subsection
shall be established in accordance with WA-2123.1(a).

WB-3112.2 Design Temperature. The specified Design
Temperature shall be established in accordance with
WA-2123.1(b). It shall be used in computations involving
the Design Pressure and the coincidental Design Mechan-
ical Loads. If necessary, the metal temperature shall be
determined by computation using accepted heat transfer
proceduresorbymeasurement fromequipment in service
under equivalent operating conditions. In no case shall the
temperature of the metal exceed the maximum tempera-
ture listed in the applicability column of Section II, Part D,
Subpart 1, Tables 2A, 2B, and 4, nor exceed the maximum
temperature limitations specified elsewhere in this
Subsection.

WB-3112.3 Design Mechanical Loads. The specified
Design Mechanical Loads shall be established in accor-
dance with WA-2123.1(c). They shall be used in conjunc-
tion with the Design Pressure.

WB-3112.4 Design Stress Intensity Values. Design
stress intensity values for Section III, Class TC materials
listed in Section II, Part D, Subpart 1, Tables 2A, 2B, and 4
shall be used. The materials shall not be used at tempera-
tures that exceed the temperature limit established in the
stress tables. The stress intensity values in the tables may
be interpolated for intermediate temperatures. As an
additional control on permitted transportation contain-
ment materials listed in Section II, Part D, Subpart 1,
Tables 2A and 2B, only the following materials shall be
used:

(a) materials whose P-numbers are listed in
Table WB-4622.1-1, or

(b) ductile cast iron castings per specifications SA-874
or SA/JIS G5504 of Section II, Part D, Subpart 1, Table 2A.

WB-3113 Operating and Test Conditions

(a) Transportation containments (see WA-1110) are
subject to operating and test conditions that are required
to be considered in the design of the containment in order
to satisfy applicable safety criteria.

(b) The selection of operating and test conditions is
beyond the scopeof thisDivision. TheDesignSpecification
shall specify these conditions using appropriate guidance
fromsafety criteriadocuments for transportation contain-
ments and the requirements of regulatory and enforce-
ment authorities having jurisdiction.

(c) Each operating and test condition to which the
containmentmay be subjected shall be classified in accor-
dance with WA-2120, and Service Limits [see
WA-2123.4(b)] shall be designated in the Design Specifi-
cation in such detail as will provide a complete basis for
design in accordance with this Subsection.

(d) When any loading for which Level A or Level D
Service Limits are specified in the Design Specification,
they shall be evaluated in accordance with WA-2120
and in compliance with the applicable design and
stress intensity limits of this Subsection.
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WB-3114 Stress and Strain Limits

Stress limits associated with operating and test condi-
tions are specified inWB-3220 andWB-3230. As an alter-
native to the stress criteria, strain-based acceptance
criteria associated with Level D energy-limited events
are specified in WB-3700.

WB-3120 SPECIAL CONSIDERATIONS

WB-3121 Material Degradation

Material subject to thinning by corrosion, erosion,
mechanical abrasion, or other environmental effects
shall have provision made in the Design Specification
for these effects by indicating the increase in the thickness
of the base metal over that determined by the design
analysis (seeWB-3200).Other suitablemethodsofprotec-
tion may be used. Material added or included for these
purposes need not be of the same thickness for all
areas of the containment if different rates of attack are
expected for the various areas.

WB-3122 Cladding

The rules of this paragraph apply to the design of clad
containments constructed of materials permitted in
Section II, Part D, Subpart 1, Tables 2A and 2B. Only mate-
rials whose P‐numbers are listed in Table WB-4622.1-1
shall be used.

WB-3122.1 Primary Stresses. No structural strength
shall be attributed to the cladding.

WB-3122.2 Design Dimensions. The dimensions given
in (a) and (b) below shall be used in the design of the
containment.

(a) For containments subjected to internal pressure,
the inside diameter shall be taken at the nominal inner
face of the cladding.

(b) For containments subjected to external pressure,
the outside diameter shall be taken at the outer face of
the base metal.

WB-3122.3 Secondary and Peak Stresses. In satisfying
WB-3222.6 and WB-3222.9, the presence of the cladding
shall be considered with respect to both the thermal
analysis and the stress analysis. The stresses in bothmate-
rials shall be limited to the values specified in WB-3222.6
andWB-3222.9.However,when the cladding is of the inte-
grally bonded type and the nominal thickness of the clad-
ding is 10% or less of the total thickness of the
containment, the presence of the cladding may be
neglected.

WB-3122.4 Bearing Stresses. In satisfying WB-3227.1,
the presence of cladding shall be included.

WB-3123 Welding

WB-3123.1 DissimilarMetals. In satisfying the require-
ments of this subarticle, caution shall be exercised in
design and construction involving dissimilar metals
having different chemical compositions,mechanical prop-
erties, and coefficients of thermal expansion to avoid diffi-
culties in service.

WB-3123.2 Fillet Welded Attachments. Fillet welds
conforming to Figure WB-4427-1 may be used for attach-
ments to containments except as limited by WB-4433.
Limits for primary and secondary stress intensities in
the weld shall be one‐half of the allowable values of
primary and secondary stress intensity for the weaker
of the materials being joined. Evaluation for cyclic
loading shall be made in accordance with WB-3222.9,
using a fatigue strength reduction factor of 4, and shall
include consideration of temperature differences
between the containment and the attachment, and of
expansion or contraction of the containment produced
by internal or external pressure.

WB-3130 GENERAL DESIGN RULES

WB-3131 Design Reports

The Certificate Holder shall provide a Design Report
conforming to the requirements of WA-3352 and
WB-3211.

WB-3132 Dimensional Standards for Standard
Products

Dimensions of standard products shall comply with the
standards and specifications listed in Table WA-7100-1
when the standard or specification is referenced in the
specific design subarticle. However, compliance with
these standards does not replace or eliminate the require-
ments for stress analysis.

WB-3133 External Pressure, Axial Compression,
Buckling, and Instability

Rules are given in this paragraph for the consideration
of statically applied external pressure and axial compres-
sion loads for Design Loadings and normal loadings.
Compressive loads as a result of accident loadings
shall use the rules from WB-3224.1(e).

WB-3133.1 General. Rules are given in this paragraph
for determining the thickness of spherical shells, cylin-
drical shells with or without stiffening rings, and
formed heads under external pressure loading.

WB-3133.2 Nomenclature. The symbols used in this
paragraph are defined as follows:
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A = factor determined from Section II, Part D, Subpart
3, Figure G and used to enter the applicable mate-
rial chart in Section II, Part D, Subpart 3. For the
case of cylinders having Do/T values less than 10,
see WB-3133.3(b). Also, factor determined from
the applicable chart in Section II, Part D,
Subpart 3 for the material used in a stiffening
ring, corresponding to the factor B and the
design metal temperature for the shell under
consideration.

As = cross‐sectional area of a stiffening ring
B = factor determined from the applicable chart in

Section II, Part D, Subpart 3 for the material
used in a shell or stiffening ring at the design
metal temperature, psi (MPa)

Do = outside diameter of the cylindrical shell
E = modulus of elasticity of material at Design

Temperature, psi (MPa). For external pressure
and axial compression design in accordance
with this Subsection, the modulus of elasticity
to be used shall be taken from the applicablemate-
rials chart in Section II, Part D, Subpart 3. (Inter-
polation may be made between lines for
intermediate temperatures.) The modulus of elas-
ticity values shown in Section II, Part D, Subpart 3
for material groups may differ from those values
listed in Section II, Part D, Subpart 2, Tables TM for
specific materials. Section II, Part D, Subpart 3
values shall be applied only to external pressure
and axial compression design

I = available moment of inertia of the combined ring‐
shell section about its neutral axis, parallel to the
axis of the shell. The width of the shell which is
taken as contributing to the combined moment
of inertia shall be not greater than D T1.10 o n
and shall be taken as lying one‐half on each
side of the centroid of the ring. Portions of shell
plates shall not be considered as contributing
area to more than one stiffening ring.

Is = required moment of inertia of the combined ring‐
shell section about its neutral axis parallel to the
axis of the shell

L = the design length of a containment taken as the
largest of the following:

(a) the distance between head tangent lines
plus one‐third of the depth of each head if
there are no stiffening rings

(b) the greatest center‐to‐center distance
between any two adjacent stiffening rings

(c) the distance from the center of the first stif-
fening ring to the head tangent line plus one‐third
of the depth of the head, all measured parallel to
the axis of the containment

Ls = one‐half the distance from the center line of the
stiffening ring to the next line of support on
one side, plus one‐half of the center line distance
to the next line of support on the other side of the
stiffening ring, bothmeasuredparallel to theaxisof
the component. A line of support is one of the
following:

(a) a stiffening ring that meets the require-
ments of this paragraph

(b) a circumferential line on a head at one‐third
the depth of the head from the head tangent line

(c) circumferential connection to a jacket for a
jacketed section of a cylindrical shell

P = external Design Pressure, psi (MPa) (gage or abso-
lute, as required)

Pa = allowable external pressure, psi (MPa) (gage or
absolute as required)

R = inside radius of spherical shell
S = the lesser of 1.5 times the stress intensity at design

metal temperature from Section II, Part D, Subpart
1, Tables 2A and2Bor 0.9 times the tabulated yield
strength at designmetal temperature fromSection
II, Part D, Subpart 1, Table Y-1, psi (MPa)

T = minimum required thickness of cylindrical shell or
spherical shell

Tn = nominal thickness used, less corrosion allowance,
of a cylindrical shell

WB-3133.3 Cylindrical Shells. The thickness of cylin-
ders under external pressure shall be determined by the
procedure given in (a) or (b) below.

(a) Cylinders having Do/T values ≥ 10:
Step 1. Assume a value forT and determine the ratios

L/Do and Do/T.
Step 2. Enter Section II, Part D, Subpart 3, Figure G at

the value at L/Do determined in Step 1. For values of L/Do
greater than50, enter the chart at a value ofL/Doof 50. For
values of L/Do less than 0.05, enter the chart at a value of
L/Do of 0.05.

Step 3. Move horizontally to the line for the value of
Do/T determined in Step 1. Interpolationmay bemade for
intermediate values of Do/T. From this point of intersec-
tion move vertically downward to determine the value of
factor A.

Step 4. Using the value ofA calculated in Step 3, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value of A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 7.
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Step 5. From the intersection obtained in Step 4,
move horizontally to the right and read the value of B.

Step 6. Using this value ofB, calculate the value of the
maximum allowable external pressure Pa using the
following equation:

=P B
D T
4

3( )a
o

Step 7. For values of A falling to the left of the appli-
cable material/temperature line, the value of Pa can be
calculated using the following equation:

=P AE
D T
2

3( )a
o

Step 8. Compare Pa with P. If Pa is smaller than P,
select a larger value for T and repeat the design procedure
until a value of Pa is obtained that is equal to or greater
than P.

(b) Cylinders having Do/T values <10:
Step 1. Using the same procedure as given in (a)

above, obtain the value of B. For values of Do/T less
than 4, the value of factor A can be calculated using
the following equation:

=A
D T

1.1

( )o
2

For values of A greater than 0.10, use a value of 0.10.
Step 2. Using the value of B obtained in Step 1, calcu-

late a value Pa1 using the following equation:

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

P
D T

B2.167
( )

0.0833a
o

1

Step 3. Calculate avaluePa2 using the followingequa-
tion:

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

P S
D T D T

2
( )

1
1

( )a
o o

2

Step 4. The smaller of the values of Pa1 calculated in
Step 2, or Pa2 calculated in Step 3 shall be used for the
maximum allowable external pressure Pa. Compare Pa
with P. If Pa is smaller than P, select a larger value for
T and repeat the design procedure until a value for Pa
is obtained that is equal to or greater than P.

WB-3133.4 Spherical Shells and Formed Heads.

(a) Spherical Shells. The minimum required thickness
of a spherical shell under external pressure shall be deter-
mined by the procedure given in Steps 1 through 6 below.

Step 1. Assumeavalue forTand calculate thevalueof
factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using the value ofA calculated in Step 1, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value of A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 5.

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B.

Step 4. Using the value of B obtained in Step 3, calcu-
late thevalueof themaximumallowable external pressure
Pa using the following equation:

=P B
R T( )a

Step 5. For values of A falling to the left of the appli-
cable material/temperature line for the Design Tempera-
ture, the value of Pa can be calculated using the following
equation:

=P E
R T

0.0625

( )
a 2

Step 6. Compare Pa obtained in Steps 4 or 5 with P. If
Pa is smaller than P, select a larger value for T and repeat
the design procedure until a value for Pa is obtained that is
equal to or greater than P.

(b) Nomenclature for Formed Heads. The nomenclature
defined below is used in the equations of (c) through (e)
below.

D = inside length of the major axis of an ellipsoidal
head

Do = outside diameter of the head skirt at the point
under consideration

h = one‐half of the length of theminor axis of the ellip-
soidal head or the inside depth of the ellipsoidal
head measured from the tangent line, head bend
line

K1 = a factor depending on the ellipsoidal head propor-
tions, given in Table WB-3133.4-1

R = for hemispherical heads, the inside radius in the
corroded condition

x = for ellipsoidal heads, the equivalent inside sphe-
rical radius takenasK1Do in thecorrodedcondition

x = for torispherical heads, the inside radius of the
crown portion of the head in the corroded
condition
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T = minimum required thickness of head after
forming, exclusive of corrosion allowance

(c) Hemispherical Heads. The required thickness of a
hemispherical head having pressure on the convex side
shall be determined in the same manner as outlined in
(a) above for determining the thickness for a spherical
shell.

(d) Ellipsoidal Heads. The required thicknessof anellip-
soidal head having pressure on the convex side, either
seamless or of built‐up construction with butt joints,
shall not be less than that determined by the following
procedure.

Step 1. Assumeavalue forT andcalculate thevalueof
factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using thevalueofA calculated inStep1, follow
the sameprocedure as that given for spherical shells in (a)
Step 2 through (a) Step 6 above.

(e) Torispherical Heads. The required thickness of a
torispherical head having pressure on the convex side,
either seamless or of built‐up construction with butt
joints, shall not be less than that determined by the
same design procedure as is used for ellipsoidal heads
given in (d) above, using the appropriate value for R.

WB-3133.5 Stiffening Rings for Cylindrical Shells.

(a) The required moment of inertia of the combined
ring‐shell section is given by the equation:

= +
I

D L T A L A( )
10.9s

o s s s
2

The available moment of inertia I for a stiffening ring
shall be determined by the procedure given in Steps 1
through 6 below.

Step 1. Assuming that the shell has been designed
and Do, Ls, and Tn are known, select a member to be
used for the stiffening ring and determine its area As

and the value of I defined in WB-3133.2. Then calculate
B by the equation:

=
+

i
k
jjjjj

y
{
zzzzzB

PD
T A L

3
4

o

n s s

Step 2. Enter the right‐hand side of the applicable
material chart in Section II, Part D, Subpart 3 for themate-
rial under consideration at the value of B determined in
Step 1. If different materials are used for the shell and
stiffening ring, then use the material chart resulting in
the larger value for factor A in Step 4 or Step 5 below.

Step 3. Move horizontally to the left to the material/
temperature line for the design metal temperature. For
values of B falling below the left end of the material/
temperature line, see Step 5.

Step 4. Move vertically to the bottom of the chart and
read the value of A.

Step 5. For values of B falling below the left end of the
material/temperature line for the Design Temperature,
the value of A can be calculated using the following equa-
tion:

=A B E2

Step 6. If the required Is is greater than the computed
moment of inertia I for the combined ring‐shell section
selected in Step 1, a new section with a larger moment
of inertia must be selected and a new Is determined. If
the required Is is smaller than the computed I for the
section selected in Step 1, that section should be satisfac-
tory.

(b) Stiffening rings may be attached to either the
outside or the inside of the containment by continuous
welding.

WB-3133.6 Cylinders Under Axial Compression. The
maximum allowable compressive stress to be used in
the design of cylindrical shells subjected to loadings
that produce longitudinal compressive stresses in the
shell or wall shall be the lesser of the values given in
(a) or (b) below:

(a) the Sm value for the applicable material at Design
Temperature given in Section II, Part D, Subpart 1, Tables
2A and 2B

(b) the value of the factor B determined from the ap-
plicable chart in Section II, Part D, Subpart 3 using the
following definitions for the symbols on the charts:

R = inside radius of the cylindrical shell
T = selected thickness of the shell, exclusive of the

corrosion allowance

The value of B shall be determined from the applicable
chart contained in Section II, Part D, Subpart 3 as given in
Steps 1 through 5 below.

Step 1. Using the selected values of T and R, calculate
the value of factor A using the following equation:

Table WB-3133.4-1
ð23Þ Values of Spherical Radius Factor, K1

D/2h K1
3.0 1.36
2.8 1.27
2.6 1.18
2.4 1.08
2.2 0.99
2.0 0.90

D/2h K1
1.8 0.81
1.6 0.73
1.4 0.65
1.2 0.57
1.0 0.50
… …

GENERALNOTE: Equivalent spherical radius=K1D;D/2h=axis ratio;
interpolation permitted for intermediate values.
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=A
R T
0.125

( )

Step 2. Using the value ofA calculated in Step 1, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 4.

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B. This is the maximum allowable compressive
stress for the values of T and R used in Step 1.

Step 4. For values of A falling to the left of the appli-
cable material/temperature line, the value of B shall be
calculated using the following equation:

=B
AE
2

Step 5. Compare the value of B determined in Step 3
or Step 4 with the computed longitudinal compressive
stress in the cylindrical shell, using the selected values
of T and R. If the value of B is smaller than the computed
compressive stress, a greater value of Tmust be selected
and the design procedure repeated until a value of B is
obtained which is greater than the compressive stress
computed for the loading on the cylindrical shell.

WB-3134 Leak Tightness

The leak tightness requirements for each containment
shall be set forth in the Design Specification.

WB-3135 Attachments

(a) Except as permitted in (c) and (d) below, attach-
ments and connecting welds within the jurisdictional
boundary of the containment as defined in WB-1130
shall meet the stress limits of the containment.

(b) The design of the containment shall include consid-
eration of the interaction effects and loads transmitted
through the attachment to and from the containment.
Thermal stresses, stress concentrations, and restraint
of the containment shall be considered.

(c) Beyond 2t from the outside surface of the contain-
ment shell,where t is thenominal thickness of the contain-
ment shell, theappropriatedesign rules as identified in the
Design Specification may be used.

(d) Nonstructural attachments shall meet the require-
ments of WB-4435.

WB-3200 DESIGN OF CONTAINMENTS

WB-3210 DESIGN CRITERIA

WB-3211 Requirements for Acceptability

The requirements for the acceptability of a design by
analysis are given in (a) through (d) below.

(a) The design shall be such that stress intensities will
not exceed the limits described in this subarticle and tabu-
lated in Section II, Part D, Subpart 1, Tables 2A, 2B, and 4.
Thematerial shall notbeusedatmetalorDesignTempera-
ture that exceeds the temperature limit in the applicability
column for which stress intensity values are listed. The
values in the tables may be interpolated for intermediate
temperatures.

(b) The design details shall conform to the rules given
in this Article.

(c) For configurations where compressive stresses
occur, in addition to the requirements in (a) and (b)
above, the critical buckling stress shall be taken into
account as specified in WB-3133.

(d) Protection against nonductile fracture shall be
provided. An acceptable procedure for nonductile
failure prevention is given in WB-2300.

WB-3212 Basis for Determining Stresses

The theory of failure, used in the rules of this Subsection
for combining stresses, is the maximum shear stress
theory. The maximum shear stress at a point is equal
to one‐half the difference between the algebraically
largest and thealgebraically smallest of the threeprincipal
stresses at the point.

WB-3213 Terms Relating to Stress Analysis

Terms used in this Subsection relating to stress analysis
are defined in the following subparagraphs.

WB-3213.1 Stress Intensity.8 Stress intensity is defined
as twice themaximumshear stress,which is thedifference
between the algebraically largest principal stress and the
algebraically smallest principal stress at a given point.
Tensile stresses are considered positive and compressive
stresses are considered negative.

WB-3213.2 Gross Structural Discontinuity. Gross
structural discontinuity is a geometric or material discon-
tinuity that affects the stressor straindistribution through
the entirewall thickness of the containment. Gross discon-
tinuity‐type stresses are thoseportions of the actual stress
distributions that produce net bending and membrane
force resultants when integrated through the wall thick-
ness. Examples of a gross structural discontinuity are
head‐to‐shell junctions, flange‐to‐shell junctions, rein-
forcement of openings in containment shells and
heads, and junctions between shells of different diameters
or thicknesses.
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WB-3213.3 LocalStructuralDiscontinuity.Local struc-
tural discontinuity is a geometric ormaterial discontinuity
that affects the stress or strain distribution through a frac-
tional part of the wall thickness. The stress distribution
associatedwith a local discontinuity causesonly very loca-
lized deformation or strain and has no significant effect on
the shell‐type discontinuity deformations. Examples are
small fillet radii and small attachments.

WB-3213.4 NormalStress.Normal stress is the compo-
nent of stress normal to the plane of reference. This is also
referred to as direct stress. Usually the distribution of
normal stress is not uniform through the thickness of
apart, so this stress is considered tohave twocomponents,
one uniformly distributed and equal to the average stress
across the thickness under consideration, and the other
varying from this average value across the thickness.

WB-3213.5 ShearStress.Shear stress is the component
of stress tangent to the plane of reference.

WB-3213.6 Membrane Stress. Membrane stress is the
component of normal stress that is uniformly distributed
and equal to the average stress across the thickness of the
section under consideration.

WB-3213.7 Bending Stress. Bending stress is the
component of normal stress that varies across the thick-
ness. The variation may or may not be linear.

WB-3213.8 Primary Stress. Primary stress is any
normal stress or shear stress developed by an imposed
loading, that is necessary to satisfy the laws of equilibrium
of external and internal forces and moments. The basic
characteristic of a primary stress is that it is not self‐
limiting. Primary stresses that considerably exceed the
yield strength will result in failure or, at least, in gross
distortion. Primary membrane stress is divided into
general and local categories. A general primarymembrane
stress is one that is so distributed in the structure that no
redistribution of load occurs as a result of yielding. Exam-
ples of primary stress are:

(a) general membrane stress in a circular cylindrical
shell or a spherical shell due to internal pressure or to
distributed loads;

(b) bending stress in the central portion of a flat head
due to pressure;

(c) longitudinal stress due to cylinder bending in the
central portion of a horizontal cylindrical shell being
decelerated by forces applied at its extreme ends.
Refer to Table WB-3217-1 for examples of primary

stress.

WB-3213.9 Secondary Stress. Secondary stress is a
normal stress or a shear stress developed by the
constraint of adjacent material or by self‐constraint of
the structure. The basic characteristic of a secondary
stress is that it is self‐limiting. Local yielding and
minor distortions can satisfy the conditions that cause

the stress to occur and failure from one application of
the stress is not to be expected. Examples of secondary
stress are:

(a) general thermal stress [see WB-3213.13(a)];
(b) bending stress at a gross structural discontinuity.
Refer to Table WB-3217-1 for examples of secondary

stress.

WB-3213.10 Local Primary Membrane Stress. Cases
arise in which a membrane stress produced by pressure
or othermechanical loading and associatedwith a discon-
tinuity would, if not limited, produce excessive distortion
in the transfer of load to other portions of the structure.
Conservatism requires that such a stress be classified as a
local primary membrane stress even though it has some
characteristics of a secondary stress.
A stressed regionmaybeconsidered local if thedistance

over which the membrane stress intensity exceeds 1.1Sm
does not extend in the meridional direction more than

Rt1.0 , where R is the minimum midsurface radius of
curvature and t is the minimum thickness in the
region considered. Regions of local primary stress inten-
sity involving axisymmetric membrane stress distribu-
tions that exceed 1.1Sm shall not be closer in the
meridional direction than R t2.5 L L , where R L is
defined as (R1 + R2)/2 and tL is defined as (t1 + t2)/2
(where t1 and t2 are the minimum thicknesses at each
of the regions considered, and R1 and R2 are the
minimum midsurface radii of curvature at these
regions where the membrane stress intensity exceeds
1.1Sm). Discrete regions of local primary membrane
stress intensity, such as those resulting fromconcentrated
loads acting on brackets, where the membrane stress
intensity exceeds 1.1Sm, shall be spaced so that there
is no overlapping of the areas in which the membrane
stress intensity exceeds 1.1Sm.

WB-3213.11 Peak Stress. Peak stress is that increment
of stress that is additive to the primary plus secondary
stresses by reason of local discontinuities or local
thermal stress [see WB-3213.13(b)], or localized applica-
tion of dynamic load including the effects, if any, of stress
concentrations. The basic characteristic of a peak stress is
that it does not cause any noticeable distortion and is
objectionable only as a possible source of a fatigue
crack or a brittle fracture. A stress that is not highly loca-
lized falls into this category if it is of a type that cannot
cause noticeable distortion. Examples of peak stress are:

(a) the thermal stress in the austenitic steel cladding of
a carbon steel part;

(b) certain thermal stresses that may cause fatigue but
not distortion;

(c) the stress at a local structural discontinuity;
(d) surface stresses produced by thermal shock.
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WB-3213.12 Load-Controlled Stress. Load-controlled
stress is the stress resulting from application of a
loading, such as internal pressure, inertial loads, or
gravity, whose magnitude is not reduced as a result of
displacement.

WB-3213.13 Thermal Stress. Thermal stress is a self‐
balancing stress producedbyanonuniformdistributionof
temperature or by differing thermal coefficients of expan-
sion.Thermal stress isdeveloped ina solidbodywhenever
a volume of material is prevented from assuming the size
and shape that it normally would under a change in
temperature. For the purpose of establishing allowable
stresses, two types of thermal stress are recognized,
depending on the volume or area in which distortion
takes place, as described in (a) and (b) below.

(a) General thermal stress is associatedwith distortion
of the structure in which it occurs. If a stress of this type,
neglecting stress concentrations, exceeds twice the yield
strengthof thematerial, the elastic analysismaybe invalid
and successive thermal cycles may produce incremental
distortion. Therefore this type is classified as secondary
stress in Table WB-3217-1. Examples of general thermal
stress are:

(1) stress produced by an axial temperature distri-
bution in a cylindrical shell;

(2) stress produced by the temperature difference
between a nozzle and the shell to which it is attached;

(3) the equivalent linear stress9 produced by the
radial temperature distribution in a cylindrical shell.

(b) Local thermal stress is associated with almost
complete suppression of the differential expansion and
thus produces no significant distortion. Such stresses
shall be considered only from the fatigue standpoint
and are therefore classified as peak stresses in
Table WB-3217-1. Examples of local thermal stress are:

(1) the stress in a small hot spot in a containment
wall;

(2) the difference between the actual stress and the
equivalent linear stress resulting from a radial tempera-
ture distribution in a cylindrical shell;

(3) the thermal stress in a cladding material that has
a coefficient of expansion different from that of the base
metal.

WB-3213.14 Total Stress. Total stress is the sum of the
primary, secondary, and peak stress contributions. Recog-
nitionof eachof the individual contributions is essential to
establishment of appropriate stress limitations.

WB-3213.15 Operational Cycle. Operational cycle is
defined as the initiation and establishment of new condi-
tions followed by a return to the conditions that prevailed
at the beginning of the cycle. The types of operating condi-
tions that may occur are further defined in WB-3113.

WB-3213.16 Stress Cycle. Stress cycle is a condition in
which the a l te rna t ing s t ress d i f f e rence [see
WB-3222.9(e)] goes from an initial value through an alge-
braic maximum value to an algebraic minimum value and
then returns to the initial value. A single operational cycle
may result in one or more stress cycles. Dynamic effects
shall also be considered as stress cycles.

WB-3213.17 Fatigue Strength Reduction Factor.
Fatigue strength reduction factor is a stress intensification
factor that accounts for the effect of a local structural
discontinuity (stress concentration) on the fatigue
strength. In the absence of experimental data, the theo-
retical stress concentration factor may be used.

WB-3213.20 Deformation. Deformation of a compo-
nent part is an alteration of its shape or size.

WB-3213.21 Ratcheting. Ratcheting is a progressive
incremental inelastic deformation or strain that can
occur in a component that is subjected to variations of
mechanical stress, thermal stress, or both.

WB-3213.22 Shakedown. Shakedown of a structure
occurs if, after a few cycles of load application, ratcheting
ceases. The subsequent structural response is elastic, or
elastic–plastic, and progressive incremental inelastic
deformation is absent. Elastic shakedown is the case in
which the subsequent response is elastic.

WB-3214 Stress Analysis

A detailed stress analysis of all major structural compo-
nents shall be prepared in sufficient detail to show that
each of the stress limitations ofWB-3220 andWB-3230 is
satisfied when the component is subjected to the loadings
of WB-3110.

WB-3215 Derivation of Stress Intensities

One requirement for the acceptability of a design (see
WB-3210) is that the calculated stress intensities shall not
exceed specified allowable limits. These limits differ
depending on the stress category (primary, secondary,
etc.) fromwhich the stress intensity is derived. This para-
graph describes the procedure for the calculation of the
stress intensities that are subject to the specified limits.
Thesteps in theprocedureare stipulated in (a) through (e)
below.

(a) At the point on the component that is being inves-
tigated, choose an orthogonal set of coordinates, such as
tangential, longitudinal, and radial, and designate themby
the subscripts t, l, and r. The stress components in these
directions are then designated σt, σl, and σr for direct
stresses and τlt, τlr, and τrt for shear stresses.

(b) Calculate the stress components for each type of
loading to which the part will be subjected, and assign
each set of stress values to one or a group of the following
categories:
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(1) general primary membrane stress Pm (see
WB-3213.8);

(2) local primary membrane stress P L (see
WB-3213.10);

(3) primary bending stress Pb (see WB-3213.7 and
WB-3213.8);

(4) secondary stress Q (see WB-3213.9);
(5) peak stress F (see WB-3213.11).

WB-3217 provides guidance for this step.
(c) For each category, calculate the algebraic sumof the

σt values that result from the different types of loadings
and similarly for the other five stress components. Certain
combinations of the categories must also be considered.

(d) Translate the stress components for the t, l, and r
directions into principal stresses σ1, σ2, and σ3. In many
pressure component calculations, the t, l, and r directions
may be so chosen that the shear stress components are
zero and σ1, σ2, and σ3 are identical to σt, σl, and σr.

(e) Calculate the stressdifferencesS12,S23, andS31 from
the relations:

=
=
=

S
S
S

12 1 2
23 2 3
31 3 1

The stress intensity S is the largest absolute value of S12,
S23, and S31.
NOTE: Membrane stress intensity is derived from the stress
components averaged across the thickness of the section.
The averaging shall be performed at the component level in
(b) or (c).

WB-3216 Derivation of Stress Differences

If the specified operation of the component does not
meet the conditions of WB-3222.9(d), the ability of the
component to withstand the specified cyclic operation
without fatigue failure shall be determined as provided
in WB-3222.9(e). The determination shall be made on
the basis of the stresses at a point of the component,
and the allowable stress cycles shall be adequate for
the specified service at every point. Only the stress differ-
ences due to cyclic operating loadings, as specified in the
Design Specification, need to be considered.

WB-3216.1 Constant Principal Stress Direction. For
any case in which the directions of the principal stresses
at the point being considered do not change during the
cycle, the steps stipulated in (a) through (c) below
shall be taken to determine the alternating stress inten-
sity.

(a) Principal Stresses. Consider the values of the three
principal stresses at thepoint versus time for the complete
stress cycle, taking into account both the gross and local
structural discontinuities and the thermal effects, which
vary during the cycle. These are designated as σ1, σ2, and
σ3 for later identification.

(b) Stress Differences. Determine the stress differences
S12 = σ1 − σ2, S23 = σ2 − σ3, and S31 = σ3 − σ1 versus time for
the complete cycle. In what follows, the symbol Sij is used
to represent any one of these three stress differences.

(c) Alternating Stress Intensity. Determine theextremes
of the range through which each stress difference Sij fluc-
tuates and find the absolute magnitude of this range for
each Sij. Call this magnitude Srij and let Salt ij = 0.5Srij. The
alternating stress intensity Salt is the largest Salt ij value.

WB-3216.2 Varying Principal Stress Direction. For any
case inwhich the directions of the principal stresses at the
point being considered do change during the stress cycle,
it is necessary to use the more general procedure of (a)
through (e) below.

(a) Consider the values of the six stress components σt,
σl, σr, τlt, τlr, and τrt versus time for the complete stress
cycle, taking into account both the gross and local struc-
tural discontinuities and the thermal effects that vary
during the cycle.

(b) Choose a point in time when the conditions are one
of the extremes for the cycle (either maximum or
minimum, algebraically) and identify the stress compo-
nents at this time by the subscript i. In most cases, it
will be possible to choose at least one time during the
cycle when the conditions are known to be extreme. In
some cases, it may be necessary to try different points
in time to find the one that results in the largest value
of alternating stress intensity.

(c) Subtract each of the six stress components σti, σli,
etc., from the corresponding stress components σt, σl, etc.,
at each point in time during the cycle and call the resulting
components σ′t, σ′l, etc.

(d) At each point in time during the cycle, calculate the
principal stresses σ′1, σ′2, and σ′3 derived from the six
stress components σ′t, σ′l, etc. Note that the directions
of the principal stresses may change during the cycle
but each principal stress retains its identity as it rotates.

(e) Determine the stress differences S′12 = σ′1 − σ′2,
S′23 = σ′2 − σ′3, and S′31 = σ′3 − σ′1 versus time for the
complete cycle and find the largest absolute magnitude
of any stress difference at any time. The alternating
stress intensity Salt is one‐half of this magnitude.

WB-3217 Classification of Stresses

Table WB-3217-1 provides assistance in the determi-
nationof the category towhichastress shouldbeassigned.

WB-3220 STRESS LIMITS FOR OTHER THAN
BOLTS

WB-3221 Design Limits

The stress intensity limits that must be satisfied for
Design Loadings (seeWB-3112) stated in theDesign Spec-
ification are the limits of the following subparagraphs and
the Special Stress Limits of WB-3227. The design stress
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Table WB-3217-1
ð23Þ Classification of Stress Intensity in Containments for Some Typical Cases

Containment Part Location Origin of Stress Type of Stress Classification
Cylindrical or spherical shell Shell plate remote from

discontinuities
Internal pressure General membrane Pm

Gradient through plate
thickness

Q

Axial thermal gradient Membrane Q
Bending Q

Junction with head or
flange

Internal pressure Membrane PL

Bending Q [Note (1)]
Any shell or head Any section across entire

containment
External load or moment, or
internal pressure

General membrane averaged
across full section

Pm

External load or moment Bending across full section Pm

Near nozzle or other
opening

External load or moment, or
internal pressure

Local membrane PL

Bending Q
Peak (fillet or corner) F

Any location Temperature difference
between shell and head

Membrane Q [Note (2)]
Bending Q [Note (3)]

Any location away from
impact area

Impact on unyielding surface General membrane Pm

Bending across full section Pm

At impact area Impact on puncture bar Local membrane PL [Note (4)]
Local bending Q

Dished head or conical head Crown Internal pressure Membrane Pm

Bending Pb

Knuckle or junction to
shell

Internal pressure Membrane PL [Note (5)]
Bending Q

Flat head Center region Internal pressure Membrane Pm

Bending Pb

Junction to shell Internal pressure Membrane PL

Bending Q [Note (1)]
Square or rectangular
containment of flat plates

Center region Uniform pressure Membrane Pm

Bending Pb

Junction between flat
plates

Uniform pressure Membrane PL

Bending Pb

Any section across entire
containment

Lateral internal loading Bending across full cross
section

Pm

Cladding Any Differential expansion Membrane F
Bending F

Any Any Radial temperature
distribution [Note (6)]

Equivalent linear stress
[Note (7)]

Q

Nonlinear portion of stress
distribution

F

Any Any Any Stress concentration (notch
effect)

F

GENERAL NOTE: Q and F classification of stresses refers to other than design condition (see Figure WB-3222-1).

NOTES:
(1) If thebendingmomentat theedge is required tomaintain thebendingstress in themiddle toacceptable limits, theedgebending is classifiedas

Pb. Otherwise, it is classified as Q.
(2) Components such as concentric shells attached to each other at the ends or in close radial contact may develop stresses due to temperature

differences or differential expansion between dissimilar materials. Members subjected to compressive load shall be evaluated against
buckling, treating the membrane stresses as Pm.
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intensity values Sm are given by WB-3229. The limits are
summarized in Figure WB-3221-1.

WB-3221.1 General Primary Membrane Stress Inten-
sity. (Derived from Pm in Figure WB-3221-1). This
stress intensity is derived from the average value
across the thickness of a section of the general
primary stresses (see WB-3213.8) produced by Design
Loadings,which include internalpressureandother speci-
fied mechanical loads, but excluding secondary and peak
stresses. Averaging is to be applied to the stress compo-
nents prior to determination of the stress intensity values.
The allowable value of this stress intensity is Sm at the
Design Temperature.

WB-3221.2 Local Primary Membrane Stress Intensity.
(Derived from PL in FigureWB-3221-1). This stress inten-
sity is derived from the average value across the thickness
of a sectionof the local primary stresses (seeWB-3213.10)
produced by Design Pressure and specified Design
Mechanical Loads, but excluding all thermal and peak
stresses. Averaging is to be applied to the stress compo-
nents prior to the determination of the stress intensity
values. The allowable value of the stress intensity is 1.5Sm.

WB-3221.4 PrimaryMembrane (General or Local) Plus
Primary Bending Stress Intensity. [Derived from (Pm or
PL) + Pb in Figure WB-3221-1]. This stress intensity is
derived from the highest value across the thickness of
a section of the general or local primary membrane
stresses plus primary bending stresses produced by
Design Pressure and other specified Design Mechanical
Loads, but excluding all secondary and peak stresses.
For solid rectangular sections, the allowable value of
this stress intensity is 1.5Sm. For other than solid rectan-
gular sections, a value of α times the limit established in
WB-3221.1 may be used, where the factor α is defined as
the ratio of the load set producing a fully plastic section to
the load set producing initial yielding in the extreme fibers
of the section. In the evaluation of the initial yield and fully
plastic section capacities, the ratios of each individual load
in the respective load set to each other load in that load set
shall be the same as the respective ratios of the individual
loads in the specified design load set. The value of α shall
not exceed the value calculated for bending only (Pm = 0).

In no case shall the value of α exceed 1.5. The propensity
for buckling of the part of the section that is in compres-
sion shall be investigated.

WB-3222 Level A Services Limits

The stress intensity limits that must be satisfied for
normal loadings (seeWB-3113) stated in theDesign Spec-
i f i ca t ion are the Leve l A Serv ice L imi ts [see
WA-2123.4(b)(1)] of the following subparagraphs and
the Special Stress Limits of WB-3227. The design
stress intensity values Sm are given by WB-3229. The
limits are summarized in Figure WB-3222-1.

WB-3222.1 General Primary Membrane Stress Inten-
sity. (Derived from Pm in Figure WB-3222-1). This
stress intensity is derived from the average value
across the thickness of a section of the general
primary stresses (see WB-3213.8) produced by normal
loads, which include internal pressure and other specified
mechanical loads, but excluding secondary and peak
stresses. Averaging is to be applied to the stress compo-
nents prior to determination of the stress intensity values.
The allowable value of this stress intensity is Sm at the
normal operating temperature.

WB-3222.2 Local Primary Membrane Stress Intensity.
(Derived from PL in FigureWB-3222-1). This stress inten-
sity is derived from the average value across the thickness
of a sectionof the local primary stresses (seeWB-3213.10)
produced by normal loads, but excluding all thermal and
peak stresses. Averaging is to be applied to the stress
components prior to the determinationof the stress inten-
sity values. The allowable value of this stress intensity is
1.5Sm.

WB-3222.4 PrimaryMembrane (GeneralorLocal)Plus
Primary Bending Stress Intensity. [Derived from (Pm or
PL) + Pb in Figure WB-3222-1]. This stress intensity is
derived from the highest value across the thickness of
a section of the general or local primary membrane
stresses plus primary bending stresses produced by
normal loads, but excluding all secondary and peak
stresses. For solid rectangular sections, the allowable
value of this stress intensity is 1.5Sm. For other than
solid rectangular sections, a value of α times the limit

Table WB-3217-1
Classification of Stress Intensity in Containments for Some Typical Cases (Cont’d)

NOTES: (Cont’d)
(3) If an end connection of two concentric shells is relativelyweak, the differential thermal expansion of the shellsmay lead to the formation of a

plastic hinge in the connection and could cause excessive deformation or failure. The end connection shall be evaluated for such a condition
treating the bending stresses as Pb.

(4) The special stress limits of WB-3227 shall also be met.
(5) Consideration shall also be given to the possibility of wrinkling and excessive deformation in containments with a large diameter–thickness

ratio.
(6) Consider possibility of thermal stress ratchet.
(7) Equivalent linear stress is defined as the linear stress distribution that has the same net bending moment as the actual stress distribution.
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Figure WB-3221-1
Stress Categories and Limits of Stress Intensity for Design Loadings

Description (for 
examples see  
Table WB-3217-1) 

General Membrane 
Stress 

Category 

Symbol 
[Note (1)] 

Local Membrane Bending 

Average primary 
stress across  
solid section. 
Excludes 
discontinuities 
and concentra-
tions. Produced 
by Design 
Loads. 

Combination of 
stress compo-
nents and 
allowable limits of 
stress intensities. 

Average stress
across any 
solid section. 
Considers 
discontinuities 
but not concen-
trations. 
Produced by 
Design Loads.

Component of 
primary stress 
proportional to 
distance from 
centroid of solid 
section. 
Excludes 
discontinuities 
and concentra-
tions. Produced 
by Design 
Loads. 

Pm 

Pm Sm 

PL 

PL 

(Pm or PL ) + Pb

1.5Sm 

1.5Sm 

Pb 

Primary 

[Note (2)]

Legend:

= Allowable value

= Calculated value

NOTES:
(1) The symbolsPm,PL, andPbdonot represent single quantities, but rather sets of six quantities representing the six stress componentsσt,σl,σr,

τlt, τlr, and τrt.
(2) Allowable values shown are for a solid rectangular section. See WB-3221.4 for other than a solid rectangular section.
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Figure WB-3222-1
Stress Categories and Limits of Stress Intensity for Normal Loadings

Primary Secondary [Note (2)]

Stress Membrane Plus
BendingCategory General Membrane Local Membrane Bending Peak

Description (for examples, Average primary stress Average stress across any Component of primary Increment added to
see Table WB-3217-1) across solid section. solid section. Considers stress proportional to 

distance from centroid 
of solid section. Ex- 
cluding effects of 
discontinuities and 
concentrations. Pro- 
duced by pressure and 
mechanical loads, 
including inertia 
effects. 

primary or second-
Excludes disconti- discontinuities but ary stress by a
nuities and concentra- not concentrations. concentration

(notch).tions. Produced by Produced by pressure 

Certain thermal
pressure and mechani- and mechanical loads, 

stresses that may
cal loads. including inertia effects. 

cause fatigue but
not distortion.

In local impact
regions.

Symbol Pm PL Pb
[Note (1)]

Combination of stress com-
ponents and allowable
limits of stress intensities Pm 1.0Sm PL 1.5Sm

1.5Sm

3Sm

[Note (5)]
[Note (4)]

Sa

Q F

[Notes (2) and (3)]

Self-equilibrating stress
  necessary to satisfy
  continuity of structure
  discontinuities. Can be
  caused by pressure,
  mechanical loads, or
  differential thermal
  expansion. Excludes
  local stress
  concentrations.

(Pm or PL) + Pb

[Note (6)]

(Pm or PL) + Pb + Q

(Pm or PL) + Pb + Q + F

Legend:

= Allowable value

= Calculated value

NOTES:
(1) The symbols Pm, PL, Pb, Q, and F do not represent single quantities, but sets of six quantities representing the six stress components: σt, σl, σr, τlt, τlr, τrt.
(2) When the secondary stress is due to a temperature transient at the point atwhich the stresses are being analyzed, the value of Sm shall be taken as the average of the tabulated Sm values for the

highest and the lowest temperatures of themetal during the transient. When part or all of the secondary stress is due to the mechanical load, the value of Sm shall not exceed the value for the
highest temperature during the transient.

(3) The 3Sm limit is applicable to the range of stresses.
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Figure WB-3222-1
Stress Categories and Limits of Stress Intensity for Normal Loadings (Cont’d)

NOTES (Cont’d)
(4) Thestresses inCategoryQare thosepartsof the total stress thatareproducedby thermalgradients, structuraldiscontinuities, etc., and theydonot includeprimarystresses thatmayalsoexist at

the same point. However, it should be noted that a detailed stress analysis frequently gives the combination of primary and secondary stresses directly and, when appropriate, the calculated
value represents the total of Pm + Pb +Q, and notQ alone. Similarly, if the stress in Category F is produced by a stress concentration, the quantity F is the additional stress produced by the notch
over and above the nominal stress. For example, if a point has a nominal stress intensity Pm + Pm(K − 1) = KPm. However, PL is the total membrane stress that results from mechanical loads,
including discontinuity effects rather than a stress increment. Therefore, the PL value always includes the Pm contribution.

(5) Sa is obtained from the fatigue curves, Section III Appendices, Mandatory Appendix I. The allowable value of stress intensity for the full range of fluctuation is 2Sa.
(6) Allowable values shown are for a solid rectangular section. See WB-3222.4 for other than a solid rectangular section.
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established inWB-3222.1may be used, where the factor α
is defined as the ratio of the load set producing a fully
plastic section to the load set producing initial yielding
in the extreme fibers of the section. In the evaluation
of the initial yield and fully plastic section capacities,
the ratios of each individual load in the respective load
set to each other load in that load set shall be the
same as the respective ratios of the individual loads in
the specified design load set. The value of α shall not
exceed the value calculated for bending only (Pm = 0).
In no case shall the value of α exceed 1.5. The propensity
for buckling of the part of the section that is in compres-
sion shall be investigated.

WB-3222.6 Primary Plus Secondary Stress Intensity.
[Der ived from (P m or P L ) + P b + Q in F igure
WB-3222-1]. This stress intensity is derived from the
highest value at any point across the thickness of a
sectionof the general or local primarymembrane stresses,
plus primary bending stresses plus secondary stresses,
produced by normal loads. The allowable value of the
maximum range of this stress intensity is 3Sm.
NOTE: Theconcept of stressdifferencesdiscussed inWB-3216 is
essential to determination of the maximum range, since alge-
braic signs must be retained in the computation. This limitation
on range is applicable to the entire history of normal loadings,
not just to the stresses resulting from each individual transient.

WB-3222.9 Analysis for Cyclic Operation.

(a) Suitability for Cyclic Operation. The suitability of a
component for specified normal loadings and Test Load-
ings [if required byWB-3225(d)] involving cyclic applica-
tion of loads and thermal conditions shall be determined
by the methods described herein, except that the suit-
ability of high strength bolts shall be determined by
the methods of WB-3232.4(b), and the possibility of
thermal stress ratchet shall be investigated in accordance
with WB-3222.11. If the specified normal loads of the
component meet all of the conditions of (d) below, no
analysis for cyclic operation is required, and it may be
assumed that the limits on peak stress intensities, as
governed by fatigue, have been satisfied by compliance
with the applicable requirements for material, design,
fabrication, examination, and testing of this Subsection.
If the normal loads do not meet all the conditions of
(d) below, a fatigue analysis shall be made in accordance
with (e)belowora fatigue test shall bemade inaccordance
with Section III Appendices, Mandatory Appendix II, II-
1500.

(b) Peak Stress Intensity. This stress intensity is derived
from the highest value at any point across the thickness of
a section of the combination of all primary, secondary, and
peak stresses produced by specified normal loads.

(c) Conditions and Procedures. The conditions and
procedures of WB-3222.9 are based on a comparison
of peak stresses with strain cycling fatigue data. The

strain cycling fatigue data are represented by design
fatigue strength curves of Section III Appendices, Manda-
tory Appendix I. These curves show the allowable ampli-
tude Saof the alternating stress intensity component (one‐
half of the alternating stress intensity range) plotted
against the number of cycles. This stress intensity ampli-
tude is calculated on the assumption of elastic behavior
and, hence, has the dimensions of stress, but does not
represent a real stress when the elastic range is exceeded.
The fatigue curves are obtained from uniaxial strain
cycling data in which the imposed strains have been
multiplied by the elastic modulus and a design margin
has been provided so as to make the calculated stress
intensity amplitude and the allowable stress intensity
amplitude directly comparable. Where necessary, the
curves have been adjusted to include the maximum
effects of mean stress, which is the condition where
the stress fluctuates about a mean value that is different
from zero. As a consequence of this procedure, it is essen-
tial that the requirements of WB-3222.6 be satisfied at all
times with transient stresses included, and that the calcu-
lated value of the alternating stress intensity be propor-
tional to the actual strain amplitude. To evaluate the effect
of alternating stresses of varying amplitudes, a linear
damage relation is assumed in (e)(5) below.

(d) Components Not Requiring Analysis for Cyclic Opera-
tion. An analysis for cyclic operation is not required, and it
may be assumed that the limits on peak stress intensities,
as governed by fatigue, have been satisfied for a compo-
nent by compliance with the applicable requirements for
material, design, fabrication, examination, and testing of
this Subsection, provided the specified normal loads of the
component, or portion thereof, meet all the conditions
stipulated in (1) through (5) below.

(1) Atmospheric to Normal Pressure Cycle. The speci-
fied number of times that the pressurewill be cycled from
atmospheric pressure to normal pressure and back to
atmospheric pressure during normal conditions does
not exceed the number of cycles on the applicable
fatigue curve of Section III Appendices,MandatoryAppen-
dix I, corresponding to an Sa value of three times the Sm
value for the material at the maximum normal tempera-
ture.

(2) Normal Pressure Fluctuation. The specified full
range of pressure fluctuations during normal conditions
does not exceed the quantity 1 ∕3 × Design Pres-
sure × (Sa/Sm), where Sa is the value obtained from
the applicable design fatigue curve for the total specified
number of significant pressure fluctuations and Sm is the
allowable value of stress intensity for the material at the
maximum normal temperature. If the total specified
number of significant pressure fluctuations exceeds the
maximum number of cycles defined on the applicable
design fatigue curve, the Sa value corresponding to the
maximum number of cycles defined on the curve may
be used. Significant pressure fluctuations are those for
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which the total excursion exceeds one-third of the Design
Pressure multiplied by(Sa/Sm) where S is defined as
follows:

(-a) If the total specified number of cycles is 106
cycles or less, S is the value of Sa obtained from the ap-
plicable design fatigue curve for 106 cycles.

(-b) If the total specified number of cycles exceeds
106 cycles, S is the value of Sa obtained from the applicable
design fatigue curve for the maximum number of cycles
defined on the curve.

(3) Temperature Difference — Normal Condition. The
total algebraic range of temperature difference, °F (°C),
between any two adjacent points10 does not change
during normal conditions by more than the quantity
Sa/2Eα, where Sa is the value obtained from the applicable
design fatigue curve of Section III Appendices, Mandatory
Appendix I, for the total specified number of significant
temperature difference fluctuations, α is the value of
the instantaneous coefficient of thermal expansion, and
E at the mean value of the temperatures at the two
points as given by Section II, Part D, Subpart 2, Tables
TE and TM. A temperature difference fluctuation shall
be considered to be significant if its total algebraic
range exceeds the quantity S/2Eα, where S is defined
as follows:

(-a) If the total specified number of cycles is 106
cycles or less, S is the value of Sa obtained from the ap-
plicable design fatigue curve for 106 cycles.

(-b) If the total specified number of cycles exceeds
106 cycles, S is the value of Sa obtained from the applicable
design fatigue curve for the maximum number of cycles
defined on the curve.

(4) Temperature Difference — Dissimilar Materials.
For components fabricated from materials of differing
moduli of elasticity or coefficients of thermal expansion,
the total algebraic range of temperature fluctuation, °F
(°C), experienced by the component during normal condi-
tions does not exceed the magnitude Sa/2(E1α1 − E2α2),
where Sa is the value obtained from the applicable design
fatigue curve for the total specified number of significant
temperature fluctuations, E1 and E2 are themoduli of elas-
ticity (Section II, Part D, Subpart 2, Tables TM), and α1 and
α2 are the values of the instantaneous coefficients of
thermal expansion (Section II, Part D, Subpart 2,
Tables TE) at the mean temperature value involved for
the two materials of construction. A temperature fluctua-
tion shall be considered to be significant if its total excur-
sion exceeds the quantity S/2(E1α1 − E2α2), where S is
defined as follows:

(-a) If the total specified number of cycles is 106
cycles or less, S is the value of Sa obtained from the ap-
plicable design fatigue curve for 106 cycles.

(-b) If the total specified number of cycles exceeds
106 cycles, S is the value of Sa obtained from the applicable
design fatigue curve for the maximum number of cycles
defined on the curve. If the two materials used have

different applicable design fatigue curves, the lower
value of Sa shall be used in applying the rules of this para-
graph.

(5) Mechanical Loads. The specified full range of
mechanical loads, excluding pressure but including
support reactions, handling and transportation loads,
and assembly/dissembly loads, does not result in load
stresses whose range exceeds the Sa value obtained
from the applicable design fatigue curve of Section III
Appendices, Mandatory Appendix I, for the total specified
number of significant load fluctuations. If the total speci-
fied number of significant load fluctuations exceeds the
maximum number of cycles defined on the applicable
design fatigue curve, the Sa value corresponding to the
maximum number of cycles defined on the curve may
beused. A load fluctuation shall be considered to be signif-
icant if the total excursion of load stress exceeds the quan-
tity S, where S is defined as follows:

(-a) If the total specified number of cycles is 106
cycles or less, S is the value of Sa obtained from the ap-
plicable design fatigue curve for 106 cycles.

(-b) If the total specified number of cycles exceeds
106 cycles, S is the value of Sa obtained from the applicable
design fatigue curve for the maximum number of cycles
defined on the curve.

(e) Procedure for Analysis for Cyclic Loading. If the
specified normal loads for the component do not meet
the conditions of (d), the ability of the component to with-
stand the specified cyclic operationwithout fatigue failure
shall be determined as provided in this subsubparagraph.
The determination shall be made on the basis of the
stresses at a point, and the allowable stress cycles
shall be adequate for the specified normal loads at
every point. Only the stress differences due to operation
cycles as specified in the Design Specifications need be
considered. Compliance with these requirements
means only that the component is suitable from the stand-
point of possible fatigue failure; complete suitability for
the specified normal loads is also dependent on meeting
the general stress limits of WB-3222 and any applicable
special stress limits of WB-3227.

(1) Stress Differences. For each normal load, deter-
mine the stress differences and the alternating stress
intensity Salt in accordance with WB-3216.

(2) Local Structural Discontinuities. These effects
shall be evaluated for all conditions using stress concen-
tration factorsdetermined fromtheoretical, experimental,
or photoelastic studies, or numerical stress analysis tech-
niques. Experimentally determined fatigue strength
reduction factors may be usedwhen determined in accor-
dancewith the procedures of Section III Appendices, Man-
datory Appendix II, II-1600, except for high strength alloy
steel bolting for which the requirements of WB-3232.4(c)
shall apply when using the design fatigue curve of Section
III Appendices, Mandatory Appendix I, Figure I-9.4. No
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fatigue strength reduction factor greater than five need be
used.

(3) Design Fatigue Curves. Section III Appendices,
Mandatory Appendix I, contains the applicable fatigue
design curves for the materials permitted by this Subsec-
tion. When more than one curve is presented for a given
material, the applicability of each is identified. Where
curves for various strength levels of a material are
given, linear interpolation may be used for intermediate
strength levels of thesematerials. The strength level is the
specified minimum room temperature value.

(4) Effect of Elastic Modulus. Multiply Salt (as deter-
mined in WB-3216.1 or WB-3216.2) by the ratio of the
modulus of elasticity given on the design fatigue curve
to the value of the modulus of elasticity used in the
analysis. Enter the applicable design fatigue curve of
Section III Appendices, Mandatory Appendix I at this
value on the ordinate axis and find the corresponding
number of cycles on the abscissa. If the operating cycle
being considered is the only one which produces signifi-
cant fluctuating stresses, this is the allowable number of
cycles.

(5) Cumulative Damage. If there are two or more
types of stress cycle that produce significant stresses,
their cumulative effect shall be evaluated as stipulated
in Steps 1 through 6 below.

Step 1. Designate the specified number of times
each type of stress cycle of types 1, 2, 3, ..., n, will be
repeated during the life of the component as n1, n2, n3,
..., nn, respectively.
NOTE: In determining n1, n2, n3, ..., nn, consideration shall be
given to the superposition of cycles of various origins that
produce a total stress difference range greater than the
stress difference ranges of the individual cycles. For example,
if one type of stress cycle produces 1,000 cycles of a stress differ-
ence variation from zero to +60,000 psi (+414MPa) and another
type of stress cycle produces 10,000 cycles of a stress difference
variation from zero to −50,000 psi (−345 MPa), the two types of
cycle to be considered are defined by the following parameters:

( a ) f o r t y p e 1 c y c l e , n 1 = 1 , 0 0 0 a n d
Salt1 = (60,000 + 50,000)/2 = 55,000 psi;

(b) for type 2 cycle, n2 = 9,000 and Salt2 = (50,000 + 0)/
2 = 25,000 psi.

Step 2. For each type of stress cycle, determine the
alternating stress intensity Salt by the procedures of
WB-3216.1 or WB-3216.2 above. Call these quantities
Salt1, Salt2, Salt3, ..., Saltn.

Step 3. For each value Salt1, Salt2, Salt3, ..., Saltn, use
the applicable design fatigue curve to determine the
maximum number of repetitions that would be allowable
if this type of cycle were the only one acting. Call these
values N1, N2, N3, ..., Nn.

Step 4. For each type of stress cycle, calculate the
usage factorsU1,U2,U3, ...,Un, fromU1 = n1/N1,U2 = n2/N2,
U3 = n3/N3, ..., Un = nn/Nn.

Step 5. Calculate the cumulative usage factor U
from U = U1 + U2 + U3 + ... + Un.

Step 6. The cumulative usage factor U shall not
exceed 1.0.

WB-3222.10 Deformation Limits. Any deformation
limits prescribed by the Design Specifications, such as
those intended to limit leakage, shall be satisfied.

WB-3222.11 Thermal Stress Ratchet. It should be
noted that under certain combinations of steady state
andcyclic loadings there isapossibilityof largedistortions
developingas the result of ratchet action; that is, thedefor-
mation increases by a nearly equal amount for each cycle.
Examples of this phenomenon are treated in this subpar-
agraph and in WB-3227.3.

(a) The limiting value of the maximum cyclic thermal
stress permitted in a portion of an axisymmetric shell
loaded by steady state internal pressure in order to
prevent cyclic growth in diameter is as follows. Let

x = maximum general membrane stress due to pres-
sure divided by the yield strength, Sy

y′ = maximum allowable range of thermal stress
computed on an elastic basis divided by the
yield strength, Sy

NOTE: Forboth xand y′, it is permissible touse1.5Smwhenever it
is greater than Sy.

(1) Case 1: linear variation of temperature through
the wall

y′ = 1/x for 0 < x < 0.5
y′ = 4(1 − x) for 0.5 < x < 1.0

(2) Case 2: parabolic, constantly increasing or
constantly decreasing, variation of temperature
through the wall

y′ = 5.2(1 − x) for 0.615 ≤ x < 1.0 and, approximately, for
x < 0.615 as follows:

y′ = 4.65, 3.55, and 2.70, for x = 0.3, 0.4, and 0.5, respec-
tively.

(b) Use of yield strength, Sy, in the above relations
instead of the proportional limit allows a small amount
of growth during each cycle until strain hardening
raises the proportional limit to Sy. If the yield strength
of the material is higher than 2 times the Sa value for
the maximum number of cycles on the applicable
fatigue curve of Section III Appendices,MandatoryAppen-
dix I for thematerial, the latter value shall be used if there
is to be a large number of cycles because strain softening
may occur.
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WB-3224 Level D Service Limits

(a) Level D Service Limits [see WA-2123.4(b)(3)] are
those limits that must be satisfied for accident loadings
(see WB-3113) stated in the Design Specification.

(b) Any deformation limits prescribed by the Design
Specification for accident loadings, such as those to
limit leakage from mechanical or thermal accidents
(e.g., hypothetical fire event), shall be satisfied.

WB-3224.1 Elastic Analysis.The stress intensity limits
that must be satisfied for accident loadings stated in the
Design Specification are the Level D Service Limits of this
paragraph and in FigureWB-3224.1-1 for elastic analysis.
The design stress intensity values Sm are given by
WB-3229.

(a) The general primary membrane stress intensity Pm
shall not exceed the lesser of 2.4Sm and0.7Su for austenitic
steel, high‐nickel alloy, and copper–nickel alloy materials
included in Section II, Part D, Subpart 1, Tables 2A and 2B,
or 0.7Su for ferritic steel materials included in Section II,
Part D, Subpart 1, Table 2A.

(b) The local primary membrane stress intensity PL
shall not exceed 150% of the limit for general primary
membrane stress intensity Pm but not greater than 1.0Su.

(c) The primary membrane (general or local) plus
primary bending stress intensity, (Pm or PL) + Pb shall
not exceed 150% of the limit for general primary
membrane stress intensity Pm, but not greater than
1.0Su. For other than solid rectangular sections, considera-
tion of the factor α as discussed in WB-3221.4 shall be
incorporated into the stress evaluation. The α factor is
not permitted for Level D Service Limits when inelastic
component analysis is used as permitted in Section III
Appendices, Mandatory Appendix XXVII.

(d) The average primary shear across a section loaded
in pure shear shall not exceed 0.42Su.

(e) For compressive loads, Section IIIAppendices,Man-
datory Appendix XXVII shall be used.

WB-3224.2 Plastic Analysis. The plastic analysis rules
contained in Section III Appendices, Mandatory Appendix
XXVII may be used to evaluate primary stresses resulting
from accident loadings, provided the requirements of
WB-3224(b) are satisfied.

WB-3224.3 Alternative Strain-Based Acceptance
Criteria. In lieu of the requirements provided in
WB-3224.1 or WB-3224.2, the requirements of
WB-3700 may be used to evaluate inelastic containment
responses to energy-limited dynamic events.

WB-3225 Testing Limits

The evaluation of pressure test loadings [seeWB-3113]
shall be in accordance with (a) through (d) below.

(a) The containments shall be subjected to an internal
pressure test. The general primary membrane stress
intensity Pm produced in the containment during the

test shall not exceed 90% of the tabulated yield strength
Sy at test temperature.

(b) For pressure tested containments, the primary
membrane plus bending stress intensity Pm + Pb shall
not exceed the applicable limits given in (1) or (2) below:

(1) For Pm ≤ 0.67Sy

+P P S1.35m b y

(2) For 0.67Sy < Pm ≤ 0.90Sy

+ ( )P P S P2.15 1.2m b y m

where

Sy = the tabulated yield strength at test temperature

(c) Additional testsmaybespecified in theDesignSpec-
ification. Stresses produced in the containment by such
tests shall not exceed the limits specified for normal load-
ings (see Figure WB-3222-1).

(d) Tests, with the exception of either the first 10
hydrostatic tests in accordance with WB-6220, the first
10 pneumatic tests in accordance with WB-6320, or
any combination of 10 such tests, shall be considered
in the fatigue evaluation of the component. In this
fatigue evaluation, the limits on the primary plus
secondary stress intensity range (see WB-3222.6) may
be taken as the larger of 3Sm or 2Sy when at least one
extreme of the stress intensity range is determined by
the test loadings.

WB-3227 Special Stress Limits

The following deviations from the basic stress limits are
provided to cover special Design and Operating Loadings
or configurations. Some of these deviations are more
restrictive, and some are less restrictive, than the basic
stress limits. In cases of conflict between these require-
ments and the basic stress limits, the rules of WB-3227
takeprecedence for theparticular situations towhich they
apply.

WB-3227.1 Bearing Loads.

(a) The average bearing stress for resistance to
crushing under the maximum load, experienced as a
result of Design Loadings, Test Loadings, or Operating
Loadings, except those for which Level D Service
Limitsaredesignated, shall be limited toSyat temperature,
except that when the distance to a free edge is larger than
the distance over which the bearing load is applied, a
stress of 1.5Sy at temperature is permitted. For clad
surfaces, the yield strength of the base metal may be
used if, when calculating the bearing stress, the
bearing area is taken as the lesser of the actual contact
area or the area of the base metal supporting the
contact surface.
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Figure WB-3224.1-1
Stress Categories and Limits of Stress Intensity for Accident Loadings for Elastic Analysis

Primary [Note (2)]

Stress Category General Membrane Bending

Symbol Pm Pb
[Note (1)] WB-3213.6 and WB-3213.8

PL
WB-3213.10 WB-3213.7 and WB-3213.8

Pm
2.4Sm

(Pm or PL) + Pb
3.6Sm

0.7Su

1.0Su

[Note (3)]

PL
3.6Sm
1.0Su

[Note (3)]

[Note (3)][Note (4)]

Description (for examples,
  see Table WB-3217-1)

Combination of stress
  components and allowable
  limits of stress intensities

Average primary stress
  across solid section.
  Excludes discontinuities
  and concentrations.
  Produced by pressure and
  mechanical loads.

Local Membrane

Average stress across any
  solid section. Considers
  discontinuities but not
  concentrations. Produced
  by pressure and mechanical
  loads, including inertia
  effects.

Component of primary stress propor-
tional to distance from centroid of 
solid section. Excluding dis-continu-
ities and concentrations. Produced 
by pressure and mechanical loads, 
including inertia effects.

Legend:

= Allowable value

= Calculated value

NOTES:
(1) The symbols Pm, PL, and Pb do not represent single quantities, but sets of six quantities representing the six stress components: σt, σl, σr, τlt, τlr, τrt.
(2) For configurations where compressive stresses occur, the stress limits shall be revised to take into account critical buckling stresses [see WB-3211(c)].
(3) Use the lesser of the values specified.
(4) Allowable values shown are for a solid rectangular section. See WB-3224.1(c) for other than a solid rectangular section.
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(b) When bearing loads are applied near free edges,
such as at a protruding ledge, the possibility of a shear
failure shall be considered. In the case of load-controlled
stress only (see WB-3213.12), the average shear stress
shall be limited to 0.6Sm. In the case of load-controlled
stress plus secondary stress (see WB-3213.9), the
average shear stress shall not exceed (1) or (2) below:

(1) formaterial towhich Section II, Part D, Subpart 1,
Table 2A, Note G7 or Table 2B, Note G1, applies, the lower
of 0.5Sy at 100°F (38°C) and 0.675Sy at temperature;

(2) for all other materials, 0.5Sy at temperature.
For clad surfaces, if the configuration or thickness is

such that a shear failure could occur entirely within
the clad material, the allowable shear stress for the clad-
ding shall be determined from the properties of the
equivalent wrought material. If the configuration is
such that a shear failure could occur across a path that
is partially base metal and partially clad material, the
allowable shear stresses for each material shall be
used when evaluating the combined resistance to this
type of failure.

(c) When considering bearing stresses in pins and
similarmembers, theSyat temperaturevalue is applicable,
except that a value of 1.5Symaybeused if no credit is given
to bearing areawithin one pin diameter from a plate edge.

WB-3227.2 Pure Shear.

(a) The average primary shear stress across a section
loaded in pure shear, experienced as a result of Design
Loadings, Test Loadings, or Operating Loadings except
those for which Level D Service Limits are designated
(for example, keys, shear rings, screw threads), shall
be limited to 0.6Sm.

(b) Themaximumprimary shear that is experienced as
a result of Design Loadings, Test Loadings, or Operating
Loadings (except those for which Level D Service Limits
are designated), exclusive of stress concentration, at the
periphery of a solid circular section in torsion shall be
limited to 0.8Sm.

(c) Primary plus secondary and peak shear stresses
shall be converted to stress intensities (equal to two
times the pure shear stress) and as such shall not
exceed the basic stress limits of WB-3222.6 and
WB-3222.9.

WB-3227.3 Progressive Distortion of Nonintegral
Connections. Screwed on caps, screwed in plugs, shear
ring closures, and breech lock closures are examples of
nonintegral connections that are subject to failure by
bell mouthing or other types of progressive deformation.
If any combination of applied loads (including Test Loads)
produces yielding, such joints are subject to ratcheting
because the mating members may become loose at the
end of each complete operating cycle and start the
next cycle in a new relationship with each other, with
or without manual manipulation. Additional distortion
may occur in each cycle so that interlocking parts,

such as threads, can eventually lose engagement. There-
fore, primary plus secondary stress intensities (see
WB-3222.6), which result in slippage between the
parts of a nonintegral connection inwhich disengagement
could occur as a result of progressive distortion, shall be
limited to the value Sy (Section II, Part D, Subpart 2, Table
Y‐1).

WB-3227.4 Triaxial Stresses. The algebraic sum of the
three primary principal stresses (σ1 + σ2 + σ3) shall not
exceed four times the tabulated value of Sm, except for
accident loadings.

WB-3227.5 Applications of Elastic Analysis for
Stresses Beyond the Yield Strength. Certain of the allow-
able stresses permitted in the design criteria are such that
the maximum stress calculated on an elastic basis may
exceed the yield strength of the material. The limit on
primary plus secondary stress intensity of 3Sm (see
WB-3222.6) has been placed at a level that ensures shake-
down to elastic action after a few repetitions of the stress
cycle, except in regions containing significant local struc-
tural discontinuities or local thermal stresses. These last
two factors are considered only in the performance of a
fatigue evaluation. Therefore:

(a) In evaluating stresses for comparison with the
stress limits on other than fatigue allowables, stresses
shall be calculated on an elastic basis.

(b) In evaluating stresses for comparison with fatigue
allowables, all stresses except those that result from local
thermal stresses [see WB-3213.13(b)] shall be evaluated
onanelastic basis. In evaluating local thermal stresses, the
elastic equations shall be used, except that the numerical
value substituted for Poisson’s ratio shall be determined
from the expression:

= ( )S S0.5 0.2 , but not less than 0.3y a

where

Sa = alternating stress intensity determined in
WB-3222.9(e) prior to the elastic modulus adjust-
ment in WB-3222.9(e)(4)

Sy = yield strength of the material at the mean value of
the temperature of the cycle

WB-3229 Design Stress Values

The design stress intensity values Sm are given in
Section II, Part D, Subpart 1, Tables 2A and 2B for compo-
nentmaterials. Values for intermediate temperaturesmay
be found by interpolation. These form the basis for the
various stress limits. Values of yield strength are given
in Section II, Part D, Subpart 2, Table Y‐1. Values of
the coefficient of thermal expansion are in Section II,
Part D, Subpart 2, Tables TE, and values of the
modulus of elasticity are in Section II, Part D, Subpart
2, Tables TM. The basis for establishing stress values is
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given in Section III Appendices, Mandatory Appendix III.
The design fatigue curves used in conjunction with
WB-3222.9 are thoseof Section IIIAppendices,Mandatory
Appendix I.

WB-3230 STRESS LIMITS FOR BOLTS

The evaluation of bolting requires a number of analysis
considerations, including (a) through (f) below and the
criteria specified in this subsubarticle for the loads
imposed.

(a) When gaskets are used for preservice testing only,
the design is satisfactory if WB-3231 requirements are
satisfied for m = y = 0, and the requirements of
WB-3232 are satisfied when the appropriate m and y
factors are used for the test gasket.

(b) The membrane and bending stresses in the bolt
produced by thermal expansion due to differences in
the temperature or thermal expansion coefficients,
shall be treated as primary stresses in bolting analysis.

(c) The bolting analysis shall consider the effects of
loading eccentricities due to puncture loads and eccentric
impact loads.

(d) The bolting analysis shall consider prying effects,
which cause amplification of the bolt loads due to rotation
of the closure surfaces.

(e) Bolting analysis shall consider bolt preload appli-
cation methodology and resulting bolt forces.

(f) Gasket characteristics and leak tightness require-
ments shall be considered in the bolting analysis.

WB-3231 Design Limits

The number and cross‐sectional area of bolts required
to resist the Design Pressure shall be determined in accor-
dancewith the procedures of Section III Appendices, Non-
mandatory Appendix E, using the larger of the bolt loads,
given by the equations of Section III Appendices, Nonman-
datory Appendix E, as a Design Mechanical Load. The
stress limits shall utilize the values given in Section II,
Part D, Subpart 1, Table 4 for bolting material.

WB-3232 Level A Service Limits

Actual stresses in bolts, such as those produced by the
combinationof preload, pressure, anddifferential thermal
expansion, may be higher than the values given in Section
II, Part D, Subpart 1, Table 4.

WB-3232.1 Average Stress. The maximum value of
stress, averaged across the bolt cross section and
neglecting stress concentrations, shall not exceed two-
thirds of the yield strength values, Sy, of Section II,
Part D, Subpart 1, Table Y-1.

WB-3232.2 Shear Stress. The average bolt shear stress
expressed in terms of available shear stress area shall not
exceed 40% of the yield strength values, Sy, (at tempera-
ture) of Section II, Part D, Subpart 1, Table Y-1.

WB-3232.3 Maximum Stress. The maximum value of
stress, except as restricted by WB-3232.4(b), at the
periphery of the bolt cross section resulting from
direct tension plus bending and neglecting stress concen-
trations shall not exceed the yield strength values, Sy, of
Section II, Part D, Subpart 1, Table Y-1. Stress intensity,
rather than maximum stress, shall be limited to this value
when the bolts are tightened by methods other than
heaters, stretchers, or other means which minimize resi-
dual torsion.

WB-3232.4 Fatigue Analysis of Bolts. Unless the
componentsonwhich theyare installedmeetall thecondi-
tions of WB-3222.9(d) and thus require no fatigue
analysis, the suitability of bolts for cyclic service shall
be determined in accordance with the procedures of
(a) through (e)below.Thermal stress ratchet shall beeval-
uated in accordance with WB-3222.11.

(a) Bolting Having Less Than 100.0 ksi (689 MPa)
Tensile Strength. Bolts made of material which has speci-
fied minimum tensile strength of less than 100.0 ksi (689
MPa) shall be evaluated for cyclic service by the methods
ofWB-3222.9(e), using theapplicable design fatigue curve
of Section III Appendices, Mandatory Appendix I and an
appropriate fatigue strength reduction factor [see (c)].

(b) High Strength Alloy Steel Bolting. High strengthalloy
steel bolts and studsmaybe evaluated for cyclic service by
the methods of WB-3222.9(e) using the design fatigue
curve of Section III Appendices, Mandatory Appendix I,
provided:

( 1 ) the maximum value of the stress (see
WB-3232.3) at the periphery of the bolt cross section,
resulting from direct tension plus bending and neglecting
stress concentration, shall not exceed 0.9Sy if the higher of
the two fatigue design curves given in Section III Appen-
dices, Mandatory Appendix I, Figure I-9.4 is used. The 2∕3Sy
limit for direct tension is unchanged.

(2) threads shall be of a Vee‐type having a minimum
thread root radius no smaller than 0.003 in. (0.08 mm).

(3) fillet radii at the end of the shank shall be such
that the ratio of fillet radius to shank diameter is not less
than 0.060.

( c ) F a t i g u e S t r e n g t h R e d u c t i o n F a c t o r ( s e e
WB-3213.17). Unless it can be shown by analysis or
tests that a lower value is appropriate, the fatigue strength
reduction factor used in the fatigue evaluation of threaded
members shall benot less than4.0 for the threaded region.
However, when applying the rules of (b) for high strength
alloy steel bolts, thevalueusedshall benot less than4.0 for
the threaded region.

(d) Effect of Elastic Modulus. Multiply Salt (as deter-
mined in WB-3216.1 or WB-3216.2) by the ratio of the
modulus of elasticity given on the design fatigue curve
to the value of the modulus of elasticity used in the
analysis. Enter the applicable design fatigue curve at
this value on the ordinate axis and find the corresponding
number of cycles on the abscissa. If the cyclic operation
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being considered is the only one which produces signifi-
cant fluctuating stresses, this is the allowable number of
cycles.

(e) Cumulative Damage. The bolts shall be acceptable
for the specified cyclic application of loads and thermal
stresses provided the cumulative usage factor U, as deter-
mined in WB-3222.9(e)(5), does not exceed 1.0.

WB-3234 Level D Service Limits

(a) The rules contained in Section III Appendices, Man-
datoryAppendixXXVII shall beused inevaluating loadings
for which Level D Service Limits are specified, indepen-
dently of all other loadings.

(b) If leak tightness of the closure is required by the
Design Specification (see WB-3134) under impact
loads, the analysis of the bolting shall also demonstrate
that no yielding occurs in the bolt or sealing surfacemate-
rials. This requirementmay be satisfied by using the rules
of WB-3232.

(c) The potential unloading of closure lid bolts due to
events where high temperatures (e.g., hypothetical fire
accident) may occur shall be evaluated to ensure that
the leak tightness requirements specified in the Design
Specification (see WB-3134) are satisfied.

WB-3235 Testing Limits

Bolts shall not yield for test conditions.

WB-3236 Design Stress Intensity Values

The design stress intensity values Sm are given in
Section II, Part D, Subpart 1, Table 4 for bolting.
Values for intermediate temperatures may be found by
interpolation.

WB-3240ð23Þ NOZZLES OR OPENINGS

(a) The rules for nozzles or openings are given in (1)
through (5) below, where R is themean radius and t is the
nominal thickness of the containment shell or head at the
location of the nozzle or opening; and locally stressed area
means any area in the containment where the local
primary membrane stress exceeds 1.1Sm.

(1) A single nozzle or opening shall not have a
diameter exceeding Rt0.2 or NPS 2 (DN 50), whichever
is smaller. Nozzles shall be self‐reinforcing.

(2) If there are two or more nozzles or openings
within any circle of diameter Rt2.5 , the sum of the
diameters of such nozzles or openings shall not exceed

Rt0.25 .
(3) No two nozzles or openings shall have their

centers closer to each other, measured on the inside of
the containment wall, than 1.5 times the sum of their
diameters.

(4) No nozzle or opening shall have its center closer
than Rt2.5 to the edge of a locally stressed area in the
shell.

(5) Nozzles or openings shall be such that there are
substantially no significant external load or reactions on
the nozzle(s).

(b) Any nozzle or opening not meeting the require-
ments in (a) above shall meet the requirements of
WB-3220.

WB-3250 DESIGN OF WELDED CONSTRUCTION

WB-3251 Welded Joint Category

The term Category defines the location of a joint in a
containment, but not the type of joint. The categories
established are for use in specifying special requirements
regarding joint type and degree of examination for certain
welded joints. Since these special requirements,which are
based on service, material, and thickness, do not apply to
every welded joint, only those joints to which special re-
quirements apply are included in the categories. The
special requirements apply to joints of a given category
only when specifically stated. The joints included in each
category are designated as joints of Categories A, B, C, and
D. Figure WB-3251-1 illustrates typical joint locations
included in each category.

WB-3251.1 Category A. Category A comprises longitu-
dinal welded joints within the main containment shell,
transitions in diameter, any welded joint within a
sphere, within a formed or flat head, or within the side
plates of a flat sided containment; and circumferential
welded joints connecting hemispherical heads to main
containment shells, or transitions in diameters.

WB-3251.2 Category B. Category B comprises circum-
ferential welded joints within the main containment shell
or transitions in diameter, including joints between the
transition and a cylinder at either the large or small
end; and circumferential welded joints connecting
formed heads other than hemispherical to main shells.

WB-3251.3 Category C. Category C comprises welded
joints connecting flanges or flat heads to main contain-
ment shell, to formed heads, or to transitions in diameter,
anywelded joint connecting one side plate to another side
plate of a flat sided containment.

WB-3251.4 Category D. Category D comprises welded
joints connecting integral attachments or protrusions to
main containment shells, to spheres, to transitions in
diameter, to heads, or to flat sided containments.

WB-3252 Permissible Types of Welded Joints

The design of the containment shall meet the require-
ments for each category of joint. Butt joints are full pene-
tration joints between plates or other elements that lie
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approximately in the same plane. Figure WB-3252-1
shows typical butt welds for each category joint.

WB-3252.1 Joints of Category A. All welded joints of
Category A as defined in WB-3251 shall meet the fabrica-
tion requirements of WB-4241 and shall be capable of
being examined in accordance with WB-5210.

WB-3252.2 Joints of Category B. All welded joints of
Category B as defined in WB-3251 shall meet the fabrica-
tion requirements of WB-4242 and shall be capable of
being examined in accordance with WB-5220. When
joints with opposing lips to form an integral backing
strip or joints with backing strips not later removed
are used, the suitability for cyclic operation shall be
analyzed by the method of WB-3222.9 using a fatigue
strength reduction factor of not less than 2.

WB-3252.3 Joints of Category C. All welded joints of
Category C, as defined inWB-3251, shall meet the fabrica-
tion requirements of WB-4243 and shall be capable of
being examined in accordance with WB-5230.
Minimum dimensions of the welds and throat thickness
shall be as shown in Figure WB-4243-1 for (a) and (b)
below, where:

(a) for forged flat heads and forged flanges with the
weld preparation bevel angle not greater than 45 deg
measured from the face:

t, tn = nominal thicknesses of welded parts
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less

tw = tn/2 or t/4, whichever is less

(b) for all other material forms and for forged flat
heads, and forged flanges with the weld preparation
bevel angle greater than 45 deg measured from the face:

t, tn = nominal thicknesses of welded parts
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less

tw = tn or t/2, whichever is less

WB-3252.4 Joints of Category D. All welded joints of
Category D, as defined inWB-3251, shall be in accordance
with the requirements of one of (a) through (f) below.

(a) Full Penetration Welds. Full penetration welds, as
shown in Figures WB-4244(a)-1, WB-4244(b)-1, and
WB-4244(c)-1maybeused [except as otherwise provided
in (b)] for the purposes of achieving continuity of metal
and facilitating the required radiographic examination.
When all or part of the required reinforcement is attribu-
table to the connecting item, the connecting items shall be
attached by full penetration welds through either the
containment shell or head, the thickness of the connecting
item, or both.

(b) Partial Penetration Welds
(1) Partial penetration welds, as shown in

Figure WB-4244(d)-1, are allowed only for connecting
items on which there are substantially no reaction
loads, such as openings for instrumentation. For such
connecting items, all reinforcement shall be integral
with the portion of the containment boundary penetrated.
Partial penetration welds shall be of sufficient size to
develop the full strength of the connecting items.
Connecting items attached by partial penetration welds
shall have an interference fit or a maximum diametric
clearance between the item and the containment
boundary penetration of

(-a) 0.010 in. (0.25 mm) for d ≤ 1 in. (25 mm)
(-b) 0.020 in. (0.50mm) for1 in. (25mm)<d≤4 in.

(100 mm)
(-c) 0.030 in. (0.76 mm) for d > 4 in. (100 mm)

where d is the outside diameter of the item, except that the
above limits on maximum clearance need not be met for
the full length of the opening, provided there is a region at
the weld preparation and a region near the end of the
opening opposite the weld that does meet the above
limits on maximum clearance, and the latter region is
extensive enough (not necessarily continuous) to

Figure WB-3251-1
Welded Joint Locations Typical of Categories A, B, C, and D

A

A

A

A
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provide a positive stop for deflection of the connecting
item.

(2) In satisfying the limit of WB-3222.6, the stress
intensities resulting from pressure-induced strains (dila-
tion of hole) may be treated as secondary in the pene-
trating part of partial penetration welded construction,
prov ided the requirements o f ( f ) and Figure
WB-4244(d)-1 are fulfilled.

(c) Butt-Welded Connections. Connections shall meet
the fabrication requirements of WB-4244(a) and shall
be capable of being examined in accordance with

WB-5242. The minimum dimensions and geometrical re-
quirements of Figure WB-4244(a)-1 shall be met, where

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
r2 = 1∕4 in. (6 mm) minimum

t = nominal thickness of part penetrated
tn = nominal thickness of penetrating part

(d) Full Penetration Corner-Welded Connections.
Connections shall meet the fabrication requirements of
WB-4244(b) and shall be capable of being examined as
required in WB-5243. The minimum dimensions of
Figure WB-4244(b)-1 shall be met, where

Figure WB-3252-1
Typical Butt Joints
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r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
r2 = 1∕4 in. (6 mm) minimum

t = nominal thickness of part penetrated
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part

(e) Use of Deposited Weld Metal for Openings and
Connections

(1) Connections shall meet the fabrication require-
ments of WB-4244(c) and shall be capable of being exam-
ined in accordance with WB-5244.

(2) When the deposited weld metal is used as rein-
forcement, the coefficients of thermal expansion of the
base metal, the weld metal, and the connection shall
not differ by more than 15% of the lowest coefficient
involved.

( 3 ) The m in imum d imens i on s o f F i gu r e
WB-4244(c)-1 shall be met, where

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
t = nominal thickness of part penetrated

tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part

(4) The corners of the end of each connection
extending less than dtn beyond the inner surface of
the part penetrated shall be rounded to a radius of
one‐half the thickness tn of the connection or 3∕4 in. (19
mm), whichever is smaller.

(f) Attachment of Connections Using Partial Penetration
Welds

(1) Partial penetrationweldsused for connections as
permitted in (b) shallmeet the fabrication requirementsof
WB-4244(d) and shall be capable of being examined in
accordance with the requirements of WB-5245.

( 2 ) The m in imum d imens i on s o f F i gu r e
WB-4244(d)-1 shall be met where

d = outside diameter of the connecting item
r1 = 1∕4tn or 3∕4 in. (19 mm), whichever is less

t = nominal thickness of part penetrated
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part

(3) The corners of the end of each connecting item,
extending less than dtn beyond the inner surface of the
part penetrated, shall be rounded to a radius of one‐half of
the thickness tn of the penetrating part or 3∕4 in. (19 mm),
whichever is smaller.

(4) Weld groove design for partial penetration joints
attaching connecting item may require special considera-
tion to achieve the minimum depth of weld and adequate
access for welding examination. The welds shown in the
sketches of Figure WB-4244(d)-1 may be on either the
inside or the outside of the containment shell. Weld

preparation may be J‐groove, as shown in the figures,
or straight bevel.

(5) A fatigue strength reduction factor of not less
than four shall be used when fatigue analysis is required.

WB-3254 Structural Attachment Welds

Welds for structural attachments shall meet the re-
quirements of WB-4430.

WB-3255 Welding Grooves

Thedimensionsand shapeof the edges tobe joined shall
be such as to permit complete fusion and complete joint
penetration, except as otherwise permitted inWB-3252.4.

WB-3256 Thermal Treatment

All containments and containment parts shall be given
the appropriate postweld heat treatment prescribed in
WB-4620.

WB-3260 SPECIAL CONTAINMENT
REQUIREMENTS

WB-3261 Category A or Category B Joints Between
Sections of Unequal Thickness

In general, a tapered transition section as shown in
Figure WB-3261-1, which is a type of gross structural
discontinuity (see WB-3213.2), shall be provided at
joints of Categories A and B between sections that
differ in thickness by more than one‐fourth the thickness
of the thinner section. The transition section may be
formed by any process that will provide a uniform
taper. An ellipsoidal or hemispherical head that has a
greater thickness than a cylinder of the same inside
diameter may be machined to the outside diameter of
the cylinder, provided the remaining thickness is at
least as great as that required for a shell of the same
diameter. A uniform taper is not required for flanged
hubs. The adequacy of the transition shall be evaluated
by stress analysis. Stress intensity limitations are given
in WB-3220. The requirements of this paragraph do
not apply to flange hubs.

WB-3262 Category C Weld Joints for Flat Heads
With Hubs

Hubs for butt welding to the adjacent shell, head, or
other containment part, as in Figure WB-4243-2, shall
not be machined from rolled plate. The component
having the hub shall be forged in such a manner as to
provide in the hub the full minimum tensile strength
and elongation specified for the material, in a direction
parallel to the axis of the vessel. Proof of this shall be furn-
ished by a tension test specimen (subsize if necessary)
taken in this direction and as close to the hub as is prac-
tical. In Figure WB-4243-2, the minimum dimensions are
as follows:
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(a) sketch (a), r not less than 1.5tn
(b) sketch (b), r not less than1.5tn, and enot less than tn
(c) sketch (c), r not less than 1.5tn
(d) sketch (d), tf not less than 2tn and r not less than 3tf
(e) sketch (e), tf not less than2tn, rnot less than3tf, and

e not less than tf

WB-3700 STRAIN-BASED ACCEPTANCE
CRITERIA

The strain-based acceptance criteria are applicable only
to themetallic containments of transportation packagings
subject to energy-limited dynamic events. It is not the
intent of this subarticle to permit significant regions or
major portions of the containment to experiences
strains at or near the limits of these strain-based accep-
tance criteria without consideration of the overall compo-
nent deformation. These strain-based acceptance criteria
are established to address the regions of the containment
that experience high strains due to the effects of direct
impacts. Deformation limits, if any, provided in the
Design Specification shall be satisfied.
Section III Appendices, Nonmandatory Appendix FF

provides the strain-based acceptance criteria.

Figure WB-3261-1
Category A and B Joints Between Sections of Unequal

Thickness

GENERAL NOTE: Length of taper may include the width of the weld.
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ARTICLE WB-4000
FABRICATION

WB-4100 GENERAL REQUIREMENTS

WB-4110 INTRODUCTION

Containments shall be fabricated and installed in accor-
dance with the requirements of this Article and shall be
manufactured frommaterials that meet the requirements
of Article WB-2000.

WB-4120 CERTIFICATION OF MATERIALS AND
FABRICATION BY CERTIFICATE HOLDER

WB-4121 Means of Certification

TheCertificateHolder for a containment shall certify, by
applicationof theCertificationMark and completion of the
appropr ia te Data Repor t in accordance wi th
Article WA-8000, that the materials used comply with
the requirements of ArticleWB-2000 and that the fabrica-
tion complies with the requirements of this Article.

WB-4121.1 Certification of Treatments, Tests, and
Examinations. If the Certificate Holder or Subcontractor
performs treatments, tests, repairs, or examinations
required by this Division, the NPT or N3 Certificate
Holder shall certify that this requirementhasbeen fulfilled
(seeWA-3800 orWA-8410). Reports of all required treat-
ments and of the results of all required tests, repairs, and
examinations performed shall be available to the
Inspector.

WB-4121.2 Repetition of Tensile or Impact Tests. If
during the fabrication of the containment the material
is subjected to heat treatment that has not been
covered by treatment of the test coupons (see
WB-2200) and that may reduce either tensile or
impact properties below the required values, the
tensile and impact tests shall be repeatedby theCertificate
Holder on test specimens taken from test coupons which
have been taken and treated in accordance with the re-
quirements of Article WB-2000.

WB-4121.3 Repetition of Surface Examination After
Machining. If, during the fabrication of a containment,
materials are machined, then the Certificate Holder
shall reexamine the surface of the material in accordance
with WB-2500 when:

(a) the surface was required to be examined by the
magnetic particle or liquid penetrant method in accor-
dance with WB-2500; and

(b) the amount of material removed from the surface
exceeds the lesser of 1∕8 in. (3mm) or 10%of theminimum
required thickness of the item.

WB-4122 Material Identification

(a) Material performing a containment function shall
carry identification markings which will remain distin-
guishable until the containment is assembled. If the
original identificationmarkings are cut off or thematerial
is divided, the marks shall either be transferred to the
parts cut or a codedmarking shall be used to ensure iden-
tification of each piece of material during subsequent
fabrication. In either case, an as‐built sketch or a tabula-
tion of materials shall be made identifying each piece of
material with the Certified Material Test Report, where
applicable, and the coded marking. For studs, bolts,
and nuts it is permissible to identify the CertifiedMaterial
TestReports formaterial ineachcomponentor item in lieu
of identifying each piece of material with the Certified
Material Test Report and the coded marking. Material
supplied with a Certificate of Compliance, and welding
material, shall be identified and controlled so that they
can be traced to the containment, or else a control proce-
dure shall be employed which ensures that the specified
materials are used.

(b) Material from which the identification marking is
lost shall be treated as nonconforming material until
appropriate tests or other verifications are made and
documented to assure material identification. Testing
is required unless positive identification can be made
by other documented evidence. The material may then
be re‐marked upon establishing positive identification.

WB-4122.1 MarkingMaterial.Material shall bemarked
in accordance with WB-2150.

WB-4123 Examinations

Visual examination activities that are not referenced for
examination by other specific Code paragraphs, and are
performed solely to verify compliance with requirements
ofArticleWB-4000,maybeperformedby thepersonswho
performor supervise thework. These visual examinations
are not required to be performed by personnel and
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procedures qualified to WB-5500 and WB-5100, respec-
tively, unless so specified.

WB-4124 Additional Requirements When Strain-
Based Acceptance Criteria Have Been
Implemented

In order to satisfy the strain-based acceptance criteria
of WB-3700 regarding the locations of unique material
heats used in containment fabrication, traceability of
all unique material heats and their specific location(s)
of use shall be established and documented in the final
Design Report and the as-built Design Drawings. This
requirement is only necessary when strain-based accep-
tance criteria have been employed in the design of the
containment.

WB-4125 Testing of Welding Material

All welding material shall meet the requirements of
WB-2400.

WB-4130 REPAIR OF MATERIAL

WB-4131 Elimination and Repair of Defects

Material originally accepted on delivery in which
defects exceeding the limits of WB-2500 are known or
discovered during the process of fabrication is unaccept-
able. The material may be used provided the condition is
corrected in accordance with the requirements of
WB-2500 for the applicable product form, except

(a) the limitation on the depth of the weld repair does
not apply

(b) the time of examination of the weld repairs to weld
edge preparations shall be in accordance with WB-5130

WB-4132 Documentation of Repair Welds of Base
Material

The Certificate Holder who makes a repair weld
exceeding in depth the lesser of 3∕8 in. (10 mm) or
10% of the section thickness, shall prepare a report
which shall include a chart which shows the location
and size of the prepared cavity, theweldingmaterial iden-
tification, the welding procedure, the heat treatment, and
the examination results of repair welds.

WB-4200 FORMING, FITTING, AND ALIGNING

WB-4210 CUTTING, FORMING, AND BENDING

WB-4211 Cutting

Materials may be cut to shape and size by mechanical
means, such asmachining, shearing, chipping, or grinding,
or by thermal cutting.

WB-4211.1 Preheating Before Thermal Cutting.When
thermal cutting is performed to prepare weld joints or
edges, to remove attachments or defective material, or
for any other purpose, consideration shall be given to
preheating the material, using preheat schedules such
as suggested in Section III Appendices, Nonmandatory
Appendix D.

WB-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
containment material, including weldmetal, provided the
required dimensions are attained (see WB-4214 and
WB-4220), and provided the impact properties of the
material, when required, are not reduced below the
minimumspecified values, or they are effectively restored
by heat treatment following the forming operation. Hot
forming is defined as forming with the material tempera-
ture higher than 100°F (38°C) below the lower transfor-
mation temperature of the material.

WB-4213 Qualification of Forming Processes for
Impact Property Requirements

A procedure qualification test shall be conducted using
specimens taken from material of the same specification,
grade or class, heat treatment, and with similar impact
properties, as required for the material in the contain-
ment. These specimens shall be subjected to the equiva-
lent forming or bending process and heat treatment as the
material in the containment. Applicable tests shall be
conducted to determine that the required impact proper-
ties of WB-2300 are met after straining.

WB-4213.1 Exemptions. Procedure qualification tests
are not required for materials listed in (a) through (f)
below:

(a) hot formed material, such as forgings, in which the
hot forming is completed by the Material Organization
prior to removal of the impact test specimens;

(b) hot formed material represented by test coupons
required in either WB-2211 or WB-4121.2, which have
been subjected to heat treatment representing the hot
forming procedure and the heat treatments to be
applied to the parts;

(c) material that does not require impact tests in accor-
dance with WB-2300;

(d) material that has a final strain less than 0.5%;
(e) material where the final strain is less than that of a

previously qualified procedure for that material;
(f) material from which the impact testing is required

by WB-2300 is performed on each heat and lot, as appli-
cable, after forming.

WB-4213.2 Procedure Qualification Test. The proce-
dure qualification test shall be performed in the
manner stipulated in (a) through (f) below.
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(a) The tests shall be performed on three different
heats of material both before straining and after straining
and heat treatment to establish the effects of the forming
and subsequent heat treatment operations.

(b) Specimens shall be taken in accordance with the
requirements of Article WB-2000 and shall be taken
from the tension side of the strained material.

(c) The percent strain shall be established by the
following equations:

(1) For cylinders

=
i
k
jjjjj

y
{
zzzzz

t
R

R

R
% strain

50
1

f

f

o

(2) For spherical or dished surfaces

=
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jjjjj

y
{
zzzzz

t
R

R

R
% strain

75
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(3) For pipe

= r
R

% strain
100

where

R = nominal bending radius to the center line of the
pipe, in. (mm)

Rf = final radius to center line of shell, in. (mm)
Ro = original radius (equal to infinity for a flat part), in.

(mm)
r = nominal radius of the pipe, in. (mm)
t = nominal thickness, in. (mm)

(d) The procedure qualification shall simulate the
maximum percent surface strain, employing a bending
process similar to that used in the fabrication of themate-
rial or by direct tension on the specimen.

(e) SufficientCv test specimens shall be taken fromeach
of the threeheatsofmaterial toestablisha transitioncurve
showing both the upper and lower shelves. On each of the
three heats, tests consisting of three impact specimens
shall be conductedat aminimumof five different tempera-
tures distributed throughout the transition region. The
upper and lower shelves may be established by the
use of one test specimen for each shelf. Depending on
theproduct form, itmaybenecessary toplot the transition
curves using both lateral expansion and energy level data
(see WB-2300). In addition, drop weight tests shall be
made when required by WB-2300.

(f) Using the results of the impact test data fromeach of
three heats, taken both before and after straining, deter-
mine either:

(1) the maximum change in NDT temperature along
with:

(-a) themaximum change of lateral expansion and
energy at the temperature under consideration; or

(-b) the maximum change of temperature at the
lateral expansion and energy levels under consideration;
or

(2) when lateral expansion is the acceptance
criterion (see WB-2300), either the maximum change
in temperature or the maximum change in lateral expan-
sion.

WB-4213.3 Acceptance Criteria for Formed Material.
To be acceptable, the formed material used in the compo-
nent shall have impact properties before forming suffi-
cient to compensate for the maximum loss of impact
properties due to the qualified forming processes used.

WB-4213.4 Requalification. A new procedure qualifi-
cation test is required when any of the changes in (a), (b),
or (c) below are made.

(a) The actual postweld heat treatment time at
temperature is greater than previously qualified consid-
ering WB-2211. If the material is not postweld heat
treated, theproceduremustbequalifiedwithoutpostweld
heat treatment.

(b) The maximum calculated strain of the material
exceeds thepreviouslyqualified strainbymore than0.5%.

(c) Preheat over 250°F (120°C) is used in the forming
or bending operation but not followed by a subsequent
postweld heat treatment.

WB-4214 Minimum Thickness of Fabricated
Material

If any fabricationoperation reduces the thicknessbelow
the minimum required to sat is fy the rules of
Article WB-3000, the material may be repaired in accor-
dance with WB-4130.

WB-4220 FORMING TOLERANCES

WB-4221 Tolerance for Containment Shells

Cylindrical or spherical shells of a completed contain-
ment vessel, except formed heads covered by WB-4222,
shall meet the requirements of the following subpara-
graphs at all cross sections, where not further limited
by design.

WB-4221.1 Maximum Difference in Cross‐Sectional
Diameters. The difference in inches (millimeters)
between the maximum and minimum diameters at any
cross section shall not exceed the smaller of

(U.S. Customary Units)

+D D50
200

and
100

(SI Units)
+D D1 250
200

and
100
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where D is the nominal inside diameter, in. (mm), at the
cross section under consideration. The diameters may be
measured on the inside or outside of the containment cy-
lindrical shell. If measured on the outside, the diameters
shall be corrected for the plate thickness at the cross
section under consideration (see Figure WB-4221.1-1).
When the cross section passes through an opening, the
permissible difference in inside diameters given herein
may be increased by 2% of the inside diameter of the
opening.

WB-4221.2 Maximum Deviation From True Theore-
tical Form for External Pressure. Containments designed
for external pressure shallmeet the tolerances given in (a)
through (e) below.

(a) The maximum plus or minus deviation from the
true circular form of cylinders or the theoretical form
of other shapes, measured radially on the outside or
inside of the component , shal l not exceed the
maximum permissible deviation obtained from
Figure WB-4221.2(a)-1. Measurements shall be made
from a segmental circular template having the design
insideor outside radius dependingonwhere themeasure-
ments are taken and a chord length equal to twice the arc
length obtained from Figure WB-4221.2(a)-2. For Figure
WB-4221.2(a)-1, the maximum permissible deviation e
need not be less than 0.3t. For Figure WB-4221.2(a)-2,
the arc length need not be greater than 0.30Do. Measure-
ments shall not be taken on welds or other raised parts.

(b) The value of t, in., at any cross section is the nominal
plate thickness less corrosion allowance for sections of
constant thickness and the nominal thickness of the thin-
nest plate less corrosion allowance for sections having
plates of more than one thickness.

(c) The value of L in Figures WB-4221.2(a)-1 and
WB-4221.2(a)-2 is determined by (1) and (2) below.

Figure WB-4221.1-1
Maximum Difference in Cross‐Sectional Diameters

Figure WB-4221.2(a)-1
Maximum Permissible Deviation e From a True Circular Form
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(1) For cylinders, L is the total length, in., of the
design length of a containment section, taken as the
largest of the following:

(-a) the distance between head tangent lines plus
one‐third of the depth of each head if there are no stif-
fening rings;

(-b) the greatest center‐to‐center distance
between any two adjacent stiffening rings; or

(-c) the distance from the center of the first stif-
fening ring to the head tangent line plus one‐third of the
depth of the head, all measured parallel to the axis of the
containment, in.

(2) For spheres, L is one‐half of the outside diameter
Do, in.

(d) Thedimensionsof a completedcontainmentmaybe
brought within the requirements by any process which
will not impair the strength of the material.

(e) Sharp bends and flat spots shall not be permitted
unless provision is made for them in the design.

WB-4221.3 Deviations From Tolerances. Deviations
from the tolerance requirements stipulated in
WB-4221.1 and WB-4221.2 are permitted, provided

the drawings are modified and deviations are reconciled
with the calculations and the licensing documents. Devia-
tions are permitted, provided Design Documents (see
WA-3350) and corrective actions are certified by a Certi-
fying Engineer in an addendum to the Design Report.

WB-4221.4 Tolerance Deviations for Containment
Parts Fabricated From Pipe. Containments subjected to
either internal or external pressure and fabricated
from pipe, meeting all other requirements of this Subsec-
tion, may have variations of diameter and deviations from
circularity permitted by the specification for such pipe.

WB-4222 Tolerances for Formed Vessel Heads

The tolerance for formed vessel heads shall be as set
forth in the following subparagraphs.

WB-4222.1 Maximum Difference in Cross‐Sectional
Diameters. The skirt or cylindrical end of a formed
head shall be circular to the extent that the difference
in inches (millimeters) between the maximum and
minimum diameters does not exceed the lesser of

Figure WB-4221.2(a)-2
Maximum ARC Length for Determining Plus or Minus Deviation
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(U.S. Customary Units)
+ +D D50

200
and

12
100

(SI Units)
+ +D D1 250
200

and
300

100

whereD is thenominal insidediameter, in. (mm), and shall
match the cylindrical edge of the adjoining part within the
alignment tolerance specified in WB-4232.

WB-4222.2 Deviation From Specified Shape.

(a) The inner surface of a torispherical or ellipsoidal
head shall not deviate outside the specified shape by
more than 11∕4% of D, inside the specified shape by
more than 5∕8% of D, where D is the nominal inside
diameter of the containment. Such deviations shall be
measured perpendicular to the specified shape and
shall not be abrupt. The knuckle radius shall not be
less than specified. For 2:1 ellipsoidal heads, the
knuckle radius may be considered to be 17% of the
diameter of the containment.

(b) Hemispherical heads and any spherical portion of a
formed head shall meet the local tolerances for spheres as
given in WB-4221.2, using L as the outside spherical
radius, in. (mm), and Do as two times L.

(c) Deviation measurements shall be taken on the
surface of the base material and not on welds.

WB-4230 FITTING AND ALIGNING

WB-4231 Fitting and Aligning Methods

Parts that are to be joined by welding may be fitted,
aligned, and retained in position during the welding
operation by the use of bars, jacks, clamps, tack welds,
or temporary attachments.

WB-4231.1 Tack Welds. Tack welds used to secure
alignment shall either be removed completely, when
they have served their purpose, or their stopping and
starting ends shall be properly prepared by grinding
or other suitable means so that they may be satisfactorily
incorporated into the finalweld. Tackwelds shall bemade
by qualified welders using qualified welding procedures.
When tack welds are to become part of the finished weld,
they shall be visually examined and defective tack welds
shall be removed.

WB-4232 Alignment Requirements When
Containments Are Welded From Two
Sides

(a) Alignment of sections which are welded from two
sides shall be such that themaximumoffset of the finished
weld will not be greater than the applicable amount listed

in Table WB-4232-1, where t is the nominal thickness of
the thinner section at the joint.

(b) Joints in spherical containments or within heads,
and joints between cylindrical shells and hemispherical
heads sha l l mee t the requ i rements in Tab le
WB-4232-1 for longitudinal joints.

WB-4232.1 Fairing of Offsets. Any offset within the
allowable tolerance provided above shall be faired to
at least a 3:1 taper over the width of the finished weld
or, if necessary, by adding additional weld metal
beyond what would otherwise be the edge of the weld.
In addition, offsets greater than those stated in
Table WB-4232-1 are acceptable provided the require-
ments of WB-3200 are met.

WB-4233 Alignment Requirements When Inside
Surfaces Are Inaccessible

(a) When the inside surfaces of items are inaccessible
for welding or fairing in accordance withWB-4232, align-
mentof sections shallmeet the requirementsof (1) and (2)
below:

(1) See (-a) and (-b) below.
(-a) For circumferential joints the inside

diameters shall match each other within 1∕16 in. (1.5
mm). When the items are aligned concentrically, a
uniform mismatch of 1∕32 in. (0.8 mm) all around the
joint can result as shown in Figure WB-4233(a)-1
sketch (a). However, other variables not associated
with the diameter of the item often result in alignments
that are offset rather than concentric. In these cases, the
maximummisalignment at any one point around the joint
shall not exceed 3∕32 in. (2.5 mm) as shown in Figure
WB-4233(a)-1 sketch (b). Should tolerances on diameter,
wall thickness, out‐of‐roundness, etc., result in inside
diameter variations which do not meet these limits,
the inside diameters shall be counterbored, sized, or
ground to produce a bore within these limits, provided
a gradual change in thickness from the item to adjoining
items is maintained. Any welding transition is acceptable,
provided the wall thickness in the transition region is not
less than the minimum wall thickness of the containment

Table WB-4232-1
Maximum Allowable Offset in Final Welded Joints

Section Thickness,
in. (mm)

Direction of Joints
Longitudinal
in. (mm)

Circumferential
in. (mm)

Up to 1∕2 (13), incl. 1∕4t 1∕4t
Over 1∕2 to 3∕4 (13 to 19), incl. 1∕8 (3) 1∕4t
Over 3∕4 to 11∕2 (19 to 38), incl. 1∕8 (3) 3∕16 (5)
Over 11∕2 to 2 (38 to 50), incl. 1∕8 (3) 1∕8t
Over 2 (50) Lesser of 1∕16t

or 3∕8 (10)
Lesser of 1∕8t or 3∕4
(19)
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or item and sharp reentrant angles and abrupt changes in
slope in the transition region are avoided.

(-b) Offset of outside surfaces shall be faired to at
least a 3:1 taper over the width of the finished weld or, if
necessary, by adding additional weld metal.

(2) For longitudinal joints themisalignment of inside
surfaces shall not exceed 3∕32 in. (2.5mm) and the offset of
outside surfaces shall be faired to at least a 3:1 taper over
the width of the finished weld or, if necessary, by adding
additional weld metal.

(b) Single-welded joints may meet the alignment re-
quirements of (a)(1) and (a)(2) above in lieu of the re-
quirements of WB-4232.

WB-4240 REQUIREMENTS FOR WELD JOINTS IN
CONTAINMENTS

WB-4241 Category A Weld Joints in Containments

Category A weld joints containments shall be full pene-
tration butt joints. Joints that have been welded from one
sidewithbacking thathasbeenremovedand thosewelded
fromone sidewithout backing are acceptable as full pene-
tration welds provided the weld root side of the joints
meets the requirements of WB-4424.

WB-4242 Category B Weld Joints in Containments

Category B weld joints in containments shall be full
penetration butt joints. When used, backing strips shall
be continuous in cross section. Joints prepared with
opposing lips to form an integral backing strip and
joints with backing strips which are not later removed
are acceptable provided the requirements of
WB-3252.2 are met.

WB-4243 Category C Weld Joints in Containments

Category C weld joints shall be described in subparas.
(a) through (c) below.

(a) Full Penetration Butt Joints. Category C welds shall
be full penetration joints. Joints that have been welded
fromone sidewithbackingwherebackinghasbeen subse-
quently removed and thosewelded from one sidewithout
backing are acceptable as full penetration welds provided
the weld root side of the joints meets the requirements of
WB-4424. Butt-welded joints are shown in Figures
WB-3252-1 and WB-4243-2.

(b) Full Penetration Corner Joints. Full penetration
corner joints shall be groove welds extending completely
through at least one of the parts being joined and shall be
fully fused to each part. Typical details for type No. 1 and
No. 2 full penetration corner joints are shown in
Figure WB-4243-1.

(c) Flat Heads With Hubs Hubs for butt welding to the
adjacent shell, head, or other containment parts, as shown
in FigureWB-4243-2, for flat heads, shall not bemachined
from flat plate. The hubs shall be forged in such a manner

Figure WB-4233(a)-1
Butt Weld Alignment and Mismatch Tolerances for
Unequal I.D. and O.D. When Items Are Welded From One

Side and Fairing Is Not Performed

Centerline 2
Centerline 1

(b) Offset Centerlines

3/32 in. (2.5 mm) maximum at any 
  one point around the joint 

Component centerlineCenterline

t  =  nominal thickness, in. (mm) 

t 

(a) Concentric Centerlines

1/32 in. (0.8 mm) maximum  
  uniform mismatch around joint 
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Figure WB-4243-1
Acceptable Full Penetration Weld Details for Category C Joints

Type 2 Corner Welds 
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Type 1 Corner Welds
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GENERAL NOTE: For definitions of nomenclature, see WB-3252.3.
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as to provide in the hub the full minimum tensile strength
and elongation specified for the material in the direction
parallel to the axis of the containment vessel. Proof of this
shall be furnished by a tension test specimen (subsize, if
necessary) taken in this direction and as close to the hubs
as is practical. One test specimenmay represent a groupof
forgings, provided they are of the same nominal dimen-
sions, from the same heat material and the same heat
treatment lot, and forged in the same manner. The
minimum height of the hub shall be the lesser of 11∕2
times the thickness of the containment part to which it
is welded or 3∕4 in. (19 mm), but need not be greater
than 2 in. (50 mm).

WB-4244 Category DWeld Joints in Containments

Category D weld joints in containments and similar
weld joints in other components shall be full or partial
penetration weld joints using one of the details of (a)
through (d) below.

(a) Butt-Welded Nozzles. Nozzles shall be attached by
full penetrationbuttwelds through thewall of the contain-
ment as shown in Figure WB-4244(a)-1. Backing strips, if
used, shall be removed.

(b) Corner-Welded Nozzles. Nozzles shall be joined to
the containment by full penetration welds through the
wall of the containment similar to those shown in

Figure WB-4243-2
Typical Flat Heads With Hubs

Tension test specimen

Tension test specimen

Tension test specimen
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GENERAL NOTE: For definitions of nomenclature, see WB-3262.
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Figure WB-4244(b)-1. Backing strips, if used, shall be
removed.

(c) Deposited Weld Metal of Openings for Nozzles.
Nozzles shall be joined to the containment by full pene-
tration weld to built‐up weld deposits applied to the
containment as shown in Figure WB-4244(c)-1.
Backing strips, if used, shall be removed. Fillet welds
shall be used only to provide a transition between the
parts joined or to provide a seal. The fillet welds,
when used, shall be finished by grinding to provide a
smooth surface having a transition radius at its intersec-
tion with either part being joined.

(d) Partial Penetration Welded Nozzles. Partial penetra-
tion welds in containments shall meet the weld design
requirements of WB-3252.4(f). Nozzles shall be attached
as shown in Figure WB-4244(d)-1.

WB-4300 WELDING QUALIFICATIONS

WB-4310 GENERAL REQUIREMENTS

WB-4311 Types of Processes Permitted

(a) Only those welding processes which are capable of
producing welds in accordance with the welding proce-
dure qualification requirements of Section IX and this
Subsectionmaybe used forwelding containmentmaterial

Figure WB-4244(a)-1
Nozzles Attached by Full Penetration Butt Welds
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GENERAL NOTE: For definition of nomenclature, see WB-3252.4.
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Figure WB-4244(b)-1
Nozzles Attached by Full Penetration Corner Welds

GENERAL NOTE: For definition of nomenclature, see WB-3252.4.
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or attachments thereto. Any process used shall be such
that the records required by WB-4320 can be prepared,
except that records for studwelds shall be traceable to the
weldersandweldingoperatorsandnotnecessarily toeach
specific weld.

(b) This Subsection does not permit the use of inertia
and continuous drive friction welding, specially designed
seal welds, electroslag, or electrogas welding.

WB-4311.1 Stud Welding Restrictions. Stud welding is
acceptable only for nonstructural and temporary attach-
ments (see WB-4435). Studs shall be limited to 1 in. (25

mm) maximum diameter for round studs and an equiva-
lent cross‐sectional area for studs of other shapes when
welding in the flat positionand3∕4 in. (19mm)diameter for
all other welding positions. Postweld heat treatment shall
comply with WB-4600, except that time at temperature
need not exceed 1∕2 hr regardless of base material thick-
ness. Welding procedure and performance qualification
shall comply with the requirements of Section IX.

Figure WB-4244(c)-1
Deposited Weld Metal Used as Reinforcement of Openings for Nozzles
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GENERAL NOTE: For definition of nomenclature, see WB-3252.4.
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WB-4311.2 Capacitor Discharge Welding. Capacitor
discharge welding may be used for welding temporary
attachments and permanent nonstructural attachments
provided:

(a) temporary attachments are removed in accordance
with the provisions of WB-4435(b); and

(b) the energy output for permanent nonstructural
attachments such as strain gages and thermocouples is
limited to 125 W‐sec, and the minimum thickness of
the material to which the attachment is made is
greater than 0.09 in. (2.3 mm); and

(c) a Welding Procedure Specification is prepared
describing the capacitor discharge equipment, the combi-
nationofmaterials tobe joined, and the techniqueof appli-
cation; qualification of the welding procedure is not
required.

WB-4320 WELDING QUALIFICATIONS, RECORDS,
AND IDENTIFYING STAMPS

WB-4321 Required Qualifications

(a) Each Certificate Holder is responsible for the
welding done by its organization, and each Certificate
Holder shall establish the procedure and conduct the
tests required by this Article and by Section IX in
order to qualify both the welding procedures and the

performance of welders and welding operators who
apply these procedures.

(b) Procedures,welders, andweldingoperatorsused to
join permanent or temporary attachments to contain-
ments and to make permanent or temporary tack
welds used in such welding shall also meet the qualifica-
tion requirements of this Article.

(c) When making procedure test plates for butt welds,
considerationshall begiven to theeffectof angular, lateral,
and end restraint on the weldment. This applies particu-
larly to material and weld metal of 80.0 ksi (550 MPa)
tensile strength or higher and heavy sections of both
low and high tensile strength material. The addition of
restraint duringweldingmay result in crackingdifficulties
that otherwise might not occur.

(d) WA-3131 provides specific additional require-
ments when welding services are subcontracted to or
through organizations not holding an appropriate Certi-
ficate of Authorization.

WB-4322 Maintenance and Certification of
Records

The Certificate Holder shall maintain a record of the
qualified welding procedures and of the welders and
welding operators it qualified, showing the date and
results of tests and the identification mark assigned to

Figure WB-4244(d)-1
Nozzles Attached by Partial Penetration Welds
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GENERAL NOTE: For definitions of symbols and other related requirements, see WB-3252.4.

NOTES:
(1) The 3∕4tn minimum dimension applies to the fillet leg and the J‐groove depth.
(2) Weld deposit reinforcement, if used, shall be examined as required by WB-5244.
(3) Weld buildups are not attached to the nozzle.
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each welder. These records shall be reviewed, verified,
and certified by the Certificate Holder by signature or
some other method of control in accordance with the
Certificate Holder’s Quality Assurance Program and
shall be available to the Authorized Nuclear Inspector.

WB-4322.1 Identification of Joints by Welder or
Welding Operator.

(a) Each welder or welding operator shall apply the
identification mark assigned by the Certificate Holder
on or adjacent to all permanent welded joints or series
of joints on which that person welds. The marking
shall be at intervals of 3 ft (1 m) or less and shall be
done with either blunt nose continuous or blunt nose
interrupted dot die stamps. As an alternative, the Certi-
ficate Holder shall keep a record of permanent welded
joints in each item and of the welders and welding opera-
tors used in making each of the joints.

(b) When a multiple number of permanent structural
attachment welds, nonstructural welds, fillet welds, weld
metal cladding, and hard surfacing are made on the
containment, the Certificate Holder need not identify
the welder or welding operator whowelded each individ-
ual joint, provided the following applies:

(1) the Certificate Holder maintains a system that
will identify the welders or welding operators who
made suchwelds on the containment so that the Inspector
can verify that the welders or welding operators were all
properly qualified;

(2) thewelds in each category areall of the same type
and configuration and are welded with the sameWelding
Procedure Specification.

WB-4323 Welding Prior to Qualifications

No welding shall be undertaken until after the welding
procedureswhich are to be used have been qualified. Only
welders andwelding operatorswho are qualified in accor-
dance with WB-4320 and Section IX shall be used.

WB-4324 Transferring Qualifications

The welding procedure qualifications and the perfor-
mance qualification tests for welders and welding opera-
tors conducted by one Certificate Holder shall not qualify
welding procedures and shall not qualify welders or
welding operators to weld for any other Certificate
Holder, except as provided in Section IX.

WB-4330 GENERAL REQUIREMENTS FOR
WELDING PROCEDURE QUALIFICATION
TESTS

WB-4331 Conformance to Section IXRequirements

All welding procedure qualification tests shall be in
accordancewith the requirements of Section IX as supple-
mented or modified by the requirements of this Article.

WB-4333 Heat Treatment of Qualification Welds
for Ferritic Materials

Postweld heat treatment of procedure qualification
welds shall conform to the applicable requirements of
WB-4600 and Section IX. The postweld heat treatment
time at temperature shall be at least 80% of the
maximumtime tobe applied to the componentweldmate-
rial. The postweld heat treatment total time may be
applied in one heating cycle.

WB-4334 Preparation of Test Coupons and
Specimens

(a) Removal of test coupons from the test weld and the
dimensions of specimens made from them shall conform
to the requirements of Section IX, except that the removal
of impact test coupons and the dimensions of impact test
specimens shall be in accordance with (b) below.

(b) Weld deposit of each process in a multiple process
weld shall, where possible, be included in the impact test
specimens. When each process cannot be included in the
full‐size impact test specimen at the 1∕4t location required
by this Subsection, additional full‐size specimens shall be
obtained from locations in the test weld that will ensure
that at least a portion of each process has been included in
full‐size test specimens. As an alternative, additional test
welds can be made with each process so that full‐size
specimens can be tested for each process.

WB-4334.1 Coupons Representing the Weld Deposit.
Impact test specimens and testing methods shall
conform to WB-2321. The impact specimen shall be
located so that the longitudinal axis of the specimen is
at least 0.25t and,where the thickness of the test assembly
permits, not less than 3∕8 in. (10mm) from theweld surface
of the test assembly. In addition, when the postweld heat
treatment temperature exceeds the maximum tempera-
ture specified in WB-4620 and the test assembly is
cooled at an accelerated rate, the longitudinal axis of
the specimen shall be a minimum of t from the edge of
the test assembly. The specimen shall be transverse to
the longitudinal axis of the weld with the area of the
notch located in the weld. The length of the notch of
the Charpy V‐notch specimen shall be normal to the
surface of the weld. Where drop weight specimens are
required, the tension surface of the specimen shall be
oriented parallel to the surface of the test weld assembly.

WB-4334.2 Coupons Representing the Heat-Affected
Zone. Where impact tests of the heat-affected zone are
required by WB-4335.2, specimens shall be taken from
the welding procedure qualification test assemblies in
accordance with (a) through (c) below.

(a) If the qualification test material is in the form of a
plate or a forging, the axis of the weld shall be oriented in
thedirectionparallel to theprincipal directionof rollingor
forging.
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(b) The heat-affected zone impact test specimens and
testing methods shall conform to the requirements of
WB-2321.2. The specimens shall be removed from a loca-
tion as near as practical to a depth midway between the
surface and center thickness. The coupons for heat-
affected zone impact specimens shall be taken transverse
to the axis of the weld and etched to define the heat-
affected zone. The notch of the Charpy V‐notch specimen
shall be cut approximately normal to the material surface
in such amanner as to include asmuch heat-affected zone
as possible in the resulting fracture. Where the material
thickness permits, the axis of a specimen may be inclined
to allow the root of the notch to align parallel to the fusion
line.

(c) For the comparison of heat-affected zone values
with base material values [see WB-4335.2(b)], Charpy
V‐notch specimens shall be removed from the unaffected
basematerial at approximately the samedistance fromthe
basematerial surface as theheat-affected zone specimens.
Theaxisof theunaffectedbasematerial specimensshall be
parallel to the axis of the heat-affected zone specimens,
and the axis of the notch shall be normal to the surface of
the basematerial.When required byWB-4335.2(b), drop‐
weight specimens shall be removed from a depth as near
as practical to midway between the surface and center
thickness of the unaffected base material and shall be
tested in accordancewith the requirementsofWB-2321.1.

WB-4335 Impact Test Requirements

When materials are required to be impact tested per
WB-2300, impact tests of theweldmetal andheat-affected
zone shall be performed in accordance with the following
subparagraphs. The weld procedure qualification impact
test specimens shall be prepared and tested in accordance
with the applicable requirements of WB-2330 and
WB-4334. Retests in accordance with the provisions of
WB-2350 are permitted.

WB-4335.1 Impact Tests of Weld Metal.

(a) Impact tests of the weld metal shall be required for
welding procedure qualification tests for productionweld
joints exceeding 5∕8 in. (16mm) in thicknesswhen theweld
will bemadeon the surfaceorpenetratebasematerial that
requires impact testing in accordance with WB-2310. In
addition, such testing of theweldmetal is required for the
welding procedure qualification tests for any weld repair
tobasematerial that requires impact testing inaccordance
with WB-2310, regardless of the depth of the repair.
Exemption from impact testing under WB-2311(a)
does not apply to weld metal of welding procedure quali-
fication tests for either production weld joints or base
metal repairs unless the specific weld metal used is
A‐No. 8.

(b) The impact test requirements and acceptance stan-
dards forweldingprocedurequalificationweldmetal shall
be the same as specified inWB-2330 for the basematerial

to be welded or repaired. Where two materials are to be
joined by welding and have different fracture toughness
requirements, the test requirements and acceptance stan-
dards of either material may be used for the weld metal
except where this is otherwise specified in the Design
Specification.

(c) Impact tests are not required for austenitic and
nonferrous weld metal.

(d) A Welding Procedure Specification qualified to the
impact testing requirements of Division 1, Subsection NB
or NE may be accepted as an alternative to the Welding
Procedure Specification impact testing requirements of
this Subsection.

WB-4335.2 Impact Tests of Heat-Affected Zone.

(a) CharpyV‐notch testsof theheat-affectedzoneof the
welding procedure qualification test assembly are
required whenever the thickness of the weld exceeds
5∕8 in. (16 mm) and either of the base materials
require impact testing in accordance with the rules of
WB-2310. The only exceptions to the requirements are
the following:

(1) the qualification for welds in P‐Nos. 1 and 3 and
SA-336 F12 materials that are postweld heat treated.

(2) the qualification for weld deposit cladding.
(3) that portion of the heat-affected zone associated

withGTAWroot depositswith amaximumof two layers or
3∕16 in. (5 mm) thickness, whichever is less.

(b) The required testing shall be in accordancewith (c)
below for base material tested under WB-2331 or
WB-2332(b) and in accordance with (d) below for
base material tested under WB-2332(a).

(c) For heat-affected zones associated with base mate-
rial tested under WB-2331 or WB-2332(b), the required
testing shall be in accordance with (1) through (7).

(1) Determine the TNDT of the unaffected base mate-
rial to be used in the welding procedure qualification test
assembly.

(2) Charpy V‐notch test specimens representing
both the heat-affected zone and the unaffected basemate-
rial shall be tested. The unaffected base material speci-
men s s h a l l b e t e s t e d a t t h e (T N D T + 60 ° F )
(TNDT + 33°C) temperature.

(3) The Charpy V‐notch tests of the unaffected base
material shall meet the applicable requirements of
WB-2330 or additional testing shall be performed at
higher temperatures until the requirements of
WB-2330 are met.

(4) The heat-affected zone specimens shall be tested
at the test temperature determined in (3). The average
lateral expansion value of the specimens shall equal or
exceed the average lateral expansion value of the unaf-
fected base material. For this case, the qualification
test is acceptable for the essential and supplemental
essential variables recorded on the welding procedure
qualification record. If the heat-affected zone average
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lateral expansion value is less than the unaffected base
material lateral expansion value, the adjustment given
in (5) through (7) shall be determined and applied as
provided in (e). Alternatively, another test coupon may
be welded and tested.

(5) Additional Charpy V‐notch tests shall be
performed on either the heat‐affected zone or the unaf-
fected base material, or both, at temperatures where the
lateral expansion value of all three specimens tested is not
less than35mils (0.89mm).Theaverage lateral expansion
value for each test meeting this requirement shall be
plotted on a lateral expansion versus temperature
graph. The difference in temperature between THAZ
andTUBM,where theheat-affected zone and theunaffected
base material average lateral expansion values are the
same and not less than 35 mils (0.89 mm), shall be
used to determine the adjustment temperature TADJ,
where:

=T T TADJ HAZ UBM

If TADJ ≤ 0, then TADJ = 0
(6) As an alternative to (5), if the average lateral

expansion value of the heat-affected zone specimens is
no less than 35 mils (0.89 mm) and the average of the
heat-affected zone specimens is not less than 5 mils
(0.13 mm) below the average lateral expansion value
of the unaffected base material specimens, TADJ may be
taken as 15°F (8°C).

(7) As a second alternative to (5), if the average
lateral expansion value of the heat-affected zone speci-
mens is no less than 35 mils (0.89 mm), the difference
between theaverage lateral expansionof theheat-affected
zone and the unaffected base material specimens shall be
calculated and used as described in (e)(3) below.

(d) For heat-affected zones associated with base mate-
rials tested under WB-2332(a), the required testing shall
be in accordance with (1) through (5).

(1) Three Charpy V‐notch specimens shall be
removed from both the unaffected base material and
theheat-affectedzone.Theunaffectedbasematerial speci-
mens shall be tested at a test temperature established in
the Design Specification, or additional testing shall be
performed at higher temperatures until the applicable re-
quirements of Table WB-2332(a)-1 are met for the thick-
ness of material to be welded in production.

(2) The heat‐affected zone specimens shall be tested
at the test temperature determined in (1). The average
lateral expansion value of the specimens shall equal or
exceed the average lateral expansion value of the unaf-
fected base material. For this case, the qualification
test is acceptable for the essential and supplemental
essential variables recorded on the weld procedure quali-
fication record. If the heat-affected zone average lateral
expansion value is less than the unaffected base material
lateral expansion value, the adjustment given in (3)
through (5) shall be determined and applied as provided

in (e). Alternatively, another test coupon may be welded
and tested.

(3) Additional Charpy V‐notch tests shall be
performed on either the heat-affected zone or the unaf-
fected base material, or both, at temperatures where the
lateral expansion value of all three specimens tested is not
less than the values shown in TableWB-2332(a)-1 for the
thickness of basematerial to bewelded in production. The
average lateral expansion value for each test meeting this
requirement shall be plotted on a lateral expansion versus
temperature graph. The difference in temperature
between THAZ and TUBM, where the heat-affected zone
and the unaffected base material average lateral expan-
sion values are the same and not less than that specified in
(2) above, shall be used to determine the adjustment
temperature TADJ, where:

=T T TADJ HAZ UBM

If TADJ ≤ 0, then TADJ = 0
(4) As an alternative to (3), if the average lateral

expansion value of the heat‐affected zone is no less
than 35 mils (0.89 mm) and the average of the heat‐
affected zone specimens is not less than 5 mils (0.13
mm) below the average lateral expansion value of the
unaffected basematerial, TADJ may be taken as 15°F (8°C).

(5) As a second alternative to (3), if the average
lateral expansion value of the heat-affected zone speci-
mens is no less than 35 mils (0.89 mm), the difference
between theaverage lateral expansionof theheat-affected
zone and the unaffected base material specimens shall be
calculated and used as described in (e)(3) below.

(e) At least one of the following methods shall be used
to compensate for the heat-affected zone toughness
decrease due to the welding procedure effects:

(1) The RTNDT temperature established in WB-2331
or WB-2332(b) or the LST specified in the Design Spec-
ification [see WB-2332(a)] for all of the material to be
welded in production Welding Procedure Specifications
supported by this Procedure Qualification Record shall
be increased by the adjustment temperature TADJ.

(2) Thespecified testing temperature for theproduc-
tion material may be reduced by TADJ.

(3) Thematerials to be weldedmay be welded using
the WPS, provided they exhibit Charpy V‐notch values
which are no less than the minimum required lateral
expansion value required byWB-2300 plus the difference
inaverage lateral expansionvalues established in (c)(7)or
(d)(5) above.

(f) TheCharpyV‐notch testing results shall be recorded
on the welding procedure qualification record and any
offsetting TADJ or increased toughness requirements
shall be noted on the welding procedure qualification
record and on the welding procedure specification.
More than one compensation method may be used on
a par basis.
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(g) A Welding Procedure Specification qualified to the
impact testing requirements of Division 1, Subsection NB
or Subsection NEmay be accepted as an alternative to the
Welding Procedure impact testing requirements of this
Subsection.

WB-4336 Qualification Requirements for Built‐Up
Weld Deposits

Built‐up weld deposits for base metal reinforcement
shall be qualified in accordance with the requirements
of WB-4331 through WB-4335.

WB-4400 RULES GOVERNING MAKING,
EXAMINING, AND REPAIRING
WELDS

WB-4410 PRECAUTIONS TO BE TAKEN BEFORE
WELDING

WB-4411 Identification, Storage, and Handling of
Welding Material

Each Certificate Holder is responsible for control of the
welding electrodes andothermaterialwhich is used in the
fabrication of containments (seeWB-4120). Suitable iden-
tification, storage, and handling of electrodes, flux, and
other welding material shall be maintained. Precautions
shall be taken tominimize absorption ofmoisture by elec-
trodes and flux.

WB-4412 Cleanliness and Protection of Welding
Surfaces

The method used to prepare the base metal shall leave
the weld preparation with reasonably smooth surfaces.
The surfaces for welding shall be free of scale, rust, oil,
grease, and other deleterious material. The work shall
be protected from deleterious contamination and from
rain, snow, and wind during welding. Welding shall not
be performed on wet surfaces.

WB-4420 RULES FOR MAKING WELDED JOINTS

WB-4421 Backing Rings

Backing rings shall conform to the requirements of
WB-4240. The material for backing rings, when used,
shall be compatible with the base metal. Permanent
backing rings, when permitted by WB-3252, shall be
continuous, and any splices shall be made by full penetra-
tion welds. Spacer pins shall not be incorporated into the
welds.

WB-4422 Peening

Controlled peening may be performed to minimize
distortion. Peening shall not be used on the initial
layer, root of the weld metal, or on the final layer
unless the weld is postweld heat treated.

WB-4423 Miscellaneous Welding Requirements

(a) Before applyingweldmetal on the second side to be
welded, the root of full penetration double welded joints
shall be prepared by suitable methods, such as chipping,
grinding, or thermal gouging, except for thoseprocessesof
welding by which proper fusion and penetration are
otherwise obtained and demonstrated to be satisfactory
by welding procedure qualification.

(b) If the welding is stopped for any reason, extra care
shall be taken in restarting to get the required penetration
and fusion. For submerged arc welding, chipping out a
groove in the crater is recommended.

(c) Where single-welded joints are used, particular
care shall be taken in aligning and separating the compo-
nents to be joined so that there will be complete penetra-
tion and fusion at the bottom of the joint for its full length.

WB-4424 Surfaces of Welds

As‐welded surfacesarepermitted.However, the surface
of welds shall be sufficiently free from coarse ripples,
grooves, overlaps, and abrupt ridges and valleys to
meet (a) through (e) below.

(a) The surface condition of the finished weld shall be
suitable for the proper interpretation of radiographic and
other required nondestructive examinations of the weld.
In those cases where there is a question regarding the
surface condition of the weld on the interpretation of a
radiographic film, the film shall be compared to the
actual weld surface for interpretation and determination
of acceptability.

(b) Reinforcements are permitted in accordance with
WB-4426.1.

(c) Undercuts shall not exceed 1∕32 in. (0.8 mm) and
shall not encroach on the required section thickness.

(d) Concavity on the root side of a single‐welded
circumferential butt weld is permittedwhen the resulting
thickness of the weld meets the requirements of
Article WB-3000.

(e) If the surface of the weld requires grinding to meet
the abovecriteria, care shall be taken to avoid reducing the
weld or base material below the required thickness.

WB-4426 Reinforcement of Welds

WB-4426.1 Thickness of Weld Reinforcement for
Containments. The surface of the reinforcement of all
butt-welded joints in containments may be flush with
the base material or may have uniform crowns. The
height of reinforcement on each face of the weld shall
not exceed the thickness in the following tabulation:
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Nominal Thickness,
in. (mm)

Maximum Reinforcement,
in. (mm)

Up to 1 (25), incl. 3∕32 (2.5)
Over 1 to 2 (25 to 50), incl. 1∕8 (3.0)
Over 2 to 3 (50 to 75), incl. 5∕32 (4.0)
Over 3 to 4 (75 to 100), incl. 7∕32 (5.5)
Over 4 to 5 (100 to 125), incl. 1∕4 (6)
Over 5 (125) 5∕16 (8)

WB-4427 Shape and Size of Fillet Welds

Fillet welds may vary from convex to concave. The
shape and size of the weld shall be in accordance with
the requirements of Figure WB-4427-1. A fillet weld in
any single continuous weld may be less than the specified
fillet weld dimension by not more than 1∕16 in. (1.5 mm),
provided that the total undersize portion of theweld does
not exceed 10% of the length of the weld. Individual
undersize weld portions shall not exceed 2 in. (50
mm) in length. Socket weld fittings, socket welds, and
other similar weld configurations are not permitted.

WB-4428 Seal Welds of Threaded Joints

Where seal welding of threaded pipe joints is
performed, the exposed threads shall be either
removed entirely or covered with weld metal.

WB-4429 Welding of Clad Parts11

The joint types and welding procedures used for clad-
ding shall be such as to prevent the formation of brittle
weld composition.

WB-4430 WELDING OF ATTACHMENTS

WB-4431 Materials for Attachments

Attachments (seeWB-1132)welded to the containment
shall be of materials which meet the requirements of
WB-2121. Materials for the containment attachments
shall meet the requirements of WB-2120.

WB-4432 Welding of Structural Attachments

The rules ofWB-4321 governing welding qualifications
shall apply to the welding of structural attachments to
containments.

WB-4433 Structural Attachments

Structural attachments shall conform reasonably to the
curvature of the surface to which they are to be attached
and shall be attached by full penetration, fillet, or partial
penetration continuous welds. When fillet and partial
penetration welds are used on containments, the require-
ments of WB-3123.2 shall be met. Attachments to the
internal surfaces of containments shall be made only
with full penetration welds. FigureWB-4433-1 illustrates

Figure WB-4427-1
Fillet Weld Details

Theoretical throat

Surface of vertical member

Theoretical throat

Surface of vertical member

Theoretical throat

Theoretical throat

Surface of vertical member

Surface of vertical member

Convex fillet weld

Convex fillet weld

Concave fillet weld

Concave fillet weld

Size of weld

Surface of
    horizontal member

(b) Unequal Leg Fillet Weld [Note (2)]

(a) Equal Leg Fillet Weld [Note (1)]

Size of weld Surface of
    horizontal member

NOTES:
(1) The size of an equal leg fillet weld is the leg length of the largest inscribed right isosceles triangle. Theoretical throat = 0.7 × size of weld.
(2) The size of an unequal leg fillet weld is the shorter leg length of the largest right triangle that can be inscribed within the fillet weld cross

section.
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Figure WB-4433-1
Types of Attachment Welds

(c) Attachment of Rings

(a) Attachment of Lugs, Shoes, and Brackets

(b) Attachment of Trunnions

1/4 in. (6 mm) 

  min. radius

Dim. not 

  sufficient

  for weld 

  from inside

A

A

A

A

A

A Section

A – A

Section

A – A

Section

A – A
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some of the typical details for attaching structural attach-
ments to a containment using full penetration welds.

WB-4434 Welding of Internal Structural Supports
to Clad Containments

Internal structural supports on clad containments shall
bewelded to thebasemetal andnot to the cladding, except
for weld overlay cladding.

WB-4435 Welding of Nonstructural and
Temporary Attachments and Their
Removal

(a) Nonstructural attachments welded to the contain-
ment need not comply with Article WB-2000 and may be
weldedwith continuous fillet orpartial penetrationwelds,
provided the requirements of (1) through (4) below are
met.

(1) The welding procedure and the welders have
been qualified in accordance with WB-4321.

(2) The material is identified and is compatible with
the material to which it is attached.

(3) The welding material is identified and compa-
tible with the materials joined.

(4) The welds are postweld heat treated when
required by WB-4620.

(b) Removal of nonstructural attachments, when
temporary, shall be accomplished as follows.

(1) The immediate area around the temporary
attachment is marked in a suitable manner so that
after removal the area can be identified until after it
has been examined in accordance with (3) below.

(2) The temporary attachment is completely
removed in accordance with the procedures of WB-4211.

(3) After the temporary attachment has been
removed, themarked area is examined by the liquid pene-
trant or magnetic particle method in accordance with the
requirementsofWB-5110, andmeets the acceptance stan-
dards of WB-5340 or WB-5350, whichever is applicable.

(4) As an alternative to (a)(4) above, postweld heat
treatment may be deferred until after removal of the
attachment.

WB-4450 REPAIR OF WELD METAL DEFECTS

WB-4451ð23Þ General Requirements

Discontinuities detected in weld metal by examination
(see Article WB-5000) or testing (see Article WB-6000)
and classified as defects shall be reduced to imperfections
of acceptable size and, if necessary, repaired by welding.

WB-4452 Elimination of Surface Defects

Weldmetal surfacedefectsmaybe removedby grinding
or machining, and need not be repaired by welding,
provided that the requirements of (a) through (c)
below are met.

(a) The remaining thickness of the section is not
reduced below that required by Article WB-3000.

(b) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(c) The area is examined by a magnetic particle or
liquid penetrant method in accordance with WB-5110
after blending and meets the acceptance standards of
WB-5300 to ensure that the defect has been removed
or reduced to an imperfection of acceptable limit.
Defects detected by visual or volumetric method and
located on an interior surface need only be reexamined
by themethodwhich initially detected thedefectwhen the
interior surface is inaccessible for surface examination.

WB-4453 Requirements for Making Repairs of
Welds

Excavations in weld metal, when repaired by welding,
shall meet the following requirements.

WB-4453.1 Defect Removal. Defects may be removed
by mechanical means or by thermal gouging processes.
The area prepared for repair shall be examined by a
liquid penetrant or magnetic particle method in accor-
dance with WB-5110, and meet the acceptance standards
ofWB-5340orWB-5350. This examination is not required
where defect elimination removes the full thickness of the
weld andwhere the backside of theweld joint is not acces-
sible for removal of examination materials.

WB-4453.2 Requirements for Welding Material,
Procedures, and Welders. The weld repair shall be
madeusingweldingmaterial,welders, andweldingproce-
dures qualified in accordance with WB-4125 and
WB-4300.

WB-4453.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the
surrounding surface.

WB-4453.4 Examination of Repair Welds.

(a) The examination of a weld repair shall be repeated
as required for the original weld, except that when the
defect was originally detected by the liquid penetrant
or magnetic particle method, and when the repair
cavity does not exceed the lesser of 3∕8 in. (10 mm) or
10% of the thickness, it need only be reexamined by
the liquid penetrant or magnetic particle method.

(b) When repairs to welds joining P‐No. 1 and P‐No. 3
materials require examinationby radiographyas required
in (a) above, but construction assembly prevents mean-
ingful radiographic examination, ultrasonic examination
may be substituted provided:

(1) the weld had been previously radiographed and
met the applicable acceptance standards;

(2) the ultrasonic examination is performed using a
procedure in accordance with Section V, Article 4, to the
acceptance standards of WB-5330;
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(3) the substitution is limited to Category A and B
welds in containments, and similar type welds in other
items.

The absence of suitable radiographic equipment is
not justification for the substitution.

WB-4453.5 Heat Treatment of Repaired Areas. The
area shall be heat treated in accordance with WB-4620.

WB-4600 HEAT TREATMENT

WB-4610 WELDING PREHEAT REQUIREMENTS

WB-4611 When Preheat Is Necessary

Theneed for and temperature of preheat are dependent
on a number of factors, such as the chemical analysis,
degree of restraint of the parts being joined, elevated
temperature, physical properties, and material thick-
nesses. Some practices used for preheating are given
in Section III Appendices, Nonmandatory Appendix D
as a general guide for the materials listed by P‐
Numbers of Section IX. It is cautioned that the preheating
suggested in Section III Appendices, Nonmandatory
Appendix D does not necessarily ensure satisfactory
completion of the welded joint and that the preheating
requirements for individual materials within the P‐
Number may be more or less restrictive. The Welding
Procedure Specification for the material being welded
shall specify the minimum preheating requirements
under the welding procedure qualification requirements
of Section IX.

WB-4612 Preheating Methods

Preheat forweldingor thermal cutting,whenemployed,
may be applied by any method which does not harm the
basematerial or any weldmetal already applied, or which
does not introduce deleterious material into the welding
area which is harmful to the weld.

WB-4613 Interpass Temperature

Consideration shall be given to the limitations of inter-
pass temperatures forquenchedand temperedmaterial to
avoid detrimental effects on the mechanical properties.

WB-4620 POSTWELD HEAT TREATMENT

WB-4621 Heating and Cooling Methods

Postweld heat treatment (PWHT)may be accomplished
by any suitable methods of heating and cooling, provided
the requiredheatingandcooling rates,metal temperature,
metal temperature uniformity, and temperature control
are maintained.

WB-4622 PWHT Time and Temperature
Requirements

WB-4622.1 General Requirements. Except as other-
wise permitted in WB-4622.7, all welds, including
repair welds, shall be postweld heat treated. During post-
weldheat treatment, themetal temperature shall bemain-
tainedwithin the temperature range and for theminimum
holding time specified in Table WB-4622.1-1, except as
otherwise permitted in WB-4622.4(c). P‐Number
groups in Table WB-4622.1-1 are in accordance with
Section IX, QW-420. Except as provided in WB-4624.3,
PWHT shall be performed in temperature‐surveyed
and ‐calibrated furnaces, or PWHT shall be performed
with thermocouples in contact with the material or
attached to blocks in contact with the material. Any post-
weld heat treatment time, which is anticipated to be
applied to the material or item after it is completed,
shall be specified in the Design Specification. The Certi-
ficate Holder shall include this time in the total time at
temperature specified to be applied to the test specimens.
In addition, the requirements of the following subpara-
graphs shall apply.

WB-4622.2 Time–Temperature Recordings. Time–
temperature recordings of all postweld heat treatments
shall be made available for review by the Inspector. Iden-
tification on the time–temperature recording shall be to
the weld or containment, as applicable. A summary of the
time–temperature recording may be provided for perma-
nent records in accordance with WA-4134.

WB-4622.3 ð23ÞDefinit ion of Nominal Thickness
Governing PWHT. Nominal thickness in Table WB-
4622.7(b)-1 is the thickness of the weld, the containment
material for structural attachmentwelds, or the thinner of
the containment materials being joined, whichever is
least. It is not intended that nominal thickness include
material provided for forming allowance, thinning, or
mill overrun when the excess material does not exceed
1∕8 in. (3 mm). For fillet welds the nominal thickness is
the throat thickness, and for partial penetration and
repair welds the nominal thickness is the depth of the
weld groove or preparation.

WB-4622.4 Holding Times at Temperature.

(a) The holding time at temperature as specified in
Table WB-4622.1-1 shall be based on the nominal thick-
ness of theweld. The holding time neednot be continuous.
It may be an accumulation of the times of multiple post-
weld heat treat cycles.

(b) Holding time at temperature in excess of the
minimum requirements of Table WB-4622.1-1 may be
used, provided that specimens so heat treated are
tested in accordance with WB-2200, WB-2400, and
WB-4300.
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(c) Alternatively, when it is impractical to postweld
heat treat at the temperature range specified in
Table WB-4622.1-1, it is permissible to perform the post-
weld heat treatment of certain materials at lower
temperatures for longer periods of time in accordance
with Table WB-4622.4(c)-1 and (1), (2), and (3) below.

(1) Except for P‐No. 1 materials, when welds in the
materials listed in Table WB-4622.4(c)-1 are to be post-
weld heat treated at the lower minimum temperatures,
the impact test specimens for the welding procedure
qualification required by WB-4300 shall be made using
the same minimum temperatures and increased
minimum holding time. Welding procedures, qualified
at the temperature range and minimum holding time
specified in TableWB-4622.1-1 and at the lower tempera-
ture and increased minimum holding time permitted by
TableWB-4622.4(c)-1, are also qualified for any tempera-
ture in between.When such an in‐between temperature is
used, the minimum holding time shall be interpolated
from Table WB-4622.1-1 and the alternative require-
ments from Table WB-4622.4(c)-1.

(2) Except for P‐No. 1 materials, when welds in the
materials listed in Table WB-4622.4(c)-1 are to be post-
weld heat treated at these lower minimum temperatures,
the welding material certification required by WB-2400

shall be made using the same minimum temperature and
increasedminimum holding time. Welding material certi-
fied at the temperature range and minimum holding time
specified inTableWB-4622.1-1 andat the lowerminimum
temperatures and increased minimum holding time
permitted by Table WB-4622.4(c)-1 are also certified
for any temperature in between.

(3) Base material certified in accordance with
WB-2200 may be postweld heat treated at the lower
minimum temperature ranges and increased minimum
holding timeswithout recertification. Postweldheat treat-
ment at these lower minimum temperatures and
increased minimum holding times may also be the
tempering operation provided a higher tempering
temperature is not required by the material specification.

WB-4622.5 PWHT Requirements When Different
P‐Number Materials Are Joined. When materials of
two different P‐Number groups are joined by welding,
the applicable postweldheat treatment shall be that speci-
fied in Table WB-4622.1-1 for the material requiring the
higher PWHT temperature range.

WB-4622.6 PWHT Requirements for Noncontainment
Parts. When noncontainment material is welded to
containment material, the postweld heat treatment
temperature range of the containment material shall
control.

WB-4622.7 Exemptions to Mandatory Requirements.
Postweld heat treatment in accordance with this subar-
ticle is not required for:

(a) nonferrous material;
(b) welds exempted in Table WB-4622.7(b)-1;
(c) welds subjected to temperatures above the PWHT

temperature range specified in Table WB-4622.1-1,
provided theWelding Procedure Specification is qualified
in accordance with Section IX and the base material and

Table WB-4622.1-1
ð23Þ Mandatory Requirements for Postweld Heat Treatment of Welds

P‐No.
(Section IX, QW-420)

Holding
Temperature
Range, °F (°C)
[Note (1)]

Minimum Holding Time at Temperature for Nominal Thickness of the Weld

1⁄2 in. (13 mm)
or less

Over 1⁄2 in. to 2 in.
(13 mm to 50 mm)

Over 2 in. to 5 in.
(50 mm to 125 mm)

Over 5 in.
(125 mm)

1, 3 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 2 hr plus 15 min each
additional inch (2 h
plus 0.5 min/mm)
over 2 in. (50 mm)

2 hr plus 15 min each
additional inch (2 h
plus 0.5 min/mm)
over 2 in. (50 mm)

P‐Nos. 8, 10 H Gr. 1, 34,
42, 43, 45 and hard
surfacing on P‐No. 1
base metal whose
reported carbon
content is not more
than 0.30%

PWHT neither required nor prohibited

GENERAL NOTE: Exemptions to the mandatory requirements of this Table are defined in WB-4622.7.

NOTE: (1) All temperatures are metal temperatures.

Table WB-4622.4(c)-1
Alternative Holding Temperatures and Times

Material
P‐No.

Alternative Minimum
Holding Temperatures,

°F (°C)
Alternative Minimum

Holding Times [Note (1)]
1, 3 1,050 (565) 2 hr/in. (4 min/mm) thick
1, 3 1,000 (540) 4 hr/in. (8 min/mm) thick

NOTE: (1) All other requirements of WB-4622 shall apply.
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the deposited weld filler material have been heat treated
at the higher temperature;

(d) welds connecting nozzles to containments
provided the requirements in WB-4622.8 are met;

(e) weld repairs to containments provided the require-
ments of WB-4622.9 are met;

(f) weld repairs to cladding after final postweld heat
treatment provided the requirements of WB-4622.10
are met;

(g) weld repairs to dissimilar metal welds after final
postweld heat treatment provided the requirements of
WB-4622.11 are met.

WB-4622.8 Requirements for Exempting PWHT of
Nozzles to Containment Welds. Welds connecting
nozzles of P‐No. 1 materials to containments of P‐No. 1
or P‐No. 3 materials that are not exempted from
PWHT in TableWB-4622.7(b)-1 need not be given a post-
weld heat treatment if the requirements of (a) below are

met for partial penetration and (b) below are met for full
penetration welds.

(a) The partial penetration welds are made with A‐No.
8ornon‐air‐hardeningnickel–chromium–ironweldmetal
after:

(1) the ferritic materials to be joined are buttered or
built‐up with A‐No. 8 or non‐air‐hardening nickel–chro-
mium–iron weld metal having a minimum thickness of 1∕4
in. (6 mm), and

(2) the heat-affected zones of the buttered or built‐
up ferritic materials are postweld heat treated in accor-
dance with WB-4620, without the PWHT exemptions
being applied, prior to making the final welds.

(b) The full penetrationwelds aremadewithA‐No. 1 or
A‐No. 2 weld metal provided that:

(1) the containment is built‐up or buttered in the
area of the attachment with A‐No. 1 or A‐No. 2 metal
having a minimum thickness of 1∕4 in. (6 mm);

Table WB-4622.7(b)-1
Exemptions to Mandatory PWHT

P‐No. (Section IX,
QW‐420) Type of Weld [Note (1)]

Nominal Thickness, in.
(mm) (see WB-4622.3)

Max. Reported
Carbon, % [Note (2)]

Min. Preheat Required,
°F (°C)

1 All welds, where the materials being
joined are 11∕2 in. (38 mm) and less

11∕4 (32) and less 0.30 and less …
Over 11∕4 to 11∕2 (32 to 38) 0.30 and less 200 (95)
3∕4 (19) or less Over 0.30 …
Over 3∕4 to 11∕2 (19 to 38) Over 0.30 200 (95)

All welds in material over 11∕2 in.
(38 mm)

3∕4 (19) or less … 200 (95)

1 Gr. 1 or Gr. 2 Cladding or repair of cladding
[Note (3)] with A‐No. 8 or F‐No. 43
filler metal in base material of: 11∕2
in. (38 mm) or less

… 0.30 100 (38)

Over 11∕2 in. to 3 in. (38mmto75mm) … 0.30 200 (95) [Note (4)]
Over 3 in. (75 mm) … 0.30 250 (120) [Note (5)]

3 For containment repair without
required PWHT, see WB-4622.9 or
WB-4622.10

… … 350 (175)

3 except Gr. 3 All welds, except repair welds in
containments, provided weld
procedure qualification is made
using equal or greater thickness
base material than production
weld [Note (6)]

5∕8 (16) or less 0.25 or less 200 (95)

Attachment welds joining
containment to noncontainment
material

1∕2 (13) or less 0.25 or less 200 (95)

GENERAL NOTE: The exemptions noted in this Table do not apply to electron beam welds in ferritic materials over 1∕8 in. (3 mm) in thickness.

NOTES:
(1) Where the thickness of material is identified in the column Type ofWeld, it is the thickness of the thicker of the basematerials at the welded

joint.
(2) Carbon level of the containment materials being joined.
(3) The maximum resulting hardness of the heat-affected zone, in the procedure qualification test plate shall not exceed 35 Rc.
(4) Intermediate postweld soak at not less than 200°F (95°C) for 2 hr minimum.
(5) Intermediate postweld soak at not less than 300°F (150°C) for 2 hr minimum.
(6) Weld Procedure Qualification coupon need not exceed 1.5 in. (38 mm) in thickness.
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(2) the A‐No. 1 or A‐No. 2 weld metal buildup or
buttering is postweld heat treated in accordance with
WB-4620 for P‐No. 1 or P‐No. 3 materials without the
PWHT exemptions being applied;

(3) the welds do not penetrate through the contain-
ment thickness;

(4) weld metal with A‐No. 1 or A‐No. 2 analysis is
used to join the nozzle of P‐No. 1 material to the weld
buildup or buttering;

(5) the nominal thickness of the weld joining the
nozzle to the containment does not exceed 11∕2 in. (38
mm) and the maximum reported carbon content of the
nozzle does not exceed 0.30%;

(6) a 200°F (95°C) minimum preheat is maintained
during welding whenever the nominal thickness of the
weld exceeds:

(-a) 11∕4 in. (32 mm) and the maximum reported
carbon content of the material of the nozzle is 0.30% or
less, or

(-b) 3∕4 in. (19 mm) and the maximum reported
carbon content of material of the nozzle exceeds 0.30%.

WB-4622.9 Temper Bead Weld Repair. Limited weld
repairs to P‐No. 1 and P‐No. 3 material, and A‐Nos. 1,
2, 10, or 11 weld filler metal (Section IX, Table QW-
442), may be made without PWHT or after the final
PWHT, provided it is impossible or impractical to post-
weld heat treat the area after repair, and provided the
requirements of the following subparagraphs are met:

(a) Examination of Area to Be Repaired. Before repair,
the area shall be examined by either themagnetic particle
or liquid penetrant method in accordance with
Article WB-5000.

(b) Maximum Extent of Repair. Themaximumarea of an
individual repair based on the finished surface shall be
100 in.2 (65000 mm2) and the depth of repair shall
not be greater than one‐third of the base material thick-
ness.

(c) Repair Welding Procedure. The welding procedure
shall be in accordance with Section IX and this Subsection
and shall include the requirements of (1) through (6)
below.

(1) Thearea tobe repairedshall be suitablyprepared
for welding in accordance with a written procedure.

(2) The weldmetal shall be deposited by the manual
shielded metal arc process using low hydrogen type elec-
trode. The maximum bead width shall be four times the
electrode core diameter.

(3) Welding electrodes shall meet the requirements
for supplemental designators “R” indicating a moisture-
resistant coating and “H4” indicating that they are low in
diffusible hydrogen as defined in the applicable specifica-
tions in Section II, Part C. Welding electrodes shall also be
supplied in unopened hermetically sealed containers.

(4) After a hermetically sealed container is opened,
the electrodes shall be stored in holding ovens at 225°F to
350°F (105°C to 175°C). When electrodes are removed

from elevated storage, they may be exposed to the atmo-
sphere for a maximum of 8 hr.

(5) Electrodes,which are exposed to the atmosphere
for more than 8 hr, shall be discarded or baked to remove
any absorbed moisture for the time and temperature rec-
ommended by the electrode manufacturer. After baking
and before the electrodes are allowed to cool below 225°F
(105°C), they shall be transferred immediately into
holding ovens at 225°F to 350°F (105°C to 175°C).
When the once-baked electrodes are removed from
elevated storage, they may be exposed to the atmosphere
for an additional 8 hr after which they shall be discarded.

(6) If the repair area is to be subjected to a significant
fast neutron fluence (greater than 1019 nvt Eo > 1 MeV),
electrode shall be limited to Cu content of 0.10%
maximum (as deposited).

(7) Theweld area plus a band around the repair area
of at least 11∕2 times the component thickness or 5 in. (125
mm),whichever is less, shall bepreheated andmaintained
at a minimum temperature of 350°F (175°C) during
welding. The maximum interpass temperature shall be
450°F (230°C). Thermocouples and recording instru-
ments shall be used to monitor the process temperatures.
Their removal shall be in accordance with WB-4435(b).

(8) The cavity shall be buttered, using a 3∕32 in. (2.5
mm) d iameter e lec t rode as shown in F igure
WB-4622.9(c)(8)-1. The weld bead crown surface shall
be removed by grinding or machining before depositing
the second layer [see Figure WB-4622.9(c)(8)-1, Step 2].
The second layer shall be deposited with a 1∕8 in. (3 mm)
diameter electrode. Subsequent layers shall be deposited
with a welding electrode no larger than 5∕32 in. (4 mm)
diameter. Bead deposition shall be performed in a
manner shown in Figure WB-4622.9(c)(8)-1, Step 3.
The completed weld shall have at least one layer of
weld reinforcement deposited and then this reinforce-
ment shall be removed by mechanical means, making
the finished surface of the repair substantially flush
with the surface of the containment surrounding the
repair [see Figure WB-4622.9(c)(8)-2]. The technique
described in this paragraph shall be performed in the
procedure qualification test.

(9) The weld area shall be maintained at a tempera-
ture of 450°F to 550°F (230°C to 290°C) for a minimum
periodof2hr after completionof theweld repair inP‐No. 1
materials. ForP‐No. 3materials, theholding timeshall be a
minimum of 4 hr.

(d) Examination of Repair Welds. The second (temper
bead) layer shall be examined by the magnetic particle or
liquid penetrant method. The completed weld shall have
theweld reinforcement, including the final layer, removed
substantially flush with the surface prior to performing
the required nondestructive examination. The nondes-
tructive examination shall be performed after the
completed weld has been at ambient temperature for a
minimumperiodof48hr todetect thepresenceofpossible
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Figure WB-4622.9(c)(8)-1
Temper Bead Weld Repair and Weld Temper Bead Reinforcement

Reinforcement weld 

Temper bead layer 

Step 3: 

Step 2: Remove the weld bead crown of the first layer of 
grinding. 

Step 1: Butter cavity with one layer of weld metal using  
3/32 in. (2.5 mm) diameter coated electrode. 

The second layer shall be deposited with a 1/8 in. (3 mm) 
diameter electrode. Subsequent layers shall be 
deposited with welding electrodes no larger than 5/32 in. 
(4.0 mm) maximum diameter. Bead deposition shall be 
performed in the manner as shown. Particular care shall 
be taken in the application of the temper bead 
reinforcement weld at the tie-in points as well as its 
removal to ensure that the heat-affected zone of the 
base metal and the deposited weld metal is tempered 
and the resulting surface is substantially flush.
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delayed cracking of the weldment. The nondestructive
examination of the repair welded and preheated region
shall be in accordance with WB-4453.4. In addition, all
repairs shall be ultrasonically examined. All nondestruc-
tive examination shall be in accordance with Article
WB-5000.

(e) Documentation of Weld Repairs. Documentation of
weld repairs shall be in accordance with WB-4130, exclu-
sive of the size requirements.

(f) Welding Procedure Qualification Test Plate. The test
assembly materials for the welding procedure qualifica-
tion shall be of the same P‐Number and Group Number,
including apostweldheat treatment that is at least equiva-
lent to the time and temperature applied to the materials
being repaired. The depth of cavity in the test assembly
shall be a minimum of one‐half the depth of actual repair,
but not less than 1 in. (25 mm). The test assembly thick-
ness shall be aminimumof twice the depth of cavity in the
test assembly. The test assembly shall be large enough to
permit removal of the required test specimens. In order to
simulate the restraint that the weld metal will experience
in the repair section of the component, the test assembly
dimensions surrounding the cavity shall be equal to the
test assembly thickness, but not less than 6 in. (150 mm).
The qualification test plate shall be prepared in accor-
dance with Figure WB-4622.9(f)-1.

(g) This test assembly may be used to qualify proce-
dures for weld buildup repairs of containment materials.
In this case, thedepthof the cavity shall notbe less than the
thickness of the weld buildup or 1 in. (25mm), whichever
is greater, and the areaof theweldbuildup tobe appliedor
54 in.2 (35000 mm2), whichever is less.

(h) In all cases, the test assembly and cavity shall be of
sufficient size to permit removal of the required test speci-
mens.

(i) Performance Qualifications. If the repairweld is tobe
performed where physical obstructions impair the
welder’s ability to perform, the welder shall also demon-
strate the ability to deposit sound weld metal in the posi-
tions required, using the same parameters and simulated
physical obstructions as are involved in the repair.

WB-4622.10 Repair Welds to Cladding After Final
Postweld Heat Treatment. Nonpostweld heat-treated
weld repairs may be made to P‐No. 8 or P‐No. 43 cladding
of P‐No. 1 and P‐No. 3material after final PWHT, provided
it is impossible or impractical to postweld heat treat the
area after repair, and provided the requirements of the
following subparagraphs are met:

(a) Maximum Extent of Repair. This procedure may be
usedwith thebasematerial exposed to adepthnot greater
than 1∕4 in. (6 mm) or 10% of the base material thickness,
whichever is less, nor to an individual area greater than
100 in.2 (65000 mm2). Areas with greater base material
exposure depth shall be repaired in accordance with
WB-4622.9 to within this limit before implementing
the cladding repair.

(b) Repair Welding Procedure. The welding procedure
shall be in accordance with Section IX and this Division,
and shall include the requirements of (1) through (7)
below.

(1) The repairs shall be made using A‐No. 8 weld
metal (Section IX, Table QW-442) for P‐No. 8 cladding
or F‐No. 43 weld metal (Section IX, Table QW-432) for
either P‐No. 8 or P‐No. 43 cladding.

(2) The manual shielded metal arc process shall be
used for welding with a bead width not to exceed four
times the electrode core diameter.

(3) All covered electrodes used for qualification test
and repair welding shall be from unopened, hermetically
sealed packages or heated ovens maintained between
225°F (105°C) and 350°F (175°C). Electrodes withdrawn
from hermetically sealed containers or ovens for longer
than 8 hr shall be discarded, or baked once at the time and
temperature recommended by the electrode manufac-
turer and placed immediately back into the holding
ovens. Electrodes exposed to the atmosphere for more
than 8 hr after once being baked shall be discarded.

(4) During the repair, the electrodes may be main-
tained in heated ovens in the repair area. The oven
temperature shall be maintained between 225°F
(105°C) and 350°F (175°C). Electrodes exposed to the
atmosphere for more than 8 hr shall be discarded, or
baked once at the time and temperature recommended
by the electrode manufacturer and placed immediately
back into the holding ovens. Electrodes exposed to the
atmosphere for more than 8 hr after once being baked
shall be discarded.

(5) Theweld area plus a band around the clad repair
of 11∕2 times the component thickness or 5 in. (125 mm),
whichever is less, shall be preheated and maintained at a
minimum temperature of 350°F (175°C) during welding.
The maximum interpass temperature shall be 450°F
(230°C). Thermocouples and recording instruments
shall be used to monitor the process temperatures.
Their removal shall be in accordance with WB-4435.

Figure WB-4622.9(c)(8)-2
Temper Bead Reinforcement

NOTE: (1) Apply temper bead reinforcement weld metal to a level
above the surface and then remove it substantially flush to the surface
as required by WB-4622.9(c)(8).
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Figure WB-4622.9(f)-1
Qualification Test Plate

Reduced section

Side bend

Side bend

Reduced section

Side bend

Side bend

Discard

specimen

specimen

specimen

specimen

specimen

specimen

Charpy

Charpy

Charpy

V – Notch (HAZ)

V – Notch (HAZ)

Charpy V – Notch (HAZ)

1/8 in.   1/32 in. (3 mm     0.8 mm)Fusion line

30 deg (max.)

Weld metal

Heat-affected zone

3/8 in. (10 mm)
WB-4622.9(f)Elevation

  view

Plan
  view

1/2 in. (13 mm)
  min.

V – Notch (HAZ)
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(6) All areas of the base material on which weld
metal is to be deposited shall be covered with a single
layer of weld deposit using 3∕32 in. (2.5mm) diameter elec-
trode, followed by aminimumof one layer of weld deposit
using 1∕8 in. (3mm) diameter electrode. Subsequent layers
may be deposited with electrode no larger than 5∕32 in. (4
mm). The weld bead crown surface of the first layer shall
be removed by grinding.

(7) After completion of welding, the weld area shall
be maintained at a temperature of 450°F to 550°F (230°C
to 290°C) for a period of 2 hr for P‐No. 1 material and 4 hr
for P‐No. 3 material.

(c) Examination of Repair Welds. The weld repair as
well as the preheated band shall be examined by the
liquid penetrant method. All nondestructive examination
shall be in accordance with Article WB-5000.

(d) Documentation of Weld Repairs. Documentation of
weld repairs shall be in accordance with WB-4130, exclu-
sive of the size requirements.

(e) Welding Procedure Qualification Test Plate
(1) The test assemblymaterial for theweldingproce-

dure qualification test shall be of the same P‐Number and
Group Number, including a postweld heat treatment that
is at least equivalent to the time and temperature of that
applied to the material being repaired. If the repair
involves two different P‐Number or Group Number mate-
rials, the test assembly shall duplicate the combination.

(2) The test assembly base material shall be at least
12 in. (300 mm) by 12 in. (300 mm), 2 in. (50 mm) min.
thickness, with a clad surface area of at least 8 in. (200
mm) by 8 in. (200 mm), in the area from which the bend
test specimens will be removed.

(3) The qualification test plate assembly shall be
prepared and tested in accordance with the requirements
of Section IX. The guided bend test acceptance standards
described inSection IX for cladding shall alsobeapplicable
to the HAZ of the base material.

(f) Performance Qualifications. If the repairweld is tobe
performed where physical obstructions impair the
welder’s ability to perform, the welder shall also demon-
strate the ability to deposit sound weld metal in the posi-
tions required, using the same parameters and simulated
physical obstructions as are involved in the repair.

WB-4622.11 Temper Bead Weld Repair to Dissimilar
MetalWelds or Buttering.Whenever PWHT is impractical
or impossible, limited weld repairs to dissimilar metal
welds of P‐No. 1 and P‐No. 3 material or weld filler
metal A‐No. 8 (Section IX, Table QW-442) or F‐No. 43
(Section IX, Table QW-432) may be made without
PWHT or after the final PWHT provided the requirements
of the following subparagraphs are met:

(a) Examination of Area to Be Repaired. Before repair,
the area shall be examined by either themagnetic particle
or liquid penetrant method in accordance with
Article WB-5000.

(b) Maximum Extent of Repair. Repairs made to this
paragraph are limited to those along the fusion line of
a nonferritic weld to ferritic base material where 1∕8 in.
(3 mm) or less of nonferritic weld deposit exists above
the original fusion line after defect removal. If the
defect penetrates into the ferritic base material, repair
of the base material may be performed in accordance
with WB-4622.11 provided the depth of repair in the
base material does not exceed 3∕8 in. (10 mm). The
repairs to a completed joint shall not exceed one‐half
the joint thickness. The surface of the completed repair
shall not exceed 100 in.2 (65000 mm2).

(c) Repair Welding Procedure. The welding procedure
andwelder qualification shallmeet all of the requirements
of Section IX and the additional requirements of this
Article. In addition, the Welding Procedure Specification
shall include the following requirements.

(1) Thearea tobe repairedshall be suitablyprepared
for welding in accordance with the written procedure to
be used for the repair.

(2) Theweldmetal shall bedepositedby the shielded
metal arc welding process (SMAW) using A‐No. 8 weld
metal (Section IX, Table QW-442) for P‐No. 8 to P‐No.
1 or P‐No. 3 weld joints or F‐No. 43 weld metal
(Section IX, Table QW-432) for either P‐No. 8 or P‐No.
43 to P‐No. 1 or P‐No. 3 weld joints. The maximum
beadwidthshall be four times theelectrodecorediameter.

(3) All covered electrodes used for qualification test
and repair welding shall be from unopened, hermetically
sealed packages or heated ovens maintained between
225°F (105°C) and 350°F (175°C). Electrodes withdrawn
from hermetically sealed containers or ovens for longer
than 8 hr shall be discarded, or baked once at the time and
temperature recommended by the electrode manufac-
turer and placed immediately back into the holding
ovens. Electrodes exposed to the atmosphere for more
than 8 hr after once being baked shall be discarded.

(4) During the repair, the electrode may be main-
tained in heated ovens in the repair area. The oven
temperature shall be maintained between 225°F
(105°C) and 350°F (175°C). Electrodes exposed to the
atmosphere for more than 8 hr shall be discarded, or
baked once at the time and temperature recommended
by the electrode manufacturer and placed immediately
back into the holding ovens. Electrodes exposed to the
atmosphere for more than 8 hr after once being baked
shall be discarded.

(5) Theweld areaplus abandaround theweld repair
of 11∕2 times the component thickness or 5 in. (125 mm),
whichever is less, shall be preheated and maintained at a
minimum temperature of 350°F (175°C) during welding.
The maximum interpass temperature shall be 450°F
(230°C). Thermocouples and recording instruments
shall be used to monitor the metal temperature during
welding. Their removal shall be in accordance with
WB-4435.
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(6) All areas of the ferritic base material, exposed or
not, on which weld metal is to be deposited, shall be
covered with a single layer of weld deposit using 3∕32
in. (2.5 mm) diameter electrode. The weld bead crown
surface shall be removed by grinding before depositing
the second layer. The second layer shall be deposited
with 1∕8 in. (3 mm) diameter electrode. Subsequent
layers may be deposited with 5∕32 in. (4 mm) maximum
diameter electrode. The techniquesdescribed in this para-
graph shall be duplicated in the procedure qualification.
[See Figure WB-4622.11(c)(6)-1.]

(7) After at least 3∕16 in. (5 mm) of weld metal has
been deposited, the preheated area as defined in (5)
above shall be maintained in the range of 450°F to
550°F (230°C to 290°C) for 4 hr as a minimum.

(8) Subsequent to the above heat treatment, the
balance of the welding may be performed at a
minimum preheat temperature of 100°F (40°C) and at
a maximum interpass temperature of 350°F (175°C).

(d) Examination of Repair Areas
(1) After the heat treatment specified in (c)(7) above

has been completed, the repaired area shall be examined
by the liquid penetrant method.

(2) The repaired area and the preheated band as
defined in (c)(5) above shall be examined by the liquid
penetrant method after the completed weld has been
at ambient temperature for a minimum of 48 hr. The
repaired region shall be examined by the radiographic
method and, if practical, by the ultrasonic method.

(3) For repairs to partial penetration welds, the
radiographic and ultrasonic examinations specified in
(2) above need not be performed, if meaningful results
cannot be obtained. For these cases, liquid penetrant
examination only shall be performed. For weld repair
depths approximately 3∕16 in. (5 mm), liquid penetrant
examination shall be performed at the time specified
in (2) above. For weld repair depths greater than 3∕16
in. (5 mm), liquid penetrant examination shall be
performed after approximately 3∕16 in. (5 mm) thickness
has been deposited and the post heat specified in (c)(7)
above has been completed. Additional incremental
deposit thicknesses shall be liquid penetrant examined
in accordance with WB-5245. The final weld surface
shall be liquid penetrant examined at the time specified
in (2) above.

(4) All nondestructive examination shall be in accor-
dance with Article WB-5000.

(e) Documentation of Weld Repairs. Documentation of
weld repairs shall be in accordance with WB-4130, exclu-
sive of the size requirements.

(f) Welding Procedure Qualification Test Plate. The test
assembly materials for the welding procedure qualifica-
tion shall be of the same P‐Number and Group Number,
including apostweld heat treatment that is at least equiva-
lent to the time and temperature applied to the materials
being repaired. The depth of cavity in the test assembly

shall be a minimum of one‐half the depth of actual repair
but not less than 1 in. (25 mm). The test assembly thick-
ness shall be aminimumof twice the depth of cavity in the
test assembly. The test assembly shall be large enough to
permit removal of the required test specimens. In order to
simulate the restraint that the weld metal will experience
in therepairedsectionof thecomponent, the test assembly
dimensions surrounding the cavity shall be equal to the
test assembly thickness, but not less than 6 in. (150 mm).
The qualification test plate shall be prepared in accor-
dance with Figure WB-4622.9(f)-1.

(g) Performance Qualifications. If the repair weld is to
be performed where physical constructions impair the
welder’s ability to perform, the welder shall also demon-
strate the ability to deposit sound weld metal in the posi-
tions required, using the same parameters and simulated
physical obstructions as are involved in the repair.

WB-4623 PWHT Heating and Cooling Rate
Requirements

Above 800°F (425°C) the rate of heating and cooling in
anyhourly interval shall not exceed400°F (220°C)divided
by the maximum thickness in inches of the material being
heat treated, but shall not exceed 400°F (220°C) and need
not be less than 100°F (55°C) in any hourly interval.
During the heating and cooling period there shall not
be a greater variation in temperature than 250°F
(140°C) within any 15 ft (4.5 m) interval of weld length.

WB-4624 Methods of Postweld Heat Treatment

The postweld heat treatment shall be performed in
accordance with the requirements of one of the following
subparagraphs.

WB-4624.1 Furnace Heating— One Heat. Heating the
item in a closed furnace in one heat is the preferred proce-
dure and should be used whenever practical. The furnace
atmosphere shall be controlled so as to avoid excessive
oxidation and direct impingement of flame on the contain-
ment is prohibited.

WB-4624.2 Furnace Heating— More Than One Heat.
The itemmaybeheated inmore thanoneheat in a furnace,
provided the furnace atmosphere control requirements of
WB-4624.1 apply and overlap of the heated sections of the
component or item is at least 5 ft (1.5m).When this proce-
dure is used, the portion of the component or item outside
the furnace shall be shielded so that the temperature
gradient is not harmful. The cross section where the
containment projects from the furnace shall not intersect
a nozzle or other structural discontinuity.

WB-4624.3 Local Heating.Welds may be locally post-
weld heat treated when it is not practical to heat treat the
entire component or item. Local postweld heat treatment
shall consist of heating a circumferential band around the
containment at temperaturewithin the ranges specified in
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Figure WB-4622.11(c)(6)-1
Temper Bead Weld Repair and Weld Temper Bead Reinforcement of Dissimilar Metal Welds or Buttering

1/2T max.
  depth

Reinforcement weld
Temper bead layer

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

3/8 in. (10 mm) maximum axial depth into the original base material for 
  repair to WB-4622.11. Greater depths shall be repaired to WB-4622.9 to 
  the 3/8 in. (10 mm) level before implementing the WB-4622.11 repair.

Nonferritic
  base material

Step 4:

Step 3: Remove the weld bead crown of the first layer by grinding.

Step 2: Butter cavity with one layer of weld metal using 3/32
in. (2.5 mm) diameter coated electrode.

Step 1: Prepare cavity and determine axial depth into ferritic 
base material.

The second layer shall be deposited with a 1/8 in. (3 mm) 
diameter electrode. Subsequent layer shall be deposited 
with welding electrodes no larger than 5/32 in. (4.0 mm) 
diameter. Bead deposition shall be performed in the 
manner as shown. Particular care shall be taken in the 
application of the temper bead reinforcement weld at 
the tie-in point with the ferritic material as well as its 
removal to ensure that the base metal and the deposited 
weld metal are tempered and the resulting surface is 
substantially flush.
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this subarticle. Theminimumwidth of the controlled band
at each side of the weld, on the face of the greatest weld
width, shall be the thickness of the weld or 2 in. (50 mm),
whichever is less. The temperature of the component or
item from theedgeof the controlledbandoutward shall be
graduallydiminishedsoas toavoidharmful thermal gradi-
ents. This procedure may also be used for postweld heat
treatment after repairs.

WB-4624.4 Heating Items Internally. The contain-
ment may be heated internally by any appropriate
means and with adequate indicating and recording
temperaturedevices to aid in the control andmaintenance
of a uniform distribution of temperature in the contain-
ment. Previous to this operation, the item should be fully
enclosed with insulating material.

WB-4630 HEAT TREATMENT OF WELDS OTHER
THAN THE FINAL POSTWELD HEAT
TREATMENT

The holding temperature, the time at temperature, the
heating rate, and the cooling rate need not conform to the
requirementsof thisArticle forheat treatments other than
the final postweld heat treatment.

WB-4700 MECHANICAL JOINTS

WB-4710 BOLTING AND THREADING

WB-4711 Thread Engagement

The threads of all bolts or studs shall be engaged in
accordance with the design.

WB-4712 Thread Lubricants

Any lubricant or compoundused in threaded joints shall
be suitable for the service conditions and shall not react
unfavorably with either the service fluid or any contain-
ment material in the system.

WB-4713 Removal of Thread Lubricants

All threading lubricantsor compoundsshall be removed
from surfaces which are to be seal welded.

WB-4720 BOLTING FLANGED JOINTS

In bolting gasketed flanged joints, the contact faces of
the flanges shall bear uniformly on the gasket and the
gasket shall be properly compressed in accordance
with the design principles applicable to the type of
gasket used. All flanged joints shall be made up with rel-
atively uniform bolt stress.
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ARTICLE WB-5000
EXAMINATION

WB-5100 GENERAL REQUIREMENTS FOR
EXAMINATION

WB-5110 PROCEDURES, QUALIFICATIONS, AND
EVALUATION

WB-5111 General Requirements

Nondestructive examinations shall be conducted in
accordance with the examination methods of Section V,
except as they may be modified by the requirements of
this Article. Radiographic examination shall be performed
in accordance with Section V, Article 2, except that fluor-
escent screens are not permitted for film radiography, the
geometric unsharpness shall not exceed the limits of
Section V, Article 2, T-274.2, and the image quality indi-
cators (IQIs) of Table WB-5111-1 shall be used in lieu of
those shown in Section V, Article 2, Table T-276. The re-
quirements for the retention of electronic and digital
radiographic images are the same as that for radiographic
film. Ultrasonic examination shall be in accordance with
SectionV,Article 4;magnetic particle examination shall be
in accordance with Section V, Article 7; and liquid pene-
trant examination shall be in accordance with Section V,
Article 6. The examinations required by this Article, or by
reference to this Article, shall be performed by personnel
who have been qualified as required by this Article. The
results of the examinations shall be evaluated in accor-
dance with the acceptance standards of this Article.

WB-5112 Nondestructive Examination Procedures

All nondestructive examinations required by this
Article shall be performed in accordance with detailed
written procedures which have been proven by actual
demonstration to the satisfaction of the Inspector. The
procedures shall comply with the appropriate Article
of Section V for the particular examination method.
The digitization of radiographic film and radioscopic
images shall meet the requirements of Section V,
Article 2, Mandatory Appendix III, “Digital Image Acquisi-
tion, Display, and Storage for Radiography and Radio-
s c opy .” Wr i t t en p ro c edu r e s and r e co rd s o f
demonstration of procedure capability and personnel
qualification shall be made available to the Inspector
on request. At least one copy of the procedure shall be
readily available to all applicable nondestructive exami-
nation personnel for reference and use.

WB-5113 Post‐Examination Cleaning
Following any nondestructive examination in which

examination materials are applied to the piece, the
piece shall be thoroughly cleaned in accordance with ap-
plicable material or procedure specifications.

WB-5120 TIME OF EXAMINATION OF WELDS AND
WELD METAL CLADDING

Acceptance examinations ofwelds andweldmetal clad-
ding requiredbyWB-5200 shall be performedat the times
stipulated in (a) through (f) below during fabrication and
installation.

(a) Radiographic examination of welds shall be
performed after an intermediate12 or final postweld
heat treatment, when required, except that radiographic
examination of welds in containments fabricated of P‐No.
1 or P‐No. 3materials may be performed prior to an inter-
mediate or final postweld heat treatment, provided the
welds are ultrasonically examined after an intermediate
or final postweld heat treatment. The ultrasonic examina-
tion and acceptance standards shall be in accordancewith
this Article.

(b) Magnetic particle or liquid penetrant examinations
of welds shall be performed after any required postweld
heat treatment, except that welds in P‐No. 1 material may
be examined either before or after postweld heat treat-
ment.

(c) All dissimilarmetalweld joints, such as in austenitic
or high nickel to ferritic material, or using austenitic or
highnickel alloy fillermetal to join ferriticmaterialswhich
penetrate the wall, shall be examined after final postweld
heat treatment.

(d) Themagnetic particle or liquid penetrant examina-
tion of weld surfaces that are to be covered with weld
metal cladding shall be performed before the weld
metal cladding is deposited. The magnetic particle or
liquid penetrant examination of weld surfaces that are
not accessible after a postweld heat treatment shall be
performed prior to the operation which caused this inac-
cessibility. These examinations may be performed before
PWHT.

(e) Weld metal cladding shall be examined after either
an intermediate12 or final postweldheat treatment, except
the examination of weld metal cladding on P‐Nos. 1 and 3
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Table WB-5111-1
Thickness, IQI Designations, Essential Holes, and Wire Diameters

U.S. Customary Units

Single Wall Material
Thickness Range, in.

IQI(s) — Hole or Wire Type [Note (1)]
Source Side Film Side

Designation
Hole
Size

Essential
Hole

Required Wire
Diameter — IQI Designation

Hole
Size

Essential
Hole

Required Wire
Diameter —

IQI
Up to 0.25 incl. 5 0.040 4T 0.006 5 0.040 4T 0.006
Over 1∕4–3∕8 7 0.040 4T 0.006 7 0.040 4T 0.006
Over 3∕8–1∕2 10 0.040 4T 0.010 10 0.040 4T 0.010
Over 1∕2–5∕8 12 0.050 4T 0.013 12 0.050 4T 0.013
Over 5∕8–3∕4 15 0.060 4T 0.016 12 0.050 4T 0.013
Over 3∕4–1 20 0.040 2T 0.016 17 0.035 2T 0.013
Over 1–11∕4 25 0.050 2T 0.020 17 0.035 2T 0.013
Over 11∕4–11∕2 30 0.060 2T 0.025 20 0.040 2T 0.016
Over 11∕2–2 35 0.070 2T 0.032 25 0.050 2T 0.020

Over 2–21∕2 40 0.080 2T 0.040 30 0.060 2T 0.025
Over 21∕2–3 45 0.090 2T 0.040 35 0.070 2T 0.032
Over 3–4 50 0.100 2T 0.050 40 0.080 2T 0.040
Over 4–6 60 0.120 2T 0.063 45 0.090 2T 0.040
Over 6–8 80 0.160 2T 0.100 50 0.100 2T 0.050
Over 8–10 100 0.200 2T 0.126 60 0.120 2T 0.063
Over 10–12 120 0.240 2T 0.160 80 0.160 2T 0.100
Over 12–16 160 0.320 2T 0.250 100 0.200 2T 0.126
Over 16–20 200 0.400 2T 0.320 120 0.240 2T 0.160

SI Units

Single Wall Material
Thickness Range,

in. (mm)

IQI(s) — Hole or Wire Type [Note (1)]
Source Side Film Side

Designation
Hole
Size

Essential
Hole

Required Wire
Diameter — IQI Designation

Hole
Size

Essential
Hole

Required Wire
Diameter —

IQI
Up to 6 incl. 5 1.02 4T 0.15 5 1.02 4T 0.15
Over 6–10 7 1.02 4T 0.15 7 1.02 4T 0.15
Over 10–13 10 1.02 4T 0.25 10 1.02 4T 0.25
Over 13–16 12 1.27 4T 0.33 12 1.27 4T 0.33
Over 16–19 15 1.52 4T 0.41 12 1.27 4T 0.33
Over 19–25 20 1.02 2T 0.41 17 0.89 2T 0.33
Over 25–32 25 1.27 2T 0.51 17 0.89 2T 0.33
Over 32–38 30 1.52 2T 0.64 20 1.02 2T 0.41
Over 38–50 35 1.78 2T 0.81 25 1.27 2T 0.51

Over 50–64 40 2.03 2T 1.02 30 1.52 2T 0.64
Over 64–75 45 2.29 2T 1.02 35 1.78 2T 0.81
Over 75–100 50 2.54 2T 1.27 40 2.03 2T 1.02
Over 100–150 60 3.05 2T 1.60 45 2.29 2T 1.02
Over 150–200 80 4.06 2T 2.54 50 2.54 2T 1.27
Over 200–250 100 5.08 2T 3.20 60 3.05 2T 1.60
Over 250–300 120 6.10 2T 4.06 80 4.06 2T 2.54
Over 300–400 160 8.13 2T 6.35 100 5.08 2T 3.20
Over 400–500 200 10.16 2T 8.13 120 6.10 2T 4.06

NOTE: (1) Hole (plaque) type IQIs may be used on flat plates and on objects with geometries such that the IQI hole image is not distorted.
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materials may be performed before or after the inter-
mediate12 or final postweld heat treatment.

(f) All of the joints in austenitic stainless steel and
nonferrousmaterial shall be examined by the liquid pene-
trant method after an intermediate or final postweld heat
treatment, if any, is performed.

WB-5130 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

All full penetration weld edge preparation surfaces for
joint Categories A, B, C, D, and similar joints in material 2
in. (50mm) ormore in thickness shall be examined by the
magnetic particle or liquid penetrant method. Indications
shall be evaluated in accordancewith the acceptance stan-
dards of (a), (b), and (c) below.

(a) Only indications with major dimensions greater
than 1∕16 in. (1.5 mm) shall be considered relevant imper-
fections.

(b) Laminar‐type imperfectionsare acceptablewithout
repair if they do not exceed 1 in. (25 mm) in length. The
extent of all laminar‐type imperfections exceeding 1 in.
(25mm) in length shall bedeterminedbyultrasonic exam-
ination. Imperfections exceeding 1 in. (25 mm) in length
shall be repairedbywelding to a depth of 3∕8 in. (10mm)or
the depth of the imperfection,whichever is less, unless the
ultrasonic examination reveals that additional depth of
repair is required to meet the ultrasonic examination
requirement for the product form.

(c) Indications of nonlaminar imperfections of (1)
through (3) below are unacceptable:

(1) any linear indications greater than 3∕16 in. (5mm)
long;

(2) rounded indications with dimensions greater
than 3∕16 in. (5 mm);

(3) four or more indications, in a line separated by
1∕16 in. (1.5 mm) or less, edge to edge.

(d) Weld repairs made to weld edge preparations for
CategoryA, B, C, D, or similar typewelds shall be examined
by the magnetic particle or liquid penetrant method
before the surfaces become inaccessible. The examination
may be performed before or after postweld heat treat-
ment.

WB-5140 EXAMINATION OF ADJACENT BASE
MATERIAL

When performing the surface examinations of weld
joint Categories A, B, C , and D as required by
WB-5200, the external and accessible internal weld
surfaces and adjacent base material for at least 1∕2 in.
(13 mm) on each side of the weld shall be included in
the examination. Acceptance standards for the weld
shall be as stated in this Article while the acceptance stan-
dards for base material shall be as stated in WB-2500.

WB-5200 REQUIRED EXAMINATION OF
WELDS

WB-5210 CATEGORY A WELDED JOINTS

Category A welded joints in containments shall be
examined by the radiographic and either the liquid pene-
trant or magnetic particle method.

WB-5220 CATEGORY B WELDED JOINTS

Category B welded joints in containments shall be
examined by the radiographic and either the liquid pene-
trant or magnetic particle method.

WB-5230 CATEGORY C WELDED JOINTS

WB-5231 General Requirements

(a) Category C full penetration butt-welded joints in
containments shall be examined by the radiographic
and either the liquid penetrant or magnetic particle
method.

(b) Category C full penetration corner-welded joints in
containments shall be ultrasonically or radiographically
examined and either liquid penetrant ormagnetic particle
examined.

(c) Type 2 Category C full penetration corner-welded
joints similar to Figure WB-4243-1 sketches (c) and (d)
also require the fusion zone and the parentmetal beneath
the attachment surface to be ultrasonically examined after
welding to verify freedom from lack of fusion and laminar
defects.

WB-5240 CATEGORY D WELDED JOINTS

WB-5241 General Requirements

All Category D welded joints in containments shall be
examined as stated in the following paragraphs.

WB-5242 Full Penetration Butt-Welded Nozzles

Nozzles attached by full penetration butt-welded joints
as shown in Figure WB-4244(a)-1 shall be examined by
the radiographic and either the liquid penetrant or
magnetic particle method.

WB-5243 Corner-Welded Nozzles

Full penetration corner-welded nozzles in contain-
ments as shown in Figure WB-4244(b)-1 shall be exam-
ined by either the ultrasonic or the radiographic method,
and either the liquid penetrant or magnetic particle
method. If radiographed, the weld fusion zone and the
parent metal beneath the weld for details shown in
Figure WB-4244(b)-1 sketches (a) and (b) and the
weld fusion zone and parent material beneath the attach-
ment surface for details shown in Figure WB-4244(b)-1
sketches (c), (d), (e), and (g) shall be ultrasonically
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examined after welding to assure freedom from lack of
fusion and laminar defects.

WB-5244 Weld Metal Buildup at Openings for
Nozzles

Whenweldmetal buildup ismade to a surface as shown
in Step 1 of Figure WB-4244(c)-1, the weld metal buildup
and the parentmetal beneath theweldmetal buildup shall
be ultrasonically examined. The parent material beneath
theweldmetal buildup shall be ultrasonically examined to
detect laminar defects after weld metal buildup. Nozzles
may then be attached by a full penetration weld as shown
in Step 2 of Figure WB-4244(c)-1. The full penetration
butt-welded joint shall be examined by either the ultra-
sonic or radiographic method, and either the liquid pene-
trant or magnetic particle method and the weld metal
buildup shall be examined by either the magnetic particle
or liquid-penetrant method.

WB-5245 Partial Penetration Welded Joints

Partial penetration welded joints, as permitted in
WB-3252.4(b), and as shown in Figure WB-4244(d)-1,
shall have the surface of the finished welded joint exam-
ined by either the magnetic particle or liquid penetrant
method.

WB-5260 FILLET, PARTIAL PENETRATION, AND
ATTACHMENT WELDED JOINTS

WB-5261 Fillet and Partial Penetration Welded
Joints

Fillet and partial penetration welded joints, except for
nonstructural attachments (see WB-1132.1), shall be
examined by the magnetic particle or liquid penetrant
method.

WB-5262 Structural Attachment Welded Joints

Structural attachment welded joints made to contain-
ment material shall be examined by either the magnetic
particle or liquid penetrant method.

WB-5270 SPECIAL WELDED JOINTS

WB-5272 Weld Metal Cladding

Weld metal cladding shall be examined by the liquid
penetrant method.

WB-5273 Hard Surfacing

Hard surfacing weld metal shall be examined by the
liquid penetrant method in accordance with WB-2546,
and the acceptance standards applicable to materials
less than 5∕8 in. (16 mm) thick shall apply.

WB-5277 Electron Beam Welds

In addition to the requirements for the type of weld
being examined, all complete penetration welds made
by the electron beam welding process shall be ultrasoni-
cally examined.

WB-5279 Special Exceptions

When the joint detail, or environmental conditions (i.e.,
background radiation), does not permit radiographic
examination to be performed in accordance with this
Article, ultrasonic examination plus liquid penetrant or
magnetic particle examination of the completed weld
may be substituted for the radiographic examination.
The absence of suitable radiographic equipment shall
not be justification for such substitution. The substitution
of ultrasonic examination can be made, provided the
examination is performed using a detailed written proce-
dure that has been proven by actual demonstration to the
satisfaction of the Inspector as capable of detecting and
locating defects described in this Division. The nondes-
tructive examination shall be in accordance with
WB-5110andmeet the acceptance standardsofWB-5300.

WB-5300 ACCEPTANCE STANDARDS

WB-5320 RADIOGRAPHIC ACCEPTANCE
STANDARDS

Indications shown on the radiographs of welds and
characterized as imperfections are unacceptable under
the following conditions:

(a) any indication characterized as a crack or zone of
incomplete fusion or penetration;

(b) any indication characterized as incomplete pene-
tration or incomplete fusion, except that such indications
in welds between P‐8metals that weremade using GTAW
or SMAW in which the deposit analysis in A‐8 or A‐9 are
acceptable provided they do not exceed the length in (c).

(c) any other elongated indication which has a length
greater than:

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. to 21∕4 in. (19 mm to 57 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (57 mm)

where t is the thickness of the thinner portion of theweld;
(d) internal root weld conditions are acceptable when

the density change or image brightness difference as indi-
cated in the radiograph is not abrupt; elongated indica-
tions on the radiograph at either edge of such conditions
shall be unacceptable, as provided in (c) above;

(e) any group of aligned indications having an aggre-
gate length greater than t in a length of 12t, unless the
minimum distance between successive indications
exceeds 6L, in which case the aggregate length is unlim-
ited, L being the length of the largest indication;
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(f) rounded indications in excess of that shown as ac-
ceptable in Section III Appendices, Mandatory Appendix
VI.

WB-5330 ULTRASONIC ACCEPTANCE
STANDARDS

All imperfections that produce a response greater than
20% of the reference level shall be investigated to the
extent that the operator can determine the shape, identity,
and locationof all such imperfectionsandevaluate them in
terms of the acceptance standards given in (a) and (b)
below.

(a) Imperfections are unacceptable if the indications
exceed the reference level amplitude and have lengths
exceeding:

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. to 21∕4 in. (19 mm to 57 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (57 mm)

where t is the thickness of the weld being examined; if a
weld joins two members having different thicknesses at
the weld, t is the thinner of these two thicknesses.

(b) Indications characterized as cracks, lack of fusion,
or incomplete penetration are unacceptable regardless of
length.

WB-5340 MAGNETIC PARTICLE ACCEPTANCE
STANDARDS

WB-5341 Evaluation of Indications

(a) Mechanical discontinuities at the surface are
revealed by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
which are not relevant.

(b) Any indication that is believed to be nonrelevant
shall be reexamined by the same or other nondestructive
examination methods to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. After an indication has been verified
tobenonrelevant, it is not necessary to reinvestigate repe-
titive nonrelevant indications of the same type. Nonrele-
vant indicat ions that would mask defects are
unacceptable.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width.

WB-5342 Acceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following indications
are unacceptable:

(1) any cracks and linear indications;
(2) rounded indications with dimensions greater

than 3∕16 in. (5 mm);
(3) four or more rounded indications in a line sepa-

rated by 1∕16 in. (1.5 mm) or less edge to edge;
(4) ten or more rounded indications in any 6 in.2

(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated.

WB-5350 LIQUID PENETRANT ACCEPTANCE
STANDARDS

WB-5351 Evaluation of Indications

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks, surface conditions, or an incomplete
bond between base metal and cladding, may produce
similar indications which are nonrelevant.

(b) Any indication which is believed to be nonrelevant
shall be reexamined toverifywhetherornot actual defects
are present. Surface conditioning may precede the reex-
amination. Nonrelevant indications and broad areas of
pigmentation which would mask defects are unaccept-
able.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width.

WB-5352 ð23ÞAcceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.6 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following indications
are unacceptable:

(1) any cracks or linear indications;
(2) rounded indications with dimensions greater

than 3∕16 in. (5 mm);
(3) four or more rounded indications in a line sepa-

rated by 1∕16 in. (1.5 mm) or less edge to edge;
(4) ten or more rounded indications (excluding

nonrelevant indications) in any 6 in.2 (4000 mm2) of
surface with the major dimension of this area not to
exceed 6 in. (150 mm) with the area taken in the most
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unfavorable location relative to the indications being eval-
uated.

WB-5400 FINAL EXAMINATION OF
CONTAINMENTS

WB-5410 EXAMINATION AFTER HYDROSTATIC
TEST

After the pressure testing of a containment, all weld
joints and heat-affected zones of Categories A, B, C,
and D, used to join ferritic material and repair welds
in ferritic material that exceed in depth either 3∕8 in.
(10 mm) or 10% of the section thickness, whichever is
less, shall be examined when physically accessible by
the magnetic particle or liquid penetrant method.

WB-5500 QUALIFICATIONS AND
CERTIFICATION OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

WB-5510ð23Þ GENERAL REQUIREMENTS

Organizations performing Code required nondestruc-
tive examinations shall use personnel competent and
knowledgeable to the degree specified by WB-5520 or
WB-5540. When these services are subcontracted by
the Certificate Holder or Quality System Certificate
Holder, it shall verify the qualification of personnel to
the requirements of WB-5520 or WB-5540. All nondes-
tructive examinations required by this Subsection shall
be performed by and the results evaluated by qualified
nondestructive examination personnel.

WB-5520 PERSONNEL QUALIFICATION,
CERTIFICATION, AND VERIFICATION

WB-5521ð23Þ Qualification Procedure

(a) Personnel performing nondestructive examina-
tions shall be qualified in accordance with the recom-
mended guidelines of SNT‐TC‐1A.13, 14 The ACCP Level
II and III provisions for qualification and certification
and theASNTadministered Level II certification provision
for qualification and certification of NDE Personnel shall
not be used for Section III. The Employer’s15 written prac-
tice, required by paragraph 5 of SNT‐TC‐1A, shall identify
the requirements relative to the recommendedguidelines.
The recommended guidelines of SNT‐TC‐1A shall be
considered asminimumrequirements, except asmodified
in (1) through (5) below.

(1) Qualification of Level III nondestructive exami-
nation personnel shall be by examination.

(-a) The basic and method examinations, para-
graphs 8.8.1 and 8.8.2 of SNT‐TC‐1A, may be prepared
and administered by Employer,15 ASNT, or an outside
agency.

(-b) The specific examination, paragraph 8.8.3 of
SNT‐TC‐1A, shall be prepared and administered by the
Employer or an outside agency. The Employer or
outside agency administering the specific examination
shall identify the minimum grade requirement in the
written program when the basic and method examina-
tions have been administered by ASNT, which issues
grades on a pass/fail basis. In this case, the minimum
grade for the specific examination may not be less
than 80%.

(2) The written practice identified in paragraph 5 of
SNT‐TC‐1A and the procedures used for examination of
personnel shall be referenced in the Employer’s
Quality Program.

(3) The number of hours of training and experience
for nondestructive examination personnel who perform
only one operation of a nondestructive examination
method that consists of more than one operation, or
perform nondestructive examination of limited scope,
may be less than that recommended in Table 6.3.1 A
of SNT‐TC‐1A. The time of training and experience
shall be described in the written practice, and any limita-
tions or restrictions placed on the certification shall be
described in the written practice and on the certificate.

The minimum classroom training times for visual
examination personnel identified in Table 6.3.1 A of
SNT-TC-1A for Level II certification may be reduced
from 16 hr to 8 hr.

(4) For the near-vision acuity examination, the
Jaeger Number 1 letters shall be used in lieu of the
Jaeger Number 2 letters specified in paragraph 8.2.1 of
SNT‐TC‐1A. The use of equivalent type and size letters
is permitted.

(5) An NDE Level I individual shall be qualified to
properly perform specific setups, specific calibrations,
specific NDE, and specific evaluations for acceptance or
rejection determinations according to written instruc-
tions, and to record results. The NDE Level I individual
shall receive the necessary instruction and supervision
from a certified NDE Level II or Level III individual. A
Level I individual may independently accept the results
of nondestructive examinations when the specific accep-
tance criteria are defined in the written instructions.

(b) For nondestructive examination methods not
covered by SNT‐TC‐1A documents, personnel shall be
qualified to comparable levels of competency by subjec-
tion to comparable examinationson theparticularmethod
involved.

(c) The emphasis shall be on the individual’s ability to
perform the nondestructive examination in accordance
with the applicable procedure for the intended applica-
tion.
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(d) For nondestructive examination methods that
consist of more than one operation or type, it is permis-
sible to use personnel qualified to perform one or more
operations. As an example, one personmay be usedwho is
qualified to conduct radiographic examination and
another may be used who is qualified to interpret and
evaluate the radiographic film.

WB-5522 Certification of Personnel

(a) The Employer retains responsibility for the
adequacy of the program and is responsible for certifica-
tion of Levels I, II, and III nondestructive examination per-
sonnel.

(b) When ASNT is the outside agency administering
the Level III basic and method examinations [see
WB-5521(a)(1)(-a)], the Employer may use a letter
from ASNT as evidence on which to base the certification.

(c) When an outside agency is the examining agent for
Level III qualification of the Employer’s personnel, the
examination results shall be includedwith the Employer’s
record.

WB-5523 Verification of Nondestructive
Examination Personnel Certification

The Certificate Holder has the responsibility to verify
thequalification and certification of nondestructive exam-
ination personnel employed by Material Organizations

and qualified by them in accordance with WA-3820
andsubcontractorswhoprovidenondestructive examina-
tion services to them.

WB-5530 RECORDS

Personnel qualification records identified in paragraph
9.4 of SNT‐TC‐1A shall be retained by the Employer.

WB-5540 ð23ÞALTERNATIVE RULES

As an alternative to the requirements described in
WB-5520 and WB-5530, the use of ANSI/ASNT CP-189
is permitted. When this alternative is used, the following
requirements apply:

(a) The ACCP Level III provisions for qualification and
certificationofNDEpersonnel shall notbeused forSection
III.

(b) The Employer's procedures for control and admin-
istration of personnel training, examination, and certifica-
tion shall be referenced in the Employer's Quality
Program.

(c) WB-5523 remains applicable.
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ARTICLE WB-6000
TESTING

WB-6100 GENERAL REQUIREMENTS

WB-6110 SCOPE

(a) This Article contains the testing requirements for
transportation containments constructed in accordance
with the rules of this Subsection.

(b) The terms test and testing as used in this Article
include hydrostatic testing (see WB-6200), pneumatic
testing (see WB-6300), and leak testing (see WB-6700).

WB-6120ð23Þ TESTING OF CONTAINMENTS

All transportation containments constructed to the re-
quirements of Subsection WB shall be either hydrostati-
cally (see WB-6200) or pneumatically (see WB-6300)
pressure tested and then leak tested (see WB-6700) in
accordance with this Article before insertion of contents,
except as follows:

(a) Containments do not require pressure testing if the
calculated primary membrane stress resulting from the
test pressure does not exceed the lesser of one-third of
specified minimum yield strength or one-fifth of specified
minimum tensile strength of the containment material at
test temperature.

(b) Secondary containment closure welds (e.g., port
cover plate welds) or secondary mechanical closures
do not require pressure testing unless required by the
Design Specification.

(c) Containment closurewelds shall be pressure tested
after loading of contents except for those made on inner
containments and not required by the Design Specifica-
tion.

(d) Containment closure welds and mechanical
closures shall be leak tested after loading of contents
except for those made on inner containments and not
required by the Design Specification.

WB-6121 Pneumatic Testing

A pneumatic test in accordance with WB-6300 may be
substituted for the hydrostatic testwhen permitted by the
Design Specification.

WB-6121.1 Pneumatic Test Limitations. A pneumatic
test at apressurenot toexceed25%of theDesignPressure
may be applied, prior to either a hydrostatic or a pneu-
matic test, as a means of locating leaks.

WB-6121.2 Precautions to Be Employed in Pneumatic
Testing. Compressed gaseous fluid is hazardous when
used as a testing medium. Therefore, it is recommended
that special precautions for protection of personnel be
taken when a gaseous fluid under pressure is used as
a test medium.

WB-6122 Witnessing of Tests

All testing required by this Article shall be performed in
the presence of the Inspector.

WB-6123 Time of Testing

WB-6123.1 Containments. Completed containments
shall haveall the testing requiredby thisArticle completed
prior to initial service.

WB-6123.2 Material Pressure Test. The containment
test may be used in lieu of any pressure test required
by the material specification for material used in the
containment provided

(a) nondestructive examinations, if required by the
material specification, can be performed subsequent to
the containment test

(b) the material can be repaired by welding in accor-
dance with the rules of WB-4130

(c) postweld heat treatment, when required after
repairs, can be performed in accordance with WB-4620

WB-6124 Machining After Testing

An additional amount of material, not to exceed 10% of
the wall thickness or 3∕8 in. (10 mm), whichever is less, is
permitted on the completed item after testing where
critical dimensions and tolerances is required.

WB-6130 PREPARATION FOR TESTING

WB-6131 Exposure of Joints

All joints, including welded joints, shall be left uninsu-
lated and exposed for examination during the test.

WB-6132 Addition of Temporary Supports

Containments may be provided with additional
temporary supports, if necessary, to support the
weight of the test liquid when hydrostatic testing is
performed.
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WB-6133 Restraintor IsolationofExpansionJoints

Expansion joints shall be provided with temporary
restraints, if required, for the additional pressure load
under test.

WB-6134ð23Þ Isolation of Equipment Not Subjected to
Testing

Equipment that is not to be subjected to the pressure
test shall be either disconnected from the containment or
isolated during the test by a blind flange or similar means.
Valves may be used if the valves with their closures are
suitable for the proposed test pressure.

WB-6135ð23Þ Treatment of Flanged Joints Containing
Blanks

Flanged joints at which blanks are inserted to isolate
other equipment during the test need not be retested.

WB-6136 Precautions Against Test Medium
Expansion

If a test is to be maintained for a period of time and the
testmedium in the system is subject to thermal expansion,
precautions shall be taken to avoid excessive pressure.

WB-6137 Check of Test Equipment Before
Applying Pressure

The test equipment shall be examined before pressure
is applied to ensure that it is tight and that all lowpressure
filling lines andother items that should not be subjected to
the test have been disconnected or isolated.

WB-6200 HYDROSTATIC TESTS

WB-6210 HYDROSTATIC TEST PROCEDURE

WB-6211 Venting During Fill Operation

The containment in which the test is to be conducted
shall be vented during the filling operation tominimize air
pocketing.

WB-6212 Test Medium and Test Temperature

(a) Water or an alternative liquid, as permitted by the
Design Specification, shall be used for the hydrostatic test.

(b) It is recommended that the test be made at a
temperature that will minimize the possibility of brittle
fracture (Section IIIAppendices,NonmandatoryAppendix
G). The test pressure shall not be applied until the contain-
ment and the pressurizing fluid are at approximately the
same temperature.

WB-6220 HYDROSTATIC TEST PRESSURE
REQUIREMENTS

WB-6221 Minimum Hydrostatic Test Pressure

(a) The containment shall be hydrostatically tested at
not less than 1.50 times Design Pressure.

WB-6222 Maximum Permissible Test Pressure

The stress limits specified in WB-3225 shall be used in
determining the maximum permissible test pressure. In
multichamber containments, pressure may be simulta-
neously applied to the appropriate adjacent chamber
to satisfy these stress limits.

WB-6223 Hydrostatic Test Pressure Holding Time

The hydrostatic test pressure shall be maintained a
minimum of 10 minutes prior to initiation of the exam-
ination for leakage required by WB-6224.

WB-6224 Examination for Leakage After
Application of Pressure

Following the application of the hydrostatic test pres-
sure for the required time (see WB-6223), all joints,
connections, and regions of high stress, such as regions
around openings and thickness transition sections,
shall be examined for leakage. This examination shall
be made at a pressure equal to the greater of the
Design Pressure or three‐fourths of the test pressure
and it shall be witnessed by the Inspector. Leakage of
temporary gaskets and seals, installed for the purpose
of conducting the hydrostatic test and which will be
replaced later, may be permitted unless the leakage
exceeds the capacity to maintain test pressure for the
required amount of time. Other leaks, such as those
from permanent seals, seats, and gasketed joints in
containments, may be permitted when specifically
allowed by the Design Specification. Leakage from
temporary seals or leakage permitted by the Design Spec-
ification shall be directed away from the surface of the
containment to avoid masking leaks from other joints.

WB-6300 PNEUMATIC TESTS

WB-6310 PNEUMATIC TESTING PROCEDURES

WB-6311 General Requirements

When a pneumatic test is performed, it shall be
conducted in accordance with the requirements of
WB-6100 and this Article.

WB-6312 Test Medium and Test Temperature

(a) The gas used as the test medium shall be nonflam-
mable.
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(b) Testing temperature shall be in accordance with
WB-6212(b).

WB-6313 Procedure for Applying Pressure

The pressure in the system shall gradually be increased
to not more than one‐half of the test pressure, after which
the pressure shall be increased in steps of approximately
one‐tenth of the test pressure until the required test pres-
sure has been reached.

WB-6320 PNEUMATIC TEST PRESSURE
REQUIREMENTS

WB-6321 Minimum Required Pneumatic Test
Pressure

The containment shall be pneumatically tested at not
less than 1.5 times Design Pressure.

WB-6322 Maximum Permissible Test Pressure

The maximum test pressure shall be limited as defined
in WB-6222.

WB-6323 Test Pressure Holding Time

The test pressure of WB-6321 shall be maintained for a
minimum total time of 10 minutes.

WB-6324 Examination for Leakage After
Application of Pressure

Following the application of pressure for the time speci-
fied in WB-6323, the test pressure shall be reduced to a
value equal to the greater of the Design Pressure or three‐
fourths of the test pressure andheld for a sufficient time to
permit examination as defined in accordance with
WB-6224.

WB-6400 TEST GAGES

WB-6410

WB-6411 Types of Gages to Be Used and Their
Location

Test gages used in testing shall be indicating pressure
gages and shall be connected directly to the item being
tested. If the indicating gage is not readily visible to
the operator controlling the test, an additional indicating
gage shall be provided where it will be visible to the
operator for the duration of the test.

WB-6412ð23Þ Range of Indicating Gages

(a) Analog-type indicating gages used in testing shall
begraduatedovera rangenot less than11∕2 timesnormore
than 4 times the test pressure.

(b) Digital-type pressure gages having any range of
pressure may be used, provided the digits are legible
and the gage accuracy does not exceed 1%of the test pres-
sure.

WB-6413 ð23ÞCalibration of Pressure Test Gages

(a) Pressure test gages shall be calibrated in accor-
dance with the requirements of NCA-4134.12.

(b) All test gages shall be calibrated against a standard
dead weight tester or a calibrated master gage. The test
gages shall be calibrated before each test or series of tests.
A series of tests is that group of tests using the same pres-
sure test gage or gageswhich is conducted at the same site
within a period not exceeding 2 weeks.

WB-6600 SPECIAL TEST PRESSURE
SITUATIONS

WB-6610 CONTAINMENTS DESIGNED FOR
EXTERNAL PRESSURE

Containments designed for external pressure only shall
be subjected to an internal test pressure at 1.5 times the
Design External Pressure. The pressure shall be under
proper control so that the required test pressure is
never exceeded by more than 6%.

WB-6620 TESTING OF COMBINATION UNITS

WB-6621 Pressure Chambers Designed to Operate
Independently

Pressure chambers of combination units that have been
designed to operate independently shall be tested as sepa-
rate containments; that is, each chamber shall be tested
without pressure in the adjacent chamber.

WB-6622 Common Elements Designed for a
Maximum Differential Pressure

(a) When chambers of combination units have their
common elements designed for the maximum differential
pressure and the differential pressure is less than the
higher of the Design Pressure of the adjacent chambers,
the common elements shall be subjected to a test pressure
of at least 11∕4 times the maximum differential pressure.

(b) Following the test of the common elements, as
required by (a) above and their inspection, the adjacent
chambers shall be tested. Care must be taken to limit the
differential pressure between the chambers to the pres-
sure used when testing the common elements.
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WB-6700 LEAK TESTING

WB-6710ð23Þ HELIUM LEAK TESTING

(a) Helium leak testing shall be conducted in accor-
dance with Section V, Article 10, and ANSI N14.5.16 Per-
sonnel performing helium leak testing shall be qualified in
accordance with Article WB-5000.

(b) The allowable volumetric leakage rate shall be
defined in the Design Specification. An acceptable
method to determine the maximum permissible volu-
metric leakage rate can be found in ANSI N14.5.

(c) If a single leak-rate test is conducted, the conversion
methods in ANSI N14.5 shall be used to determine
whether the leakage rates specified in the Design Speci-
fication have been met.

(d) Testing shall be performed on a dry containment in
accordance with ANSI N14.5.
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ARTICLE WB-8000
NAMEPLATES, STAMPING WITH CERTIFICATION MARK, AND

REPORTS

WB-8100 GENERAL REQUIREMENTS
The requirements for nameplates, stamping with the Certification Mark, and reports shall be as given in

Article WA-8000.
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SUBSECTION WC
CLASS SC STORAGE CONTAINMENTS

ARTICLE WC-1000
INTRODUCTION

WC-1100 SCOPE

(a) Subsection WC contains rules for the material,
design, fabrication, examination, testing, marking,
stamping, and preparation of reports by the Certificate
Holder for Class SC storage containments for spent
nuclear fuel and high-level radioactive material.

(b) The rules of Subsection WC cover the strength and
containment integrity of items where their failure could
breach the containment boundary. The rules cover load
stressesbutdonot coverdeteriorationwhichmayoccur in
service as a result of corrosion, radiation effects, or
instability of containment materials. WA-1130 further
limits the rules of this Subsection.

WC-1120 LIMITS OF RULES FOR CLASS SC
STORAGE CONTAINMENTS

(a) Subsection WC does not contain rules to cover all
details of construction of Class SC containments. Where
complete details are not provided in this Subsection, it is
intended that the N3 Certificate Holder, subject to review
by the Inspector (see Article WA-5000), shall provide the
details of constructionwhichwill be consistentwith those
provided by the rules of this Subsection.

(b) Valves, classified as part of the containment by the
DesignSpecification, shall be classifiedasClass1orClass2
and shall meet the requirements of Division 1 in lieu of all
other requirements of this Division.

WC-1130 BOUNDARIES OF JURISDICTION

WC-1131 Boundary of Containments

The Design Specification shall define the boundary of a
containment. The containment includes thevessel andany
penetration assemblies attached to the vessel.

WC-1132 Boundary Between a Containment and
Attachments

WC-1132.1 ð23ÞAttachments.

(a) An attachment is an element in contact with or
connected to the inside or outside of a containment.

(b) Attachments may have a containment or noncon-
tainment function.

(1) Attachments with a containment function
include items such as stiffeners, containment opening re-
inforcement, and weld buildup.

(2) Attachments with a noncontainment function
include items such as

(-a) internal support structures or other perma-
nent structures within the containment

(-b) support and shear lugs, brackets, trunnions,
skirts, and other items in the support load path

(c) Attachments may also have either a structural or a
nonstructural function.

(1) Attachments with a structural function (i.e.,
structural attachments) meet at least one of the following
criteria:

(-a) They perform a containment function.
(-b) They are internal support structures or other

permanent structures within the containment.
(-c) They are in the load path.

(2) Attachments with a nonstructural function (i.e.,
nonstructural attachments)

(-a) do not perform a containment function
(-b) are not in the support load path
(-c) may be permanent or temporary

Nonstructural attachments include items such as
nameplates or lifting lugs used to handle an empty
containment.

WC-1132.2 ð23ÞJurisdictional Boundary. The jurisdictional
boundary between a containment and an attachment
defined in the Design Specification shall not be any
closer to the containment than as defined in (a)
through (g) below. Figure WC-1132.2-1 is provided to
aid in defining the boundary and construction require-
ments of this Subsection.
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(a) Attachments forged with the containment or weld
buildup on the containment surface shall be considered
part of the containment.

(b) Attachments,welds, and fastenershavingacontain-
ment function shall be consideredpart of the containment.

(c) Except as provided in (d) and (e) below, the
boundary between a containment and an attachment
not having a containment function shall be at the
surface of the containment.

(d) The first connectingweldof a structural attachment
that doesnot performacontainment function to a contain-
ment shall be considered part of the containment if the
weld is within 2t of the shell wall, where t is the
nominal thickness of the containment shell material.

Beyond 2t from the shell wall, the first weld shall be
considered part of the attachment.

(e) The first connectingweld of awelded nonstructural
attachment to a containment shall be considered part of
the attachment. At orwithin 2t from the containment shell
wall, the first connecting weld shall conform toWC-4430.

(f) Mechanical fasteners used to connect an attachment
that does not perform a containment function to the
containment shall be considered part of the attachment.

(g) The boundary may be located further from the
containment portion of the containment than as
defined in (a) through (f) above when specified in the
Design Specification.

Figure WC-1132.2-1
ð23ÞJurisdictional Boundary Between Containment and Internal Support Structure, Including Attachments

1 Jurisdictional boundary (heavy line).

2 Containment shell shall conform to Subsection
WC requirements.

3 Boundary of the containment.

4 Weld or material buildup shall conform to
Subsection WC requirements as appropriate.

5 At or within 2t from the boundary of the
containment, the first connecting weld shall
conform to Subsection WC requirements as
appropriate.

6 Beyond 2t from the boundary of the containment
or beyond the first connecting weld, the
attachment or weld shall conform to Subsection
WD requirements, except for containment
attachments as noted in item 10 below.

7 Structural attachment connections that do not
perform a containment function shall conform to
Subsection WD requirements.

8 At or within 2t from the boundary of the
containment, the interaction effects of the
attachment shall conform to Subsection WC
requirements as appropriate.

9 Drilled or threaded holes through the boundary of
the containment and into the containment shall
conform to Subsection WC requirements as
appropriate.

10 Attachments on the containment shell, internal or
external, that do not perform a containment
function shall conform to Subsection WC
requirements in WC-2190 and WC-4430.

1

2

3

4

5

6

7

5

9

10

6

8

6

6

1

2 t

10

2 t

5

GENERAL NOTES:
(a) This figure is intended to show jurisdictional concepts, not recommended configurations.
(b) The containment shell shall conform to SubsectionWC requirements. Additional requirements for the regionwithin 2t from the boundary of

the containment, where t is the thickness of the containment at the location of interest, can be found in WC-2190 and WC-3135.
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ARTICLE WC-2000
MATERIAL

WC-2100 GENERAL REQUIREMENTS FOR
MATERIAL

WC-2110 SCOPE OF PRINCIPAL TERMS
EMPLOYED

(a) The term material as used in this Subsection is
defined in WA-1220. The term Material Organization is
defined in Division 1, Article NCA‐9000.

(b) The term containment materials, as used in this
Subsection applies to containment shells, heads,
nozzles and bolting that form part of the containment
boundary.

(c) The requirements of this Article make reference to
the term thickness. For thepurpose intended, the following
definitions of nominal thickness apply:

(1) plate: the thickness is the dimension of the short
transverse direction;

(2) forgings: the thickness is the dimension defined
as follows:

(-a) hollow forgings: the nominal thickness is
measured between the inside and outside surfaces
(radial thickness);

(-b) disk forgings (axial length less than theoutside
diameter): the nominal thickness is the axial length;

(-c) flat ring forgings (axial length less than the
radial thickness): for axial length ≤2 in. (50 mm), the
axial length is the nominal thickness. For axial length
≥2 in. (50 mm), the radial thickness is the nominal thick-
ness.

(-d) rectangular solid forgings: the least rectan-
gular dimension is the nominal thickness.

(3) castings: thickness for fracture toughness testing
and heat treatment purposes is defined as the wall thick-
ness of the containment.

WC-2120 CONTAINMENT MATERIAL

WC-2121ð23Þ Permitted Material Specifications

(a) Containment materials shall conform to the re-
quirements of one of the specifications for materials
given in Section II, Part D, Subpart 1, Tables 2A and
2B including all applicable reference notes in the table,
and to all of the requirements of this Article that apply
to the product form in which the material is used. Attach-
ments that perform a containment function shall be

containment material. As an additional control, only
the following materials shall be used:

(1) materials whose P-Numbers are listed in
Table WC-4622.1-1

(2) ductile cast iron castings per specifications SA-
874 or SA/JIS G5504

(3) SA-263, Specification for Corrosion‐Resisting
Chromium‐Steel Clad Plate, Sheet, and Strip

(4) SA-264, Specification for Corrosion‐Resisting
Chromium–Nickel Steel Clad Plate, Sheet, and Strip

(5) SA-265, Specification for Nickel and Nickel‐Base
Alloy Clad Steel Plate

(b) The requirements of this Article do not apply to
material for items not associated with the containment
function of a component such as seals, gaskets, and
ceramic insulating materials and special alloys used as
seal materials in electrical penetration assemblies.

(c) Material for instrument line fittings, NPS 1 (DN 25)
and less, may be of material made to specifications other
than those listed in Section II, Part D, Tables 2A and 2B,
provided that the material is determined to be adequate
for the service conditions.

(d) Weldingandbrazingmaterials used inmanufacture
of items shall comply with an SFA specification in Section
II, Part C, except as otherwise permitted in Section IX, and
shall also comply with the applicable requirements of this
Article. The requirements of this Article do not apply to
materialsusedasbacking ringsorbackingstrips inwelded
joints.

(e) The requirements of this Article do not apply to
hard surfacing or corrosion resistant weld metal
overlay that is 10% or less of the thickness of the base
material (see WC-3122).

WC-2122 Special Requirements Conflicting With
Permitted Material Specifications

Special requirements stipulated in this Article shall
apply in lieu of the requirements of thematerial specifica-
tions wherever the special requirements conflict with the
material specification requirements (NCA‐4256). Where
the special requirements include an examination, test, or
treatment which is also required by the material specifi-
cation, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in WC-2500. Any examination, repair, test, or
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treatment required by thematerial specification or by this
Articlemaybeperformedby theMaterialManufacturer or
the Certificate Holder as provided in WC-4121.1. Any
hydrostatic or pneumatic pressure test required by a
material specification need not be performed, provided
the material is identified as not having been pressure
tested and it is subsequently pressure tested in accor-
dance with WC-6123, except where the location of the
material in the component or the installation would
prevent performing any nondestructive examination
required by the material specification to be performed
subsequent to the hydrostatic or pneumatic test.

(a) The stress rupture test of SA-453 and SA-638 for
Grade 660 (UNS S66286) is not required for design
temperatures of 800°F (427°C) and below.

(b) In addition to tension testing required by themate-
rial specification, forgings produced for flat heads with
hubs, for butt welding to the adjacent shell, head, or
other pressure part, shall have tensile tests performed
in accordance with WC-4265(d). The tension test
specimen shal l be located in accordance with
WC-4265(d) and Figure WC-4265-3.

WC-2124 Material Size Ranges and Tolerances

In those specifications in which chemical composition
ormechanical properties are indicated to varywith size or
thickness, any material outside the specification range
shall be required to conform to the composition and
mechanical properties shown for the nearest specified
range (NCA‐4256).

(a) Platematerial shall be ordered not thinner than the
design thickness. Components, except for piping, made of
plate furnished with an undertolerance of not more than
the lesser value of 0.01 in. (0.25mm) or 6%of the ordered
thickness, may be used at the full design pressure for the
thickness ordered. If the specification towhich the plate is
ordered allows a greater undertolerance, the ordered
thickness of the material shall be sufficiently greater
than thedesign thickness so that the thicknessof themate-
rial furnished is not more than the lesser of 0.01 in. (0.25
mm) or 6% under the design thickness.

(b) If pipe or tube is ordered by its nominal wall thick-
ness, themanufacturing undertolerance onwall thickness
shall be taken into account. The manufacturing under-
tolerances are given in the several pipe and tube speci-
fications listed in the applicable tables in Section II, Part D,
Subpart 1. After the minimum wall thickness is deter-
mined (see Article WC-3000), it shall be increased by
an amount sufficient to provide for the manufacturing
undertolerance allowed in the pipe or tube specification.

WC-2125 Material in Combination

A containment may be designed and constructed of any
combination of materials permitted in Article WC-2000,
provided the applicable rules are followed and the re-

quirements of Section IX for welding dissimilar metals
are met.
When components have different thermal coefficients

of expansion of dissimilarmaterials, caution shall be exer-
cised in construction in order to avoid difficulties in
service under extreme temperature conditions, or with
unusual restraint such as may occur at points of stress
concentration and also because of metallurgical
changes occurring at high temperatures.

WC-2126 Ductile Cast Iron for Containment

The containment body shall be cast by a single pouring
controlled by a casting plan to ensure reproducibility. The
casting plan shall be agreed upon between the manufac-
turer and purchaser and shall become a lifetime quality
assurance record in accordance with WA-4134.

WC-2127 Additional Requirements When Strain-
Based Acceptance Criteria Have Been
Implemented

In order to satisfy the strain-based acceptance criteria
of WC-3700 regarding sufficient ductility, all material
specified to be used in the constructionof the containment
and implementing the strain-based acceptance criteria
shall meet the requirements of Section III Appendices,
Nonmandatory Appendix FF, FF-1122 and FF-1140(a)
orFF-1140(b).Assuranceof satisfying these requirements
shall bedocumented in the finalDesignReport. PerSection
III Appendices, Nonmandatory Appendix FF, FF-1140(a),
when temperature-dependent material test data are not
available, the Certified Material Test Report(s) shall
include reduction of area values in order to have the nec-
essary data to ensure sufficient material ductility. This
requirement is only necessary when strain-based accep-
tance criteria have been employed in the design of the
containment.

WC-2128 Bolting Material

(a) Material for bolts and studs shall conform to the
requirements of one of the specifications listed in
Section II, Part D, Subpart 1, Table 4. Material for nuts
shall conform to SA-194 or to the requirements of one
of the specifications for nuts or bolting listed in
Section II, Part D, Subpart 1, Table 4.

(b) The use of washers is optional. When used, they
shall be made of wrought material with mechanical prop-
erties compatible with the nuts with which they are to be
employed.

WC-2129 Fabricated Hubbed Flanges

Fabricated hubbed flanges shall be in accordance with
the following:
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(a) Hubbed flangesmay bemachined from a hot-rolled
or forged billet. The axis of the finished flange shall be
parallel to the long axis of the original billet. (This is
not intended to imply that the axis of the finished
flange and the original billet must be concentric.)

(b) Hubbed flanges, except as permitted in (a), shall not
be machined from plate or bar stock material unless the
material has been formed into a ring, and further provided
that

(1) in a ring formed from plate, the original plate
surfaces are parallel to the axis of the finished flange
(this is not intended to imply that the original plate
surface must be present in the finished flange).

(2) the joints in the ring are welded butt joints that
conform to the requirements of this Division. Thickness to
be used to determine postweld heat treatment and radio-
graphy requirements shall be the lesser of t, or (A − B)/2,
where these symbols are as defined in Section III Appen-
dices, Mandatory Appendix XI, XI-3130.

(3) the back of the flange and the outer surface of the
hub shall be examined by themagnetic particlemethod or
the liquid penetrant method in accordance withWC-2540
to ensure that these surfaces are free from defects.

WC-2130ð23Þ CERTIFICATION OF MATERIAL

All materials used in the construction of containments
shall be certified as required in NCA-1224 and NCA-1225.
Certified Material Test Reports are required for contain-
ment material except as provided by NCA-1224 and NCA-
1225. A Certificate of Compliance may be provided in lieu
of a Certified Material Test Report for all other material.
Copies of all Certified Material Test Reports and Certifi-
cates of Compliance applicable to material used in a
containment shall be furnished with the material.

WC-2140 WELDING MATERIALS

For the requirements governing the materials to be
used for welding, see WC-2400.

WC-2150 MATERIAL IDENTIFICATION

The identification of containment material shall meet
the requirements of NCA‐4256. Material for small
items shall be controlled during manufacture and instal-
lation of the containment so that they are identifiable as
acceptable material at all times. Welding and brazing
materials shall be controlled during the repair of material
and themanufacture and installation so that they are iden-
tifiable as acceptable until the material is actually
consumed in the process.

WC-2160 DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is generally outside the scope of this Subsection.
It is the responsibility of theN3CertificateHolder to select

material suitable for the conditions stated in the Design
Specifications (see WA-3351), with specific attention
being given to the effects of service conditions upon
the properties of the material.

WC-2170 HEAT TREATMENT TO ENHANCE
IMPACT PROPERTIES

Carbon steels, low alloy steels, and high alloy chromium
(Series 4XX) steels may be heat treated by quenching and
tempering to enhance their impact properties. Postweld
heat treatment of the component at a temperature of not
less than 1,100°F (595°C) may be considered to be the
tempering phase of the heat treatment.

WC-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

When heat treating temperature or time is required by
thematerial specification and the rules of this Subsection,
the heat treating shall be performed in temperature‐
surveyed and ‐calibrated furnaces or the heat treating
shall be controlled by measurement of material tempera-
ture by thermocouples in contact with the material or
attached to blocks in contact with the material or by cali-
brated pyrometric instruments. Heat treating shall be
performed under furnace loading conditions such that
theheat treatment is in accordancewith thematerial spec-
ification and the rules of this Subsection.

WC-2190 ATTACHMENT MATERIAL

(a) Material in the containment support load path and
not performing a containment function (see WC-1130)
welded to containment material shall meet the require-
ments of Division 1, Article NF‐2000.

(b) Material not performing a containment function
and not in the containment support load path (nonstruc-
tural attachments) welded at or within 2t of the outside
surface of the containment shell portion of the component
need not comply with Article WC-2000 or Division 1,
Article NF‐2000, provided the requirements of
WC-4430 are met.

(c) Structural steel rolled shapes, which are permitted
by this Subsection to be furnished with a Certificate of
Compliance, may be repaired by welding using the
welders, documentation, and examination requirements
specified in SA-6/SA-6M.
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WC-2200 MATERIAL TEST COUPONS AND
SPECIMENS FOR FERRITIC STEEL
MATERIALANDDUCTILECAST IRON

WC-2210 HEAT TREATMENT REQUIREMENTS

WC-2211 Test Coupon Heat Treatment for Ferritic
Material

Where ferritic steel material is subjected to heat treat-
ment during fabrication or installation of a containment,
thematerial used for the tensile and impact test specimens
shall be heat treated in the same manner as the contain-
ment, except that test coupons and specimens for P‐No. 1
material with a nominal thickness of 2 in. (50 mm) or less
are not required to be so heat treated where nominal
thickness for flanges refers to the wall thickness at the
weld joint to the containment. The Certificate Holder
shall provide theMaterial Organizationwith the tempera-
ture and heating and cooling rate to be used. In the case of
postweld heat treatment, the total time at temperature or
temperatures for the test material shall be at least 80% of
the total time at temperature or temperatures during
actual postweld heat treatment of the material, and the
total time at temperature or temperatures for the test
material, coupon, or specimen may be performed in a
single cycle. Any postweld heat treatment time, which
is anticipated to be applied to the material or item
after it is completed, shall be specified in the Design Spec-
ification. The Certificate Holder shall include this time in
the total time at temperature specified to be applied to the
test specimens.

WC-2212 Test Coupon Heat Treatment for
Quenched and Tempered Material

WC-2212.1 CoolingRates.Where ferritic steelmaterial
is subjected to quenching from the austenitizing tempera-
ture, the test coupons representing those materials shall
be cooled at a rate similar to and no faster than the main
body of the material except in the case of certain forgings
and castings (see WC-2223.3 and WC-2226). This rule
shall apply for coupons taken directly from the material
aswell as for separate test coupons representing themate-
rial, and one of the general procedures described in
WC-2212.2 or one of the specific procedures described
in WC-2220 shall be used for each product form.

WC-2212.2 General Procedures. One of the general
procedures in (a), (b), and (c) below may be applied to
quenched and tempered material or test coupons repre-
senting the material, provided the specimens are taken
relative to the surface of the product in accordance
with WC-2220. Further specific details of the methods
to be used shall be the obligation of theMaterial Organiza-
tion and the Certificate Holder.

(a) Any procedure may be used which can be demon-
strated to produce a cooling rate in the test material that
matches the cooling rate of themainbodyof theproduct at
the regionmidway betweenmidthickness and the surface
(1∕4t) and no nearer any heat-treated edge than a distance
equal to the nominal thickness t being quenched within
25°F (14°C) and 20 sec at all temperatures after cooling
begins from the austenitizing temperature.

(b) If cooling rate data for thematerial and cooling rate
control devices for the test specimens are available, the
test specimensmay be heat treated in the device to repre-
sent thematerial, provided that theprovisionsof (a) above
are met.

(c) When any of the specific procedures described in
WC-2220areused, faster cooling rates at the edgesmaybe
compensated for by:

(1) taking the test specimens at least t from a
quenched edge, where t equals the material thickness;

(2) attaching a steel pad at least t wide by a partial
penetration weld (which completely seals the buffered
surface) to the edge where specimens are to be
removed; or

(3) using thermal barriers or insulation at the edge
where specimens are to be removed.
It shall be demonstrated (and this information shall be

included in the Certified Material Test Report) that the
cooling rates are equivalent to (a) or (b) above.

WC-2213 Test Coupon Heat Treatment for Ductile
Cast Iron

The tensile and impact coupon shall receive the same
heat treatment as the casting.

WC-2220 PROCEDURE FOR OBTAINING TEST
COUPONS AND SPECIMENS FOR
QUENCHED AND TEMPERED MATERIAL
AND FOR DUCTILE CAST IRON

WC-2221 General Requirements

The procedure for obtaining test specimens for
quenched and tempered material is related to the
product form. Coupon and specimen location shall be
as required by the material specification, except as
stated in the followingparagraphsof this subarticle. Refer-
ences to dimensions signify nominal values.

WC-2222 Plates

WC-2222.1 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have
their longitudinal axes at least 1∕4t from a rolled
surface and with the midlength of the specimen at
least t from any heat-treated edge, where t is the
nominal thickness of the material.
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WC-2222.2 Requirements for Separate Test Coupons.
Where a separate test coupon is used to represent the
component material, it shall be of sufficient size to
ensure that the cooling rate of the region from which
the test coupons are removed represents the cooling
rate of the material at least 1∕4t deep and t from any
edge of the product. Unless cooling rates applicable to
the bulk pieces or product are simulated in accordance
with WC-2212.2, the dimensions of the coupon shall be
not less than 3t × 3t × t, where t is the nominal material
thickness.

WC-2223 Forgings

WC-2223.1 Forgings With 2 in. (50 mm) Maximum
Thickness. For forgings with a maximum thickness of
2 in. (50 mm), the coupons shall be taken so that speci-
mens shall have their longitudinal axes at the midplane of
the thicknessor thecenterof thecross sectionandwith the
midlengthof the specimens at least 2 in. (50mm) fromany
second surface.

WC-2223.2 Forgings With Thickness Exceeding 2 in.
(50 mm). For forgings exceeding a thickness of 2 in.
(50 mm), the coupons shall be taken so that specimens
shall have their longitudinal axes at least 1∕4t of the
maximum heat-treated thickness from any surface and
with the midlength of the specimens at least t from
any second surface. This is normally referred to as
1∕4t × t, where t is the maximum heat-treated thickness.
A thermal buffer may be used to achieve the above condi-
tions [see WC-2212.2(c)(3)] unless cooling rates applica-
ble to the bulk forgings are simulated in accordance with
WC-2212.2.

WC-2223.3 Very Thick and Complex Forgings. Test
coupons for forgings that are both very thick and
complex, such as contour nozzles, flanges, nozzles, and
other complex forgings that are contour shaped or
machined toessentially the finishedproduct configuration
prior to heat treatment, may be removed from prolonga-
tions or other stock provided on the product. The Certi-
ficate Holder shall specify the surfaces of the finished
product subjected to high tensile stresses in service.
The coupons shall be taken so that specimens shall
have their longitudinal axes at a distance below the
nearest heat-treated surface, equivalent to at least the
greatest distance that the indicated high tensile stress
surface will be from the nearest surface during heat treat-
ment, andwith themidlengthof the specimensaminimum
of twice this distance from a second heat-treated surface.
In any case, the longitudinal axes of the specimens shall
not be nearer than 3∕4 in. (19 mm) to any heat-treated
surface and the midlength of the specimens shall be at
least 11∕2 in. (38 mm) from any heat-treated surface.

WC-2223.4 Coupons From Separately Produced Test
Forgings. Test coupons representing forgings from one
heat and one heat treatment lotmay be taken froma sepa-
rately forged piece under the conditions given in (a)
through (e) below.

(a) The separate test forging shall beof the sameheatof
material and shall be subjected to substantially the same
reduction and working as the production forging it repre-
sents.

(b) The separate test forging shall beheat treated in the
same furnace charge andunder the same conditions as the
production forging.

(c) The separate test forging shall be of the same
nominal thickness as the production forging.

(d) Test coupons for simple forgings shall be taken so
that specimens shall have their longitudinal axes at the
region midway between midthickness and the surface
and with the midlength of the specimens no nearer
any heat-treated edge than a distance equal to the
forging thickness, except when the thickness–length
ratio of the production forging does not permit, in
which case a production forging shall be used as the
test forging and the midlength of the specimens shall
be at the midlength of the test forging.

(e) Test coupons for complex forgings shall be taken in
accordance with WC-2223.3.

WC-2223.5 Test Specimens for Forgings. When test
specimens for forgings are to be taken under the appli-
cable specification, the Inspector shall have the option
of witnessing the selection, placing an identifying
stamp on them, and witnessing the testing of these speci-
mens.

WC-2224 Bars and Bolting Material

WC-2224.1 Bars With 2 in. (50 mm) Maximum Thick-
ness.For barswith diameters or thicknesses 2 in. (50mm)
or less, the coupons shall be taken so that specimens shall
have their longitudinal axes on a line representing the
centerof the thicknessandwith themidlengthof the speci-
mens at least one diameter or thickness from a heat-
treated end.

WC-2224.2 Bars With Thicknesses Exceeding 2 in. (50
mm).For barswith diameters or thicknesses over 2 in. (50
mm), the coupons shall be taken so that specimens shall
have their longitudinal axes at least 1∕4t from theoutsideor
rolled surface and with the midlength of the specimens at
least t from a heat-treated end, where t is either the bar
diameter or thickness.

WC-2224.3 Bolting Material. For bolting material, the
coupons shall be taken in conformancewith the applicable
material specification and with the midlength of the
specimen at least one diameter or thickness from a
heat-treated end. When the studs, nuts, or bolts are
not of sufficient length, the midlength of the specimen
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shall be at the midlength of the studs, nuts, or bolts. The
studs, nuts, or bolts selected to provide test couponmate-
rial shall be identicalwith respect to thequenchedcontour
and size except for length, which shall equal or exceed the
length of the represented studs, nuts, or bolts.

WC-2225 Tubular Products

WC-2225.1 Tubular Products With 2 in. (50 mm)
Maximum Thickness. For tubular products with 2 in.
(50 mm) maximum wall thickness, the coupons shall
be taken so that specimens shall have their longitudinal
axes on a surface midway between the outside and inside
surfaces and with the midlength of the specimens at least
one wall thickness from a heat-treated end.

WC-2225.2 Tubular Products Exceeding 2 in. (50 mm)
Nominal Thickness. For tubular products with nominal
wall thicknesses exceeding 2 in. (50 mm), the coupons
shall be taken so that specimens shall have their longitu-
dinal axesat least 1∕4t fromtheoutside surfaceandwith the
midlength of the specimens at least one wall thickness
from a heat-treated end.

WC-2225.3 Separately Produced Coupons Repre-
senting Fittings. Separately produced test coupons repre-
senting fittings may be used. When separately produced
coupons are used, the requirements ofWC-2223.4 shall be
met.

WC-2226 Tensile Test Specimen Location for
Ductile Cast Iron

Tensile specimens shall be taken from each contain-
ment casting or its excess length part that has the
same or equivalent solidification property. The location
shall be near the center of the thickness and shall be
at a distance from the end of the excess length part
that is not less thanone-half of themaximumcasting thick-
ness. The excess length part shall be at least the same
thickness as the maximum casting thickness.

WC-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

WC-2310 MATERIAL TO BE IMPACT TESTED

WC-2311 Material for Which Impact Testing Is
Required

(a) Containment material shall be impact tested in
accordance with the requirements of WC-2330, except
that impact testing of materials described in (1)
through (8) below is not a requirement of this Subsection.

(1) materialwithanominal section thicknessof 5∕8 in.
(16 mm) and less where thicknesses shall be taken as
defined in (-a) through (-c) below.

(-a) for containments, use the nominal thickness
of the shell or head, as applicable;

(-b) for nozzles or parts welded to containments,
use the lesser of the containment shell thickness to which
the item is welded or themaximum radial thickness of the
item exclusive of integral shell butt welding projections;

(-c) for flat heads, or flanges, use the maximum
shell thickness associated with the butt welding hub.

(2) bolting, including studs, nuts, and bolts, with a
nominal size of 1 in. (25 mm) or less;

(3) barwith a nominal cross‐sectional area that does
not exceed 1 in.2 (650 mm2);

(4) all thicknesses of material for pipe, tube, fittings,
with a NPS 6 (DN 150) diameter and smaller;

(5) austenitic stainless steels, including precipita-
tion hardened austenitic Grade 660 (UNS S66286);

(6) nonferrous materials;
(7) materials listed in TableWC-2311(a)-1 forwhich

the listed value of TNDT17 is lower than the Lowest Service
Temperature (LST) by an amount established by the rules
in Section IIIAppendices,NonmandatoryAppendixR.This
exemption does not exempt either the weld metal (see
WC-2430) or the welding procedure qualification (see
WC-4335) from impact testing.

(8) materials for containments for which the LST
exceeds 150°F (65°C).

Table WC-2311(a)-1
Exemptions From Impact Testing Under WC-2311(a)(7)

Material [Note (1)]

Material
Condition
[Note (2)]

TNDT, °F (°C)
[Notes (3), (4)]

SA-537, Class 1 N −30 (−34)
SA-516, Grade 70 Q & T −10 (−23)
SA-516, Grade 70 N 0 (−18)
SA-508, Class 1 Q & T +10 (−12)

SA-533, Grade B Q & T +10 (−12)
SA-299 [Note (5)] N +20 (−7)
SA-36 (Plate) HR +40 (+4)
SA-508, Class 2 Q & T +40 (+4)

NOTES:
(1) These materials are exempt from toughness testing when

LST − TNDT is satisfied in accordance with the rules established
in Section III Appendices, Nonmandatory Appendix R.

(2) Material Condition letters refer to:
N = normalize

Q & T = quench and temper
HR = hot rolled

(3) These values for TNDT were established from data on heavy
section steel [thickness greater than 21∕2 in. (64 mm)]. Values
for sections less than 21∕2 in. (64 mm) thick are held constant
until additional data are obtained.

(4) TNDT = temperature at or above nil‐ductility transition tempera-
tureNDT(ASTME208);TNDT is10°F (5°C)below the temperature
at which at least two specimens show no‐break performance.

(5) Materials made to a fine grain melting practice.
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(b) The Design Specification shall state the LST for the
containments.

(c) Drop weight tests are not required for the marten-
sitic high alloy chromium (Series 4XX) steels and preci-
pitation‐hardening steels listed in Section II, Part D,
Subpart 1, Table 2A. The other requirements of
WC-2331 and WC-2332 apply for these steels. For
nominal wall thicknesses greater than 21∕2 in. (64 mm),
the required Cv values shall be 40 mils (1.0 mm)
lateral expansion.

WC-2320 IMPACT TEST PROCEDURES

WC-2321 Types of Tests

WC-2321.1 Drop Weight Tests. The drop weight test,
when required, shall be performed in accordance with
ASTM E208. Specimen types P‐1, P‐2, or P‐3 may be
used. When drop weight tests are performed to meet
the requirements of WC-2300, the test temperature
and the results shall be reported on the Certified Material
Test Report.

WC-2321.2ð23Þ Charpy V‐Notch Tests. The Charpy V‐notch
test (Cv),when required, shall be performed in accordance
with SA-370. Specimens shall be in accordance with
SA-370, Figure 11, Type A. A test shall consist of a set
of three full‐size 10 mm × 10 mm specimens and meet
the requirements of WC-2330. When the material
being tested is expected to exceed 80% of the testing
machine’s full-scale capacity, standard subsize specimens
may be used as permitted in SA-370. When subsize speci-
mens are used, the average lateral expansion and
absorbed energy results shall be a minimum of 50 mils
(1.27mm) and 75 ft-lb (100 J), respectively. The test loca-
tion, orientation, size, test temperature, lateral expansion,
and absorbed energy shall be reported in the Certified
Material Test Report.

WC-2321.3 Fracture Toughness Tests. Fracture tough-
ness tests, when required, shall be performed in accor-
dance with ASTM E399. The tests shall be performed
at the LST. A test shall consist of two test specimens.

WC-2322 Test Specimens
WC-2322.1 Location of Test Specimens.

(a) Impact test specimens shall be removed from a
depth within the material that is at least as far from
thematerial surface as that specified for tensile test speci-
mens in the material specification. For bolting, the Cv
impact test specimens shall be takenwith the longitudinal
axis of the specimen located at least one‐half radius or 1 in.
(25 mm) below the surface plus the machining allowance
per side, whichever is less. The fracture plane of the
specimen shall be at least one diameter or thickness
from the heat-treated end. When the studs, nuts, or
bolts are not of sufficient length, the midlength of the
specimen shall be at the midlength of the studs, nuts,

or bolts. The studs, nuts, or bolts selected to provide
test coupon material shall be identical with respect to
the quenched contour and size except for length,
which shall equal or exceed the length of the represented
studs, nuts, or bolts.

(b) For fracture toughness requirements, toughness
test specimens for ductile cast iron shall be taken from
each containment casting or its excess length part. The
location shall be the sameas that for the tensile specimens.

WC-2322.2 Orientation of Impact Test Specimens.

(a) Specimens for Cv impact tests shall be oriented as
required in WC-2200 for the tensile test specimen or,
alternatively, the orientation may be in the direction of
maximum stress. The notch of the Cv specimen shall be
normal to the surface of the material.

(b) Specimens for drop weight tests may have their
axes oriented in any direction.

(c) Toughness test specimens for cast material shall
have their axes oriented the same as the axes of the
tensile specimens (see WC-2226).

(d) The plane of the toughness test specimen notch
shall be normal to the surface of thematerial. The fracture
toughness specimen orientation of ductile cast iron shall
be L-R, as identified in ASTM E399, Fig. 1 (Crack Plane
Identifications for Cylindrical Bars and Tubes).

WC-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS

WC-2331 Containment Material Test Methods and
Temperature

(a) Containment material shall be impact tested in
accordance with one of the test methods indicated below:

(1) Charpy V‐notch testing at or below the LST18
(2) drop weight testing to show that the value of

(LST − TNDT17 + A) is satisfied in accordance with the
rules established in Section III Appendices, Nonmanda-
tory Appendix R

(3) fracture toughness test for ductile cast iron at
−40°F (−40°C)

WC-2332 Specific Test Methods and Acceptance
Standards for Containment Material for
Tests Based on Lowest Service
Temperatures

WC-2332.1 Containment Material Other Than Bolting
With 21⁄2 in. (64 mm) Maximum Thickness. For contain-
ments, use the lesser of the: maximum radial thickness of
the item, exclusive of integral butt-weldedprojections; the
containment shell thickness to which the item is welded;
and themaximumshell thickness associatedwith the item
for flat heads or flanges. Except as limited in WC-4335,
apply one of the methods of WC-2331 to test: base mate-
rial; the base material, the heat-affected zone, and weld
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metal for the weld procedure qualification tests of
WC-4335; and the weld metal for WC-2431. The
impact test results shall meet one of the acceptance stan-
dards applicable to the specified test method.

(a) Charpy V‐Notch Testing for Lateral Expansion
Values. The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table WC-2332.1-1.

(b) Charpy V‐Notch Testing for Absorbed Energy Values.
The test results of the three specimens, collectively and
singly, shall meet the respective requirements of
Table WC-2332.1-2.

(c) Drop Weight Testing. An acceptance test shall
consist of at least two no‐break specimens as described
in ASTM E208.

WC-2332.2 Containment Material Other Than Bolting
With Thickness Exceeding 21⁄2 in. (64 mm). For contain-
ments, use the lesser of the: maximum radial thickness of
the item, exclusiveof integral butt-weldedprojections; the
containment shell thickness to which the item is welded;
and themaximumshell thickness associatedwith the item
for flat heads or flanges.

(a) The base material, and the weld procedure quali-
ficationweldmetal tests ofWC-4335, shall be testedby the
drop weight method as specified in WC-2321.1 and
WC-2331(a)(2).

(b) Except as limited in WC-4335, apply one of the
methods of WC-2331(a) to test: the base material and
the heat-affected zone of theweld procedure qualification
tests for WC-4335; and the weld metal for WC-2431.

Table WC-2332.1-1
Required Cv Lateral Expansion Values for Containment

Material Other Than Bolting

Nominal Wall Thickness,
in. (mm) [Note (1)]

Lateral Expansion,mils (mm)

Average of 3
Lowest
1 of 3

5∕8 (16) or less [Note (2)] … …
Over 5∕8 to 1 (16 to 25), incl. 20 (0.50) 15 (0.38)
Over 1 to 11∕2 (25 to 38), incl. 25 (0.64) 20 (0.50)
Over 11∕2 to 21∕2 (38 to 64), incl. 35 (0.89) 30 (0.75)
Over 21∕2 (64) [Note (3)] 45 (1.14) 40 (1.0)

GENERAL NOTES:
(a) Where weld metal tests of WC-2400 are made to these require-

ments, the impact lateral expansion shall conform to the require-
ments of either of the base materials being joined.

(b) Where two base materials having different required lateral
expansion values are joined, the weld metal lateral expansion
requirements of WC-4330 shall conform to the requirements
of either of the base materials.

NOTES:
(1) For containment use the least of:

(a) the maximum radial thickness of the item exclusive of
integral butt-welded projections;

(b) the containment shell thickness to which the item is
welded;

(c) the maximum shell thickness associated with the item
for flat heads or flanges.

(2) No test required.
(3) For use with WC-2332.2(b).

Table WC-2332.1-2
Required Cv Energy Values for Containment Material Other Than Bolting

Nominal Wall Thickness, in.
(mm) [Note (2)]

Energy, ft-lb (J) for Base Materials [Note (1)] of
Specified Minimum Yield Strength, ksi (MPa)

55 ksi (380 MPa) or Below
Over 55 ksi to 75 ksi

(380 MPa to 515 MPa), incl.
Over 75 ksi to 105 ksi

(515 MPa to 725 MPa), incl.
Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3

5∕8 (16) or less [Note (3)] … … … … … …
Over 5∕8 to 1 (16 to 25), incl. 20 (27) 15 (20) 25 (34) 20 (27) 30 (41) 25 (34)
Over 1 to 11∕2 (25 to 38), incl. 25 (34) 20 (27) 30 (41) 25 (34) 35 (47) 30 (41)
Over 11∕2 to 21∕2 (38 to 64), incl. 35 (47) 30 (41) 40 (54) 35 (47) 45 (61) 40 (54)
Over 21∕2 (64) [Note (4)] 45 (61) 40 (54) 50 (68) 45 (61) 55 (75) 50 (68)

GENERAL NOTE: Where weld metal tests of WC-2400 are made to these requirements, the impact energy shall conform to the requirements of
either of the base materials being joined.

NOTES:
(1) Where two base materials having different required energy values are joined, the weld metal impact energy requirements of the procedure

qualification tests of WC-4330 shall conform to the requirements of either of the base materials.
(2) For containment vessels use the least of:

(a) the maximum radial thickness of the item exclusive of integral butt-welded projections;
(b) the containment shell thickness to which the item is welded;
(c) the maximum shell thickness associated with the item for flat heads or flanges.

(3) No test required.
(4) For use with WC-2332.2(b).
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(c) The acceptance standards shall be as given in
WC-2332.1(a), WC-2332.1(b), or WC-2332.1(c), as appli-
cable.

(d) Fracture Toughness Testing for Ductile Cast Iron. A
rapid-load fracture toughness test shall be performed in
accordance with WC-2321.3, except that ASTM E1820
shall be used. A test shall consist of at least four test speci-
mens. The test shall be performed at −40°F (−40°C).

(e) Acceptance Standards for Ductile Cast Iron. The
rapid-load fracture toughness value shall satisfy the
following inequality at −40°F (−40°C):

K 3 46 ksi-in. (50 MPa-m )IC R SD,(average)
1/2 1/2

where

KIC,R = rapid-load fracture toughness, ksi-in.1/2
(MPa-m1/2)

σSD = standard deviation, ksi-in.1/2 (MPa-m1/2)

The average value and standard deviation shall be
established assuming Weibull distribution of the
measurements.

WC-2332.3 Bolting Material. For bolting material,
including nuts, studs, and bolts, a Charpy V‐notch test
shall be performed. The tests shall be performed at or
below the LST, and all three specimens shall meet the re-
quirements of Table WC-2332.3-1.

WC-2340 NUMBER OF IMPACT TESTS REQUIRED

WC-2341 Plates

One test shall be made from each plate as heat treated.
Where plates are furnished in the non‐heat‐treated condi-
tion and qualified by heat‐treated test specimens, one test
shall be made for each plate as rolled. The term as‐rolled
refers to the plate rolled from a slab or directly from an
ingot, not to its heat-treated condition.

WC-2342 Forgings

(a) Where an individual forging is less than 1,000 lb
(450 kg), one test shall be made to represent each
heat in each heat treatment charge.

(b) When heat treatment is performed in a continuous-
type furnace with suitable temperature controls and
equipped with recording pyrometers so that complete
heat treatment records are available, a heat treatment
charge shall be considered as the lesser of a continuous
run not exceeding 8 hr duration or a total weight, so
treated, not exceeding 2,000 lb (900 kg).

(c) One test shall bemade for each forging of 1,000 lb to
10,000 lb (450 kg to 4500 kg).

(d) As an alternative to (c), a separate test forging may
be used to represent forgings of different sizes in one heat
and heat treat lot, provided the test piece is a representa-
tion of the greatest thickness in the heat treat lot. In addi-
tion, test forgings shall have been subjected to
substantially the same reduction and working as the
forgings represented.

(e) Forgings larger than 10,000 lb (4500 kg) shall have
two tests per part for CharpyV‐notch andone test for drop
weights. The location of drop weight or Cv test specimens
shall be selected so that an equal number of specimens is
obtained from positions in the forging 180 deg apart.

WC-2343 Bars

One test shall be made for each lot of bars with a cross‐
sectional area greater than 1 in.2 (650mm2)where a lot is
defined as one heat of material heat treated in one charge
or as one continuous operation, not to exceed 6,000 lb
(2700 kg).

WC-2344 Tubular Products and Fittings

On products which are seamless or welded without
filler metal, one test shall be made from each lot. On
products which are welded with filler metal, one addi-
tional test with the specimens taken from the weld
area shall also be made on each lot. A lot shall be
defined as stated in the applicable material specification,
but in no case shall a lot consist of products from more
than one heat of material and of more than one diameter,
with the nominal thickness of any product included not
exceeding that to be impact tested by more than 1∕4 in. (6
mm); sucha lot shall be ina singleheat treatment loador in
the same continuous run in a continuous furnace
controlled within a 50°F (28°C) range and equipped
with recording pyrometers.

WC-2345 Bolting Material

One test shall be made for each lot of material where a
lot is defined as one heat of material heat treated in one
charge or as one continuous operation, not to exceed the
following:

Diameter Weight
13∕4 in. (44 mm) and less 1,500 lb (680 kg)
Over 13∕4 in. to 21∕2 in. (44 mm
to 64 mm)

3,000 lb (1350 kg)

Table WC-2332.3-1
Required Cv Values for Bolting Material Tested in

Accordance With WC-2332.3

Nominal Diameter, in.
(mm)

Lateral Expansion,
mils (mm)

Absorbed
Energy, ft-lb (J)

1 (25) or less No test required No test required
Over 1 through 4 (25
through 100)

25 (0.64) No requirements

Over 4 (100) 25 (0.64) 45 (61)
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Table continued

Diameter Weight
Over 21∕2 in. to 5 in. (64 mm
to 127 mm)

6,000 lb (2700 kg)

Over 5 in. (127 mm) 10,000 lb (4500 kg)

WC-2350 RETESTS

WC-2351 Retests for Material Other Than Bolting

(a) ForCharpyV‐notch tests requiredbyWC-2330, one
retest at the same temperature may be conducted,
provided

(1) the average value of the test results meets the
ave rage o f t h r ee r equ i r emen t s spe c i f i ed i n
Table WC-2332.1-1 or Table WC-2332.1-2, as applicable;

(2) notmore than one specimen per test is below the
lowest one of three requirements specif ied in
Table WC-2332.1-1 or Table WC-2332.1-2, as applicable;

(3) the specimen not meeting the requirements is
not lower than 5 ft-lb (6.8 J) or 5 mils (0.13 mm)
below the lowest one of three requirements specified
in Table WC-2332.1-1 or Table WC-2332.1-2, as applica-
ble.

(b) A retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall be equal to or
greater than the average of three requirements specified
in Table WC-2332.1-1 or Table WC-2332.1-2, as applica-
ble.

WC-2352 Retests for Bolting Material

(a) ForCharpyV‐notch tests requiredbyWC-2330, one
retest at the same temperature may be conducted,
provided

(1) notmore than one specimen per test is below the
acceptance requirements;

(2) the specimen not meeting the acceptance re-
quirements is not lower than 5 ft-lb (6.8 J) or 5 mils
(0.13 mm) below the acceptance requirements.

(b) A retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall meet the speci-
fied acceptance requirements.

WC-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and Cv impact
testmachines used in impact testing shall be performed at
the frequency specified in (a) or (b) below.

(a) Temperature instruments used to control test
temperature of specimens shall be calibrated and the
results recorded to meet the requirements of
NCA‐4258.2 at least once in each three month interval.

(b) Cv impact test machines shall be calibrated and the
results recorded tomeet the requirements of NCA‐4258.2.
The calibrations shall be performed at least once per year
usingmethods outlined in ASTME23 and employing stan-
dard specimens obtained from the National Institute of
Standards and Technology, or any supplier of subcon-
tracted calibration services accredited in accordance
with the requirements of WA-3123 and NCA‐4255.3(c).

WC-2400 WELDING MATERIAL

WC-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construction and
repair of containments or material, except welding mate-
rial used for cladding or hard surfacing, shall conform to
the requirements of the welding material specification or
to the requirements for other welding material as
permitted in Section IX. In addition, welding material
shall conform to the requirements stated in this subarticle
and to the rules covering identification in WC-2150.

(b) The Certificate Holder shall provide the organiza-
tion performing the testing with the information listed
below, as applicable:

(1) welding process;
(2) SFA specification and classification;
(3) other identification if no SFA specification

applies;
(4) minimum tensile strength [seeWC-2431.1(e)] in

either the as‐welded or heat-treated condition, or both
[see WC-2431.1(c)];

(5) drop weight test for material in either the as‐
welded or heat-treated condition, or both (seeWC-2332);

(6) Charpy V‐notch test for material as‐welded, or
heat treated, or both (seeWC-2331); the test temperature
and the lateral expansion or the absorbed energy shall be
provided;

(7) the preheat and interpass temperatures to be
used dur ing weld ing of the tes t coupon [see
WC-2431.1(c)];

(8) postweld heat treatment time, temperature
range, and maximum cooling rate, if the production
weld will be heat treated [see WC-2431.1(c)];

(9) elements for which chemical analysis is required
per the SFA specification or WPS, and WC-2432;

(10) minimum delta ferrite (see WC-2433).

WC-2420 REQUIRED TESTS

The required tests shall be conducted for each lot of
covered, flux cored, or fabricated electrodes; for each
heat of bare electrodes, rod, or wire for use with the
OFW, GMAW, GTAW, PAW processes (Section IX); for
each heat of consumable inserts; for each combination
of heat of bare electrodes and lot of submerged arc
flux; for each combination of lot of fabricated electrodes
and lot of submergedarc flux; for each combinationof heat
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of bare electrodes or lot of fabricated electrodes and dry
blend of supplementary powdered filler metal and lot of
submerged arc flux. Tests performed on welding material
in the qualification of weld procedures will satisfy the
testing requirements for the lot, heat, or combination
of heat and batch of welding material used, provided
the tests required by Article WC-4000 and this subarticle
are made and the results conform to the requirements of
this Article. The definitions in (a) through (h) belowapply.

(a) A dry batch of covering mixture is defined as the
quantity of dry covering ingredients mixed at one time
in one mixing vessel; a dry batch may be used singly
or may be subsequently subdivided into quantities to
which the liquid binders may be added to produce a
number of wet mixes.

(b) A dry blend is defined as one or more dry batches
mixed in amixing vessel and combined proportionately to
produce a uniformity of mixed ingredients equal to that
obtained by mixing the same total amount of dry ingre-
dients at one time in one mixing vessel.

(c) A wet mix is defined as the combination of a dry
batch (a) or dry blend (b) and liquid binder ingredients
at one time in one mixing vessel.

(d) A lot of covered, flux cored, or fabricated electrodes is
defined as the quantity of electrodes produced from the
same combination of heat of metal and dry batch, dry
blend, or chemically controlledmixes of flux or coremate-
rials. Alternatively, a lot of covered, flux cored, or fabri-
cated electrodes may be considered one type and size of
electrode, produced in a continuous period, not to exceed
24 hr and not to exceed 100,000 lb (45000 kg), from
chemically controlled tube, wire, or strip and a dry
batch, a dry blend, or chemically controlled mixes of
flux, provided each container of welding materials is
coded for identification and traceable to the production
period, the shift, line, and the analysis range of both the
mix and the rod, tube, or strip used to make the electrode.

(1) Chemically controlled tube, wire, or strip is
defined as consumable tube, wire, or strip material
supplied on coils with a maximum of one splice per
coil that has been chemically analyzed to assure that
the material conforms to the electrode manufacturer’s
chemical control limits for the specific type of electrode.
Both ends of each coil shall be chemically analyzed except
that those coilswhichare splice freeneedonlybeanalyzed
on one end of the coil.

(2) Chemically controlled mixes of flux are defined as
flux material that has been chemically analyzed to assure
that it conforms to the percent allowable variation from
the electrode manufacturer’s standard for each chemical
element for that type electrode. A chemical analysis shall
be made on each mix made in an individual mixing vessel
after blending.

(e) A heat of bare electrode, rod, wire, or consumable
insert is defined as the material produced from the
same melt of metal.

(f) Alternatively, for carbon and low alloy steel bare
electrode, rod, wire, or consumable inserts for use
with SAW, OFW, GMAW, GTAW, and PAW processes, a
heat may be defined as either the material produced
from the same melt of metal or the material produced
fromone type and size of wirewhen produced in a contin-
uous period [not to exceed 24 hr and not to exceed
100,000 lb (45 000 kg)] from chemically controlled
wire, subject to requirements of (1), (2), and (3) below.

(1) For the chemical control of the product of the rod
mill, coils shall be limited to amaximumof one splice prior
to processing the wire. Chemical analysis shall be made
from a sample taken from both ends of each coil of mill
coiled rod furnished by mills permitting spliced coil prac-
tice of one splice maximum per coil. A chemical analysis
need be taken from only one end of rod coils furnished by
mills prohibiting spliced coil practice.

(2) Carbon, manganese, silicon, and other intention-
ally added elements shall be identified to ensure that the
material conforms to the SFA or user’s material specifi-
cation.

(3) Each container of wire shall be coded for identi-
ficationand traceability to the lot, productionperiod, shift,
line, and analysis of rod used to make the wire.

(g) A lot of submerged arc flux is defined as the quantity
of flux produced from the same combination of rawmate-
rials under one production schedule.

(h) Adry blend of supplementary powdered filler metal is
defined as one or more mixes of material produced in a
continuous period, not to exceed 24 hr and not to exceed
20,000 lb (9000 kg) from chemically controlled mixes of
powdered filler metal, provided each container of
powdered metal is coded for identification and traceable
to the productionperiod, the shift, and themixing vessel. A
chemically controlled mix of powdered filler metal is
defined as powdered filler metal material that has
been chemically analyzed to assure that it conforms to
the percent allowable variation from the powdered
filler metal manufacturer’s standard, for each chemical
element, for that type of powdered fillermetal. A chemical
analysis shall be made on each mix made in an individual
mixing vessel after blending. The chemical analysis range
of the supplemental powdered filler shall be the same as
that of the welding electrode, and the ratio of powder to
electrode used to make the test coupon shall be the
maximum permitted for production welding.

WC-2430 WELD METAL TESTS

WC-2431 Mechanical Properties Test

Tensile and impact tests shall be made in accordance
with this paragraph, of welding materials which are used
to join P‐Nos. 1 and 3 base materials in any combination,
with the exceptions listed in (a) through (d) below.

(a) austenitic stainless steel and nonferrous welding
material used to join the listed P‐Numbers;

ASME BPVC.III.3-2023

140

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


(b) consumable inserts (backing filler material);
(c) weldingmaterial used for GTAW root deposits with

a maximum of two layers;
(d) welding material to be used for the welding of

base materials exempted from impact testing by
WC - 2311 ( a ) ( 1 ) t h r o u gh WC - 2311 ( a ) ( 6 ) o r
WC-2311(a)(8) shall also be exempted from the impact
testing required by this paragraph.

WC-2431.1 General Test Requirements. The welding
test coupon shall be made in accordance with (a)
through (f) below, using each process with which the
weld material will be used in production welding.

(a) Test coupons shall be of sufficient size and thick-
ness such that the test specimens required herein can be
removed.

(b) Theweldmetal tobe tested for all processes shall be
deposited in such a manner as to substantially eliminate
the influenceof thebasematerial on theresultsof the tests.
The base material shall conform to the requirements of
Section IX, QW‐403.1 or QW‐403.4, as applicable.

(c) The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
that will be used in production welding. Coupons shall be
tested in the as‐welded condition, or they shall be tested in
the applicable postweld heat-treated condition when the
production welds are to be postweld heat-treated. The
postweld heat treatment holding time shall be at least
80% of the maximum time to be applied to the weld
metal in production application. The total time for post-
weld heat treatment of the test coupon may be applied in
one heating cycle. Any postweld heat treatment time,
which is anticipated to be applied to the material or
item after it is completed, shall be specified in the
Design Specification. The Certificate Holder shall
include this time in the total time at temperature specified
to be applied to the test specimens. The cooling rate from
the postweld heat treatment temperature shall be of the
same order as that applicable to the weld metal in the
component.

(d) The tensile specimens, and theCv impact specimens
when required, shall be located and prepared in accor-
dance with the requirements of SFA-5.1 or the applicable
SFA specification. Drop weight impact test specimens,
where required, shall be oriented so that the longitudinal
axis is transverse to the weld, with the notch in the weld
face or in a plane parallel to the weld face. For impact
specimen preparation and testing, the applicable parts
of WC-2321.1 and WC-2321.2 shall apply. The longitudi-
nal axis of the specimen shall be at aminimumdepth of 1∕4t
from a surface, where t is the thickness of the test weld.

(e) One all‐weld‐metal tensile specimen shall be tested
and shall meet the specifiedminimum tensile strength re-
quirements of the basematerial specification.Where base
materials of different specifications are to be welded, the
tensile strength requirements shall conform to the speci-

fiedminimumtensile strength requirementof eitherof the
base material specifications.

(f) Impact specimens of the weld metal shall be tested
where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the parts of WC-2331 or WC-2332 applicable
to the base material. Where different requirements exist
for the two basematerials, theweldmetalmay conform to
either of the requirements for either base material.

WC-2431.2 Standard Test Requirements. In lieu of the
use of the General Test Requirements specified in
WC-2431.1, tensile and impact testsmaybemade inaccor-
dancewith this Subparagraphwhere they are required for
mild and low alloy steel covered electrodes. The material
combinations to require weld material testing, as listed in
WC-2431, shall apply for this option. The limitations and
testing under this option shall be in accordance with (a)
through (f) below.

(a) Testing to the requirements of this Subparagraph
shall be limited to electrode classifications included in
SFA-5.1 or SFA-5.5.

(b) The assembly required by SFA-5.1 or SFA-5.5, as
applicable, shall be used for test coupon preparation,
except that it shall be increased in size to obtain the
number of impact specimens required by WC-2331 or
WC-2332, as applicable.

(c) The welding of the test coupon shall conform to the
requirements of the SFA specification for the classification
of electrodebeing tested. Coupons shall be tested in theas‐
welded condition and the postweld heat-treated condi-
tion. The postweld heat treatment temperatures shall
be in accordance with Table WC-4622.1-1 for the appli-
cable P‐Number equivalent. The time at postweld heat
treatment temperature shall be 8 hr (this qualifies post-
weld heat treatments of 10 hr or less). When the postweld
heat treatmentof theproductionweldexceeds10hror the
PWHT temperature is other than that required, the
general test of WC-2431.1 shall be used.

(d) The tensile and Cv specimens shall be located and
prepared in accordance with the requirements of SFA-5.1
or SFA-5.5, as applicable. Drop weight impact test speci-
mens, where required, shall be located and oriented as
specified in WC-2431.1(d).

(e) One all‐weld‐metal tensile specimen shall be tested
and shall meet the specified minimum tensile strength
requirement of the SFA specification for the applicable
electrode classification.

(f) The requirements of WC-2431.1(f) shall be applica-
ble to the impact testing.

WC-2432 Chemical Analysis Test

Chemical analysis of filler metal or weld deposits shall
be made in accordance with WC-2420 and as required by
the following Subparagraph.
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WC-2432.1 Test Method. The chemical analysis test
shall be performed in accordance with this Subparagraph
and Table WC-2432.1-1, and the results shall conform to
WC-2432.2.

(a) A‐No. 8weldingmaterial to be usedwithGTAWand
PAWprocesses and any otherweldingmaterial to be used
with any GTAW, PAW, or GMAWprocess shall have chem-
ical analysis performed either on the filler metal or on a
welddepositmadewith the fillermetal in accordancewith
(c) or (d) below.

(b) A‐No. 8weldingmaterial to be usedwith other than
the GTAWand PAWprocesses and otherweldingmaterial
to be used with other than the GTAW, PAW, or GMAW
process shall have chemical analysis performed on a
weld deposit of the material or combination of materials
being certified in accordance with (c) or (d) below. The
removal of chemical analysis samples shall be from an
undiluted weld deposit made in accordance with (c)
below. As an alternative, the deposit shall be made in
accordance with (d) below for material that will be
used for corrosion resistant overlay cladding. Where
theWelding Procedure Specification or theweldingmate-
rial specification specifies percentage composition limits
for analysis, it shall state that the specified limits apply for
the filler metal analysis, the undiluted weld deposit
analysis, or the in situ cladding deposit analysis in confor-
mance with the above required certification testing.

(c) The preparation of samples for chemical analysis of
undiluted weld deposits shall comply with the method
given in the applicable SFA specification. Where a weld
deposit method is not provided by the SFA specification,
the sample shall be removed from a weld pad, groove, or
other test weld made using the welding process that will
be followed when the welding material or combination of
welding materials being certified is consumed. The
methods given in the Appendix of SFA-5.9 shall be
used to establish a welding and sampling method for
the pad, groove, or other test weld to ensure that the
weld deposit being sampled will be substantially free
of base metal dilution. The weld for A‐No. 8 material
to be used with the GMAW process shall be made
using the shielding gas composition specified in the
Welding Procedure Specifications that will be followed
when thematerial is consumed.Wherea chemical analysis
is required for a welding material that does not have a
mechanical properties test requirement, a chemical

analysis test coupon shall be prepared as required by
WC-2431.1(c), except that heat treatment of the
coupon is not required and the weld coupon thickness
requirements of WC-2431.1(c) do not apply.

(d) The alternate method provided in (b) above for the
preparation of samples for chemical analysis of welding
material to be used for corrosion resistant overlay clad-
ding shall require a test weldmade in accordancewith the
essential variables of the welding procedure specification
that will be followed when the welding material is
consumed. The test weld shall be made in conformance
with the requirements of Section IX, QW‐214. The removal
of chemical analysis samples shall conform to Table QW‐
453 for the minimum thickness for which the Welding
Procedure Specification is qualified.

WC-2432.2 Requirements for Chemical Analysis. The
chemical elements to be determined, the composition re-
quirements of theweldmetal, and the recording of results
of the chemical analysis shall be in accordance with (a),
(b), and (c) below.

(a) Welding material of ferrous alloy A‐No. 8 (Section
IX,TableQW-442) shall beanalyzed for theelements listed
in Table WC-2432.2-1 and for any other elements speci-
fied either in the welding material specification refer-
enced by the Welding Procedure Specification or in the
Welding Procedure Specification.

(b) Thechemical compositionof theweldmetal or filler
metal shall conform to the welding material specification
for elements having specified percentage composition
limits. Where the Welding Procedure Specification
contains a modification of the composition limits of
SFA or other referenced welding material specifications,
or provides limits for additional elements, these composi-
tion limits of the Welding Procedure Specification shall
apply for acceptability.

(c) The results of the chemical analysis shall be
reported in accordance with NCA‐3862.1. Elements
listed in Table WC-2432.2-1 but not specified in the
welding material specification or Welding Procedure
Specification shall be reported for information only.

WC-2433 Delta Ferrite Determination

Adeterminationofdelta ferrite shall beperformedonA‐
No. 8 weld material (Section IX, Table QW-442) backing
filler metal (consumable inserts); bare electrode, rod, or
wire filler metal; or weld metal, except that delta ferrite
determinations are not required for SFA-5.4 Type 16‐8‐2
or A‐No. 8weld fillermetal to be used forweldmetal clad-
ding.

Table WC-2432.1-1
Sampling of Welding Materials for Chemical Analysis

Welding
Material GTAW/PAW GMAW

All Other
Processes

A‐No. 8 filler
metal

Filler metal or
weld deposit

Weld deposit Weld
deposit

All other filler
metal

Filler metal or
weld deposit

Filler metal or
weld deposit

Weld
deposit

Table WC-2432.2-1
Welding Material Chemical Analysis

Materials Elements
Cr–Ni stainless C, Cr, Mo, Ni, Mn, Si, Cb
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WC-2433.1 Method. Delta ferrite determinations of
welding material, including consumable insert material,
shall be made using a magnetic measuring instrument
and weld deposits made in accordance with (b) below.
Alternatively, the delta ferrite determinations for
welding materials may be performed by the use of the
chemical analysis of WC-2432 in conjunction with
Figure WC-2433.1-1.

(a) Calibration of magnetic instruments shall conform
to AWS A4.2.

(b) The weld deposit for magnetic delta ferrite deter-
mination shall bemade in accordancewithWC-2432.1(c).

(c) Aminimum of six ferrite readings shall be taken on
the surface of the weld deposit. The readings obtained
shall be averaged to a single Ferrite Number.

WC-2433.2 Acceptance Standards. The minimum ac-
ceptable delta ferrite shall be 5FN (Ferrite Number).
The results of the delta ferrite determination shall be

included in the Certified Material Test Report of
WC-2130 or WC-4120.

WC-2440 STORAGE AND HANDLING OF WELDING
MATERIAL

Suitable storage and handling of electrodes, flux, and
other welding materials shall be maintained. Precautions
shall be taken to minimize absorption of moisture by
fluxes and cored, fabricated, and coated electrodes.

WC-2500 EXAMINATION AND REPAIR OF
CONTAINMENT MATERIAL

WC-2510 CONTAINMENT MATERIAL

Containment material shall be examined and repaired
in accordancewith thematerial specification andas other-
wise required by this subarticle.

Figure WC-2433.1-1
Weld Metal Delta Ferrite Content
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GENERAL NOTES:
(a) The actual nitrogen content is preferred. If this is not available, the following applicable nitrogen value shall be used:

(1) GMAW welds — 0.08%, except that when self-shielding flux-cored electrodes are used — 0.12%
(2) Welds made using other processes — 0.06%

(b) This diagram is identical to the WRC‐1992 Diagram, except that the solidification mode lines have been removed for ease of use.
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WC-2530 EXAMINATION AND REPAIR OF PLATE

WC-2531 Required Examination

Plates shall be examined in accordance with the re-
quirements of the material specification. In addition,
for ferritic steels, the containment shell in the area of
the closure welds made, after loading the containment
(see Figure WC-4265-2) shall be examined by the ultra-
sonic method in accordance with WC-2532.

WC-2532 Ultrasonic Examination Procedures

WC-2532.1 Straight Beam Examination. The require-
ments for straight beam examination shall be in accor-
dance with SA-578/SA-578M, Specification for Straight
Beam Wave Ultrasonic Testing and Inspection of Plain
and Clad Steel Plates for Special Applications, as
shown in Section V, except that the extent of examination
and the acceptance standards to be applied are given in (a)
and (b) below.

(a) Extent of Examination. The examination shall
include the area adjacent to the closure weld to a distance
of at least three times the nominal shell thickness. One
hundred percent of one major plate surface shall be
covered by moving the search unit in parallel paths
with not less than a 10% overlap.

(b) Acceptance Standards
(1) Any area where one or more imperfections

produce a continuous total loss of back reflection accom-
panied by continuous indications on the same plane that
cannot be encompassed within a circle whose diameter is
3 in. (75mm) or one‐half of the plate thickness, whichever
is greater, is unacceptable.

(2) In addition, two or more imperfections smaller
than described in (1) above shall be unacceptable unless
separated by a minimum distance equal to the greatest
diameter of the larger imperfection, or unless they
may be collectively encompassed by the circle described
in (1) above.

WC-2537 Time of Examination

Acceptanceexaminations shall beperformedat the time
of manufacture as required in (a) through (c) below.

(a) Ultrasonic examination shall be performed after
rolling to size and after heat treatment, except for post-
weld heat treatment.

(b) Radiographic examination of repair welds, when
required, may be performed prior to any required post-
weld heat treatment.

(c) Magnetic particle or liquid penetrant examination or
repairwelds shall be performed after final heat treatment,
except that the examination may be performed prior to
postweld heat treatment of P‐No. 1material 2 in. (50mm)
and less nominal thickness.

WC-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) and (b)
below are met.

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(b) When the elimination of the defect reduces the
thickness of the section below the minimum required
by the design, thematerial shall be repaired in accordance
with WC-2539.

WC-2539 Repair by Welding

TheMaterial Organizationmay repair byweldingmate-
rials fromwhich defects have been removed, provided the
depth of the repair cavity does not exceed one‐third of the
nominal thickness and the requirements of the following
subparagraphs are met. Prior approval of the Certificate
Holder shall be obtained for the repair of plates to be used
in the manufacture of containment vessels.

WC-2539.1 Defect Removal. The defect shall be
removed or reduced to an imperfection of acceptable
limit by suitable mechanical or thermal cutting or
gouging methods and the cavity prepared for repair
(see WC-4211.1).

WC-2539.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or
welding operators shall be qualified in accordance with
Article WC-4000 and Section IX.

WC-2539.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the
surrounding surface.

WC-2539.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(see WC-2545) or by the liquid penetrant method (see
WC-2546). In addition, when the depth of the repair
cavity exceeds the lesser of 3∕8 in. (10 mm) or 10% of
the section thickness, the repair weld shall be radio-
graphed in accordance with and to the applicable accep-
tance standards of WC-5320. The image quality indicator
(IQI) shall be based upon the section thickness of the
repaired area.

WC-2539.5 HeatTreatmentAfterRepairs.Theproduct
shall be heat treated after repair in accordance with the
requirements of WC-4620.

WC-2539.6 Material Report Describing Defects and
Repair. Each defect repair that is required to be radio-
graphed shall be described in the Certified Material
Test Report. The Certified Material Test Report for
each piece shall include a chart which shows the location
and size of the prepared cavity, theweldingmaterial iden-
tification, theweldingprocedure, theheat treatment, anda
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report of the results of the examinations, including radio-
graphic film.

WC-2539.7 Repair of Cladding by Welding. The Mate-
rial Organization may repair defects in cladding by
welding, provided the requirements of (a) through (d)
below are met.

(a) Qualification of Welding Procedures and Welders.
Thewelding procedure and thewelders orwelding opera-
tors shall be qualified in accordancewith ArticleWC-4000
and Section IX.

(b) Defect Removal and Examination of Cavity. The
defect shall be removed, and the cavity prepared for
repair shall be examined by the liquid penetrant
method (see WC-2546).

(c) Examination of Repaired Areas. The repaired area
shall be examined by a liquid penetrant method (see
WC-2546).

(d) Report of Repairs. Each defect repair shall be
described in the Certified Material Test Report for each
piece, including a chart which shows the location and
size of the repair, the welding material identification,
welding procedure, heat treatment, and examination
results.

WC-2540 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

WC-2541 Required Examinations

Forgings and bars shall be examined in accordancewith
the requirements of the material specification, except
when magnetic particle or liquid penetrant examination
is specifically required by the rules of this Subsection, in
which case the examination shall conform to the require-
ments of WC-2545 or WC-2546, as applicable.

WC-2545 Magnetic Particle Examination

WC-2545.1 ExaminationProcedure.Theprocedure for
magnetic particle examination shall be in accordancewith
the methods of Section V, Article 7.

WC-2545.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
which are not relevant.

(b) Any indication in excess of the WC-2545.3 accep-
tance standards which is believed to be nonrelevant shall
be reexaminedby the sameor other nondestructive exam-
inationmethods toverifywhetherornot actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications which would mask
defects are unacceptable.

(c) Relevant indications are those which result from
imperfections. Linear indications are those indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width. Indications resulting from
nonmetallic inclusions are not considered relevant indi-
cations.

WC-2545.3 Acceptance Standards.

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following relevant
indications are unacceptable:

(1) any linear indications greater than 1∕16 in. (1.5
mm) long for material less than 5∕8 in. (16 mm) thick,
greater than 1∕8 in. (3 mm) long for material from 5∕8
in. (16 mm) thick to under 2 in. (50 mm) thick, and
3∕16 in. (5 mm) long for material 2 in. (50 mm) thick
and greater;

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thicknesses less than 5∕8 in. (16
mm) and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater;

(3) four or more relevant indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in.2
(4 000 mm2) of area whose major dimension is no
more than 6 in. (150 mm) with the dimensions taken
in themost unfavorable location relative to the indications
being evaluated.

WC-2546 Liquid Penetrant Examinations

WC-2546.1 ExaminationProcedure.Theprocedure for
liquid penetrant examination shall be in accordance with
the methods of Section V, Article 6.

WC-2546.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks or surface conditions, may produce
similar indications which are not relevant.

(b) Any indication in excess of the WC-2546.3 accep-
tance standards, which is believed to be nonrelevant, shall
be reexamined to verify whether or not actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications and broad areas of
pigmentation which would mask defects are unaccept-
able.

(c) Relevant indications are those which result from
imperfections. Linear indications are those indications
in which the length is more than three times the
width. Rounded indications are indications which are
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circular or elliptical with the length equal to or less than
three times the width.

WC-2546.3 Acceptance Standards.

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant.

(b) Imperfections producing the following relevant
indications are unacceptable:

(1) any linear indications greater than 1∕16 in. (1.5
mm) long for material less than 5∕8 in. (16 mm) thick,
greater than 1∕8 in. (3 mm) long for material from 5∕8
in. (16 mm) thick to under 2 in. (50 mm) thick, and
3∕16 in. (5 mm) long for material 2 in. (50 mm) thick
and greater;

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thicknesses less than 5∕8 in. (16
mm) and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater;

(3) four or more relevant indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in.2
(4 000 mm2) of area whose major dimension is no
more than 6 in. (150 mm) with the dimensions taken
in themost unfavorable location relative to the indications
being evaluated.

WC-2547 Time of Examination

The requirements for time of examination shall be the
same as stated in WC-2537.

WC-2548 Elimination of Surface Defects

Elimination of surface defects shall be made in accor-
dance with WC-2538.

WC-2549 Repair by Welding

Repair by welding shall be performed in accordance
with WC-2539, except that the depth of repair that is
permitted is not limited.

WC-2550 EXAMINATION AND REPAIR OF
SEAMLESS AND WELDED (WITHOUT
FILLER METAL) TUBULAR PRODUCTS
AND FITTINGS

WC-2551 Required Examination

(a) All seam welds in welded (without filler metal)
tubularproducts shall be examinedbyoneof the following
methods:

(1) ultrasonic examination in accordance with
WC-2552

(2) radiographic examination in accordance with
WC-2553

(3) eddy current examination in accordance with
WC-2554

(b) Wrought seamless and welded (without filler
metal) tubular products and fittings, except copper
alloy and nickel alloy tubular products and fittings,
shall comply with the requirements of WC-2557,
WC-2558, and WC-2559, in addition to the basic material
specification.

(c) Copper alloy and nickel alloywrought seamless and
welded (without fillermetal) tubular products and fittings
shall comply with the requirements of WC-2558, in addi-
tion to the basic material specification.

WC-2552 Ultrasonic Examination

The volumetric examinations required by this para-
graph need only be conducted from one surface.

WC-2552.1 Examination Procedure for Welds in Pipe
and Tubing.

(a) WC-2561Circumferential Direction — 63⁄4 in. (170
mm) O.D. and Smaller. The welds in pipe and tubing
shall be examined in two circumferential directions.
The procedure for ultrasonic examination of pipe and
tubing in the circumferential direction shall be in accor-
dancewith SE-213, StandardMethod forUltrasonic Exam-
ina t ion o f P ipe and Tub ing for Long i tud ina l
Discontinuities, and the requirements of this paragraph.
The procedure shall provide a sensitivity which will
consistently detect defects that produce indications
equal to or greater than the indications produced by stan-
darddefects included in the reference specimens specified
in WC-2552.3.

(b) Pipe and Tubing Larger Than 63⁄4 in. (170 mm) O.D.
The welds in pipe and tubing shall be examined in two
circumferential directions. The procedure for ultrasonic
examination of pipe and tubing larger than 63∕4 in. (170
mm) O.D. shall be in accordance either with the require-
ments of SA-388 for angle beam scanning in the circum-
ferential direction, or with the requirements of SE-213.
The reference standard shall be in accordance with
WC-2552.3 below.

(c) Acceptance Standard. Products with defects that
produce indications in excess of the indications produced
by the standard defects in the reference specimen are un-
acceptable unless the defects are eliminated or repaired in
accordance with WC-2558 or WC-2559.

WC-2552.2 Examination Procedure for Welds in
Fittings.

(a) Procedure. The procedure for ultrasonic examina-
tion of welds in fittings shall be in accordance with the
requirements of Recommended Practice SA-388 for
anglebeamexamination in twocircumferential directions.

(b) Acceptance Standard. Fittings shall be unacceptable
if angle beam examination results show one or more
reflectors thatproduce indicationsexceeding inamplitude
the indications from the calibrated notch.
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WC-2552.3 Reference Specimens.

(a) The reference specimen shall be of the same
nominal diameter and thickness and of the same
nominal composition and heat-treated condition as the
product which is being examined. For circumferential
scanning, the standard defects shall be axial notches or
grooveson theoutsideand inside surfacesof the reference
specimen and shall have a length of approximately 1 in.
(25mm)or less, awidthnot toexceed 1∕16 in. (1.5mm) fora
squarenotchorU‐notch, awidthproportional to thedepth
for a V‐notch, and a depth not greater than the larger of
0.004 in. (0.10 mm) or 5% of the nominal wall thickness.

(b) The reference specimen shall be long enough to
simulate the handling of the product being examined
through the examination equipment. When more than
one standard defect is placed in a reference specimen,
the defects shall be located so that indications from
eachdefect are separateanddistinctwithoutmutual inter-
ference or amplification. All upset metal and burrs adja-
cent to the reference notches shall be removed.

WC-2552.4 Checking and Calibration of Equipment.
The proper functioning of the examination equipment
shall be checked, and the equipment shall be calibrated
by the use of the reference specimens, as a minimum:

(a) at the beginning of each production run of a given
size and thickness of a given material;

(b) after each 4 hr or less during the production run;
(c) at the end of the production run;
(d) at any time that malfunctioning is suspected.
If, during any check, it is determined that the testing

equipment is not functioning properly, all of the
product thathasbeen testedsince the last validequipment
calibration shall be reexamined.

WC-2553 Radiographic Examination

(a) General . When radiographic examination is
performed as an alternative to ultrasonic examination
of the entire volume of the material, it shall apply to
the entire volume of the pipe, tube, or fitting material.
Acceptance standards specified for welds shall apply to
the entire volume of material examined.

(b) Examination Procedure. The radiographic examina-
tion shall be performed in accordance with Section V,
Article 2, as modified by WC-5111.

(c) Acceptance Standard. Welds that are shown by
radiography to have any of the following types of discon-
tinuities are unacceptable:

(1) any type of crack or zone of incomplete fusion or
penetration;

(2) anyotherelongated indicationwhichhasa length
greater than:

(-a) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclu-
sive

(-b) 1∕3t for t from 3∕4 in. (19 mm) to 21∕4 in.
(57 mm), inclusive

(-c) 3∕4 in. (19mm) for tover21∕4 in. (57mm)where
t is the thickness of the thinner portion of the weld;

(3) any group of aligned indications having an aggre-
gate length greater than t in a length of 12t, unless the
minimum distance between successive indications
exceeds 6L, in which case the aggregate length is unlim-
ited, L being the length of the largest indication;

(4) rounded indications in excess of that shown as
acceptable in Section III Appendices,MandatoryAppendix
VI.

WC-2554 Eddy Current Examination

This examinationmethod is restricted tomaterialswith
uniformmagnetic properties and of sizes forwhichmean-
ingful results can be obtained.

WC-2554.1 ExaminationProcedure.Theprocedure for
eddy current examination shall provide a sensitivity that
will consistently detect defects by comparison with the
standard defects included in the reference specimen
specified in WC-2554.2. Products with defects that
produce indications in excess of the reference standards
are unacceptable unless the defects are eliminated or
repaired in accordance with WC-2558 or WC-2559 as ap-
plicable.

WC-2554.2 Reference Specimens. The reference
specimen shall beof the samenominal diameter and thick-
ness and of the same nominal composition and heat-
treated condition as the product that is being examined.
The standard shall contain tangential or circumferential
notches on the outside surface plus a 1∕16 in. (1.5 mm)
diameter hole drilled through the wall. These shall be
used to establish the rejection level for the product to
be tested. The reference notches shall have a depth
not greater than the larger of 0.004 in. (0.10 mm) or
5% of the wall thickness. The width of the notch shall
not exceed 1∕16 in. (1.5 mm). The length shall be approxi-
mately 1 in. (25 mm) or less. The size of reference speci-
mens shall be as specified in WC-2552.3.

WC-2554.3 Checking and Calibration of Equipment.
The checking and calibration of examination equipment
shall be the same as in WC-2552.4.

WC-2557 Time of Examination

(a) Products that are quenched and tempered shall be
examined, as required, after the quenching and tempering
heat treatment.

(b) Products that are not quenched and tempered shall
receive the required examinations as follows:

(1) ultrasonic or eddy current examination, when
required, shall be performed after final heat treatment,
except postweld heat treatment;

(2) radiographic examination, when required, may
be performed prior to any required postweld heat treat-
ment;
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(3) magnetic particle or liquid penetrant examina-
tion of welds, including repair welds, shall be performed
after final heat treatment, except that the examination
may be performed prior to postweld heat treatment for
P‐No. 1 (Section IX of the Code)materials of 2 in. (50mm)
and less nominal thickness;

(4) forgings and rolled bars which are to be bored
and/or turned to form tubular parts or fittings shall be
examined after boring and/or turning, except for
threading; fittings shall be examined after final forming;

(5) when surface examination is required, all
external surfaces and all accessible internal surfaces
shall be examined, except for bolt holes and threads.

WC-2558 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) through
(c) below are met.

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(b) Afterdefect elimination, the area is examinedby the
method which originally disclosed the defect to assure
that the defect has been removed or reduced to an imper-
fection of acceptable size.

(c) If the eliminationof thedefect reduces the thickness
of the section below the minimum required to satisfy the
rules of Article WC-3000, the product shall be repaired in
accordance with WC-2559.

WC-2559 Repair by Welding

Repair of defects shall be in accordance with WC-2539.

WC-2560 EXAMINATION AND REPAIR OF
TUBULAR PRODUCTS AND FITTINGS
WELDED WITH FILLER METAL

WC-2561 Required Examination

(a) Welded (with fillermetal) tubular products, such as
pipe made in accordance with SA-358, SA-409, SA-671,
SA-672, and SA-691 and fittings made in accordance
with the WPW grades of SA-234, SA-403, and SA-420,
which are made by welding with filler metal, shall be
treated as material; however, inspection by an Inspector
and stamping with a Certification Mark with NPT Desig-
nator shall be in accordancewith Section III requirements.
In addition to the CertificationMarkwith NPTDesignator,
anumeral1shall be stampedbelowandoutside theofficial
Certification Mark.

(b) In addition to the requirements of the material
specification and of this Article, all welds shall be exam-
ined 100% by radiography in accordance with the basic
material specification. When radiographic examination is
not specified in the basic material specification, the welds
shall be examined in accordance with WC-2563.

(c) Tubular products and fittings which have been
radiographed shall be marked to indicate that radio-
graphy has been performed. The radiographs and a radio-
graphic report showing exposure locations shall be
provided with the Certified Material Test Report.

(d) The Authorized Inspector shall certify by signing
the Partial Data Report FormNM-1 (see Section III Appen-
dices, Mandatory Appendix V) in accordance with NCA‐
5290.

WC-2563 Radiographic Examination

The radiographic examination shall be performed in
accordance with the requirements of WC-2553.

WC-2567 Time of Examination

The time of examination shall be in accordancewith the
requirements of WC-2557.

WC-2568 Elimination of Surface Defects

Unacceptable surface defects shall be removed in accor-
dance with the requirements of WC-2558.

WC-2569 Repair by Welding

When permitted by the basic material specification,
basematerial defects shall be repairwelded in accordance
to the requirements of WC-2559. Repair welding of weld
seam defects shall be in accordance with WC-4450.

WC-2570 EXAMINATION AND REPAIR OF CAST
PRODUCTS

WC-2571 Required Examination

For examination of the containment casting, the
following shall apply:

(a) All cast products shall be examined by the ultra-
sonic method as specified in WC-2574.

(b) All external and accessible internal surfaces, except
threaded surfaces, shall be examined using either the
liquid penetrant method (see WC-2576) or the magnetic
particle method (see WC-2577).

WC-2572 Time of Nondestructive Examination

All examinations shall be performed after final
machining except that ultrasonic testing shall be
performed at the time when the configuration is best
suited for scanning and the most meaningful results
can be obtained.

WC-2573 Provisions for Repair of BaseMaterial by
Welding

Castings shall not be repaired by plugging, welding,
brazing, impregnation, or any other means.
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WC-2574 Ultrasonic Examination of Castings

Ultrasonic examination shall be performed in accor-
dance with Section V, Article 5, T-471.4. Each manufac-
turer shall certify that the procedure is in accordance
with the following requirements andshallmake theproce-
dure available for approval upon request.
The following acceptance standards shall be applied:
(a) The Quality Levels of SA-609 as shown in Section V

shall apply for the casting thickness indicated.
(1) QualityLevel1 for thicknessesup to2 in. (50mm)
(2) Quality Level 3 for thicknesses 2 in. to 4 in. (50

mm to 100 mm)
(3) Quality Level 4 for thicknesses greater than 4 in.

(100 mm)
(b) In addition to theQuality Level requirements stated

in (a) above, the requirements in (1) through (5) below
shall apply for both straight beam and angle beam exam-
ination.

(1) Areasgiving indicationsexceeding theAmplitude
Reference Line with any dimension longer than those
specified in the following tabulation shall beunacceptable:

UT Quality Level
Longest Dimension of Area,
in. (mm) [Notes (1)–(3)]

1 1.5 (38)
2 2.0 (50)
3 2.5 (64)
4 3.0 (75)

NOTES:
(1) Theareas for theUltrasonicQuality Levels inSA-609refer to

the surface area on the casting over which continuous indi-
cation, exceeding the transfer-corrected distance amplitude
curve, is maintained.

(2) Areas shall bemeasured from dimensions of themovement
of the search unit, using the center of the search unit as the
reference point.

(3) In certain castings, because of very long metal path
distances or curvature of the examination surfaces, the
surface area over which a given discontinuity is detected
may be considerably larger or smaller than the actual area
of the discontinuity in the casting; in such cases, other
criteria that incorporate a consideration of beam angles
or beam spread shall be used for realistic evaluation of
the discontinuity.

(2) Quality Level 1 shall apply for the volume of cast-
ings within 1 in. (25 mm) of the surface regardless of the
overall thickness.

(3) Discontinuities indicated to have a change in
depth equal to or greater than one-half the wall thickness
or 1 in. (25 mm), whichever is less, shall be unacceptable.

(4) Two or more indications in the same plane with
amplitudes exceeding the Amplitude Reference Line and
separated by a distance less than the longest dimension of
the largerof the adjacent indications shall beunacceptable

if they cannot be encompassed within an area less than
that of the Quality Level specified in (1).

(5) Two or more indications greater than permitted
for Quality Level 1 for castings less than 2 in. (50 mm) in
thickness, greater than permitted for Quality Level 2 for
thicknesses 2 in. through 4 in. (50 mm through 100 mm),
and greater than permitted for Quality Level 3 for thick-
nesses greater than 4 in. (100 mm), separated by a
distance less than the longest dimension of the larger
of the adjacent indications, shall be unacceptable if
they cannot be encompassed in an area less than that
of the Quality Level requirements stated in (1).

WC-2576 Liquid Penetrant Examination

(a) Castings shall be examined, if required, on all acces-
sible surfaces by the liquid penetrant method in accor-
dance with Section V of the Code.

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by bleeding out of the penetrant; however, localized
surface discontinuities as may occur from machining
marks, scale, or dents may produce indications that
arenot relevant. Any indication in excessof theacceptance
standards believed to be nonrelevant shall be regarded as
a defect until it is reexamined to verify whether actual
defects are present. Nonrelevant indications and broad
areas of pigmentation that would mask indications of
defects are unacceptable. Surface conditioning may
precede the reexamination. Relevant indications are
those that result from mechanical discontinuities.
Linear indications are those whose length is more than
3 times the width. Rounded indications are those that
are circular or elliptical with the length less than 3
times the width. Indications with major dimensions
greater than 1∕16 in. (1.5 mm) are considered relevant.

(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

(1) any linear indications greater than 1∕16 in. (1.5
mm) long for materials less than 5∕8 in. (16 mm) thick,
greater than 1∕8 in. (3 mm) long for materials from 5∕8
in. (16 mm) thick to under 2 in. (50 mm) thick, and
3∕16 in. (5 mm) long for materials 2 in. (50 mm) thick
and greater

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thicknesses less than 5∕8 in. (16
mm) and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater

(3) four or more relevant indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge-to-edge

(4) ten or more relevant indications in any 6 in.2
(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) taken in the
most unfavorable orientation relative to the indications
being evaluated
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WC-2577 Magnetic Particle Examination (for
Ductile Cast Iron)

(a) Castings of magnetic material shall be examined, if
required, on all accessible surfaces by a magnetic particle
method in accordance with Section V of the Code.

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by retention of the examination medium. All indications
are not necessarily defects since certain metallurgical
discontinuities and magnetic permeability variations
may produce indications that are not relevant. Any indi-
cation in excess of the acceptance standards that is
believed to be nonrelevant shall be regarded as a
defect until it is reexamined to verify whether actual
defects are present. Nonrelevant indications that would
mask indications of defects are unacceptable. Surface
conditioning may precede the reexamination. Relevant
indications are those that result from unacceptable
mechanical discontinuities and have a major dimension
greater than 1∕16 in. (1.5 mm). Linear indications are
those whose length is more than 3 times the width.
Rounded indications are those that are circular or ellip-
tical with the length less than 3 times the width.

(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

(1) linear indications greater than 1∕16 in. (1.5 mm)
long for materials less than 5∕8 in. (16 mm) thick, greater
than 1∕8 in. (3 mm) long for materials from 5∕8 in. (16 mm)
thick to under 2 in. (50mm) thick, and 3∕16 in. (5mm) long
for materials 2 in. (50 mm) thick and greater

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) long for materials from 5∕8 in. (16
mm) thick to under 2 in. (50 mm) thick, and 3∕16 in. (5
mm) long for materials 2 in. (50 mm) thick and greater

(3) four or more relevant indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge to edge

(4) ten or more relevant indications in any 6
in.2(4000 mm2) of surface with the major dimension
of this area not to exceed 6 in. (150 mm) taken in the
most unfavorable orientation relative to the indications
being evaluated

WC-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

WC-2581 Requirements

All bolting material shall be visually examined in accor-
dance with WC-2582.

WC-2582 Visual Examination

The final surfaces of threads, shanks, and heads shall be
visually examined for workmanship, finish, and appear-
ance in accordance with the requirements of ASTM F788
for bolting material and ASTM F812 for nuts. The visual
examination personnel shall be trained and qualified in
accordance with the Material Organization’s Quality
System Program or the Certificate Holder’s Quality Assur-
ance Program. These examinations are not required to be
performed either in accordancewith procedures qualified
to WC-5100 or by personnel qualified in accordance with
WC-5500.

WC-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

WC-2610 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

(a) Except as provided in (b) below,Material Organiza-
tions shall have a Quality System Program or an Identi-
fication and Verification Program, as applicable, which
meets the requirements of WA-3800.

(b) The requirements of NCA‐3862 shall be met as
required by WC-2130. The other requirements of
WA-3800 need not be used by Material Organizations
for small products, as defined in (c) below, for brazing
material, and formaterialwhich is allowed by this Subsec-
tion to be furnished with a Certificate of Compliance. For
these products, the Certificate Holder’s Quality Assurance
Program (see ArticleWA-4000) shall include measures to
provide assurance that the material is furnished in accor-
dance with the material specification and with the appli-
cable requirements of this Subsection.

(c) For the purpose of this paragraph, small products
are defined as given in (1) through (3) below:

(1) pipe, tube, pipe fittings, and flanges NPS 2 (DN
50) and less;

(2) boltingmaterials, including studs, nuts, and bolts
of 1 in. (25 mm) nominal diameter and less;

(3) bars with a nominal cross‐sectional area of 1 in.2
(650 mm2) and less.

WC-2700 DIMENSIONAL STANDARDS
Dimensions of standard items shall comply with the

standards and specifications listed in Table WA-7100-1.
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ARTICLE WC-3000
DESIGN

WC-3100 GENERAL DESIGN

WC-3110 LOADING CRITERIA

WC-3111 Loading Conditions

The loadings considered in designing a containment as
identified in the Design Specification shall include, but are
not limited to, those in (a) through (g) below.

(a) internal and external pressures
(b) impact loads, either internal or external, that may

be causedbyoperational drop events, nonmechanistic tip-
over, missile impact, design-basis aircraft crash, earth-
quake-induced impact, or other dynamic events

(c) weight of the containment and normal contents
under operating or test conditions, including additional
pressure due to static and dynamic head of liquids

(d) superimposed loads such as other components,
operating equipment, impact limiting devices, shielding,
and linings

(e) external environments such as wind loads, snow
loads, vibrations, handling loads, and earthquake loads,
where specified

(f) reaction loads from attachments and supports
(g) temperature effects caused by contents or the

external environment

WC-3112 Design Loadings

The Design Loadings shall be established in accordance
with WA-2123.1 and the following subparagraphs.

WC-3112.1 Design Pressure. The specified internal and
external Design Pressures to be used in this Subsection
shall be established in accordance with WA-2123.1(a).

WC-3112.2 Design Temperature. The specified Design
Temperature shall be established in accordance with
WA-2123.1(b). It shall be used in conjunction with the
Design Pressure. If necessary, the metal temperature
shall be determined by computation using accepted
heat transfer procedures or by measurement from equip-
ment in service under equivalent operating conditions. In
no case shall the temperature at the surface of the metal
exceed the maximum temperature listed in the applic-
ability column of Section II, Part D, Subpart 1, Tables
2A, 2B, and 4, nor exceed the maximum temperature
limitations specified elsewhere in this Subsection.

WC-3112.3 Design Mechanical Loads. The specified
Design Mechanical Loads shall be established in accor-
dance with WA-2123.1(c). They shall be used in conjunc-
tion with the Design Pressure.

WC-3112.4 Design Stress Intensity Values. Design
stress intensity values for Section III, Class SC materials
listed in Section II, Part D, Subpart 1, Tables 2A, 2B, and 4
shall be used. The materials shall not be used at tempera-
tures that exceed the temperature limit established in the
stress tables. The stress intensity values in the tables may
be interpolated for intermediate temperatures. As an
additional control on permitted storage containment
materials listed in Section II, Part D, Subpart 1, Tables
2A and 2B, only the following materials shall be used:

(a) materials whose P-numbers are listed in
Table WC-4622.1-1, or

(b) ductile cast iron castings per specifications SA-874
or SA/JIS G5504 of Section II, Part D, Subpart 1, Table 2A

WC-3113 Operating and Test Conditions

(a) Storage containments (seeWA-1110) are subject to
operating and test conditions that are required to be
considered in the design of the contaiment in order to
satisfy applicable safety criteria.

(b) The selection of operating and test conditions is
beyond the scopeof thisDivision. TheDesignSpecification
shall specify these conditions using appropriate guidance
from safety criteria documents for storage containments
and the requirements of regulatory and enforcement
authorities having jurisdiction.

(c) Each operating and test condition to which the
containmentmay be subjected shall be classified in accor-
dance with WA-2123, and Service Limits [see
WA-2123.4(b)] shall be designated in the Design Specifi-
cation in such detail as will provide a complete basis for
design in accordance with this Subsection.

(d) When any loading for which Level A, C, or D Service
Limits are specified in the Design Specification, they shall
be evaluated in accordance with WA-2120 and in compli-
ance with the applicable design and stress intensity limits
of this Article.
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WC-3120 SPECIAL CONSIDERATIONS

WC-3121 Corrosion

Material subject to thinning by corrosion, erosion,
mechanical abrasion, or other environmental effects
shall have provision made in the Design Specification
for these effects by indicating the increase in the thickness
of the base metal over that determined by the design
analysis (seeWC-3200).Other suitablemethodsof protec-
tion may be used. Material added or included for these
purposes need not be of the same thickness for all
areas of the containment if different rates of attack are
expected for the various areas.

WC-3122 Cladding

The rules of this Paragraph apply to the design of clad
containments constructed of materials permitted in
Section II, Part D, Subpart 1, Tables 2A, 2B, and 4.

WC-3122.1 Stresses. Except as permitted byWC-3214,
no structural strength shall be attributed to the cladding.

WC-3122.2 Design Dimensions. The dimensions given
in (a) and (b) below shall be used in the design of the
containment.

(a) For containments subjected to internal pressure,
the inside diameter shall be taken at the nominal inner
face of the cladding.

(b) For containments subjected to external pressure,
the outside diameter shall be taken at the outer face of
the base metal.

WC-3123 Welds Between Dissimilar Metals

In satisfying the requirements of this subarticle, caution
shall be exercised in construction involving dissimilar
metals having different chemical compositions, mechan-
ical properties, and coefficients of thermal expansion in
order to avoid difficulties in service.

WC-3130 GENERAL DESIGN RULES

The design shall be such that the rules of this Article are
satisfied for all configurations and loadings using the
stress intensity values of WC-3112.4 and including the
use of standard products listed in Table WA-7100-1.

WC-3131 Design Reports

The Certificate Holder shall provide a Design Report
conforming to the requirements of WC-3211.

WC-3132 Dimensional Standards for Standard
Products

Dimensionsof standardsproducts shall complywith the
standards and specifications listed in Table WA-7100-1
when the standard or specification is referenced in the
specific design subarticle. However, compliance with

these standards does not replace or eliminate the require-
ments for stress analysis when called for by the design
subarticle for a specific containment.

WC-3133 Containments Under External Pressure

WC-3133.1 General. Rules are given in this paragraph
for determining the thickness under external pressure
loading in spherical and cylindrical shells without stif-
fening rings. Charts for determining the stresses in
shells and hemispherical heads are given in Section II,
Part D, Subpart 3.

WC-3133.2 Nomenclature. The symbols used in this
paragraph are defined as follows:

A = factor determined from Section II, Part D, Subpart
3, Figure G and used to enter the applicable mate-
rial chart in Section II, Part D, Subpart 3. For the
case of cylinders having Do/T values less than 10,
see WC-3133.3(b).

B = factor determined from the applicable chart in
Section II, Part D, Subpart 3 for the material
used in a shell at the design metal temperature,
psi (MPa)

Do = outside diameter of the cylindrical shell
E = modulus of elasticity of material at Design

Temperature, psi (MPa). For external pressure
and axial compression design in accordance
with this Article, the modulus of elasticity to be
used shall be taken from the applicable materials
chart in Section II, Part D, Subpart 3. (Interpolation
may be made between lines for intermediate
temperatures.) The modulus of elasticity values
shown in Section II, Part D, Subpart 3 for material
groups may differ from those values listed in
Section II, Part D, Subpart 2, Tables TM for specific
materials. Section II, Part D, Subpart 3 values shall
be applied only to external pressure and axial
compression design.

L = the design length of a containment taken as the
distance between head tangent lines plus one‐
third of the depth of each head

P = external Design Pressure, psi (MPa) (gage or abso-
lute, as required)

Pa = allowable external pressure, psi (MPa) (gage or
absolute, as required)

R = inside radius of spherical shell
S = the lesser of 1.5 times the stress intensity at design

metal temperature from Section II, Part D, Subpart
1, Tables 2A and2Bor 0.9 times the tabulated yield
strength at designmetal temperature fromSection
II, Part D, Subpart 1, Table Y-1, psi (MPa)

T = minimum required thickness of cylindrical shell or
spherical shell

Tn = nominal thickness used, less corrosion allowance,
of a cylindrical shell
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WC-3133.3 Cylindrical Shells. The thickness of cylin-
ders under external pressure shall be determined by the
procedure given in (a) or (b) below.

(a) Cylinders Having Do/T Values ≥ 10
Step 1. Assume a value forT and determine the ratios

L/Do and Do/T.
Step 2. Enter Section II, Part D, Subpart 3, Figure G at

the value of L/Do determined in Step 1. For values of L/Do
greater than 50, enter the chart at a value of L/Do = 50. For
values of L/Do less than 0.05, enter the chart at a value of
L/Do of 0.05.

Step 3. Move horizontally to the line for the value of
Do/T determined in Step 1. Interpolationmay bemade for
immediate values of Do/T. From this point of intersection
move vertically downward to determine the value of
factor A.

Step 4. Using the value ofA calculated in Step 3, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value of A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 7.

Step 5. From the intersection obtained in Step 4,
move horizontally to the right and read the value of B.

Step 6. Using this value ofB, calculate the value of the
maximum allowable external pressure Pa using the
following equation:

=P B
D T
4

3( )a
o

Step 7. For values of A falling to the left of the appli-
cable material/temperature line, the value of Pa can be
calculated using the following equation:

=P AE
D T
2

3( )a
o

Step 8. Compare Pa with P. If Pa is smaller than P,
select a larger value for T and repeat the design procedure
until a value of Pa is obtained that is equal to or greater
than P.

(b) Cylinders Having Do/T Values <10
Step 1. Using the same procedure as given in (a)

above, obtain the value of B. For values of Do/T less
than 4, the value of factor A can be calculated using
the following equation:

=A
D T

1.1

( )o
2

For values of A greater than 0.10, use a value of 0.10.

Step 2. Using the value of B obtained in Step 1, calcu-
late a value Pa1 using the following equation:

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

P
D T

B2.167
( )

0.0833a
o

1

Step 3. Calculate a valuePa2using the followingequa-
tion:

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

P S
D T D T

2
1

1
a

o o
2

Step 4. The smaller of the values of Pa1 calculated in
Step 2, or Pa2 calculated in Step 3 shall be used for the
maximum allowable external pressure Pa. Compare Pa
with P. If Pa is smaller than P, select a larger value for
T and repeat the design procedure until a value for Pa
is obtained that is equal to or greater than P.

WC-3133.4 Spherical Shells and Formed Heads.

(a) Spherical Shells. The minimum required thickness
of a spherical shell under external pressure shall be deter-
mined by the procedure given in Steps 1 through 6.

Step 1. Assumeavalue forT and calculate thevalueof
factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using the value ofA calculated in Step 1, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 5.

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B.

Step 4. Using the value of B obtained in Step 3, calcu-
late thevalueof themaximumallowable external pressure
Pa using the following equation:

=P B
R T( )a

Step 5. For values of A falling to the left of the appli-
cable material/temperature line for the Design Tempera-
ture, the value of Pa can be calculated using the following
equation:

=P E
R T

0.0625

( )
a 2
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Step 6. Compare Pa obtained in Step 4 or Step 5 with
P. If Pa is smaller than P, select a larger value for T and
repeat thedesignprocedureuntil a value forPa is obtained
that is equal to or greater than P.

(b) The nomenclature defined below is used in the
equations of (c) through (e) below.

D = inside length of the major axis of an ellipsoidal
head

Do = outside diameter of the head skirt at the point
under consideration

h = one-half of the length of theminor axis of the ellip-
soidal head, or the inside depth of the ellipsoidal
head measured from the tangent line, head bend
line

K1 = a factor depending on the ellipsoidal head propor-
tions, given in Table WC-3133.4-1

R = for hemispherical heads, the inside radius in the
corroded condition

x = for ellipsoidal heads, the equivalent inside sphe-
rical radius takenasK1Do in thecorrodedcondition

x = for torispherical heads, the inside radius of the
crown portion of the head in the corroded condi-
tion

T = minimum required thickness of head after
forming, exclusive of corrosion allowance

(c) Hemispherical Heads. The required thickness of a
hemispherical head having pressure on the convex side
shall be determined in the same manner as outlined in
(a) above for determining the thickness for a spherical
shell.

(d) Ellipsoidal Heads. The required thicknessof anellip-
soidal head having pressure on the convex side, either
seamless or of built‐up construction with butt joints,
shall not be less than that determined by the following
procedure.

Step 1. Assumeavalue forTand calculate thevalueof
factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using thevalueofA calculated inStep1, follow
the sameprocedure as that given for spherical shells in (a)
Step 2 through (a) Step 6.

(e) Torispherical Heads. The required thickness of a
torispherical head having pressure on the convex side,
either seamless or of built‐up construction with butt
joints, shall not be less than that determined by the
same design procedure as is used for ellipsoidal heads
given in (d) above, using the appropriate value for R.

WC-3133.6 Cylinders Under Axial Compression. The
maximum allowable compressive stress to be used in
the design of cylindrical shells subjected to loadings
that produce longitudinal compressive stresses in the
shell or wall shall be the lesser of the values given in
(a) or (b) below:

(a) the Sm value for the applicable material at Design
Temperature given in Section II, Part D, Subpart 1, Tables
2A and 2B;

(b) the value of the B determined from the applicable
chart in Section II, Part D, Subpart 3 using the following
definitions for the symbols on the charts:

R = inside radius of the cylindrical shell
T = selected thickness of the shell, exclusive of the

corrosion allowance

The value of B shall be determined from the applicable
chart contained in Section II, Part D, Subpart 3 as given in
Steps 1 through 5.

Step 1. Using the selected values of T and R, calculate
the value of factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using the value ofA calculated in Step 1, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 4.

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B. This is the maximum allowable compressive
stress for the values of T and R used in Step 1.

Step 4. For values of A falling to the left of the appli-
cable material/temperature line, the value of B shall be
calculated using the following equation:

Table WC-3133.4-1
ð23Þ Values of Spherical Radius Factor, K1

D/2h K1
3.0 1.36
2.8 1.27
2.6 1.18
2.4 1.08
2.2 0.99
2.0 0.90

D/2h K1
1.8 0.81
1.6 0.73
1.4 0.65
1.2 0.57
1.0 0.50
… …

GENERALNOTE: Equivalent spherical radius=K1D;D/2h=axis ratio;
interpolation permitted for intermediate values.
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=B
AE
2

Step 5. Compare the value of B determined in Step 3
or 4with the computed longitudinal compressive stress in
the cylindrical shell, using the selected values ofT andR. If
the value of B is smaller than the computed compressive
stress, a greater value ofTmust be selected and the design
procedure repeated until a value of B is obtained which is
greater than the compressive stress computed for the
loading on the cylindrical shell.

WC-3135 Attachments

(a) Except as in (c) and (d) below, attachments and
connecting welds within the jurisdictional boundary of
the containment as defined in WC-1130 shall meet the
stress limits of the containment.

(b) The design of the containment shall include consid-
eration of the interaction effects and loads transmitted
through the attachment to and from the containment.
Thermal stresses, stress concentrations, and restraint
of the containment shall be considered.

(c) Beyond 2t from the outside surface of the contain-
ment shell,where t is thenominal thickness of the contain-
ment shell, the appropriate design rules of Division 1,
Article NF‐3000 may be used as a substitute for the
design rules of Article WC-3000 for portions of attach-
ments that are in the containment support load path.

(d) Nonstructural attachments shall meet the require-
ments of WC-4435.

WC-3200 DESIGN RULES FOR
CONTAINMENTS

WC-3210 GENERAL REQUIREMENTS

WC-3211 Basis for Use
WC-3211.1 Scope.

(a) This subarticle contains design rules for contain-
ments used for storage of spent nuclear fuel and high-
level radioactive material. The design shall be such
that stress intensities will not exceed the limits described
in this subarticle and inWC-3700using the Smvalues tabu-
lated in Section II, Part D, Subpart 1, Tables 2A, 2B, and 4.

(b) A stress analysis of containment shall be performed
considering all the loadings of WC-3111 and the Design
Specification. This analysis shall be done in accordance
with Section III Appendices, Mandatory Appendix
XIII19 for all applicable stress categories. Alternatively,
an experimental stress analysis may be performed in
accordance with Section III Appendices, Mandatory
Appendix II.

(c) As an alternative, for energy-limited dynamic
events for which Level D Service Limits have been estab-
lished, the strain-based acceptance criteria of WC-3700

may be used rather than satisfying stress criteria as
discussed above.

(d) ADesignReport shall be preparedby the Certificate
Holder showing compliance with this subarticle. This
Design Report shal l meet the requirements of
WA-3350 for a Design Report (Section III Appendices,
Nonmandatory Appendix C).

WC-3211.2 Requirements for Acceptability.

(a) The design shall be such that the requirements of
WC-3100 and this subarticle are satisfied. In cases of
conflict, the requirements of this subarticle shall govern.

(b) The design shall be such that stress intensities do
not exceed the limits given in WC-3217.

(c) For configurations where compressive stresses
occur, the critical buckling stress shall be taken into
account. The maximum allowable compressive stress
to be used in the design of cylindrical shells subjected
to loadings that produce longitudinal compressive
stress in the shell shall be the smaller of the following
values:

(1) the Sm value from Section II, Part D, Subpart 1,
Tables 2A and 2B

(2) thevalueof factorBdetermined fromWC-3133.6
(d) For the special case of external pressure, the rules

of WC-3133 shall be met.

WC-3211.3 Material in Combination. A containment
may be designed for and constructed of combinations
of materials permitted in Section II, Part D, Subpart 1,
Tables 2A, 2B, and 4, provided the applicable rules are
followed, including WC-3112.4, and the requirements
in Section IX for welding dissimilar metals are met.

WC-3211.4 Multiple Chamber Containment. When a
containment consists of more than one independent
chamber, operating at the same or different pressures
and temperatures, each chamber shall be designed and
constructed to withstand the most severe condition of
coincident pressure and temperature expected.

WC-3211.5 Minimum Thickness of Shell or Head. The
thickness after forming and without allowance for corro-
sion of any containment shell or head subject to pressure
shall benot less than 1∕4 in. (6mm) for carbonand lowalloy
steels or 1∕8 in. (3 mm) for stainless steel.

WC-3211.6 Selection of Material Thickness. The
selected thickness of material shall be such that the
forming, heat treatment, and other fabrication processes
will not reduce the thickness of the material at any point
below the minimum value required by these rules.

WC-3214 Cladding

WC-3214.1 Primary Stresses. No structural strength
shall be attributed to the cladding in satisfying
WC-3217 primary stress limits.
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WC-3214.2 Secondary and Peak Stresses. In satisfying
the secondary stress limits of WC-3217 and the fatigue
requirements of WC-3219, the presence of cladding
shall be considered with respect to both thermal analysis
and stress analysis. The stresses in bothmaterials shall be
limited to the values that meet the requirements of both
WC-3217 andWC-3219. However, when the cladding is of
the integrally bonded type and the nominal thickness of
the cladding is 10% or less of the total thickness of the
containment, the presence of the cladding may be
neglected.

WC-3214.3 Bearing Stresses. In satisfying WC-3216.3,
the presence of cladding shall be included.

WC-3215 Design Basis

WC-3215.1 Pressure and Temperature Relationships.
The design shall take into account the maximum differ-
ences in pressure, temperature, and loadings, which
exist under the specified operating conditions, between
the inside and outside of the containment at any point
or between chambers of amultiple chamber containment.
The design thickness for evaluating stresses due to pres-
sure and other loadings shall not include anymetal added
as corrosion or erosion allowance.

WC-3216 Design Stress Intensity Values

WC-3216.1 Stress Tables. The design stress intensity
values Sm are given in Section II, Part D, Subpart 1,
Tables 2A, 2B, and 4. Values for intermediate tempera-
tures may be found by interpolation. These Sm values
form the basis for the various stress limits that are
described in Section III Appendices, Mandatory Appendix
XIII, and are used in determining the membrane stress
intensity limits for the various load combinations given
in Table WC-3217-1.

WC-3216.2 Coefficient of Thermal Expansion and
Modulus of Elasticity. Values of the coefficient of
thermal expansion are in Section II, Part D, Subpart 2,
Tables TE and values of the moduli of elasticity are in
Section II, Part D, Subpart 2, Tables TM.

WC-3216.3 Special Stress Limits. The deviations
between (a), (b), and (c) below from the basic stress
limits are provided to cover special conditions or config-
urations.

(a) Bearing Loads
(1) The average bearing stress for resistance to

crushing under the maximum design load shall be
limited to the yield strength Sy at temperature except
that, when the distance to a free edge is greater than
the distance over which the bearing load is applied, a
stress of 1.5Sy at temperature is permitted. For clad
surfaces, the yield strength of the base metal may be
used if, when calculating the bearing stress, the
bearing area is taken as the lesser of the actual contact

or the area of the base metal supporting the contact
surface.

(2) When bearing loads are applied on parts having
freeedges, suchasataprotruding ledge, thepossibilityof a
shear failure shall be considered. The average shear stress
shall be limited to 0.6Sm in the case of design load stress
[see Section III Appendices, Mandatory Appendix XIII,
XIII-1300(m)] and 0.5Sy in the case of design load
stress plus secondary stress [see Section III Appendices,
Mandatory Appendix XIII, XIII-1300(ab)]. For clad
surfaces, if the configuration or thickness is such that a
shear failure could occur entirelywithin the cladmaterial,
the allowable shear stress for the cladding shall be deter-
mined from the properties of the equivalent wrought
material. If the configuration is such that a shear
failure could occur across a path that is partially base
metal and partially clad material, the allowable shear
stresses for each material shall be used when evaluating
the combined resistance to this type of failure.

(3) When considering bearing stresses in pins and
similarmembers, theSyvalueat temperature is applicable,
except that a value of 1.5Symaybeused if no credit is given
to bearing areawithin one pin diameter from a plate edge.

(b) Pure Shear. Theaverageprimaryshearstressacross
a section under Design Loadings in pure shear, for
example, keys, shear rings, and screw threads, shall be
limited to 0.6Sm. The maximum primary shear under
Design Loadings, exclusive of stress concentration at
the periphery of a solid circular section in torsion,
shall be limited to 0.8Sm.

(c) Progressive Distortion of Nonintegral Connections.
Screwed‐on caps, screwed‐in plugs, shear ring closures,
and breech lock closures are examples of nonintegral
connections which are subject to failure by bell mouthing
or other types of progressive deformation. If any combi-
nation of applied loads produces yielding, such joints are
subject to ratcheting because the mating members may
become loose at the end of each complete operating
cycle and start the next cycle in a new relationship
with each other, with or without manual manipulation.
Additional distortionmayoccur in each cycle so that inter-
locking parts, such as threads, can eventually lose engage-
ment. Therefore, primary plus secondary stress
intensities (Section III Appendices, Mandatory Appendix
XIII, XIII-3420),which result in slippagebetweenpartsof a
nonintegral connection in which disengagement could
occur as a result of progressive distortion, shall be
limited to the value Sy given in Section II, Part D,
Subpart 1, Table Y-1.

WC-3217 Design Criteria

These design requirements provide specific rules for
containments. Simplified criteria are included for deter-
mining whether analysis for cyclic operation is required.
Stress analysis of the containment shall be performed
using the most severe combination of loadings expected
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to occur simultaneously during design and operating
conditions. Allowable values of stress intensity, kSm,
for primary stresses shall be satisfied for all Service
Limits. Table WC-3217-1 lists values of k that are appro-
priate for various load combinations.

(a) The theory of failure used in this subarticle is the
maximum shear stress theory. Stress intensity is defined
as two times the maximum shear stress.

(b) The average value of the general primary
membrane stress intensity across the thickness of the
section under consideration, Pm, due to any combination
of pressure and mechanical loadings expected to occur
simultaneously, should not exceed the design stress inten-
sity value kSm.

(c) The local primary membrane stress intensity, PL
due to any combination of pressure and mechanical load-
ings expected to occur simultaneously is limited to 1.5kSm.
The distance over which the stress intensity exceeds
1.1kSm shall not extend in the meridional direction
more than Rt1.0 , where R is the mean radius at the
midsurface of the containment shell or head and t is
the nominal thickness of the shell or head at the point
under consideration.

(d) The general or local primary membrane plus
bending stress intensity (Pm or PL) + Pb due to any combi-
nation of pressure and mechanical loadings expected to
occur simultaneously, shall not exceed 1.5kSm. The provi-
sions of Section III Appendices, Mandatory Appendix XIII
apply.

WC-3217.1 Secondary Stresses. Secondary stresses
may exist in containments designed and fabricated in
accordance with the rules of this subarticle. Secondary
stresses shall be evaluated in accordance with the

rules of Section III Appendices, Mandatory Appendix
XIII. Secondary stresses need be evaluated only for
Level A Service Limits.

WC-3217.2 Peak Stresses. As described in Section III
Appendices, Mandatory Appendix XIII, the peak stresses
do not cause any noticeable distortion and are objection-
able only as a possible source of a fatigue crack or a brittle
fracture. The allowable value of peak stress intensity is
dependent on the stress intensity range and on the
number of times it is to be applied. If a fatigue analysis
is required, peak stresses shall be evaluated in accordance
with the fatigue analysis rules provided in Section III
Appendices, Mandatory Appendix XIII.19

WC-3217.3 Nomenclature.

Pb = primary bending stress intensity, psi (MPa). This
stress intensity is the component of the primary
stress proportional to the distance from the
centroid of the solid section. It excludes disconti-
nuities and concentrations and is produced only
by pressure and other mechanical loads.

PL = local primary membrane stress intensity, psi
(MPa). This stress intensity is derived from the
average value across the solid section under
consideration. It considers discontinuities but
not concentrations.

Pm = general primary membrane stress intensity, psi
(MPa). This stress intensity is derived from the
average value across the solid section under
consideration. It excludes discontinuities and
concentrations and is produced only by pressure
and other mechanical loads.

Sm = design stress intensity values given in Section II,
Part D, Subpart 1, Tables 2A, 2B, and 4, psi (MPa)

Sy = yield strength values in Section II, Part D, Subpart
1, Table Y-1, psi (MPa)

WC-3218 Upper Limits of Test Pressure

The evaluation of pressure test loadings shall be in
accordance with (a) through (d) below.

(a) Test Pressure Limit. If the calculated pressure at any
point in a containment including static head, exceeds the
required test pressuredefined inWC-6221orWC-6321by
more than 6%, the resulting stresses shall be calculated
using all the loadings that may exist during the test. The
stress allowables for this situation are given in (b) and (c)
below.

(b) Hydrostatically Tested Containments. The hydro-
static test pressure of a completed containment shall
not exceed that value which results in the following
stress intensity limits:

Table WC-3217-1
Stress Intensity k Factors for Design and Operating Load

Combinations

Service Limits [Note (1)] k [Note (2)]
Design 1.0
Level A [Note (3)] 1.0
Level C 1.2
Level D Note (4)

NOTES:
(1) For Design Limits, use Design Pressure at design metal tempera-

ture; for ServiceLimits, useoperatingpressureat operatingmetal
temperature.

(2) The condition of structural instability or bucklingmust be consid-
ered.

(3) See WC-3219 and Section III Appendices, Mandatory Appendix
XIII.

(4) The stress limits of Section III Appendices, Mandatory Appendix
XXVII shall be applied. As an alternative, the requirements of
WC-3700 may be used to evaluate inelastic containment
responses to energy-limited dynamic events.

ASME BPVC.III.3-2023

157

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


(1) a calculated primary membrane stress intensity
Pm of 90% of the tabulated yield strength Sy at test
temperature as given in Section II, Part D, Subpart 1,
Table Y-1

(2) a calculated primary membrane plus primary
bending stress intensity Pm + Pb shall not exceed the ap-
plicable limits given in (-a) or (-b) below:

(-a) Pm + Pb ≤ 1.35Sy for Pm ≤ 0.67Sy
( - b ) P m + P b ≤ ( 2 . 1 5 S y − 1 . 2 P m ) f o r

0.67Sy < Pm ≤ 0.90Sy
where Sy is the tabulated yield strength at test tempera-
ture. For other than rectangular sections, Pm + Pb shall not
exceed a value of α times 0.90Sy, where the factor α is
defined as the ratio of the load set producing a fully
plastic section divided by the load set producing inital
yielding in the extreme fibers of the section.

(c) Pneumatically Tested Containments. The limits
given in (b) above shall apply to pneumatically tested
containments, except that the calculated membrane
stress intensity shall be limited to 80% of the yield
strength at the test temperature. For other than rectan-
gular sections, Pm + Pb shall not exceed a value of α times
0.8Sy, where the factor α is defined in (b)(2) above.

(d) Multichamber Containments. In case of multi-
chamber containments, pressure may be applied simulta-
neously to the appropriate adjacent chamber to maintain
the stress intensity limits given in (b) and (c) above (see
WC-6600).

WC-3219 Fatigue Evaluation

If cyclic loadings are identified in the Design Specifica-
tions, the need for a fatigue analysis shall bedetermined in
accordance with WC-3219.1.

WC-3219.1 Rules to Determine Need for Fatigue
Analysis of Integral Parts of Containments. A fatigue
analysis need not be made, provided all of Condition A
(see WC-3219 .1 .1) or a l l of Condi t ion B (see
WC-3219.1.2) is met. If neither Condition A nor Condition
B ismet, a detailed fatigue analysis shall bemade in accor-
dance with the rules of Section III Appendices, Mandatory
Appendix XIII for those parts which do not satisfy the
conditions. The rules of Condition A or Condition B are
applicable to all integral parts of the containment,
including integrally reinforced type nozzles.

WC-3219.1.1 Condition A Fatigue analysis is not
mandatory for materials having a specified minimum
tensile strength not exceeding 80.0 ksi (550 MPa)
when the total of the expected number of cycles of
types (a) plus (b) plus (c) plus (d), defined below,
does not exceed 1,000 cycles:

(a) is the expected design number of full range pressure
cycles;

(b) is the expected number of operating pressure cycles
in which the range of pressure variation exceeds 20% of
the Design Pressure. Cycles in which the pressure varia-

tion does not exceed 20% of the Design Pressure are not
limited in number. Pressure cycles caused by fluctuations
in atmospheric conditions need not be considered;

(c) is the effective number of changes in metal tempera-
ture between any two adjacent points10 in the containment,
including nozzles. The effective number of such changes is
determinedbymultiplying thenumberof changes inmetal
temperature of a certain magnitude by the factor given in
the following table, and by adding the resulting numbers.
The factors are as follows:

Metal Temperature Differential, °F (°C) Factor
50 (28) or less 0
51 to 100 (29 to 56) 1
101 to 150 (57 to 83) 2
151 to 250 (84 to 139) 4
251 to 350 (140 to 194) 8
351 to 450 (195 to 250) 12
Excess of 450 (250) 20

(For example: Consider a design subjected to metal
temperature differentials for the following number of
times:

ΔT, °F (°C) Cycles
40 (22) 1,000
90 (50) 250
400 (220) 5

the effective number of changes in metal temperature is
+ + =1, 000(0) 250(1) 5(12) 310

The number used as type (c) in performing the compar-
isonwith 1,000 is then 310. Temperature cycles caused by
fluctuations inatmospheric conditionsneednotbeconsid-
ered.)

(d) for containments with welds between materials
having different coefficients of expansion, is the
number of temperature cycles, which causes the value
of (α1 − α2) ΔT to exceed 0.00034, where α1 and α2
are the mean coefficients of thermal expansion, 1/°F
(1/°C) (Section II, Part D, Subpart 2, Tables TE), and
ΔT is the operating temperature range, °F (°C). This
does not apply to cladding.

WC-3219.1.2 Condition B Fatigue analysis is not
mandatorywhen all of the conditions of Section III Appen-
dices, Mandatory Appendix XIII, XIII-3510 are met.

WC-3220 DESIGN CONSIDERATION

WC-3224 Containments Under Internal Pressure

WC-3224.1 General Requirements. For calculating the
required area of reinforcement of openings, theminimum
thickness of the containment vessel and parts shall be
determined using the Design Pressure and the equations
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in the following paragraphs. In addition, the other Design
Loadings shall be considered in establishing the value of F
as defined below.

WC-3224.2 Nomenclature. The symbols used are
defined below. Except for test conditions, dimensions
used or calculated shall be in the corroded condition.

D = insidediameterof aheadskirt or inside lengthof the
major axis of an ellipsoidal head at the point under
consideration measured perpendicular to the axis
of revolution

F = meridional membrane force in the shell wall at the
point under consideration resulting from primary
DesignLoadingsother than internal pressure, lb/in.
(N/mm) length of circumference. If this force is not
uniform, the loading requiring the greatest shell
thickness shall be used where the tensile load is
positive.

h = one‐half the lengthof theminoraxisof anellipsoidal
head or the inside depth of an ellipsoidal head,
measured from the tangent line

k = stress intensity factor for design, Service Level A,
and test load combination from Table WC-3217-1

L = inside spherical or crown radius of torispherical
and hemispherical heads

P = internal pressure at the top of the containment
vessel plus any pressure due to the static head
of the fluid, at any point under consideration, psi
(MPa)

R = inside radius of the shell under consideration, in.
(mm). This radius is measured normal to the
surface from the axis of revolution.

r = inside knuckle radius of torispherical heads
S = membrane stress intensity limit from Section II,

Part D, Subpart 1, Tables 2A and 2B multiplied
by the stress intensity factor in Table WC-3217-1

x = kSm psi (MPa)
t = minimum thickness of shell

WC-3224.3 Minimum Thickness of Cylindrical Shells.
The minimum thickness of cylindrical shells shall be the
greatest of the thicknesses determined by (a), (b), and (c)
below.

(a)

=t PR
S P0.5

If P > 0.4S, the following equation must be used:
+ =R t
R

P
S

ln
( )

where ln is the natural log.
(b) If F is positive and exceeds 0.5PR

= +t PR F
S P

0.5
0.5

(c) If F is negative, the condition of axial structural
instability or buckling shall be considered separately
[see WC-3211.2(c)].

WC-3224.4 Minimum Thickness of Spherical Shells.
The minimum thickness of spherical shells shall be the
greatest of the thicknesses determined by (a), (b), and
(c) below.

(a)

=t PR
S P

0.5
0.25

If P > 0.4S, the following equation may be used:
+ =R t
R

P
S

ln
( ) 0.5

(b) If F is positive

= +t PR F
S P
0.5

0.25

(c) If F is negative, the condition of instability shall be
considered. WC-3211.2(c) for cylinders may be used for
spheres, provided biaxial compression does not exist.

WC-3224.5 MinimumThickness of FormedHeads.The
minimum thickness at the thinnest point after forming of
ellipsoidal, torispherical, and hemispherical heads under
pressure acting against the concave surface shall be deter-
minedby the appropriate rule or equation in the following
subparagraphs.

WC-3224.6 Minimum Thickness of Ellipsoidal
Heads.20, 21 The minimum thickness of a 2:1 ellipsoidal
head shall be established using the procedures given
in WC-3224.8 and the curve of Figure WC-3224.6-1,
which is labeled “2:1 ellipsoidal head.” Ellipsoidal head
designs which have D/2h values different from 2 shall
beanalyzedasequivalent torispherical headsoraccording
to Section III Appendices, Mandatory Appendix II, orMan-
datory Appendix XIII. The cylindrical shell to which the
head is attached shall be equal to or greater in thickness
than the required head thickness for a distance, measured
from the tangent line along the cylinder, of not less than

Rt . Transition joints to shells of thickness less than the
required head thickness shall not be located within the
minimum distance. Transition joints to shells of thickness
greater than the required head thickness may be located
within this minimum distance and shall be in accordance
with WC-3260 and Figure WC-3261-1.

WC-3224.7 Minimum Thickness of Hemispherical
Heads. For hemispherical heads, the thickness shall be
as required for spherical shells, WC-3224.4. The require-
ments for the transition to cylindrical shells of different
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Figure WC-3224.6-1
Design Curves for Torispherical Heads and 2:1 Ellipsoidal Heads for Use With WC-3224.8 and WC-3224.6
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thickness, given in WC-3260 and Figure WC-3261-1 shall
be met.

WC-3224.8 Minimum Thickness of Torispherical
Heads.20 The minimum thickness of a torispherical
head having t/L ≥ 0.002 up to a t/L where P/S ≤ 0.08
(approximately t/L = 0.04 to 0.05) shall be established
by using the curves in Figure WC-3224.6-1. Interpolation
may be used for r/D values which fall within the range of
curves; however, no extrapolation of the curves is
permitted. For designs where P/S > 0.08, which is
above the upper limit of Figure WC-3224.6-1, the thick-
ness shall be set by the following equation:

= ( )t
D

e
2

1P S

where t/L < 0.002, which is below the lower limit of
Figure WC-3224.6-1, the head design must be analyzed
according to Section III Appendices, Mandatory Appendix
II, or Mandatory Appendix XIII. The cylindrical shell to
which the head is attached shall be equal to or greater
in thickness than the required head thickness for a
distance, measured from the tangent line along the cylin-
der, of not less than Rt . Transition joints to shells of thick-
ness less than the required head thickness shall not be
located within this minimum distance. Transition joints
to shells of thickness greater than the required head thick-
ness may be located within this minimum distance and
shall be in accordance with WC-3260 and Figure
WC-3261-1.

WC-3224.8.1 Crown and Knuckle Radii. In connec-
tion with the design procedures of WC-3224.8 and Figure
WC-3224.6-1, the inside crown radius to which an
unstayed head is formed shall not be greater than the
inside diameter of the skirt of the head. The inside
knuckle radius of a torispherical head shall not be less
than 6% of the outside diameter of the skirt nor less
than three times the head thickness.

WC-3224.9 Loadings on Heads Other Than Pressure.
Provision shall be made for other loadings given in
WC-3111. For torispherical and ellipsoidal heads, the
effect of other loadingsmust be determined in accordance
with Section III Appendices, Mandatory Appendix II, or
Mandatory Appendix XIII. For the spherical portion of
heads, the effect of composite loading may be treated
as in WC-3224.3 and WC-3224.4.

WC-3225 Flat Heads and Covers

The minimum thickness of unstayed flat heads, cover
plates, and blind flanges shall conform to the require-
ments given in this Paragraph. Some acceptable types
of f lat heads and covers are shown in Figures
WC-3225-1,WC-3225-2, andWC-3225-3. The dimensions
are exclusive of extra metal added for corrosion allow-
ance.

WC-3225.1 Nomenclature. The notations used are
defined as follows:

C = a factor depending upon themethod of attachment
of head, shell dimensions, and other items as listed
in FiguresWC-3225-1 throughWC-3225-3, dimen-
sionless

D = bolt circle diameter
d = diameter

hG = gasket moment arm, equal to the radial distance
from the centerline of the bolts to the line of
the gasket reaction, (see Figure WC-3225-2)

L = distance fromcenterlineof thehead toshellweld to
tangent line on formed heads, as indicated in
Figure WC-3225-2

m = the ratio tr/ts, dimensionless
P = Design Pressure, psi (MPa)
r = inside corner radius on a head formed by flanging

or forging
S = design stress intensity Sm from Section II, Part D,

Subpart 1, Tables 2A, 2B, and 4, multiplied by the k
factor tabulated in Table WC-3217-1, psi (MPa)

T = minimum required thickness of flat head, cover, or
flanges, exclusive of corrosion allowance

tf = actual thickness of the flange on a formed head, at
the large end, exclusive of corrosion allowance

tp = the smallest dimension from the face of the head to
the edge of the weld preparation

tr = required thickness of shell or nozzle for pressure
ts = actual thickness of shell or nozzle

W = total bolt load

WC-3225.2 Equations for Minimum Thickness.

(a) The thickness of flat heads as shown in Figures
WC-3225-1 through WC-3225-3, shall be not less than
that calculated by the following equation:

=T d CP S

(b) The thickness of cover plates and blind flanges
attached by bolts causing an edge moment as shown in
Figure WC-3225-2 shall be not less than that calculated
by the following equation:

= +T d CP S Wh Sd1.27 G
3

(c) The thicknesses determined in (a) and (b) above,
address stress requirements. In some cases, greater thick-
nessmaybenecessary if deflectionwould cause leakage of
threaded or gasketed joints
NOTE: In some cases, the initial bolt load required to seat the
gasket is larger than the operating bolt load. The thickness
should be checked for both the operating condition and the
initial bolt load required to seat the gasket.
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WC-3230 OPENINGS AND REINFORCEMENT

WC-3231 General Requirements

(a) If the fatigue analysis exemption requirements of
WC-3219.1 aremet, no specific fatigue analysis is required
for pressure loadings for locations in the vicinity of open-
ings.

(b) The stress limits of Section III Appendices, Manda-
toryAppendixXIIImayalsobeconsidered tobe satisfied if,
in the vicinity of an opening, the stress intensity resulting
from external nozzle loads and thermal effects, including
gross but not structural discontinuities, is shown by
analysis to be less than 1.5Sm.

(c) Theprovisions of (a) and (b) above arenot intended
to restrict the design to any specified section thicknesses
or other design details provided the basic stress limits are
satisfied. If it is shown by analysis that the stress require-

ments have been met, the rules of (d) through (g) are
waived.

(d) Openings shall be circular, elliptical, or of any other
shape that results from the intersection of a circular or
elliptical cylinder with a containment vessel of the
shapes permitted by this Division. If fatigue analysis is
not required, the restrictions on hole spacing in
WC-3232.1 are applicable, unless there will be essentially
no reaction loads at these locations.

(e) All references to dimensions apply to the finished
dimensions excluding material added as corrosion allow-
ance. Rules regarding metal available for reinforcement
are given in WC-3235.

(f) Any typeof openingpermittedby these rulesmaybe
located in a welded joint.

(g) Nozzles are limited to NPS 2 (DN 50) or smaller and
shall be self‐reinforcing.

Figure WC-3225-1
Typical Flat Heads

ts

tf

r

(a) (b) (c)

Thickness of
 flat head

For unstayed
   flat heads: C 5 0.33m
   but not less than 0.20,
   when r is not less
   than 1.5 ts

For unstayed
 flat heads: C 5 0.33m
 but not less than 0.20,
 when r is not less than 1.5 ts
 e is not less than ts

For unstayed
   flat heads: C 5 0.17,
   when tf is not less
   than 2 ts, and r is
   not less than 3 tf

Thickness of
 flat head

r

r rr
ts

ts

(d)

Thickness of
 flat head

tf

ts

ts

(e)

Thickness of
 flat head

e

e

For unstayed flat heads:
 C 5 0.17, when:
 tf is not less than 2 ts
 r is not less than 3 tf
 e is not less than tf

r

For unstayed
    flat heads: 
   C 5 0.33m
    but not less than
   0.20, when r is not
   less than 1.5 ts
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WC-3232 Reinforcement Requirements for
Openings in Shells and Formed Heads

WC-3232.1ð23Þ Openings Not Requiring Reinforcement.
The rules for openings not requiring reinforcement are
given in (a) through (c) below, where R is the mean
radius and t is the nominal thickness of the containment
shell or head at the location of the opening: and locally
stressed areameansanyarea in the containmentboundary
where the local primary membrane stress exceeds 1.1Sm,
but excluding those areas where such local primary
membrane stress is due to an unreinforced opening.

(a) A single opening has a diameter not exceeding
Rt0.2 , or if there are two or more openings within

any circle of diameter, Rt2.5 , then the sum of the
diameters of such unreinforced openings shall not
exceed Rt0.25 .

(b) No two unreinforced openings shall have their
centers closer to each other, measured on the inside of
the containment wall, than 1.5 times the sum of their
diameters.

(c) Nounreinforcedopening shall have its center closer
than Rt2.5 to the edge of a locally stressed area in the
containment boundary.

WC-3232.2 Required Area of Reinforcement. The total
cross‐sectional area of reinforcement A, required in any
givenplane for a containmentunder interal pressure, shall
not be less than:

=A dt Fr

where

d = finished diameter of a circular opening or finished
dimension (chord length) of an opening on the
plane being considered for elliptical and oblong
openings in corroded condition

F = a correction factor that compensates for the varia-
tion in pressure stresses on different planes with
respect to the axis of containment vessel (a
value of 1.00 shall be used for all configurations,
except that Figure WC-3232.2-1 may be used for
integrally reinforced openings in cylindrical shells

Figure WC-3225-2
Some Acceptable Types of Unstayed Flat Heads and Covers

GENERAL NOTE: All these illustrations are diagrammatic only. Other designs that meet the requirements of WC-3225.2 are acceptable.
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Figure WC-3225-3
Attachment of Flat Heads to Containment Shell

ts 

tp 

a 
c 

b 

T 

(a) (b) 

ts 

c L 

a + b not less
    than 2ts

ts 

b 

b 

T 

c L c L 

c L 

a + b not less
    than 2ts

b + c not less
    than ts

C = 0.33m but not
    less than 0.20

(d) 

C = 0.33m but not
    less than 0.20

C = 0.33m but not
    less than 0.20

(c) 

ts 

b 

c 

c 

T 

T 

a + b but not less
    than 3ts

b + c not less
    than ts

ts 

T 

ts 

b 

c

b 

(e) 

C = 0.33m but not
    less than 0.20

c 

T

ts 

(g) (f)

C = 0.33m but not
    less than 0.20

C = 0.33m but not
    less than 0.20

T 

c L 

c 

c 
c 

a a

GENERAL NOTE: c min. = 0.7ts or 1∕4 in. (6 mm), whichever is less; b = the lesser of ts or T/2.
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tr = the thickness that meets the requirements of
WC-3220 in the absence of the opening

Not less than half the requiredmaterial shall be on each
side of the centerline.

WC-3233 Required Reinforcement for Openings in
Flat Heads

Flat heads that have an opening with a diameter that
does not exceed one‐half of the head diameter shall have a
total cross‐sectional area of reinforcementA, not less than
that given by the equation:

=A dt0.5 r

where

d = the diameter as defined in WC-3232.2
tr = the thickness that meets the requirements of

WC-3225.2 and as defined in WC-3232.2

WC-3234 Limits of Reinforcement

The boundaries of the cross‐sectional in any plane
normal to the containment wall and passing through
the center of the opening within which metal shall be
located in order to have value as reinforcement are desig-
nated as the limits of reinforcement for that plane and are
given in the following subparagraphs.

WC-3234.1 Limits of Reinforcement Along the
ContainmentWall.The limits of reinforcement,measured
along the midsurface of the nominal wall thickness of the
containment, shall meet the following:

(a) 100%of the required reinforcement shall bewithin
a distance on each side of the axis of the opening equal to
the greater of the following:

(1) the diameter of the finished opening in the
corroded condition;

(2) the radius of the finishedopening in the corroded
condition plus the sum of the thicknesses of the contain-
ment wall and the nozzle wall.

(b) Two‐thirds of the required reinforcement shall be
within a distance on each side of the axis of the opening
equal to the greater of the following:

(1) +r Rt0.5 , where R is the mean radius of shell
or head, t is the nominal containmentwall thickness, and r
is the radius of the finished opening in the corroded condi-
tion;

(2) the radius of the finishedopening in the corroded
conditionplus two‐thirds the sumof the thicknesses of the
containment wall and the nozzle wall.

WC-3235 Metal Available for Reinforcement

Metal may be counted as contributing to the area of
reinforcing called for in WC-3232, provided it lies
within the limits of reinforcement specified in
WC-3234, and shall be limited to material that meets
the following requirements:

(a) metal forming a part of the containmentwall, which
is in excess of that required by WC-3232 and WC-3233,
and is exclusive of corrosion allowance;

(b) weldmetal that is fully continuouswith the contain-
ment weld;

(c) the mean coefficient of thermal expansion of metal
to be included as reinforcement under (b) above shall be
within 15% of the value of the containment wall material;

(d) metal not fully continuous with the shell, such as
that in items attached by partial penetration welds, shall
not be counted as reinforcement;

(e) metal available for reinforcement shall not be
considered as applying to more than one opening.

WC-3236 Strength of Reinforcing Material

Material used for reinforcement shall preferably be the
same as that of the containment wall. If thematerial of the
wall of the reinforcement has a lower design stress

Figure WC-3232.2-1
Chart for Determining the Value of F
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intensity value Sm than that for the containment material,
the amount of areaprovidedby the reinforcement in satis-
fying WC-3232 or WC-3233 shall be taken as the actual
area provided multiplied by the ratio of attachment wall
protrusion or reinforcement design stress intensity value
to the containment material design stress intensity value.
No reduction in the reinforcing requiredmay be taken for
the increased strength of reinforcing material or for weld
metal having higher design stress intensity values than
that of the material containment wall. The strength of
the material at the point under consideration shall be
used in fatigue analyses.

WC-3250 DESIGN OF WELDED CONSTRUCTION

WC-3251 Welded Joint Categories

The term category defines the location of a joint in a
containment vessel but not the type of joint. The cate-
gories are for use in specifying special requirements
regarding joint type and method of examination for
certain welded joints. Since these special requirements,
which are based on service, material, and thickness, do
not apply to every welded joint, only those joints to
which special requirements apply are included in the cate-
gories. The joints included in each category are designated
as joints of Categories A, B, C, and D. Figure WC-3251-1
illustrates typical joint locations included ineachcategory.

WC-3251.1 Category A. Category A comprises longitu-
dinal welded joints within the main shell or nozzles; any
welded joint within a sphere within a formed or flat head,
or within the side plates of a flat‐sided containment; and
circumferential welded joints connecting hemispherical
heads to main shell or to nozzles.

WC-3251.2 Category B. Category B comprises circum-
ferential welded joints within the main shell or nozzles,
circumferential welded joints connecting formed heads
other than hemispherical to main shells or to nozzles.

WC-3251.3 Category C. Category C comprises welded
joints connecting flanges to formed heads or flat heads, to
main shell, and anywelded joint connecting one side plate
to another side plate of a flat‐sided vessel.

WC-3251.4 Category D. Category D comprises welded
joints connecting nozzles to main shells, to spheres, to
heads, or to flat‐sided containments.

WC-3252 Permissible Types of Welded Joints

The design of the containment shall meet the require-
ments for each category of joint. Butt joints are full pene-
tration joints between plates or other elements that lie
approximately in the same plane. Figure WC-3251-2
shows typical butt welds for each category joint.

Figure WC-3251-1
Welded Joint Locations Typical of Categories A, B, C, and D

A

A

A

A

D

A A

C

A

D

C

See WC-3262

B

B
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Figure WC-3251-2
Typical Butt Joints

WC-3252.1 Joints of Category A. All welded joints of
Category A as defined in WC-3251 shall meet the fabrica-
tion requirements of WC-4263 and shall be capable of
being examined in accordance with WC-5210.

WC-3252.2 Joints of Category B. All welded joints of
Category B as defined in WC-3251 shall meet the fabrica-
tion requirements of WC-4264 and shall be capable of
being examined in accordance with WC-5220. When
joints with opposing lips to form an integral backing
strip or joints with backing strips not later removed
are used, the suitability for cyclic service shall be analyzed
by the method of WC-3219.1 Condition B using a fatigue
strength reduction factor of not less than 2.

WC-3252.3 Joints of Category C. All welded joints of
Category C, except for final closure welds (see
WC-3262), shall meet the fabrication requirements of
WC-4265 and shall be capable of being examined in accor-
dance with WC-5230. Minimum dimensions of corner
welded joints and throat thickness shall be as shown
in Figure WC-4265-1 where

(a) Figure WC-4265-1, sketches (a) and (b)
(1) for forged flat heads and forged flanges with the

weld preparation bevel angle not greater than 45 deg.
Measured from the face:

b = ts/2 or T/4, whichever is less
c = 0.7ts or 1∕4 in. (6 mm), whichever is less

T, ts = nominal thickness of welded parts

(2) for all other material forms and for forged flat
heads, and forged flanges with the weld preparation
bevel angle greater than 45 deg. Measured from the face:

b = ts or T/2, whichever is less
c = 0.7ts or 1∕4 in. (6 mm), whichever is less

T, ts = nominal thickness of welded parts

(b) Figure WC-4265-1, sketches (c) and (d)

c = 0.7ts or 1∕4 in. (6 mm), whichever is less
T, ts = nominal thickness of welded parts

(c) Figure WC-4265-1, sketch (e)

a + b = not less than 2ts
b = not less than ts

tp = not less than ts
ts = actual thickness of shell

WC-3252.4 Joints of Category D. All welded joints of
Category D, as defined inWC-3251, shall be in accordance
with the requirements of (a) through (e).

(a) Butt-Welded Nozzles. Nozzles shall meet the fabri-
cation requirements of WC-4266(a) and shall be capable
of being examined in accordance with WC-5242. The
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minimum dimensions and geometrical requirements of
Figure WC-4266(a)-1 shall be met, where

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
r2 = 1∕4 in. (6 mm) min.

t = nominal thickness of part penetrated
tn = nominal thickness of penetrating part

(b) Full Penetration Corner-Welded Nozzles. Nozzles
shall meet the fabrication requirements of WC-4266(b)
and shall be capable of being examined in accordance
withWC-5243.Theminimumdimensionsandgeometrical
requirements of Figure WC-4266(b)-1 shall be met,
where

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
r2 = 1∕4 in. (6 mm) min.

t = nominal thickness of part penetrated
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part

(c) Use of Deposited Weld Metal for Openings and
Nozzles.

(1) Nozzles shall meet the fabrication requirements
of WC-4266(c) and shall be capable of being examined in
accordance with WC-5244.

(2) When the deposited weld metal is used as rein-
forcement, the coefficients of thermal expansion of the
base metal, the weld metal, and the connection shall
not differ by more than 15% of the lowest coefficient
involved.

( 3 ) The m in imum d imens i on s o f F i gu r e
WC-4266(c)-1 shall be met, where

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
t = nominal thickness of part penetrated

tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part

(4) The corners of the end of each connection
extending less than dtn beyond the inner surface of
the part penetrated shall be rounded to a radius of
one‐half the thickness tn of the connection or 3∕4 in. (19
mm), whichever is smaller.

(d) Fittings With Internal Threads. Internally threaded
fittings shall be limited to NPS 2 (DN 50). Internally
threaded fittings shall be attached by means of full pene-
tration groove welds meeting the fabrication require-
ments of WC-4266(d) and shall be capable of being
examined in accordance with WC-5245. The minimum
dimensions and geometrical requirements of Figure
WC-4266(d)-1 shall be met, where

tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of neck

(e) Attachment of Nozzles Using Partial Penetration
Welds. Partial penetrationwelds shallmeet the fabrication
requirements of WC-4266(e) and shall be capable of
being examined in accordance with WC-5245. They
shall be used only for attachments such as instrumenta-
tion openings and inspection openings, which are
subjected to essentially no external mechanical loadings
and on which there will be no thermal stresses greater
than those on the containment itself. Such attachments
shall satisfy the requirements of WC-3231(g).

WC-3254 Structural Attachment Welds

Welds for structural attachments shall meet the re-
quirements of WC-4432.

WC-3255 Welding Grooves

Thedimensionsandshapeof the edges tobe joinedshall
be such as to permit complete fusion and complete joint
penetration, except as otherwise permitted inWC-3252.4
or WC-3262.

WC-3259 Design Requirements for Nozzle
Attachment Welds and Other
Connections

The minimum design requirements for nozzle attach-
ment welds and other connections are set forth in (a) and
(b) below.

(a) Permitted Types of Nozzles and Other Connections.
Nozzles and other connectionsmay be any of the types for
which rules are given in this subarticle, provided the re-
quirements of (1) through (5) below are met.

(1) Nozzles shall meet requirements regarding loca-
tion.

(2) The attachment weld shall meet the require-
ments of WC-3252.4.

(3) The requirements of WC-3230 shall be met.
(4) Type No. 1 full penetration joints shall be used

when the openings are in shells 21∕2 in. (64mm)ormore in
thickness.

(5) The welded joints shall be examined by the
methods stipulated in WC-5240.

(b) Attachments. Typical attachments are shown in
Figure WC-4433-2. The minimum dimensions in this
figure are as follows:

a t 4

b t 2

c t
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where

c = minimum thickness of weld metal from the root to
the face of the weld

t = thickness of attached member

WC-3260 SPECIAL CONTAINMENT
REQUIREMENTS

WC-3261 Category A or B Joints Between Sections
of Unequal Thickness

In general, a tapered transition section as shown in
Figure WC-3261-1, shall be provided at joints of Cate-
gories A and B between sections that differ in thickness
by more than one‐fourth the thickness of the thinner
section. The transition section may be formed by any
process that will provide a uniform taper. An ellipsoidal
or hemispherical head that has a greater thickness than a
cylinder of the same inside diameter may be machined to
the outside diameter of the cylinder, provided the
remaining thickness is at least as great as that required
for a shell of the same diameter. A uniform taper is not
required for flanged hubs. The adequacy of the transition
shall be evaluated by stress analysis. Stress intensity
limitations are given in Section III Appendices, Mandatory
Appendix XIII. The requirements of this paragraph do not
apply to flanged hubs.

WC-3262 Category C Full and Partial Penetration
Closure Welds in Containments

WC-3262.1 Welds in the end closures using a single
cover plate [see Figure WC-4265-2, sketch (a)] and
made after the containment is loaded may be full or
partial penetration and shall be examined in accordance
with Table WC-3262-1 either by magnetic particle or
liquid penetrant method. The design stress intensity
values of Section II, Part D, Subpart 1, Tables 2A, 2B,
and 4 shall be reduced by the stress reduction factor
provided in Table WC-3262-1. The welds shall be
tested in accordance with WC-6710.

WC-3262.2 ð23ÞFor welds in the end closures using two
cover plates [see Figure WC-4265-2, sketches (b) and
(c)] and made after the containment is loaded, the
following apply:

(a) The inner cover plate weld shall use a design stress
reduction factor of 0.9. The root and final layers shall be
examined by the liquid penetrant or magnetic particle
method in accordance with Article WC-5000, and shall
be tested in accordance with WC-6710.

(b) The outer cover plate weld shall use the stress
reduction factors of Table WC-3262-1 and shall be exam-
ined to the requirements of Table WC-3262-1.

WC-3262.3 ð23ÞVent and drain cover plate welds [see
FigureWC-4265-2, sketch (d)]may be full or partial pene-
tration welds examined in accordance with WC-5250
using the examination and stress reduction factors of
Table WC-3262-1.

WC-3262.4 For partial penetration closure welds, a
fatigue strength reduction factor of not less than 4.0
shall be used when fatigue analysis is required.

Figure WC-3261-1
Categories A and B Joints Between Sections of Unequal

Thickness

GENERAL NOTE: Length of taper may include the width of the weld.

Table WC-3262-1
ð23ÞStress Reduction Factors and Examinations

for Closure Welds

Examination Requirements
[Note (1)]

Stress Reduction
Factors

Volumetric Examination 1.00
Liquid Penetrant or Magnetic Particle
Examination: Root and each successive 1∕4 in.
(6 mm) of weld thickness and the final layer

0.90

Liquid Penetrant or Magnetic Particle
Examination: Root, mid, and final layer
[Note (2)]

0.80

NOTES:
(1) All examinations shall be performed and accepted to the require-

ments of Article WC-5000.
(2) Mid layer is defined as approximately one-half of the maximum

weld thickness.
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WC-3263 Category C Weld Joints for Flat Heads
With Hubs

Hubs for butt welding to the adjacent shell, head, or
other containment part, as in Figure WC-4265-3, shall
not be machined from rolled plate. The component
having the hub shall be forged in such a manner as to
provide in the hub the full minimum tensile strength
and elongation specified for the material, in a direction
parallel to the axis of the vessel. Proof of this shall be furn-
ished by a tension test specimen (subsize if necessary)
taken in this direction and as close to the hub as is prac-
tical. In Figure WC-4265-3, the minimum dimensions are
as follows:

(a) sketch (a), r not less than 1.5ts
(b) sketch (b), r not less than 1.5ts and e not less

than ts
(c) sketch (c), r not less than 1.5ts
(d) sketch (d), tf not less than 2ts and r not less than 3tf
(e) sketch (e), tfnot less than2ts, rnot less than3tf, and e

not less than tf

WC-3700 STRAIN-BASED ACCEPTANCE
CRITERIA

The strain-based acceptance criteria are applicable only
to themetallic portions of storage containments subject to
energy-limited dynamic events. It is not the intent of this
subarticle to permit significant regions or major portions
of the containment to experience strains at or near the
limits of these strain-based acceptance criteria without
consideration of the overall component deformation.
These strain-based acceptance criteria are established
to address the regions of the containment that experience
high strains due to the effects of direct impacts. Deforma-
tion limits, if any,provided in theDesignSpecificationshall
be satisfied.
Section III Appendices, Nonmandatory Appendix FF

provides the strain-based acceptance criteria.
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ARTICLE WC-4000
FABRICATION

WC-4100 GENERAL REQUIREMENTS

WC-4110 INTRODUCTION

Containments and parts shall be fabricated and
installed in accordance with the rules of this Article
and shall be manufactured from materials that meet
the requirements of Article WC-2000.

WC-4120 CERTIFICATION OF MATERIALS AND
FABRICATION BY CERTIFICATE HOLDER

WC-4121 Means of Certification

The Certificate Holder for an item shall certify, by appli-
cation of the appropriate Certification Mark and comple-
tion of the appropriate Data Report in accordance with
Article WA-8000, that the materials used comply with
the requirements of ArticleWC-2000 and that the fabrica-
tion or installation complies with the requirements of this
Article.

WC-4121.1 Certification of Treatments, Tests, and
Examinations. If the Certificate Holder or Subcontractor
performs treatments, tests, repairs, or examinations
requiredbyotherparagraphsof thisArticle, theCertificate
Holder shall certify that this requirementhasbeen fulfilled
(seeWA-3800 orWA-8410). Reports of all required treat-
ments and of the results of all required tests, repairs, and
examinations performed shall be available to the
Inspector.

WC-4121.2 Repetition of Tensile or Impact Tests. If
during the fabrication or installation of the item themate-
rial is subjected to heat treatment that has not been
covered by treatment of the test coupons (see
WC-2200) and that may reduce either tensile or
impact properties below the required values, the
tensile and impact tests shall be repeatedby theCertificate
Holder on test specimens taken from test coupons which
have been taken and treated in accordance with the re-
quirements of Article WC-2000.

WC-4121.3 Repetition of Surface Examination After
Machining. During the fabrication or installation of an
item, if containment materials are machined, then the
CertificateHolder shall reexamine the surface of themate-
rial in accordance with WC-2500 when:

(a) the surface was required to be examined by the
magnetic particle or liquid penetrant method in accor-
dance with WC-2500; and

(b) the amount of material removed from the surface
exceeds the lesser of 1∕8 in. (3mm)or10%of theminimum
required thickness of the part.

WC-4122 Materials Identification

(a) Material for performing a containment function
shall carry identification markings which will remain
distinguishable until the containment is assembled. If
theoriginal identificationmarkings are cut off or themate-
rial is divided, either the marks shall be transferred to the
parts cut or a codedmarking shall be used to ensure iden-
tification of each piece of material during subsequent
fabrication. In either case, an as‐built sketch or a tabula-
tion of materials shall be made identifying each piece of
material with the CertifiedMaterial Test Report, when ap-
plicable, and the codedmarking. For studs, bolts, and nuts
it is permissible to identify the Certified Material Test
Reports for material in each containment in lieu of iden-
tifying each piece of material with the Certified Material
Test Report and the coded marking. Material supplied
with a Certificate of Compliance and welding and
brazing materials shall be identified and controlled so
that they can be traced to each containment or else a
control procedure shall be used that ensures that the
specified materials are used.

(b) Material from which the identification marking is
lost shall be treated as nonconforming material until
appropriate tests or other verifications are made and
documented to assure material identification. Testing
is required unless positive identification can be made
by other documented evidence. The material may then
be remarked upon establishing positive identification.

WC-4122.1 Marking Materials. Material shall be
marked in accordance with WC-2150.

WC-4123 Examinations

Visual examination activities that are not referenced for
examination by other specific Code paragraphs, and are
performed solely to verify compliance with requirements
ofArticleWC-4000,maybeperformedby thepersonswho
performor supervise thework. These visual examinations
are not required to be performed by personnel and

ASME BPVC.III.3-2023

171

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


procedures qualified to WC-5100 and WC-5500, respec-
tively, unless so specified.

WC-4124 Additional Requirements When Strain-
Based Acceptance Criteria Have Been
Implemented

In order to satisfy the strain-based acceptance criteria
of WC-3700 regarding the locations of unique material
heats used in containment fabrication, traceability of
all unique material heats and their specific location(s)
of use shall be established and documented in the final
Design Report and the as-built Design Drawings. This
requirement is only necessary when strain-based accep-
tance criteria have been employed in the design of the
containment.

WC-4125ð23Þ Testing of Welding and Brazing
Materials

All welding material shall meet the requirements of
WC-2400. All brazing material shall meet the require-
ments of WC-4512.

WC-4130 REPAIR OF MATERIAL

Material originally accepted on delivery in which
defects exceeding the limits of WC-2500 are known or
discovered during the process of fabrication is unaccept-
able. The material may be used, provided the condition is
corrected in accordance with the requirements of
WC-2500 for the applicable product form, except that:

(a) the limitation on the depth of the weld repair does
not apply;

(b) the time of examination of the weld repairs to weld
edge preparations shall be in accordance with WC-5130;

(c) radiographic examination is not required for weld
repairs to seal membrane material when the material
thickness is 1∕4 in. (6 mm) or less.

(d) When the repair by welding provisions of
WC-2539 are used within 1∕2 in. (13 mm) on each side
of the final closure welds, on canisters that are to be
loaded with spent nuclear fuel or high-level radioactive
material, progressive examination of each deposited
weld layer by the magnetic particle method (see
WC-2545) or liquid penetrant method (see WC-2546),
in addition to a final surface examination, may be substi-
tuted for the radiographic examination required by
WC-2539.4. The thickness of each layer shall not
exceed 1∕4 in. (6 mm).

WC-4200 FORMING,CUTTING,ANDALIGNING

WC-4210 CUTTING, FORMING, AND BENDING

WC-4211 Cutting

Materials may be cut to shape and size by mechanical
means, such asmachining, shearing, chipping, or grinding,
or by thermal cutting.

WC-4211.1 Preheating Before Thermal Cutting.When
thermal cutting is performed to prepare weld joints or
edges, to remove attachments or defective material, or
for any other purpose, consideration shall be given to
preheating the material, using preheat schedules such
as suggested in Section III Appendices, Nonmandatory
Appendix D.

WC-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
containment materials, including weld metal, provided
the required dimensions are attained (see WC-4214
and WC-4220), and provided the impact properties of
the materials, when required, are not reduced below
the minimum specified values, or they are effectively
restored by heat treatment following the forming opera-
tion. Hot forming is defined as forming with the material
temperature higher than 100°F (55°C) below the lower
transformation temperature of the material. When
required, the process shall be qualified for impact proper-
ties as outlined in WC-4213.

WC-4213 Qualification of Forming Processes for
Impact Property Requirements

When impact testing is required by the Design Speci-
fications, a procedure qualification test shall be conducted
using specimens taken from materials of the same spec-
ification, grade or class, heat treatment, and with similar
impact properties, as required for the material in the
component. These specimens shall be subjected to the
equivalent formingorbendingprocess andheat treatment
as thematerial in the component. Applicable tests shall be
conducted to determine that the required impact proper-
ties of WC-2300 are met after straining.

WC-4213.1 Exemptions. Procedure qualification tests
are not required for material listed in (a) through (f)
below:

(a) hot formed material, such as forgings, in which the
hot forming is completed by the Material Organization
prior to removal of the impact test specimens;

(b) hot formed materials represented by test coupons
required in either WC-2211 orWC-4121.2 that have been
subjected to heat treatment representing the hot forming
procedure and the heat treatments to be applied to the
parts;
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(c) materials which do not require impacts in accor-
dance with WC-2300;

(d) materials which have a final strain less than 0.5%;
(e) material where the final strain is less than that of a

previously qualified procedure for that material;
(f) material from which the impact testing required by

WC-2300 is performed on each heat and lot, as applicable,
after forming.

WC-4213.2 Procedure Qualification Test. The proce-
dure qualification test shall be performed in the
manner stipulated in (a) through (f) below.

(a) The tests shall be performed on three different
heats ofmaterial, both before straining and after straining
and heat treatment, to establish the effects of the forming
and subsequent heat treatment operations.

(b) Specimens shall be taken in accordance with the
requirements of Article WC-2000 and shall be taken
from the tension side of the strained material.

(c) The percent strain shall be established by the
following equations:

(1) For cylinders

=
i
k
jjjjj

y
{
zzzzz

t
R

R

R
% strain

50
1

f
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(2) For spherical or dished surfaces
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(3) For pipe

= r
R

% strain
100

where

R = nominal bending radius to the center line of the
pipe

Rf = final radius to center line of shell
Ro = original radius (equal to infinity for a flat part)

r = nominal radius of the pipe
t = nominal thickness

(d) The procedure qualification shall simulate the
maximum percent surface strain, employing a bending
process similar to that used in the fabrication of themate-
rial or by direct tension on the specimen.

(e) SufficientCv test specimens shall be taken fromeach
of the threeheatsofmaterial toestablisha transitioncurve
showing both the upper and lower shelves. On each of the
three heats, tests consisting of three impact specimens
shall be conductedat aminimumof five different tempera-
tures distributed throughout the transition region. The
upper and lower shelves may be established by the
use of one test specimen for each shelf. Depending on
theproduct form, itmaybenecessary toplot the transition
curves using both the lateral expansion and energy level

data (seeWC-2300). In addition, dropweight tests shall be
made when required by WC-2300.

(f) Using the results of the impact test data fromeach of
three heats, taken both before and after straining, deter-
mine either:

(1) the maximum change in NDT temperature along
with:

(-a) themaximum change of lateral expansion and
energy at the temperature under consideration; or

(-b) the maximum change in temperature at the
lateral expansion and energy levels under consideration;
or

(2) where lateral expansion is theacceptancecriteria
(see WC-2300), either the maximum change in tempera-
ture or the maximum change in lateral expansion.

WC-4213.3 Acceptance Criteria for Formed Material.
To be acceptable, the formed material used in the compo-
nent shall have impact properties, before forming, suffi-
cient to compensate for the maximum loss of impact
properties due to the qualified forming procedure used.

WC-4213.4 Requalification. A new procedure qualifi-
cation test is required when any of the changes in (a), (b),
or (c) below are made.

(a) The actual postweld heat treatment time at
temperature is greater than previously qualified consid-
ering WC-2211. If the material is not postweld heat
treated, theproceduremustbequalifiedwithoutpostweld
heat treatment.

(b) The maximum calculated strain of the material
exceeds thepreviouslyqualified strainbymore than0.5%.

(c) Where preheat over 250°F (120°C) is used in the
forming or bending operation but not followedby a subse-
quent postweld heat treatment.

WC-4214 Minimum Thickness of Fabricated
Material

If any fabricationoperation reduces the thicknessbelow
theminimumrequired to satisfy the rules ofWC-2124 and
Article WC-3000, the material may be repaired in accor-
dance with WC-4130.

WC-4220 FORMING TOLERANCES

WC-4221 Tolerance for Containment Shells

Cylindrical, conical, or spherical shells of a completed
containment, except formed heads covered by WC-4222,
shall meet the requirements of the following subpara-
graphs at all cross sections.

WC-4221.1 Maximum Difference in Cross‐Sectional
Diameters. The difference in inches (mm) between the
maximum and minimum diameters at any cross‐
section shall not exceed the smaller of
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(U.S. Customary Units)

+D D50
200

and
100

(SI Units)
+D D1 250
200

and
100

where D is the nominal inside diameter, in. (mm), at the
cross section under consideration. The diameters may be
measured on the inside or outside of the containment. If
measured on the outside, the diameters shall be corrected
for the plate thickness at the cross section under consid-
eration (see FigureWC-4221.1-1).When the cross section
passes through an opening, the permissible difference in
inside diameters given herein may be increased by 2% of
the inside diameter of the opening.

WC-4221.2 Maximum Deviation From True Theore-
tical Form for External Pressure. Containments designed
for external pressure shallmeet the tolerances given in (a)
through (e) below.

(a) The maximum plus or minus deviation from the
true circular form of cylinders or the theoretical form
of other shapes, measured radially on the outside or
inside of the containment, shall not exceed the
maximum permissible deviation obtained from
Figure WC-4221.2(a)-1. Measurements shall be made
from a segmental circular template having the design
insideor outside radius dependingonwhere themeasure-
ments are taken and a chord length equal to twice the arc
length obtained from Figure WC-4221.2(a)-2. For Figure
WC-4221.2(a)-1, the maximum permissible deviation e
need not be less than 0.3t. For Figure WC-4221.2(a)-2,
the arc length need not be greater than 0.30Do. Measure-
ments shall not be taken on welds or other raised parts.

(b) The value of t, in. (mm), at any cross section is the
nominal plate thickness less corrosion allowance for
sections of constant thickness and the nominal thickness

of the thinnest plate less corrosion allowance for sections
having plates of more than one thickness.

(c) The value of L in Figures WC-4221.2(a)-1 and
WC-4221.2(a)-2 is determined by (1) and (2) below.

(1) For cylinders, L is as given in WC-3133.2.
(2) For spheres, L is one‐half of the outside diameter

Do, in. (mm).
(d) Thedimensionsof a completedcontainmentmaybe

brought within the requirements by any process which
will not impair the strength of the material.

(e) Sharp bends and flat spots shall not be permitted
unless provision is made for them in the design.

WC-4221.3 Deviations From Tolerances. Deviations
from the tolerance requirements stipulated in
WC-4221.1 and WC-4221.2 are permitted, provided the
drawings are modified and reconciled with the design
calculations.

WC-4221.4 Tolerance Deviations for Containment
Parts Fabricated FromPipe. Containment parts subjected
to either internal or external pressure and fabricated from
pipe, meeting all other requirements of this Subsection,
may have variations of diameter and deviations from
circularity permitted by the specification for such pipe.

WC-4221.5 Localized Thin Areas. Localized thin areas
are permitted if the adjacent areas surrounding each have
sufficient thickness to provide the necessary reinforce-
ment according to the rules for reinforcement in
WC-3232.2.

WC-4222 Tolerances for Formed Vessel Heads

The tolerance for formed vessel heads shall be as set
forth in the following subparagraphs.

WC-4222.1 Maximum Difference in Cross‐Sectional
Diameters. The skirt or cylindrical end of a formed
head shall be circular to the extent that the difference
in inches (mm) between the maximum and minimum
diameters does not exceed the lesser of

(U.S. Customary Units)
+ +D D50

200
and

12
100

(SI Units)
+ +D D1 250
200

and
300

100

whereD is thenominal insidediameter, in. (mm), and shall
match the cylindrical edge of the adjoining part within the
alignment tolerance specified in WC-4232.

WC-4222.2 Deviation From Specified Shape.

(a) The inner surface of a torispherical or ellipsoidal
head shall not deviate outside the specified shape by
more than 11∕4% of D, nor inside the specified shape

Figure WC-4221.1-1
Maximum Difference in Cross‐Sectional Diameters
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bymore than 5∕8%ofD,whereD isnominal insidediameter
of the containment. Such deviations shall be measured
perpendicular to the specified shape and shall not be
abrupt. The knuckle radius shall not be less than specified.
For 2:1 ellipsoidal heads, the knuckle radius may be
considered to be 17% of the diameter of the containment.

(b) Hemispherical heads and any spherical portion of a
formed head shall meet the local tolerances for spheres as
given inWC-4221.2, usingLas theoutside spherical radius
in inches (mm) and Do as 2 times L.

(c) Deviation measurements shall be taken on the
surface of the base material and not on welds.

WC-4230 FITTING AND ALIGNING

WC-4231 Fitting and Aligning Methods

Parts that are to be joined by welding may be fitted,
aligned, and retained in position during the welding
operation by the use of bars, jacks, clamps, tack welds,
or temporary attachments.

WC-4231.1 Tack Welds. Tack welds used to secure
alignment shall either be removed completely when
they have served their purpose, or their stopping and
starting ends shall be properly prepared by grinding
or other suitable means so that they may be satisfactorily
incorporated into the final weld. Tackwelds shall bemade
by qualified welders using qualified welding procedures.
When tack welds are to become part of the finished weld,
they shall be visually examined and defective tack welds
removed.

WC-4232 Alignment Requirements When
Components AreWelded FromTwo Sides

(a) Alignment of sections which are welded from two
sides shall be such that themaximumoffset of the finished
weld will not be greater than the applicable amount listed
inTableWC-4232(a)-1,where t is thenominal thicknessof
the thinner section at the joint.

Figure WC-4221.2(a)-1
Maximum Permissible Deviation e From a True Circular Form
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(b) Joints in spherical containments, joints within
heads and joints between cylindrical shells and hemisphe-
rical heads shall meet the requirements in Table
WC-4232(a)-1 for longitudinal joints.

WC-4232.1 Fairing of Offsets. Any offset within the
allowable tolerance provided above shall be faired to
at least 3:1 taper over the width of the finished weld
or, if necessary, by adding additional weld metal
beyond what would otherwise be the edge of the weld.

WC-4233 Alignment Requirements When Inside
Surfaces Are Inaccessible

(a) When the inside surfaces of items are inaccessible
for welding or fairing in accordance withWC-4232, align-
mentof sections shallmeet the requirementsof (1) and (2)
below.

(1) See (-a) and (-b) below.
(-a) For circumferential joints the inside

diameters shall match each other within 1∕16 in. (1.5
mm) When the items are aligned concentrically, a
uniform mismatch of 1∕32 in. (0.8 mm) all around the
joint can result, as shown in Figure WC-4233-1 sketch
(a). However, other variables not associated with the
diameter of the item often result in alignments that
are offset rather than concentric. In these cases, the
maximum misalignment at any one point around the
joint shall not exceed 3∕32 in. (2.5 mm), as shown in
Figure WC-4233-1 sketch (b). Should tolerances on
diameter, wall thickness, out‐of‐roundness, etc., result
in inside diameter variation which does not meet these
limits, the inside diameters shall be counterbored,
sized, or ground to produce a bore within these limits,
provided a gradual change in thickness from the item

Figure WC-4221.2(a)-2
Maximum ARC Length for Determining Plus or Minus Deviation
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Table WC-4232(a)-1
Maximum Allowable Offset in Final Welded Joints

Section Thickness, in. (mm)
Direction of Joints

Longitudinal Circumferential
Up to 1∕2 (13), incl. 1∕4t 1∕4t
Over 1∕2 to 3∕4 (13 to 19), incl. 1∕8 in. (3 mm) 1∕4t
Over 3∕4 to 11∕2 (19 to 38), incl. 1∕8 in. (3 mm) 3∕16 in. (5 mm)
Over 11∕2 to 2 (38 to 50), incl. 1∕8 in. (3 mm) 1∕8t
Over 2 (50) Lesser of 1∕16t or

3∕8 in. (10 mm)
Lesser of 1∕8t or
3∕4 in. (19 mm)

ASME BPVC.III.3-2023

176

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


to adjoining items ismaintained. Anywelding transition is
acceptable provided the wall thickness in the transition
region is not less than the minimum wall thickness of the
component or itemand sharp reentrant angles and abrupt
changes in slope in the transition region are avoided.

(-b) Offset of outside surfaces shall be faired to at
least a 3:1 taper over the width of the finished weld or, if
necessary, by adding additional weld metal.

(2) For longitudinal joints themisalignment of inside
surfaces shall not exceed 3∕32 in. (2.5mm), and the offset of
outside surfaces shall be faired to at least a 3:1 taper over
the width of the finished weld or, if necessary, by adding
additional weld metal.

(b) Single-welded joints may meet the alignment re-
quirements of (a)(1) and (a)(2) above in lieu of the re-
quirements of WC-4232.

WC-4260 REQUIREMENTS FOR WELD JOINTS IN
CONTAINMENTS

WC-4262 Description and Limitations of Joint
Types

The description of the joint types are as follows:
(a) Type No. 1 Butt Joints. Type No. 1 butt joints are

those produced by double welding or by other means
which produce the same quality of deposited weld
metal on both inside and outside weld surfaces. Welds
using backing strips which remain in place do not
qualify as Type No. 1 butt joints. Type No. 1 butt joints
shall have complete joint penetration and full fusion
and shall meet the requirements of WC-4424 and
WC-4426.

(b) Type No. 2 Butt Joints. Type No. 2 butt joints are
single-welded butt joints having backing strips which
remain in place. WC-3252.2 gives stress concentration
factors to be applied to Type No. 2 joints when a
fatigue analysis is required. When Type No. 2 butt
joints are used, care shall be taken on aligning and separ-
ating the components to be joined so that there will be
complete penetration and fusion at the bottom of the
joints for their full length. However, weld reinforcement
need be supplied only on the side opposite the backing
strip. The requirements of WC-4424 and WC-4426
shall be met.

(c) Full Penetration Corner Joints. Corner joints are
those connecting two members approximately at right
angles to each other in the form of an L or T and shall
be made with full penetration welds (see WC-3252.3).
Type No. 1 corner-welded joints have full penetration
welds that penetrate through the thickness of the shell
[see Figure WC-4265-1, sketches (a) and (b)]. Type No.
2 corner-welded joints have a full penetration weld
that penetrates through the thickness of the head [see
Figure WC-4265-1, sketches (c), (d), and (e)].

(d) Fillet Welded Joints. Fillet welded joints, permitted
by the rules of this subarticle, are those of approximately
triangular cross section, joining two surfaces at approxi-
mately right angles to each other and having a throat
dimension at least 70% of the smaller thickness of the
parts being joined but not less than 1∕4 in. (6 mm).

WC-4263 Category A Weld Joints

Category A weld joints shall be Type No. 1 butt joints.

WC-4264 Category B Weld Joints

Category Bweld joints shall be Type No. 1 or Type No. 2
butt joints. Backing strips shall be removed fromType No.
2 joints unless access conditions prevent their removal.

Figure WC-4233-1
Butt Weld Alignment and Mismatch Tolerances for
Unequal I.D. and O.D. When Items Are Welded From One

Side and Fairing Is Not Performed

t

Centerline 2

(b) Offset Centerlines

(a) Concentric Centerlines

Centerline 1

3/32 in. (2.5 mm) maximum at any
    one point around the joint

1/32 in. (0.8 mm) maximum uniform
    mismatch around joint

CenterlineCenterline

t = nominal thickness, in. (mm)
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Backing strips shall be continuous, and any splices shall be
butt welded. Circumferential single-welded butt joints
withoneplateoffset to formabacking stripareprohibited.

WC-4265 Category C Weld Joints

Category C weld joints shall be as described in subpar-
agraphs (a) through (d) below.

(a) Full Penetration Butt Joints. Category C welds shall
be Type No. 1 or Type No. 2 butt joints.

(b) Full Penetration Corner Joints. Welds in full pene-
tration corner joints shall be groovewelds extending com-
pletely through at least one of the parts being joined and
shall be fully fused to eachpart. Typical details for typeNo.
1 and No. 2 full penetration corner joints are shown in
Figure WC-4265-1.

(c) Partial Penetration Closure Joints. Partial penetra-
tion joints are acceptable for flat head closure welds
(per WC-3262). Typical details are shown in Figure
WC-4265-2.

(d) Flat Heads With Hubs. Hubs for butt welding to the
adjacent shell, head, or other containment parts, as shown
in FigureWC-4265-3, for flat heads, shall not bemachined

from flat plate. The hubs shall be forged in such a manner
as to provide in the hub the full minimum tensile strength
and elongation specified for the material in the direction
parallel to the axis of the containment vessel. Proof of this
shall be furnished by a tension test specimen (subsize, if
necessary) taken in this direction and as close to the hubs
as is practical. One test specimenmay represent a groupof
forgings, provided they are of the same nominal dimen-
sions, from the same heat material and the same heat
treatment lot, and forged in the same manner. The
minimum height of the hub shall be the lesser of 11∕2
times the thickness of the containment part to which it
is welded or 3∕4 in. (19 mm), but need not be greater
than 2 in. (50 mm).

WC-4266 Category D Weld Joints

CategoryDand similarweld joints shall beweldedusing
one of the details of (a) through (e) below.

(a) Butt-Welded Attachments. Nozzles shall be attached
by Type No. 1 butt welds through either the containment
or the nozzle wall as shown in Figure WC-4266(a)-1.

Figure WC-4265-1
Acceptable Full Penetration Weld Details for Category C Joints

GENERAL NOTE: For definitions of nomenclature, see WC-3252.3.
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Figure WC-4265-2
ð23ÞTypical Partial Penetration Weld Detail for Category C Flat Head Closure Joints

t = shell thickness

(a) Single Closure Weld Detail

(b) Double Closure Weld Detail

t

(c) Double Closure Provided by Closure Plate Weld Detail

(d) Vent and Drain Closure Weld Detail
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(b) Full Penetration Corner-Welded Attachments.
Nozzles shall be attached by full penetration welds
through the wall of the containment or nozzle as
shown in Figure WC-4266(b)-1. The welds shall be
groove welds extending completely through at least
one of the parts being joined and shall be fully fused
to each part. Backing strips shall be used with welds
deposited fromonlyonesideorwhencomplete jointpene-
tration cannot be verified by visual inspection. Backing
strips, when used, shall be removed after welding.

(c) Use of Deposited Weld Metal for Openings and
Nozzles.Weldmetalmay be deposited on the containment
or nozzle prior to making the full penetration weld as
shown in Figure WC-4266(c)-1.

(d) Fittings With Internal Threads. Internally threaded
fittings shall be limited to NPS 2 (DN 50). They shall meet
the requirements ofWC-3252.4(d) and be attached by full
penetration groove welds as illustrated in Figure
WC-4266(d)-1, sketches (a), (b), and (c).

(e) Attachment of Nozzles Using Partial Penetration
Welds. Partial penetration welds are limited by the
restrictions of WC-3252.4(e). The weld size shall be
such that the depth of penetration tw will be at least
11∕4tn. Typical details are shown in Figure WC-4266(e)-1.

WC-4267 Types of Attachment Welds

Structural attachments shall be attached to contain-
ments by continuous or intermittent welds.

Figure WC-4265-3
Typical Flat Heads With Hubs

Tension test specimen

Tension test specimen

Tension test specimen

ts

tf

r

(a) (b) (c)

Thickness of
 flat head

Thickness of
 flat head

Tension test specimen

r rr
ts

ts

(d)

Thickness of
 flat head

tf

ts

ts

(e)

Thickness of
 flat head

e

e

r

r

GENERAL NOTE: For definition of nomenclature, see WC-3225 and WC-3263.
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WC-4300 WELDING QUALIFICATIONS

WC-4310 GENERAL REQUIREMENTS

WC-4311 Types of Processes Permitted

(a) Only those welding processes that are capable of
producing welds in accordance with the welding proce-
dure qualification requirements of Section IX and this
Subsection may be used for welding containments or
attachments thereto. Any process used shall be such
that the records required by WC-4320 can be prepared,
except that records for studwelds shall be traceable to the
weldersandweldingoperators andnotnecessarily toeach
specific weld.

(b) This Subsection does not permit the use of inertia
and continuous drive friction welding, specially designed
seal welds, electroslag, or electrogas welding.

WC-4311.1 Stud Welding Restrictions. Stud welding is
acceptable only for nonstructural and temporary attach-
ments (see WC-4435). Studs shall be limited to 1 in. (25
mm) maximum diameter for round studs and an equiva-
lent cross‐sectional area for studs of other shapes when
welding in the flat positionand 3∕4 in. (19mm)diameter for
all other welding positions. Postweld heat treatment shall
comply with WC-4600, except that time at temperature
need not exceed 1∕2 hr regardless of base material thick-
ness. Welding procedure and performance qualification
shall comply with the requirements of Section IX.

WC-4311.2 Capacitor Discharge Welding. Capacitor
discharge welding may be used for welding temporary
attachments and permanent nonstructural attachments
provided:

(a) temporary attachments are removed in accordance
with the provisions of WC-4435(b);

Figure WC-4266(a)-1
Nozzles Attached by Full Penetration Butt Welds
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GENERAL NOTE: For definitions of nomenclature, see WC-3252.4(a).
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Figure WC-4266(b)-1
Full Penetration Corner-Welded Attachments

GENERAL NOTE: For definitions of nomenclature, see WC-3252.4(b).
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Figure WC-4266(c)-1
Deposited Weld Metal Used as Reinforcement of Openings for Nozzles

tn
tn

(a)

3/4 in. (19 mm)
    min.

Step 1 Step 2

t
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Step 1
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(b)
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    min.

Step 2

t

GENERAL NOTE: For definitions of nomenclature, see WC-3252.4(c).

Figure WC-4266(d)-1
Fittings With Internal Threads

(a) (b) (c)

tc

Either method of attachment is satisfactory

For NPS 2 (DN 50) and smaller
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GENERAL NOTE: For definitions of nomenclature, see WC-3252.4(d).
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(b) the energy output for permanent nonstructural
attachments such as strain gages and thermocouples is
limited to 125 W‐sec and the minimum thickness of
the material to which the attachment is made is
greater than 0.09 in. (2 mm); and

(c) a Welding Procedure Specification is prepared
describing the capacitor discharge equipment, the combi-
nationofmaterials tobe joined, and the techniqueof appli-
cation; qualification of the welding procedure is not
required.

WC-4320 WELDING QUALIFICATIONS, RECORDS,
AND IDENTIFYING STAMPS

WC-4321 Required Qualifications

(a) Each Certificate Holder is responsible for the
welding done by its organization, and it shall establish
the procedure and conduct the tests required by this
Article and by Section IX in order to qualify both the
welding procedures and the performance of welders
and welding operators who apply these procedures.

(b) Procedures,welders, andweldingoperatorsused to
join permanent or temporary attachments to contain-
ments and to make permanent or temporary tack

welds used in such welding shall also meet the qualifica-
tion requirements of this Article.

(c) When making procedure test plates for butt welds,
considerationshall begiven to theeffectof angular, lateral,
and end restraint on the weldment. This applies particu-
larly to material and weld metal of 80.0 ksi (550 MPa)
tensile strength or higher and heavy sections of both
low and high tensile strength material. The addition of
restraint duringweldingmay result in crackingdifficulties
that otherwise might not occur.

WC-4322 Maintenance and Certification of
Records

The Certificate Holder shall maintain a record of its
qualified welding procedures and of the welders and
welding operators qualified by it, showing the date and
results of tests and the identification mark assigned to
each welder. These records shall be reviewed, verified,
and certified by the Certificate Holder by signature or
some other method of control in accordance with the
Certificate Holder’s Quality Assurance Program and
shall be available to the Authorized Nuclear Inspector.

Figure WC-4266(e)-1
Partial Penetration Weld Connections
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GENERAL NOTE: For definitions of nomenclature, see WC-3252.4(e).
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WC-4322.1 Identification of Joints by Welder or
Welding Operator.

(a) Each welder or welding operator shall apply the
identification mark assigned by the Certificate Holder
on or adjacent to all permanent welded joints or series
of joints on which that person welds. The marking
shall be at intervals of 3 ft (1 m) or less and shall be
done with either blunt nose continuous or blunt nose
interrupted dot die stamps. As an alternative, the Certi-
ficate Holder shall keep a record of permanent welded
joints in each item and of the welders and welding opera-
tors used in making each of the joints.

(b) When a multiple number of permanent structural
attachment welds, nonstructural welds, fillet welds, weld
metal cladding, and hard surfacing welds are made on an
item, theCertificateHolderneednot identify thewelder or
welding operator who welded each individual joint,
provided:

(1) the Certificate Holder maintains a system that
will identify the welders or welding operators who
made such welds on each item so that the Inspector
can verify that the welders or welding operators were
all properly qualified;

(2) thewelds in eachcategory are all of the same type
and configuration and are welded with the same Welding
Procedure Specification.

(c) Welder or welding operator identification is not
required for tack welds.

WC-4323 Welding Prior to Qualifications

No welding shall be undertaken until after the welding
procedureswhich are to be used have been qualified. Only
welders andwelding operatorswho are qualified in accor-
dance with WC-4320 and Section IX shall be used.

WC-4324 Transferring Qualifications

The welding procedure qualifications and performance
qualification tests for welders and welding operators
conducted by one Certificate Holder shall not qualify
welding procedures, and shall not qualify welders or
welding operators to weld for any other Certificate
Holder, except as provided in Section IX.

WC-4330 GENERAL REQUIREMENTS FOR
WELDING PROCEDURE QUALIFICATION
TESTS

WC-4331 Conformance to Section IXRequirements

All welding procedure qualification tests shall be in
accordancewith the requirements of Section IX as supple-
mented or modified by the requirements of this Article.

WC-4333 Heat Treatment of Qualification Welds
for Ferritic Materials

Postweld heat treatment of procedure qualification
welds shall conform to the applicable requirements of
WC-4600 and Section IX. The postweld heat treatment
time at temperature is to be at least 80% of the
maximumtime to be applied to the componentweldmate-
rial. The postweld heat treatment total time may be
applied in one heating cycle.

WC-4334 Preparation of Test Coupons and
Specimens

(a) Removal of test coupons from the test weld and the
dimensions of specimens made from them shall conform
to the requirements of Section IX, except that the removal
of impact test coupons and the dimensions of impact test
specimens shall be in accordance with (b) below.

(b) Weld deposit of each process in a multiple process
weld shall, where possible, be included in the impact test
specimens. When each process cannot be included in the
full size impact test specimen at the 1∕4t location required
by this Section, additional full size specimens shall be
obtained from locations in the test weld that will
ensure that at least a portion of each process has been
included in full size test specimens.As analternative, addi-
tional testwelds canbemadewith eachprocess so that full
size specimens can be tested for each process.

WC-4334.1 Coupons Representing the Weld Deposits.
Impact test specimens and testing methods shall conform
toWC-2321. The impact specimen shall be located so that
the longitudinal axis of the specimen is at least 1∕4t and,
where the thickness of the test assembly permits, not less
than 3∕8 in. (10 mm) from the weld surface of the test
assembly. In addition, when the postweld heat treatment
temperatureexceeds themaximumtemperature specified
in WC-4620, and the test assembly is cooled at an accel-
erated rate, the longitudinal axis of the specimen shall be a
minimum of t from the edge of the test assembly. The
specimen shall be transverse to the longitudinal axis of
the weld with the area of the notch located in the
weld. The length of the notch of the Charpy V‐notch
specimen shall be normal to the surface of the weld.
Where drop weight specimens are required, the
tension surface of the specimen shall be oriented parallel
to the surface of the test assembly.

WC-4334.2 Coupons Representing the Heat-Affected
Zone. Where impact tests of the heat-affected zone are
required by WC-4335.2, specimens shall be taken from
the welding procedure qualification test assemblies in
accordance with (a) through (c) below.

(a) If the qualification test material is in the form of a
plate or a forging, the axis of the weld shall be oriented
either parallel to or perpendicular to the principal direc-
tion of rolling or forging.
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(b) The heat-affected zone impact test specimens and
testing methods shall conform to the requirements of
WC-2321.2. The specimens shall be removed from a loca-
tion as near as practical to a depth midway between the
surface and center thickness. The coupons for heat-
affected zone impact specimens shall be taken transverse
to the axis of the weld and etched to define the heat-
affected zone. The notch of the Charpy V‐notch specimen
shall be cut approximately normal to the material surface
in such amanner as to include asmuch heat-affected zone
as possible in the resulting fracture. Where the material
thickness permits, the axis of a specimen may be inclined
to allow the root of the notch to align parallel to the fusion
line.

(c) For the comparison of heat-affected zone values
with base material values [see WC-4335.2(b)], Charpy
V‐notch specimens shall be removed from the unaffected
basematerial at approximately the samedistance fromthe
basematerial surface as the heat-affected zone specimens.
Theaxisof theunaffectedbasematerial specimens shall be
parallel to the axis of the heat-affected zone specimens,
and the axis of the notch shall be normal to the surface of
the base material. When required by WC-2330, drop
weight specimens shall be removed from a depth as
near as practical to midway between the surface and
center thickness of the unaffected base material and
shall be tested in accordance with the requirements of
WC-2321.

WC-4335 Impact Test Requirements

When materials are required to be impact tested per
WC-2300, impact tests of theweldmetal andheat-affected
zone shall be performed in accordance with the following
subparagraphs. The weld procedure qualification impact
test specimens shall be prepared and tested in accordance
with the applicable requirements of WC-2332.1 and
WC-4334. Retests in accordance with the provisions of
WC-2350 are permitted.

WC-4335.1 Impact Tests of Weld Metal.

(a) Impact tests of the weld metal shall be required for
welding procedure qualification tests for productionweld
joints exceeding 5∕8 in. (16mm) in thicknesswhen theweld
will be made on the surface or will penetrate the base
material that requires impact testing in accordance
with WC-2310. In addition, such testing of the weld
metal is required for the welding procedure qualification
tests for any weld repair to base material that requires
impact testing in accordance with WC-2310, regardless
of the depth of the repair.

(b) The impact test requirements and acceptance stan-
dards forweldingprocedurequalificationweldmetal shall
be the same as specified inWC-2330 for the base material
to be welded or repaired. Where two materials are to be
joined by welding and have different fracture toughness

requirements, the test requirements and acceptance stan-
dards of either material may be used for the weld metal.

(c) A Welding Procedure Specification qualified to the
impact testing requirements of Subsection WB, NB, or NE
may be accepted as an alternative to the Welding Proce-
dure Specification impact testing requirements of this
Subsection.

WC-4335.2 Impact Tests of Heat‐Affected Zone.

(a) CharpyV‐notch testsof theheat‐affectedzoneof the
welding procedure qualification test assembly are
required whenever the thickness of the weld exceeds
5∕8 in. (16 mm) and either of the base materials
require impact testing in accordance with the rules of
WC - 2310 . E x emp t i o n o f b a s e ma t e r i a l s b y
WC-2311(a)(7) does not apply to the welding procedure
qualification heat‐affected zone or unaffected base mate-
rial for suchmaterials. The only exceptions to the require-
ments are the following:

(1) thequalification forwelds inP‐Nos. 1 and3mate-
rials that are postweld heat treated.

(2) the qualification for weld deposit cladding or
hardfacing on any base material.

(3) that portion of the heat‐affected zone associated
withGTAWroot depositswith amaximumof two layers or
3∕16 in. (5 mm) thickness, whichever is less.

(b) CharpyV‐notch testing shall be performed as speci-
fied in (1) through (6).

(1) Charpy V‐notch test specimens representing
both the heat‐affected zone and the unaffected basemate-
rial shall be tested. The unaffected base material shall be
tested at a temperature equal to or below the LST.

(2) The Charpy V‐notch tests of the unaffected base
material shall meet the applicable requirements of
Table WC-2332.1-1 or Table WC-2332.1-2, as applicable,
or additional testing shall be performed at higher
temperatures until either of the above requirements
are met.

(3) The heat‐affected zone specimens shall be tested
at the test temperature determined in (2). The average
applicable toughness values of the heat‐affected zone
specimens shall equal or exceed the average applicable
toughness values of the unaffected base material speci-
mens, or the adjustment given in (4) through (6) shall
be made. Alternatively, another test coupon may be
welded and tested.

(4) Additional Charpy V‐notch tests shall be
performed on either the heat‐affected zone or the unaf-
fected base material, or both, at temperatures where the
applicable toughness values of all three specimens tested
isnot less than that specified in (2). Theapplicable average
toughness values for each test meeting this requirement
shall be plotted on an applicable toughness value versus
temperature graph. The difference in temperature THAZ
and TUBMwhere the heat‐affected zone and the unaffected
basematerial applicable average toughness values are the
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same andnot less than that specified in (2) shall be used to
determine the adjustment temperature TADJ where:

=T T TADJ HAZ UBM

If TADJ ≤ 0, then TADJ = 0.
(5) As an alternative to (4), if the applicable tough-

ness values of the heat‐affected zone specimens is no less
than the values specified in Table WC-2332.1-1 or Table
WC-2332.1-2, as applicable, and the average of the heat-
affected zone specimens is not less than 7 ft-lb (10 J) or 5
mils (0.13 mm) below the average applicable toughness
values of the unaffected base material, TADJ may be taken
as 15°F (8°C).

(6) As a second alternative to (4), if the applicable
toughness values of the heat‐affected zone specimens
are no less than the values specif ied in Table
WC-2332.1-1 or Table WC-2332.1-2, as applicable, the
difference between the average applicable toughness
values of the heat-affected zone and the unaffected
base material shall be calculated and used as described
in (c)(3).

(c) At least one of the following methods shall be used
to compensate for the heat‐affected zone toughness
decrease due to the welding procedure.

(1) The LST specified in the Design Specification for
all of the material to be welded in production welding
procedure specifications (WPS) supported by this proce-
dure qualification record (PQR) shall be increased by the
adjustment temperature TADJ.

(2) Thespecified testing temperature for theproduc-
tion material may be reduced by TADJ.

(3) Thematerials to be welded may be welded using
the WPS provided they exhibit toughness values that are
no less than the minimum required toughness values
required by WC-2300 plus the difference in the
average toughness values established in (b)(6).

(d) The Charpy V‐notch testing results shall be
recorded on the PQR and any offsetting TADJ or increased
toughness requirements on the production material on
which welding is to be performed shall be noted on
the PQR and WPS. More than one compensation
method may be used on a par basis.

(e) AWPS qualified to the impact testing requirements
of Subsection WB, NB, or NE may be accepted as an alter-
native to the WPS impact testing requirements of this
Subsection.

WC-4336 Qualification Requirements for Built‐Up
Weld Deposits

Built‐up weld deposits for base metal reinforcement
shall be qualified in accordance with the requirements
of WC-4331 to WC-4335, inclusive.

WC-4400 RULES GOVERNING MAKING,
EXAMINING, AND REPAIRING
WELDS

WC-4410 PRECAUTIONS TO BE TAKEN BEFORE
WELDING

WC-4411 Identification, Storage, and Handling of
Welding Materials

Each Certificate Holder is responsible for control of the
weldingelectrodesandothermaterials that areused in the
fabrication and installation of components (see
WC-4120). Suitable identification, storage, and handling
of electrodes, flux, and other welding materials shall be
maintained. Precautions shall be taken to minimize
absorption of moisture by electrodes and flux.

WC-4412 Cleanliness and Protection of Welding
Surfaces

The method used to prepare the base metal shall leave
the weld preparation with reasonably smooth surfaces.
The surfaces for welding shall be free of scale, rust, oil,
grease, and other deleterious material. The work shall
be protected from deleterious contamination and from
rain, snow, and wind during welding. Welding shall not
be performed on wet surfaces.

WC-4420 RULES FOR MAKING WELDED JOINTS

WC-4421 Backing Rings

Backing rings that remain in place may be used. The
materials for backing rings shall be compatible with
the base metal, but spacer pins shall not be incorporated
into the weld.

WC-4423 Double‐Welded Joints, Single‐Welded
Joints, and Peening

WC-4423.1 Double‐Welded Joints. Before applying
weld metal on the second side to be welded, the root
of full penetration double‐welded joints shall be prepared
by suitablemethods such as chipping, grinding, or thermal
gouging, except for those processes of welding by which
proper fusion and penetrations are otherwise obtained
anddemonstrated tobesatisfactorybyweldingprocedure
qualifications.

WC-4423.2 Single‐Welded Joints. Where single-
welded joints are used, particular care shall be taken
in aligning and separating the items to be joined so
that there will be complete penetration and fusion at
the bottom of the joint for its full length.

WC-4423.3 Peening. Controlled peening may be
performed to minimize distortion. Peening shall not be
used on the internal layer (root) of the weld metal nor
on the final layersunless theweld ispostweldheat treated.
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WC-4424 Surfaces of Welds

As‐weldedsurfaces arepermitted.However, the surface
of welds shall be sufficiently free from coarse ripples,
grooves, overlaps, abrupt ridges, and valleys to meet
the requirements of (a) through (e) below.

(a) The surface condition of the finished weld shall be
suitable for the proper interpretation of radiographic and
other required nondestructive examination of theweld. In
those cases where there is a question regarding the
surface condition on the interpretation of a radiographic
film, the film shall be compared to the actual weld surface
for interpretation and determination of acceptability.

(b) Reinforcements are permitted in accordance with
WC-4426.1.

(c) Undercuts shall not exceed 1∕32 in. (0.8 mm) and
shall not encroach on the required section thickness.

(d) Concavity on the root side of a single-welded
circumferential butt weld is permitted when the resulting
thickness of the weld meets the requirements of
Article WC-3000.

(e) If the surface of the weld requires grinding to meet
theabove criteria, care shall be taken toavoid reducing the
weld or base material below the required thickness.

WC-4425 Welding Items of Different Diameters

When items of different diameters arewelded together,
there shall be a gradual transition between the two
surfaces. The slope of the transition shall be such that
the length–offset ratio shall not be less than 3:1, unless
greater slopes are shown to be acceptable by analysis
for vessels designed toWC-3200. The length of the transi-
tion may include the weld.

WC-4426 Reinforcement of Welds

WC-4426.1 Weld Reinforcement. The surface of the re-
inforcementof all butt-welded jointsmaybe flushwith the
base material or may have uniform crowns. The height of
reinforcementoneach faceof theweld shall not exceed the
thicknesses in the following tabulation:

Nominal Thickness, in. (mm)

Maximum
Reinforcement,

in. (mm)
Up to 1 (25), incl. 3∕32 (2.5)
Over 1 to 2 (25 to 50), incl. 1∕8 (3)
Over 2 to 3 (50 to 75), incl. 5∕32 (4)
Over 3 to 4 (75 to 100), incl. 7∕32 (5.5)
Over 4 to 5 (100 to 125), incl. 1∕4 (6)
Over 5 (125) 5∕16 (8)

WC-4427 Shape and Size of Fillet Welds

Fillet welds may vary from convex to concave. The
shape and size of the weld shall be in accordance with
the requirements of Figure WC-4427-1. A fillet weld in

any single continuous weld may be less than the specified
fillet weld dimension by not more than 1∕16 in. (1.5 mm),
provided that the total undersize portion of theweld does
not exceed 10% of the length of the weld. Individual
undersize weld portions shall not exceed 2 in. (50
mm) in length. Socket weld fittings, socket welds, and
other similar weld configurations are not permitted.

WC-4428 Seal Welds of Threaded Joints

Where seal welding of threaded pipe joints is
performed, the exposed threads shall be either
removed entirely or covered with weld metal.

WC-4430 WELDING OF ATTACHMENTS

WC-4431 Materials for Attachments

Structural attachments that are not part of the contain-
ment shall be of the materials that meet the requirements
of WC-2190. Structural attachments that are part of the
containment shall meet the requirements of WC-2120.

WC-4432 Welding of Structural Attachments

The rules of WC-4321 governingwelding qualifications
shall apply to the welding of structural attachments to
containment material.

WC-4433 Structural Attachments

Structural attachments shall conform reasonably to the
curvature of the surface to which they are to be attached
and shall be attached by full penetration, fillet, or partial
penetration continuous or intermittent welds.
Figures WC-4433-1 and WC-4433-2 illustrate some of
the typical details for attaching structural attachments
to a component using full penetration welds.

WC-4434 Welding of Internal Structural Supports
to Clad Containments

Internal structural supports on clad containments shall
bewelded to the basemetal and not to the cladding except
for weld overlay cladding.

WC-4435 Welding of Nonstructural and
Temporary Attachments and Their
Removal

(a) Nonstructural attachments welded to the contain-
ment need not comply with Article WC-2000 and may be
welded with continuous or intermittent fillet or partial
penetration welds, provided the requirements of (1)
through (4) below are met.

(1) The welding procedure and the welders have
been qualified in accordance with WC-4321.

(2) The material is identified and is compatible with
the material to which it is attached.
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(3) The welding material is identified and is compa-
tible with the materials joined.

(4) The welds are postweld heat treated when
required by WC-4620.

(b) Removal of nonstructural attachments, when
temporary, shall be accomplished as follows:

(1) The immediate area around the temporary
attachment is marked in a suitable manner so that
after removal the area can be identified until after it
has been examined in accordance with (3) below.

(2) The temporary attachment is completely
removed in accordance with the procedures of
WC-4211.

(3) After the temporary attachment has been
removed, themarked area is examined by the liquid pene-
trant or magnetic particle method in accordance with the
requirements ofWC-5120 andmeets the acceptance stan-
dards of WC-5340 or WC-5350, whichever is applicable.

(4) As an alternative to (a)(4) above, postweld heat
treatment may be deferred until after removal of the
attachment.

WC-4450 REPAIR OF WELD METAL DEFECTS

WC-4451 ð23ÞGeneral Requirements

Discontinuities detected in weld metal by examination
(see Article WC-5000) or testing (see Article WC-6000)
and classified as defects shall be reduced to imperfections
of acceptable size and, if necessary, repaired by welding.

WC-4452 Elimination of Surface Defects

Weldmetal surfacedefectsmaybe removedby grinding
or machining and need not be repaired by welding,
provided the requirements of (a), (b), and (c) below
are met.

(a) The remaining thickness of the section is not
reduced below that required by Article WC-3000.

(b) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(c) The area is examined by a magnetic particle or
liquid penetrant method in accordance with WC-5100
after blending and meets the acceptance standards of
WC-5300 to ensure that the defect has been removed
or the indication reduced to an acceptable limit.
Defects detected by visual or volumetric method and
located on an interior surface need only be reexamined
by themethodwhich initially detected thedefectwhen the
interior surface is inaccessible for surface examination.

Figure WC-4427-1
Fillet Weld Details and Dimensions

Theoretical throat

Surface of vertical member

Theoretical throat

Surface of vertical member

Theoretical throat

Theoretical throat

Surface of vertical member

Surface of vertical member

Convex fillet weld

Convex fillet weld

Concave fillet weld

Concave fillet weld

Size of weld

Surface of
    horizontal member

(b) Unequal Leg Fillet Weld [Note (2)]

(a) Equal Leg Fillet Weld [Note (1)]

Size of weld Surface of
    horizontal member

NOTES:
(1) The size of an equal leg fillet weld is the leg length of the largest right isosceles triangle. Theoretical throat = 0.7 × size of weld.
(2) The size of an unequal leg fillet weld is the shorter leg length of the largest right triangle that can be inscribed within the fillet weld cross

section.
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Figure WC-4433-1
Typical Types of Attachment Welds

1/8 in. (3 mm), max.

1/8 in. (3 mm), max.

(c) Attachment of Rings

(b) Attachment of Trunnions

A

A

(a) Attachment of Lugs, Shoes, Pipe Saddles, and Brackets

Dimension not sufficient for
    weld from inside

Section A-A
    1/8 in. (3 mm), max.

Section
    A-A

A Section A-A
    1/8 in. (3 mm), max.

A

A

A

GENERAL NOTE: The welds may be partial penetration or fillet welds.
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WC-4453 Requirements for Making Repairs of
Welds

Excavations in weld metal, when repaired by welding,
shall meet the requirements of the following subpara-
graphs.

WC-4453.1 Defect Removal. Defects may be removed
by mechanical means or by thermal gouging processes.
The area prepared for repair shall be examined by a
liquid penetrant or magnetic particle method in accor-
dance with WC-5100 and meet the acceptance standards
of WC-5340 or WC-5350. This examination is not
required where defect elimination removes the full thick-
nessof theweldandwhere thebacksideof theweld joint is
not accessible for removal of examination materials.

WC-4453.2 Requirements for Welding Materials,
Procedures, and Welders. The weld repair shall be
made using welding materials, welders, and welding
procedures qualified in accordance with WC-4125 and
WC-4300.

WC-4453.3 Blending of Repaired Areas. After repair
the surface shall be blended uniformly into the
surrounding surface.

WC-4453.4 Examination of Repair Welds.

(a) The examination of a weld repair shall be repeated
as required for the original weld, except that it need only
be reexamined by the liquid penetrant or magnetic

particle method when the unacceptable indication was
originally detected by the liquid penetrant or magnetic
particle method and when the repair cavity does not
exceed the following:

(1) 1∕3t for t ≤ 3∕4 in. (19 mm)
(2) 1∕4 in. (6 mm) for 3∕4 in. (19 mm) < t ≤ 21∕2 in. (64

mm)
(3) the lesser of 3∕8 in. (10mm)or 10% t for t>21∕2 in.

(64 mm) where t equals the thickness of the weld.
(b) When repairs to welds joining P‐No. 1 and P‐No. 3

materials require examinationby radiographyas required
in (a) above, but construction assembly prevents mean-
ingful radiographic examination, ultrasonic examination
may be substituted, provided that:

(1) the weld has been previously radiographed and
met the applicable acceptance standards;

(2) the ultrasonic examination is performed using a
procedure in accordance with Section V, Article 4 to the
acceptance standards of WC-5330;

(3) the substitution is limited to Category A and B
welds in containments and similar type welds in other
items.

The absence of suitable radiographic equipment is
not justification for the substitution.

WC-4453.5 Heat Treatment of Repaired Areas. The
area shall be heat treated in accordance with WC-4620.

Figure WC-4433-2
Typical Attachments

GENERAL NOTES:
(a) a ≥ t/4; b ≥ t/2; c ≥ t

t = thickness of attached member
c = minimum thickness of weld metal from the root to the face of the weld

(b) All welds continuous.
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WC-4500 BRAZING

WC-4510 RULES FOR BRAZING

WC-4511 Where Brazing May Be Used

Brazing is permitted for nonstructural attachments
only.

WC-4512 Brazing Material

Where brazing is permitted, the brazing filler material
and fluxes shall conform to the rules covering identifica-
tion inWC-2150and to the requirementsof (a), (b), and (c)
below.

(a) The fillermaterial used in brazing shall be a nonfer-
rous metal or alloy with a solidus temperature above
800°F (425°C) and at least 500°F (280°C) above the
highest temperature of the joint in service.

(b) The filler material shall melt and flow freely by
capillary action within the desired temperature range,
and in conjunctionwith a suitable flux or controlled atmo-
sphere the filler material shall wet and adhere to the
surfaces to be joined.

(c) Fluxes that are fluid and chemically active at the
brazing temperature shall be used, when necessary, to
prevent oxidation of the filler metal and the surfaces
to be joined, and to promote free flowing of the fillermate-
rial.

WC-4520 BRAZING QUALIFICATION
REQUIREMENTS

WC-4521 Brazing Procedure and Performance
Qualification

Qualification of the brazing procedure to be used and of
the performance of brazers and brazing operators is
required and shall comply with the requirements of
Section IX, except as noted below.

WC-4523 Reheated Joints

In addition to the requirements of Section IX, the
brazingprocedure shall be setupasanewprocedure spec-
ification and shall be completely requalified when the
constructionof thebrazed components includes reheating
of any portion of the completed brazed joint to a tempera-
ture that is within 300°F (170°C) of the solidus tempera-
ture of the filler metal.

WC-4524 Maximum Temperature Limits

The Design Temperature shall not exceed the upper
t empe r a t u r e shown in t h e t h i r d co l umn o f
Table WC-4524-1. For Design Temperatures below the
temperature shown in the second column of Table
WC-4524-1, no further testing beyond that required by
Section IX is required. For Design Temperatures in the
range shown in the third column of Table WC-4524-1,

tests in addition to those required by Section IX are
required. These tests shall be considered a part of the
procedure qualification. For such Design Temperatures,
two tension tests on production type joints are required,
one at the Design Temperature and one at 1.05T [where T
is the Design Temperature in °F (°C)]. Neither of these
production‐type joints shall fail in the braze metal.

WC-4530 FITTINGANDALIGNINGOFPARTSTOBE
BRAZED

Parts to be joinedbybrazing shall be fitted, and retained
in position during the brazing operation within the toler-
ances specified in the brazing procedure specification.
Brazed joints shall be assembled in a sequence which
will permit the maximum number of joints to be visually
examined on both sides of the joint after brazing.

WC-4540 EXAMINATION OF BRAZED JOINTS

The completed brazed joints shall be visually examined
on all accessible surfaces in accordance with WC-5275.

WC-4600 HEAT TREATMENT

WC-4610 WELDING PREHEAT REQUIREMENTS

WC-4611 When Preheat Is Necessary

Theneed for and temperature of preheat are dependent
on a number of factors, such as the chemical analysis,
degree of restraint of the parts being joined, elevated
temperature, physical properties, and material thick-
nesses. Some practices used for preheating are given
in Section III Appendices, Nonmandatory Appendix D
as a general guide for the materials listed by P‐
Number of Section IX. It is cautioned that the preheating
suggested in Section III Appendices, Nonmandatory
Appendix D does not necessarily ensure satisfactory
completion of the welded joint and that the preheating
requirements for individual materials within the P‐
Number listing may be more or less restrictive. The
welding procedure specification for the material being
welded shall specify the minimum preheating require-
ments under thewelding procedure qualification require-
ments of Section IX.

WC-4612 Preheating Methods

Preheat forweldingor thermal cutting,whenemployed,
may be applied by any method which does not harm the
base material or any weld metal already applied or which
does not introduce deleterious material into the welding
area which is harmful to the weld.
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WC-4613 Interpass Temperature

Consideration must be given to the limitations of inter-
pass temperatures for quenched and tempered materials
to avoid detrimental effects on themechanical properties.

WC-4620 POSTWELD HEAT TREATMENT

WC-4621 Heating and Cooling Methods

Postweld heat treatment (PWHT)may be accomplished
by any suitable methods of heating and cooling, provided
the requiredheatingandcooling rates,metal temperature,
metal temperature uniformity, and temperature control
are maintained.

WC-4622 PWHT Time and Temperature
Requirements

WC-4622.1 General Requirements. Except as other-
wise permitted in WC-4622.7, all welds, including
repair welds, shall be postweld heat treated. During post-
weldheat treatment, themetal temperature shall bemain-
tained within the temperature ranges for the minimum

holding time specified in Table WC-4622.1-1 except as
otherwise permitted in WC-4622.4(c). P‐Number
groups in Table WC-4622.1-1 are in accordance with
Section IX, QW‐420. Except as provided in WC-4624.3,
PWHT shall be performed in temperature‐surveyed
and ‐calibrated furnaces, or PWHT shall be performed
with thermocouples in contact with the material or
attached to blocks in contact with the material. Any post-
weld heat treatment time, which is anticipated to be
applied to the material or item after it is completed,
shall be specified in the Design Specification. The Certi-
ficate Holder shall include this time in the total time at
temperature specified to be applied to the test specimens.
In addition, the requirements of the following subpara-
graphs shall apply.

WC-4622.2 Time–Temperature Recordings. Time-
temperature recordings of all postweld heat treatments
shall be made available for review by the Inspector. Iden-
tification on the time–temperature recording shall be to
the weld, part, or component. A summary of the time–
temperature recording may be provided for permanent
records in accordance with WA-4134.

Table WC-4524-1
Maximum Design Temperatures for Brazing Filler Metal, °F (°C)

Filler Metal
Classification

Temperature Below Which Section IX
Tests Only Are Required

Temperature Range Requiring Section IX
Tests and Additional Tests

BCuP 300 (150) 300–350 (150–175)
BAg 400 (205) 400–500 (205–260)
BCuZn 400 (205) 400–500 (205–260)
BCu 400 (205) 400–650 (205–345)
BAISi 300 (150) 300–350 (150–175)
BNi 800 (425) …

GENERAL NOTE: Temperatures are based on AWS recommendations.

Table WC-4622.1-1
ð23ÞMandatory Requirements for Postweld Heat Treatment of Welds

P‐No.
(Section IX, QW-420)

Holding
Temperature
Range, °F (°C)
[Note (1)]

Minimum Holding Time at Temperature for Nominal Thickness of the Weld

1⁄2 in. (13mm)
or less

Over 1⁄2 in. to 2 in.
(13 mm to 50 mm)

Over 2 in. to 5 in.
(50 mm to 125 mm) Over 5 in. (125 mm)

1, 3 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 2 hr plus 15 min each
additional inch (2 h
plus 0.5 min/mm)
over 2 in. (50 mm)

2 hr plus 15 min each
additional inch (2 h
plus 0.5 min/mm)
over 2 in. (50 mm)

P‐Nos. 8, 10H Gr. 1, 34, 42,
43, 45 and hard surfacing
on P‐No. 1 base metal
whose reported carbon
content is not more than
0.30%

PWHT neither required nor prohibited

GENERAL NOTE: Exemptions to the mandatory requirements of this Table are defined in WC-4622.7.

NOTE: (1) All temperatures are metal temperatures.
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WC-4622.3ð23Þ Definit ion of Nominal Thickness
Governing PWHT. Nominal thickness in Table
WC-4622.7(b)-1 is the thickness of the weld, the contain-
ment material for structural attachment welds, or the
thinner of the containment materials being joined, which-
ever is least. It is not intended that nominal thickness
include material provided for forming allowance, thin-
ning, or mill overrun when the excess material does
not exceed1∕8 in. (3mm). For filletwelds thenominal thick-
ness is the throat thickness, and for partial penetration
and repair welds the nominal thickness is the depth of
the weld groove or preparation.

WC-4622.4 Holding Times at Temperature.

(a) The holding time at temperature as specified in
Table WC-4622.1-1 shall be based on the nominal thick-
ness of theweld. The holding timeneednot be continuous.
It may be an accumulation of the times of multiple post-
weld heat‐treat cycles.

(b) Holding time at temperature in excess of the
minimum requirements of Table WC-4622.1-1 may be
used, provided that specimens so heat treated are
tested in accordance with WC-2200, WC-2400, and
WC-4300.

(c) Alternatively, when it is impractical to postweld
heat treat at the temperature range specified in
Table WC-4622.1-1, it is permissible to perform the post-
weld heat treatment of certain materials at lower
temperatures for longer periods of time in accordance
with Table WC-4622.4(c)-1 and (1), (2), and (3) below.

(1) Except for P‐No. 1 materials, when welds in the
materials listed in Table WC-4622.4(c)-1 are to be post-
weld heat treated at the lower minimum temperatures,
the impact test specimens for the welding procedure
qualification required by WC-4300 shall be made using
the same minimum temperatures and increased
minimum holding time. Welding procedures, qualified
at the temperature range and minimum holding time
specified in TableWC-4622.1-1 and at the lower tempera-
ture and increased minimum holding time permitted by
TableWC-4622.4(c)-1, are also qualified for any tempera-
ture in between.When such an in‐between temperature is
used, the minimum holding time shall be interpolated

from Table WC-4622.1-1 and the alternative require-
ments from Table WC-4622.4(c)-1.

(2) Except for P‐No. 1 materials, when welds in the
materials listed in Table WC-4622.4(c)-1 are to be post-
weld heat treated at these lower minimum temperatures,
the welding material certification required by WC-2400
shall be made using the same minimum temperature and
increasedminimum holding time. Welding material certi-
fied at the temperature range and minimum holding time
specified inTableWC-4622.1-1 andat the lowerminimum
temperatures and increased minimum holding time
permitted by Table WC-4622.4(c)-1 are also certified
for any temperature in between.

(3) Base materials certified in accordance with
WC-2200 may be postweld heat treated at these lower
minimum temperatures and increased minimum
holding timeswithout recertification. Postweldheat treat-
ment at these lower minimum temperatures and
increased minimum holding times may also be the
tempering operation, provided a higher tempering
temperature is not required by the material specification.

WC-4622.5 PWHT Requirements When Different P‐
Number Materials Are Joined. When containment mate-
rials of two different P‐Number groups are joined by
welding, the applicable postweld heat treatment shall
be that specified in Table WC-4622.1-1 for the material
requiring the higher PWHT temperature range.

WC-4622.6 PWHT Requirements for Noncontainment
Parts.When parts not performing a containment function
are welded to contaiment materials, the postweld heat
treatment temperature range of the containment mate-
rials shall control.

WC-4622.7 Exemptions to Mandatory Requirements.
Postweld heat treatment in accordance with this subar-
ticle is not required for (a) through (g) below:

(a) nonferrous materials;
(b) welds exempted in Table WC-4622.7(b)-1;
(c) welds subjected to temperatures above the PWHT

temperature range specified in Table WC-4622.1-1,
provided theWelding Procedure Specification is qualified
in accordance with Section IX and the base material and
the deposited weldmaterial have been heat treated at the
higher temperature;

(d) welds connecting nozzles to containments
provided the requirements in WC-4622.8 are met;

(e) weld repairs to P‐No. 1 or P‐No. 3 materials in
conta inments , prov ided the requ i rements o f
WC-4622.9 or WC-4622.10 are met;

(f) weld repairs to cladding after final postweld heat
treatment provided the requirements of WC-4622.11
are met;

(g) weld repairs to dissimilar metal welds after final
postweld heat treatment provided the requirements of
WC-4622.12 are met.

Table WC-4622.4(c)-1
Alternative Holding Temperatures and Times

Material
P‐Numbers

Alternative Minimum
Holding Temperatures,

°F (°C)

Alternative
Minimum Holding

Times
1, 3 1,050 (565) 2 hr/in. (4 min/mm)

thick
1, 3 1,000 (540) 4 hr/in. (8 min/mm)

thick

GENERAL NOTE: All other requirements of WC-4622 shall apply.
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WC-4622.8 Requirements for Exempting PWHT of
Nozzles to Containment Welds. Welds connecting
nozzles of P‐No. 1 materials to containments of P‐No. 1
or P‐No. 3 materials that are not exempted from
PWHT in Table WC-4622.7(b)-1 need not be given a post-
weld heat treatment if the requirements of (a) are met for
partial penetration and (b) are met for full penetration
welds.

(a) The partial penetration welds are made with A‐No.
8ornon‐air‐hardeningnickel–chromium–ironweldmetal
after:

(1) the ferritic materials to be joined are buttered or
buildup with A‐No. 8 or non‐air‐hardening nickel–chro-
mium–iron weld metal having a minimum thickness of
1∕4 in. (6 mm); and

(2) theheat-affectedzonesof thebutteredorbuildup
ferritic materials are postweld heat treated in accordance
with WC-4620, without the PWHT exemptions being
applied, prior to making the final welds.

(b) The full penetrationwelds aremadewithA‐No. 1 or
A‐No. 2 weld metal, provided that:

(1) the containment is built uporbuttered in thearea
of the attachment with A‐No. 1 or A‐No. 2 metal having a
minimum thickness of 1∕4 in. (6 mm);

(2) the A‐No. 1 or A‐No. 2 weld metal buildup or
buttering is postweld heat treated in accordance with
WC-4620 for P‐No. 1 or P‐No. 3 materials without the
PWHT exemptions being applied;

(3) the welds do not penetrate through the contain-
ment thickness;

(4) weld metal with A‐No. 1 or A‐No. 2 analysis is
used to join the nozzle of P‐No. 1 material to the weld
buildup or buttering;

(5) the nominal thickness of the weld joining the
nozzle to the containment does not exceed 11∕2 in. (38
mm), and the maximum reported carbon content of
the nozzle connection does not exceed 0.30%;

(6) a 200°F (95°C) minimum preheat is maintained
during welding whenever the nominal thickness of the
weld exceeds:

Table WC-4622.7(b)-1
Exemptions to Mandatory PWHT

P‐No.
(Section IX,
QW‐420) Type of Weld [Note (1)]

Nominal Thickness, in.
(mm) (see WC-4622.3)

Max. Reported
Carbon, % [Note(2)]

Min. Preheat
Required, °F (°C)

1 Allwelds,where thematerialsbeing joinedare
11∕2 in. (38 mm) and less

11∕4 (32) and less 0.30 and less …
Over 11∕4 to 11∕2 (32 to 38) 0.30 and less 200 (95)
3∕4 (19) or less Over 0.30 …
Over 3∕4 to 11∕2 (19 to 38) Over 0.30 200 (95)

All welds in material over 11∕2 in. (38 mm) 3∕4 (19) or less … 200 (95)
1 Gr. 1 or Gr. 2 Cladding or repair of cladding [Note (3)] with

A‐No. 8 or F‐No. 43 filler metal in base
material of: 11∕2 in. (38 mm) or less

… 0.30 100 (38)

Over 11∕2 in. to 3 in. (38 mm to 75 mm) … 0.30 200 (95) [Note (4)]
Over 3 in. (75 mm) … 0.30 250 (120) [Note (5)]

3 For containment repair without required
PWHT, see WC-4622.9 or WC-4622.10

… … 350 (175)

3 except Gr. 3 All welds, except repair welds in
containments, provided weld procedure
qualification is made using equal or greater
thickness base material than production
weld [Note (6)]

5∕8 (16) or less 0.25 or less 200 (95)

Attachment welds joining containment to
noncontainment material

1∕2 (13) or less 0.25 or less 200 (95)

GENERAL NOTE: The exemptions noted in this Table do not apply to electron beam welds in ferritic materials over 1∕8 in. (3 mm) in thickness.

NOTES:
(1) Where the thickness of material is identified in the column Type ofWeld, it is the thickness of the thicker of the basematerials at the welded

joint.
(2) Carbon level of the containment materials being joined.
(3) The maximum resulting hardness of the heat-affected zone, in the procedure qualification test plate shall not exceed 35 Rc.
(4) Intermediate postweld soak at not less than 200°F (95°C) for 2 hr minimum.
(5) Intermediate postweld soak at not less than 300°F (150°C) for 2 hr minimum.
(6) Weld Procedure Qualification coupon need not exceed 1.5 in. (38 mm) in thickness.
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(-a) 11∕4 in. (32 mm) and the maximum reported
carbon content of the material of the nozzle is 0.30% or
less; or

(-b) 3∕4 in. (19 mm) and the maximum reported
carbon content of material of the nozzle connection
exceeds 0.30%.

WC-4622.9 Weld Repair to Containments. Limited
weld repairs to containments of P‐No. 1 and P‐No. 3mate-
rials and A‐No. 1, A‐No. 2, A‐No. 10, or A‐No. 11 weld filler
metal (Section IX, Table QW-442) may be made without
PWHTor after the final PWHT, provided the requirements
of the following subparagraphs are met:

(a) Examination of Area to Be Repaired. Before a repair
ismade, the area shall be examinedbymagneticparticle or
liquid penetrantmethod in accordancewithWC-5100 and
shall meet the acceptance standards of WC-5340 or
WC-5350, as appropriate.

(b) Maximum Extent of Repairs. A repair shall not
exceed 10 in.2 (6500 mm2) in surface area and shall
not be greater in depth than 50% of the base metal or
weld thickness or 1∕2 in. (13 mm), whichever is less.

(c) Repair Welding Procedure
(1) The repairs shall be made using one or more

procedures and welders qualified in accordance with
Section IX and the requirements of this Article using
the shielded metal‐arc process and low hydrogen
covered electrodes.

(2) The largest electrode diameter shall be 5∕32 in. (4
mm), and the bead width shall not exceed four times the
electrode diameter.

(3) The repairweld shall bemadewith aminimumof
two layers of weld metal. The last layer shall be limited or
ground off so that the weld surface does not extend above
the base metal a greater distance than that allowed for
reinforcement of butt welds.

(4) A preheat and interpass temperature of 300°F
(150°C) minimum shall be used.

(d) Examination of Repair Welds. Following the repair
and when the area has reached ambient temperature, the
area shall again be examined by magnetic particle
methods and accepted in accordance with (a) above.

WC-4622.10 Temper Bead Technique. Limited weld
repairs to P‐No. 1 and P‐No. 3 material, and A‐Nos. 1,
2, 10, or 11 weld filler metal (Section IX, Table
QW-442), may be made without PWHT or after the
final PWHT, provided it is impossible or impractical to
postweld heat treat the area after repair, and provided
the requirements of the following subparagraphs aremet:

(a) Examination of Area to Be Repaired. Before repair,
the area shall be examined by either themagnetic particle
or liquid penetrant method in accordance with
Article WC-5000.

(b) Maximum Extent of Repair. Themaximumarea of an
individual repair based on the finished surface shall be
100 in.2 (65000 mm2) and the depth of repair shall

not be greater than one‐third of the base material thick-
ness.

(c) Repair Welding Procedure. The welding procedure
shall be in accordance with Section IX and this Subsection
and shall include the requirements of (1) through (8)
below.

(1) Thearea tobe repairedshall be suitablyprepared
for welding in accordance with a written procedure.

(2) The weldmetal shall be deposited by the manual
shielded metal arc process using low hydrogen type elec-
trode. The maximum bead width shall be four times the
electrode core diameter.

(3) Welding electrodes shall meet the requirements
for supplemental designators “R” indicating a moisture‐
resistant coating and “H4” indicating that they are low in
diffusible hydrogen as defined in the applicable specifica-
tions in Section II, Part C. Welding electrodes shall also be
supplied in unopened hermetically sealed containers.

(4) After a hermetically sealed container is opened,
the electrodes shall be stored in holding ovens at 225°F to
350°F (105°C to 175°C). When electrodes are removed
from elevated storage, they may be exposed to the atmo-
sphere for a maximum of 8 hr.

(5) Electrodes,which are exposed to the atmosphere
for more than 8 hr, shall be discarded or baked to remove
any absorbed moisture for the time and temperature rec-
ommended by the electrode manufacturer. After baking
and before the electrodes are allowed to cool below 225°F
(105°C), they shall be transferred immediately into
holding ovens at 225°F to 350°F (105°C to 175°C).
When the once‐baked electrodes are removed from
elevated storage, they may be exposed to the atmosphere
for an additional 8 hr after which they shall be discarded.

(6) Theweld area plus a band around the repair area
of at least 11∕2 times the containment thickness or 5 in.
(125mm),whichever is less, shall be preheated andmain-
tainedat aminimumtemperatureof 350°F (175°C)during
welding. The maximum interpass temperature shall be
450°F (230°C). Thermocouples and recording instru-
ments shall be used to monitor the process temperatures.
Their removal shall be in accordance with WC-4435(b).

(7) The cavity shall be buttered, using a 3∕32 in. (2.5
mm) d iameter e lec t rode as shown in F igure
WC-4622.10(c)(7)-1. The weld bead crown surface
shall be removed by grinding or machining before depos-
iting the second layer [see Figure WC-4622.10(c)(7)-1,
Step 2]. The second layer shall be deposited with a 1∕8
in. (3 mm) diameter electrode. Subsequent layers shall
be deposited with a welding electrode no larger than
5∕32 in. (4 mm) diameter. Bead deposition shall be
p e r f o rm e d i n a m a n n e r s h ow n i n F i g u r e
WC-4622.10(c)(7)-1, Step 3. The completed weld shall
have at least one layer of weld reinforcement deposited
and then this reinforcement shall be removed bymechan-
cial means, making the finished surface of the repair
substantially flush with the surface of the vessel
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Figure WC-4622.10(c)(7)-1
Temper Bead Weld Repair and Weld Temper Bead Reinforcement

Reinforcement weld

Temper bead layer

Step 3:

Step 2: Remove the weld bead crown of the first layer of
grinding.

Step 1: Butter cavity with one layer of weld metal using 
3/32 in. (2.5 mm) diameter coated electrode.

The second layer shall be deposited with a 1/8 in. (3 mm) 
diameter electrode. Subsequent layers shall be 
deposited with welding electrodes no larger than 5/32 in. 
(4 mm) maximum diameter. Bead deposition shall be 
performed in the manner as shown. Particular care shall 
be taken in the application of the temper bead 
reinforcement weld at the tie-in points as well as its 
removal to ensure that the heat-affected zone of the 
base metal and the deposited weld metal is tempered 
and the resulting surface is substantially flush.
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surrounding the repair [see Figure WC-4622.10(c)(7)-2].
The technique described in this paragraph shall be
performed in the procedure qualification test.

(8) The weld area shall be maintained at a tempera-
ture of 450°F to 550°F (230°C to 290°C) for a minimum
periodof2hr after completionof theweld repair inP‐No. 1
materials. ForP‐No. 3materials, theholding timeshall be a
minimum of 4 hr.

(d) Examination of Repair Welds. The second (temper
bead) layer shall be examined by the magnetic particle or
liquid penetrant method. The completed weld shall have
theweld reinforcement, including the final layer, removed
substantially flush with the surface prior to performing
the required nondestructive examination. The nondes-
tructive examination shall be performed after the
completed weld has been at ambient temperature for a
minimumperiodof48hr todetect thepresenceofpossible
delayed cracking of the weldment. The nondestructive
examination of the repair welded and preheated region
shall be in accordance with WC-4453.4. In addition, all
repairs shall be ultrasonically examined. All nondestruc-
tive examination shall be in accordance with Article
WC-5000.

(e) Documentation of Weld Repairs. Documentation of
weld repairs shall be in accordance with WC-4130, exclu-
sive of the size requirements.

(f) Welding Procedure Qualification Test Plate. The test
assembly materials for the welding procedure qualifica-
tion shall be of the same P‐Number and Group Number,
including apostweldheat treatment that is at least equiva-
lent to the time and temperature applied to the materials
being repaired. The depth of cavity in the test assembly
shall be a minimum of one‐half the depth of actual repair,
but not less than 1 in. (25 mm). The test assembly thick-
ness shall be aminimumof twice the depth of cavity in the
test assembly. The test assembly shall be large enough to
permit removal of the required test specimens. In order to
simulate the restraint that the weld metal will experience
in the repair section of the component, the test assembly
dimensions surrounding the cavity shall be equal to the
test assembly thickness, but not less than 6 in. (150 mm).

The qualification test plate shall be prepared in accor-
dance with Figure WC-4622.10(f)-1.

(g) This test assembly may be used to qualify proce-
dures for weld buildup repairs of containment materials.
In this case, thedepthof the cavity shall notbe less than the
thickness of the weld buildup or 1 in. (25mm), whichever
is greater, and the areaof theweldbuildup tobe appliedor
54 in.2 (35000 mm2), whichever is less.

(h) In all cases, the test assembly and cavity shall be of
sufficient size to permit removal of the required test speci-
mens.

(i) Performance Qualifications. If the repairweld is tobe
performed where physical obstructions impair the
welder’s ability to perform, the welder shall also demon-
strate the ability to deposit sound weld metal in the posi-
tions required, using the same parameters and simulated
physical obstructions as are involved in the repair.

WC-4622.11 Repair Welds to Cladding After Final
Postweld Heat Treatment. Nonpostweld heat-treated
weld repairs may be made to P‐No. 8 or P‐No. 43 cladding
of P‐No. 1 and P‐No. 3material after final PWHT, provided
it is impossible or impractical to postweld heat treat the
area after repair, and provided the requirements of the
following subparagraphs are met:

(a) Maximum Extent of Repair. This procedure may be
usedwith thebasematerial exposed to adepthnot greater
than 1∕4 in. (6 mm) or 10% of the base material thickness,
whichever is less, nor to an individual area greater than
100 in.2 (65000 mm2). Areas with greater base material
exposure depth shall be repaired in accordance with
WC-4622.10 to within this limit before implementing
the cladding repair.

(b) Repair Welding Procedure. The welding procedure
shall be in accordancewith Section IX and this Article, and
shall include the requirements of (1) through (7) below.

(1) The repairs shall be made using A‐No. 8 weld
metal (Section IX, Table QW-442) for P‐No. 8 cladding
or F‐No. 43 weld metal (Section IX, Table QW-432) for
either P‐No. 8 or P‐No. 43 cladding.

(2) The manual shielded metal arc process shall be
used for welding with a bead width not to exceed four
times the electrode core diameter.

(3) All covered electrodes used for qualification test
and repair welding shall be from unopened, hermetically
sealed packages or heated ovens maintained between
225°F (105°C) and 350°F (175°C). Electrodes withdrawn
from hermetically sealed containers or ovens for longer
than 8 hr shall be discarded, or baked once at the time and
temperature recommended by the electrode manufac-
turer and placed immediately back into the holding
ovens. Electrodes exposed to the atmosphere for more
than 8 hr after once being baked shall be discarded.

(4) During the repair, the electrodes may be main-
tained in heated ovens in the repair area. The oven
temperature shall be maintained between 225°F
(105°C) and 350°F (175°C). Electrodes exposed to the

Figure WC-4622.10(c)(7)-2
Temper Bead Reinforcement

NOTE: (1) Apply temper bead reinforcement weld metal to a level
above the surface and then remove it substantially flush to the surface
as required by WC-4622.10(c)(7).
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Figure WC-4622.10(f)-1
Qualification Test Plate

Reduced section

Side bend

Side bend

Reduced section

Side bend

Side bend

Discard

specimen

specimen

specimen

specimen

specimen

specimen

Charpy

Charpy

Charpy

V – Notch (HAZ)

V – Notch (HAZ)

Charpy V – Notch (HAZ)

1/8 in.   1/32 in. (3 mm     0.8 mm)Fusion line

30 deg (max.)

Weld metal

Heat-affected zone

3/8 in. (10 mm)
WC-4622.10(f)Elevation

  view

Plan
  view

1/2 in. (13 mm)
  min.

V – Notch (HAZ)
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atmosphere for more than 8 hr shall be discarded, or
baked once at the time and temperature recommended
by the electrode manufacturer and placed immediately
back into the holding ovens. Electrodes exposed to the
atmosphere for more than 8 hr after once being baked
shall be discarded.

(5) Theweld area plus a band around the clad repair
of 11∕2 times the component thickness or 5 in. (125 mm),
whichever is less, shall be preheated and maintained at a
minimum temperature of 350°F (175°C) during welding.
The maximum interpass temperature shall be 450°F
(230°C). Thermocouples and recording instruments
shall be used to monitor the process temperatures.
Their removal shall be in accordance with WC-4435.

(6) All areas of the base material on which weld
metal is to be deposited shall be covered with a single
layer of weld deposit using 3∕32 in. (2.5mm) diameter elec-
trode, followed by aminimumof one layer of weld deposit
using 1∕8 in. (3mm) diameter electrode. Subsequent layers
may be deposited with electrode no larger than 5∕32 in. (4
mm). The weld bead crown surface of the first layer shall
be removed by grinding.

(7) After completion of welding, the weld area shall
be maintained at a temperature of 450°F to 550°F (230°C
to 290°C) for a period of 2 hr for P‐No. 1 material and 4 hr
for P‐No. 3 material.

(c) Examination of Repair Welds. The weld repair as
well as the preheated band shall be examined by the
liquid penetrant method. All nondestructive examination
shall be in accordance with Article WC-5000.

(d) Documentation of Weld Repairs. Documentation of
weld repairs shall be in accordance with WC-4130, exclu-
sive of the size requirements.

(e) Welding Procedure Qualification Test Plate
(1) The test assemblymaterial for theweldingproce-

dure qualification test shall be of the same P‐Number and
Group Number, including a postweld heat treatment that
is at least equivalent to the time and temperature of that
applied to the material being repaired. If the repair
involves two different P‐Number or Group Number mate-
rials, the test assembly shall duplicate the combination.

(2) The test assembly base material shall be at least
12 in. (300 mm) by 12 in. (300 mm), 2 in. (50 mm) min.
thickness, with a clad surface area of at least 8 in. (200
mm) by 8 in. (200 mm), in the area from which the bend
test specimens will be removed.

(3) The qualification test plate assembly shall be
prepared and tested in accordance with the requirements
of Section IX. The guided bend test acceptance standards
described inSection IX for cladding shall alsobeapplicable
to the HAZ of the base material.

(f) Performance Qualifications. If the repairweld is tobe
performed where physical obstructions impair the
welder’s ability to perform, the welder shall also demon-
strate the ability to deposit sound weld metal in the posi-

tions required, using the same parameters and simulated
physical obstructions as are involved in the repair.

WC-4622.12 Temper Bead Weld Repair to Dissimilar
MetalWelds or Buttering.Whenever PWHT is impractical
or impossible, limited weld repairs to dissimilar metal
welds of P‐No. 1 and P‐No. 3 material or weld filler
metal A‐No. 8 (Section IX, Table QW-442) or F‐No. 43
(Section IX, Table QW-432) may be made without
PWHT or after the final PWHT provided the requirements
of the following subparagraphs are met:

(a) Examination of Area to Be Repaired. Before repair,
the area shall be examined by either themagnetic particle
or liquid penetrant method in accordance with
Article WC-5000.

(b) Maximum Extent of Repair. Repairs made to this
paragraph are limited to those along the fusion line of
a nonferritic weld to ferritic base material where 1∕8 in.
(3 mm) or less of nonferritic weld deposit exists above
the original fusion line after defect removal. If the
defect penetrates into the ferritic base material, repair
of the base material may be performed in accordance
with WC-4622.12 provided the depth of repair in the
base material does not exceed 3∕8 in. (10 mm). The
repairs to a completed joint shall not exceed one‐half
the joint thickness. The surface of the completed repair
shall not exceed 100 in.2 (65000 mm2).

(c) Repair Welding Procedure. The welding procedure
andwelder qualification shallmeet all of the requirements
of Section IX and the additional requirements of this
Article. In addition, the Welding Procedure Specification
shall include the following requirements:

(1) Thearea tobe repairedshall be suitablyprepared
for welding in accordance with the written procedure to
be used for the repair.

(2) Theweldmetal shall bedepositedby the shielded
metal arc welding process (SMAW) using A‐No. 8 weld
metal (Section IX, Table QW-442) for P‐No. 8 to P‐No.
1 or P‐No. 3 weld joints or F‐No. 43 weld metal
(Section IX, Table QW-432) for either P‐No. 8 or
P‐No. 43 to P‐No. 1 or P‐No. 3 weld joints. The
maximum bead width shall be four times the electrode
core diameter.

(3) All covered electrodes used for qualification test
and repair welding shall be from unopened, hermetically
sealed packages or heated ovens maintained between
225°F (105°C) and 350°F (175°C). Electrodes withdrawn
from hermetically sealed containers or ovens for longer
than 8 hr shall be discarded, or baked once at the time and
temperature recommended by the electrode manufac-
turer and placed immediately back into the holding
ovens. Electrodes exposed to the atmosphere for more
than 8 hr after once being baked shall be discarded.

(4) During the repair, the electrode may be main-
tained in heated ovens in the repair area. The oven
temperature shall be maintained between 225°F
(105°C) and 350°F (175°C). Electrodes exposed to the
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atmosphere for more than 8 hr shall be discarded, or
baked once at the time and temperature recommended
by the electrode manufacturer and placed immediately
back into the holding ovens. Electrodes exposed to the
atmosphere for more than 8 hr after once being baked
shall be discarded.

(5) Theweld areaplus aband around theweld repair
of 11∕2 times the component thickness or 5 in. (125 mm),
whichever is less, shall be preheated and maintained at a
minimum temperature of 350°F (175°C) during welding.
The maximum interpass temperature shall be 450°F
(230°C). Thermocouples and recording instruments
shall be used to monitor the metal temperature during
welding. Their removal shall be in accordance with
WC-4435.

(6) All areas of the ferritic base material, exposed or
not, on which weld metal is to be deposited, shall be
covered with a single layer of weld deposit using 3∕32
in. (2.5 mm) diameter electrode. The weld bead crown
surface shall be removed by grinding before depositing
the second layer. The second layer shall be deposited
with 1∕8 in. (3 mm) diameter electrode. Subsequent
layers may be deposited with 5∕32 in. (4 mm) maximum
diameter electrode. The techniquesdescribed in this para-
graph shall be duplicated in the procedure qualification.
[see Figure WC-4622.12(c)(6)-1].

(7) After at least 3∕16 in. (5 mm) of weld metal has
been deposited, the preheated area as defined in (5)
above shall be maintained in the range of 450°F to
550°F (230°C to 290°C) for 4 hr as a minimum.

(8) Subsequent to the above heat treatment, the
balance of the welding may be performed at a
minimum preheat temperature of 100°F (38°C) and at
a maximum interpass temperature of 350°F (175°C).

(d) Examination of Repair Areas
(1) After the heat treatment specified in (c)(7) above

has been completed, the repaired area shall be examined
by the liquid penetrant method.

(2) The repaired area and the preheated band as
defined in (c)(5) above shall be examined by the liquid
penetrant method after the completed weld has been
at ambient temperature for a minimum of 48 hr. The
repaired region shall be examined by the radiographic
method and, if practical, by the ultrasonic method.

(3) For repairs to partial penetration welds, the
radiographic and ultrasonic examinations specified in
(2) above need not be performed, if meaningful results
cannot be obtained. For these cases, liquid penetrant
examination only shall be performed. For weld repair
depths approximately 3∕16 in. (5 mm), liquid penetrant
examination shall be performed at the time specified
in (2) above. For weld repair depths greater than 3∕16
in. (5 mm), liquid penetrant examination shall be
performed after approximately 3∕16 in. (5 mm) thickness
has been deposited and the post heat specified in (c)(7)
above has been completed. Additional incremental

deposit thicknesses shall be liquid penetrant examined
in accordance with WC-5245. The final weld surface
shall be liquid penetrant examined at the time specified
in (2) above.

(4) All nondestructive examination shall be in accor-
dance with Article WC-5000.

(e) Documentation of Weld Repairs. Documentation of
weld repairs shall be in accordance with WC-4130, exclu-
sive of the size requirements.

(f) Welding Procedure Qualification Test Plate. The test
assembly materials for the welding procedure qualifica-
tion shall be of the same P‐Number and Group Number,
including apostweld heat treatment that is at least equiva-
lent to the time and temperature applied to the materials
being repaired. The depth of cavity in the test assembly
shall be a minimum of one‐half the depth of actual repair
but not less than 1 in. (25 mm). The test assembly thick-
ness shall be aminimumof twice the depth of cavity in the
test assembly. The test assembly shall be large enough to
permit removal of the required test specimens. In order to
simulate the restraint that the weld metal will experience
in the repaired section of the containment, the test
assembly dimensions surrounding the cavity shall be
equal to the test assembly thickness, but not less than
6 in. (150 mm). The qualification test plate shall be
prepared in accordance with Figure WC-4622.10(f)-1.

(g) Performance Qualifications. If the repair weld is to
be performed where physical constructions impair the
welder’s ability to perform, the welder shall also demon-
strate the ability to deposit sound weld metal in the posi-
tions required, using the same parameters and simulated
physical obstructions as are involved in the repair.

WC-4623 PWHT Heating and Cooling Rate
Requirements

Above 800°F (425°C), the rate of heating and cooling in
anyhourly interval shall not exceed400°F (220°C)divided
by the maximum thickness in inches (millimeters) of the
material being heat treated, but shall not exceed 400°F
(220°C) and need not be less than 100°F (56°C) in any
hourly interval. During the heating and cooling period
there shall not be a greater variation in temperature
than 250°F (140°C) within any 15 ft (4.5 m) interval of
weld length.

WC-4624 Methods of Postweld Heat Treatment

The postweld heat treatment shall be performed in
accordance with the requirements of one of the following
subparagraphs.

WC-4624.1 Furnace Heating— One Heat. Heating the
component or item in a closed furnace in one heat is the
preferred procedure and should be used whenever prac-
tical. The furnace atmosphere shall be controlled so as to
avoid excessive oxidation, and direct impingement of
flame on the item is prohibited.
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Figure WC-4622.12(c)(6)-1
Temper Bead Weld Repair and Weld Temper Bead Reinforcement of Dissimilar Metal Welds or Buttering

1/2T max.
  depth

Reinforcement weld
Temper bead layer

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

Nonferritic
  base material

Ferritic
  base material

3/8 in. (10 mm) maximum axial depth into the original base material for 
  repair to WC-4622.12. Greater depths shall be repaired to WC-4622.9 to 
  the 3/8 in. (10 mm) level before implementing the WC-4622.12 repair.

Nonferritic
  base material

Step 4:

Step 3: Remove the weld bead crown of the first layer by grinding.

Step 2: Butter cavity with one layer of weld metal using 3/32
in. (2.5 mm) diameter coated electrode.

Step 1: Prepare cavity and determine axial depth into ferritic 
base material.

The second layer shall be deposited with a 1/8 in. (3 mm) 
diameter electrode. Subsequent layer shall be deposited 
with welding electrodes no larger than 5/32 in. (4 mm) 
diameter. Bead deposition shall be performed in the 
manner as shown. Particular care shall be taken in the 
application of the temper bead reinforcement weld at 
the tie-in point with the ferritic material as well as its 
removal to ensure that the base metal and the deposited 
weld metal are tempered and the resulting surface is 
substantially flush.
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WC-4624.2 Furnace Heating— More Than One Heat.
The component or item may be heated in more than one
heat in a furnace, provided the furnace atmosphere
control requirements of WC-4624.1 apply and that
overlap of the heated sections of the item is at least 5
ft (1.5 m). When this procedure is used, the portion of
the item outside the furnace shall be shielded so that
the temperature gradient is not harmful. The cross
section where the item projects from the furnace shall
not intersect a nozzle or other structural discontinuity.

WC-4624.3 Local Heating.Welds may be locally post-
weld heat treated when it is not practical to heat treat the
entire item. Local postweld heat treatment shall consist of
heating a circumferential band around the item at
temperatures within the ranges specified in this subar-
ticle. The minimum width of the controlled band at
each side of the weld, on the face of the greatest weld
width, shall be the thickness of the weld or 2 in. (50
mm), whichever is less. The temperature of the item
from the edge of the controlled band outward shall be
graduallydiminishedsoas toavoidharmful thermal gradi-
ents. This procedure may also be used for postweld heat
treatment after repairs.

WC-4624.4 Heating Components Internally. The item
may be heated internally by any appropriate means and
with adequate indicating and recording temperature
devices to aid in the control and maintenance of a
uniform distribution of temperature in the item. Previous
to this operation, the item should be fully enclosed with
insulating material.

WC-4630 HEAT TREATMENT OF WELDS OTHER
THAN THE FINAL POSTWELD HEAT
TREATMENT

The holding temperature, the time at temperature, the
heating rate, and the cooling rate need not conform to the
requirementsof thisArticle forheat treatments other than
the final postweld heat treatment.

WC-4700 MECHANICAL JOINTS

WC-4710 BOLTING AND THREADING

WC-4711 Thread Engagement

The threads of all bolts or studs shall be engaged in
accordance with the design.

WC-4712 Thread Lubricants

Any lubricant or compoundused in threaded joints shall
be suitable for the service conditions and shall not react
unfavorably with either the service fluid or any compo-
nent material in the system.

WC-4713 Removal of Thread Lubricants

All threading lubricantsor compoundsshall be removed
from surfaces which are to be seal welded.

WC-4720 BOLTING FLANGED JOINTS

In bolting gasketed flanged joints, the contact faces of
the flanges shall bear uniformly on the gasket and the
gasket shall be properly compressed in accordance
with the design principles applicable to the type of
gasket used. All flanged joints shall be made up with rel-
atively uniform bolt stress.
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ARTICLE WC-5000
EXAMINATION

WC-5100 GENERAL REQUIREMENTS FOR
EXAMINATION

WC-5110 PROCEDURES, QUALIFICATIONS, AND
EVALUATION

WC-5111 General Requirements

Nondestructive examinations shall be conducted in
accordance with the examination methods of Section V,
except as they may be modified by the requirements of
this Article. Radiographic examination shall be performed
in accordance with Section V, Article 2, except that fluor-
escent screens are not permitted for film radiography, the
geometric unsharpness shall not exceed the limits of
Section V, Article 2, T-274.2, and the image quality indi-
cators (IQIs) of Table WC-5111-1 shall be used in lieu of
those shown in Section V, Article 2, Table T-276. The re-
quirements for the retention of electronic and digital
radiographic images are the same as that for radiographic
film. Ultrasonic examination shall be in accordance with
SectionV,Article 4;magnetic particle examination shall be
in accordance with Section V, Article 7; and liquid pene-
trant examination shall be in accordance with Section V,
Article 6. The examinations required by this Article, or by
reference to this Article, shall be performed by personnel
who have been qualified as required by this Article. The
results of the examinations shall be evaluated in accor-
dance with the acceptance standards of this Article.

WC-5112 Nondestructive Examination Procedures

All nondestructive examinations required by this
Article shall be performed in accordance with detailed
written procedures which have been proven by actual
demonstration to the satisfaction of the Inspector. The
procedures shall comply with the appropriate Article
of Section V for the particular examination method.
The digitization of radiographic film and radioscopic
images shall meet the requirements of Section V,
Article 2, Mandatory Appendix III, “Digital Image Acquisi-
tion, Display, and Storage for Radiography and Radio-
s c opy .” Wr i t t en p ro c edu r e s and r e co rd s o f
demonstration of procedure capability and personnel
qualification shall be made available to the Inspector
on request. At least one copy of the procedure shall be
readily available to all applicable nondestructive exami-
nation personnel for reference and use.

WC-5113 Post‐Examination Cleaning
Following any nondestructive examination in which

examination materials are applied to the piece, the
piece shall be thoroughly cleaned in accordance with ap-
plicable material or procedure specifications.

WC-5120 TIME OF EXAMINATION OF WELDS AND
WELD METAL CLADDING

Acceptance examinations ofwelds andweldmetal clad-
ding required byWC-5200 shall be performed at the times
stipulated in (a) through (f) below during fabrication and
installation.

(a) Radiographic examination of welds shall be
performed after an intermediate12 or final postweld
heat treatment,whenrequired, except radiographicexam-
ination of welds in containments fabricated of P‐No. 1 or
P‐No. 3 materials may be performed prior to an inter-
mediate or final postweld heat treatment, provided the
welds are ultrasonically examined after an intermediate
or final postweld heat treatment. The ultrasonic examina-
tion and acceptance standards shall be in accordancewith
this Article.

(b) Magnetic particle or liquid penetrant examinations
of welds shall be performed after any required postweld
heat treatment, except that welds in P‐No. 1 material may
be examined either before or after postweld heat treat-
ment. The magnetic particle or liquid penetrant examina-
tion of welds at progressive stages of welding, as required
in WC-5245, may be performed before PWHT.

(c) All dissimilarmetalweld joints, such as in austenitic
or high nickel to ferritic material, or using austenitic or
highnickel alloy fillermetal to join ferriticmaterialswhich
penetrate the wall, shall be examined after final postweld
heat treatment.

(d) Themagnetic particle or liquid penetrant examina-
tion of weld surfaces that are to be covered with weld
metal cladding shall be performed before the weld
metal cladding is deposited. The magnetic particle or
liquid penetrant examination of weld surfaces that are
not accessible after a postweld heat treatment shall be
performed prior to the operation which caused this inac-
cessibility. These examinations may be performed before
PWHT.
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Table WC-5111-1
Thickness, IQI Designations, Essential Holes, and Wire Diameters

U.S. Customary Units

Single Wall Material
Thickness Range, in.

IQI(s) — Hole or Wire Type [Note (1)]
Source Side Radiograph Side

Designation
Hole
Size

Essential
Hole

Required Wire
Diameter — IQI Designation

Hole
Size

Essential
Hole

Required Wire
Diameter — IQI

Up to 0.25 incl. 5 0.040 4T 0.006 5 0.040 4T 0.006
Over 1∕4–3∕8 7 0.040 4T 0.006 7 0.040 4T 0.006
Over 3∕8–1∕2 10 0.040 4T 0.010 10 0.040 4T 0.010
Over 1∕2–5∕8 12 0.050 4T 0.013 12 0.050 4T 0.013
Over 5∕8–3∕4 15 0.060 4T 0.016 12 0.050 4T 0.013
Over 3∕4–1 20 0.040 2T 0.016 17 0.035 2T 0.013
Over 1–11∕4 25 0.050 2T 0.020 17 0.035 2T 0.013
Over 11∕4–11∕2 30 0.060 2T 0.025 20 0.040 2T 0.016
Over 11∕2–2 35 0.070 2T 0.032 25 0.050 2T 0.020

Over 2–21∕2 40 0.080 2T 0.040 30 0.060 2T 0.025
Over 21∕2–3 45 0.090 2T 0.040 35 0.070 2T 0.032
Over 3–4 50 0.100 2T 0.050 40 0.080 2T 0.040
Over 4–6 60 0.120 2T 0.063 45 0.090 2T 0.040
Over 6–8 80 0.160 2T 0.100 50 0.100 2T 0.050
Over 8–10 100 0.200 2T 0.126 60 0.120 2T 0.063
Over 10–12 120 0.240 2T 0.160 80 0.160 2T 0.100
Over 12–16 160 0.320 2T 0.250 100 0.200 2T 0.126
Over 16–20 200 0.400 2T 0.320 120 0.240 2T 0.160

SI Units

Single Wall Material
Thickness Range, mm

IQI(s) — Hole or Wire Type [Note (1)]
Source Side Radiograph Side

Designation
Hole
Size

Essential
Hole

Required Wire
Diameter — IQI Designation

Hole
Size

Essential
Hole

Required Wire
Diameter — IQI

Up to 6 incl. 5 1.02 4T 0.15 5 1.02 4T 0.15
Over 6–10 7 1.02 4T 0.15 7 1.02 4T 0.15
Over 10–13 10 1.02 4T 0.25 10 1.02 4T 0.25
Over 13–16 12 1.27 4T 0.33 12 1.27 4T 0.33
Over 16–19 15 1.52 4T 0.41 12 1.27 4T 0.33
Over 19–25 20 1.02 2T 0.41 17 0.89 2T 0.33
Over 25–32 25 1.27 2T 0.51 17 0.89 2T 0.33
Over 32–38 30 1.52 2T 0.64 20 1.02 2T 0.41
Over 38–50 35 1.78 2T 0.81 25 1.27 2T 0.51

Over 50–64 40 2.03 2T 1.02 30 1.52 2T 0.64
Over 64–75 45 2.29 2T 1.02 35 1.78 2T 0.81
Over 75–100 50 2.54 2T 1.27 40 2.03 2T 1.02
Over 100–150 60 3.05 2T 1.60 45 2.29 2T 1.02
Over 150–200 80 4.06 2T 2.54 50 2.54 2T 1.27
Over 200–250 100 5.08 2T 3.20 60 3.05 2T 1.60
Over 250–300 120 6.10 2T 4.06 80 4.06 2T 2.54
Over 300–400 160 8.13 2T 6.35 100 5.08 2T 3.20
Over 400–500 200 10.16 2T 8.13 120 6.10 2T 4.06

NOTE: (1) Hole (plaque) type IQIs may be used on flat plates and on objects with geometries such that the IQI hole image is not distorted.
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(e) Weld metal cladding shall be examined after either
an intermediate12 or final postweldheat treatment, except
the examination of weld metal cladding on P‐Nos. 1 and 3
materials may be performed before or after the inter-
mediate12 or final postweld heat treatment.

(f) All of the joints in austenitic stainless steel and
nonferrousmaterial shall be examined by the liquid pene-
trant method after an intermediate or final postweld heat
treatment, if any, is performed.

WC-5130 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

All full penetration weld edge preparation surfaces for
joint Categories A, B, C, D, and similar joints in material 2
in. (50mm) ormore in thickness shall be examined by the
magnetic particle or liquid penetrant method. Indications
shall be evaluated in accordancewith the acceptance stan-
dards of (a), (b), and (c) below.

(a) Only indications with major dimensions greater
than 1∕16 in. (1.5 mm) shall be considered relevant imper-
fections.

(b) Laminar‐type imperfectionsare acceptablewithout
repair if they do not exceed 1 in. (25 mm) in length. The
extent of all laminar‐type imperfections exceeding 1 in.
(25mm) in length shall bedeterminedbyultrasonic exam-
ination. Imperfections exceeding 1 in. (25 mm) in length
shall be repairedbywelding to a depth of 3∕8 in. (10mm)or
the depth of the imperfection,whichever is less, unless the
ultrasonic examination reveals that additional depth of
repair is required to meet the ultrasonic examination
requirement for the product form.

(c) Indications of nonlaminar imperfections of (1)
through (3) below are unacceptable:

(1) any linear indications greater than 3∕16 in. (5mm)
long;

(2) rounded indications with dimensions greater
than 3∕16 in. (5 mm);

(3) four or more indications, in a line separated by
1∕16 in. (1.5 mm) or less, edge to edge.

(d) Weld repairs made to weld edge preparations for
CategoryA, B, C, D, or similar typewelds shall be examined
by the magnetic particle or liquid penetrant method
before the surfaces become inaccessible. The examination
may be performed before or after postweld heat treat-
ment.

WC-5140 EXAMINATION OF ADJACENT BASE
MATERIAL

When performing the surface examinations of weld
joint Categories A, B, C , and D as required by
WC-5200, the external and accessible internal weld
surfaces and adjacent base material for at least 1∕2 in.
(13 mm) on each side of the weld shall be included in
the examination. Acceptance standards for the weld

shall be as stated in this Article, while the acceptance stan-
dards for base material shall be as stated in WC-2500.

WC-5200 REQUIRED EXAMINATION OF
WELDS

WC-5210 CATEGORY A LONGITUDINAL WELDED
JOINTS

CategoryA longitudinalwelded joints shall be examined
by the radiographic and either the liquid penetrant or
magnetic particle method.

WC-5220 CATEGORY B CIRCUMFERENTIAL
WELDED JOINTS

Category B welded joints shall be examined by the
radiographic and either the liquid penetrant or magnetic
particle method.

WC-5230 CATEGORY C WELDED JOINTS

WC-5231 General Requirements

Except for welds that meet the requirements of
WC-3262 all Category C welded joints shall meet the
following requirements:

(a) Category CTypeNo. 1 or TypeNo. 2 full penetration
butt-welded joints shall be examined by the radiographic
and either the liquid penetrant or magnetic particle
method.

(b) Category CTypeNo. 1 or TypeNo. 2 full penetration
corner-welded joints shall be ultrasonically or radiogra-
phically examined and either liquid penetrant ormagnetic
particle examined.

(c) Category C Type No. 2 full penetration corner-
welded joints similar to Figure WC-4265-1 sketches
(c), (d), and (e) also require the fusion zone and the
parent metal beneath the attachment surface to be ultra-
sonically examined after welding to verify freedom from
lack of fusion and laminar defects.

(d) Category C partial penetration and fillet welded
joints shall be examined by either the magnetic particle
or liquid penetrant method on all accessible surfaces.

WC-5240 CATEGORY D WELDED JOINTS

WC-5241 General Requirements

All CategoryDwelded joints shall be examined as stated
in the following paragraphs.

WC-5242 Full Penetration Butt-Welded Nozzles

Nozzles attached by full penetration butt-welded joints
as shown in Figure WC-4266(a)-1 shall be examined by
the radiographic and either the liquid penetrant or
magnetic particle method.
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WC-5243 Corner-Welded Nozzles

Full penetration corner-welded nozzles in contain-
ments as shown in Figure WC-4266(b)-1 shall be exam-
ined by either the ultrasonic or the radiographic method,
and either the liquid penetrant or magnetic particle
method. If radiographed, the weld fusion zone and the
parent metal beneath the attachment surface for
details shown in Figure WC-4266(b)-1 sketches (c),
(d), (d-1), (e), and (g) and beneath the weld surface in
sketches (a) and (b) shall be ultrasonically examined
after welding to assure freedom from lack of fusion
and laminar defects.

WC-5244 Weld Metal Buildup at Openings for
Nozzles

Whenweldmetal buildup ismade to a surface as shown
in Step 1 of Figure WC-4266(c)-1, the weld metal buildup
and the parentmetal beneath theweldmetal buildup shall
be ultrasonically examined. The parent material beneath
theweldmetal buildup shall be ultrasonically examined to
detect laminar defects after weld metal buildup. Nozzles
may then be attached by a full penetration weld as shown
in Step 2 of Figure WC-4266(c)-1. The full penetration
butt-welded joint shall be examined by either the ultra-
sonic or radiographic method, and either the liquid pene-
trant or magnetic particle method and the weld metal
buildup shall be examined by either the magnetic particle
or liquid-penetrant method.

WC-5245 Other Welded Joints

Otherwelded joints, as shown in FiguresWC-4266(d)-1
andWC-4266(e)-1, shall be examined progressively using
either the magnetic particle or liquid penetrant methods.
The increments of examination shall be the lesser of one‐
half of the maximum welded joint dimension measured
parallel to the center line of the connection or 1∕2 in.
(13 mm). The surface of the finished welded joint shall
also be examined by either method.

WC-5250 EXAMINATION OF CONTAINMENT
CLOSURE WELDS

Containment closure welds meeting the requirements
of WC-3262 shall be examined in accordance with (a)
below:

(a) Full and partial penetration welds shall be exam-
ined in accordance with the requirements of
Table WC-3262-1. Acceptance criteria shall be in accor-
dance with WC-5340 or WC-5350.

WC-5260 FILLET, PARTIAL PENETRATION, AND
ATTACHMENT WELDED JOINTS

WC-5261 Fillet and Partial Penetration Welded
Joints

Fillet and partial penetration welded joints, except for
nonstructural attachments, shall be examined by the
magnetic particle or liquid penetrant method.

WC-5262 Structural Attachment Welded Joints

Structural attachment welded joints made to contain-
ment material shall be examined by either the magnetic
particle or liquid penetrant method.

WC-5270 SPECIAL WELDS AND BRAZED JOINTS

WC-5272 Weld Metal Cladding

Weld metal cladding shall be examined by the liquid
penetrant method.

WC-5273 Hard Surfacing

Hard surfacing weld metal shall be examined by the
liquid penetrant method in accordance with WC-2546,
and the acceptance standards applicable to materials
less than 5∕8 in. (16 mm) thick shall apply.

WC-5275 Brazed Joints

Flux and flux residue shall be removed from all surfaces
prior to examination. Joints shall be visually examined on
all accessible surfaces to determine whether there has
been adequate flow of brazing metal through the joint.
Optical aidsmay be employed for indirect visual examina-
tion of joints which cannot be directly examined.

WC-5277 Electron Beam Welds

In addition to the requirements for the type of weld
being examined, all complete penetration welds made
by the electron beam welding process shall be ultrasoni-
cally examined.

WC-5279 Special Exceptions

Except for those closure welds addressed in WC-5250,
when the joint detail, or environmental conditions (e.g.,
background radiation), does not permit radiographic
examination to be performed in accordance with this
Article, ultrasonic examination plus liquid penetrant or
magnetic particle examination of the completed weld
may be substituted for the radiographic examination.
The absence of suitable radiographic equipment shall
not be justification for such substitution. The substitution
of ultrasonic examination can be made, provided the
examination is performed using a detailed written proce-
dure that has been proven by actual demonstration to the
satisfaction of the Inspector as capable of detecting and
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locating defects described in this Article. The nondestruc-
tiveexamination shall be inaccordancewithWC-5110and
meet the acceptance standards of WC-5300.

WC-5300 ACCEPTANCE STANDARDS

WC-5320ð23Þ RADIOGRAPHIC ACCEPTANCE
STANDARDS

Indications shown on the radiographs of welds and
characterized as imperfections are unacceptable under
the following conditions:

(a) any indication characterized as a crack or zone of
incomplete fusion or penetration;

(b) any indication characterized as incomplete pene-
tration or incomplete fusion, except that such indications
in welds between P‐8metals that weremade using GTAW
or SMAW in which the deposit analysis is A‐8 or A‐9 are
acceptable provided they do not exceed the length in (c).

(c) any other elongated indication which has a length
greater than:

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. to 21∕4 in. (19 mm to 57 mm),

inclusive
(3) 3∕4 in. (19mm) for t over 21∕4 in. (57mm) where t

is the thickness of the thinner portion of the weld;
(d) internal root weld conditions are acceptable when

the density change or image brightness difference as indi-
cated in the radiograph is not abrupt; elongated indica-
tions on the radiograph at either edge of such conditions
shall be unacceptable, as provided in (c) above;

(e) any group of aligned indications (excluding non-
relevant indications) having an aggregate length
greater than t in a length of 12t, unless the minimum
distance between successive indications exceeds 6L, in
which case the aggregate length is unlimited, L being
the length of the largest indication;

(f) rounded indications in excess of that shown as ac-
ceptable in Section III Appendices, Mandatory Appendix
VI.

WC-5330 ULTRASONIC ACCEPTANCE
STANDARDS

All imperfections which produce a response greater
than 20% of the reference level shall be investigated
to the extent that the operator can determine the
shape, identity, and location of all such imperfections
and evaluate them in terms of the acceptance standards
given in (a) and (b) below.

(a) Imperfections are unacceptable if the indications
exceed the reference level amplitude and have lengths
exceeding:

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. to 21∕4 in. (19 mm to 57 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (57 mm)

where t is the thickness of theweldbeing examined; if
a weld joins two members having different thicknesses at
the weld, t is the thinner of these two thicknesses.

(b) Indications characterized as cracks, lack of fusion,
or incomplete penetration are unacceptable regardless of
length.

WC-5340 MAGNETIC PARTICLE ACCEPTANCE
STANDARDS

WC-5341 Evaluation of Indications

(a) Mechanical discontinuities at the surface are
revealed by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
which are not relevant.

(b) Any indication that is believed to be nonrelevant
shall be reexamined by the same or other nondestructive
examination methods to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. After an indication has been verified
tobenonrelevant, it is not necessary to reinvestigate repe-
titive nonrelevant indications of the same type. Nonrele-
vant indicat ions that would mask defects are
unacceptable.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width.

WC-5342 Acceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following indications
are unacceptable:

(1) any cracks and linear indications;
(2) rounded indications with dimensions greater

than 3∕16 in. (5 mm);
(3) four or more rounded indications in a line sepa-

rated by 1∕16 in. (1.5 mm) or less edge to edge;
(4) ten or more rounded indications in any 6 in.2

(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated.
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WC-5350 LIQUID PENETRANT ACCEPTANCE
STANDARDS

WC-5351 Evaluation of Indications

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks, surface conditions, or an incomplete
bond between base metal and cladding, may produce
similar indications which are nonrelevant.

(b) Any indication which is believed to be nonrelevant
shall be reexamined toverifywhetherornot actual defects
are present. Surface conditioning may precede the reex-
amination. Nonrelevant indications and broad areas of
pigmentation which would mask defects are unaccept-
able.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications
in which the length is more than 3 times the width.
Rounded indications are indications which are circular
or elliptical with the length equal to or less than 3
times the width.

WC-5352 Acceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following indications
are unacceptable:

(1) any cracks or linear indications;
(2) rounded indications with dimensions greater

than 3∕16 in. (5 mm);
(3) four or more rounded indications in a line sepa-

rated by 1∕16 in. (1.5 mm) or less edge to edge;
(4) ten or more rounded indications in any 6 in.2

(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated.

WC-5360 VISUAL ACCEPTANCE STANDARDS FOR
BRAZED JOINTS

Braze metal shall give evidence of having flowed
uniformly through a joint by the appearance of an unin-
terrupted, narrowvisible line of brazing alloy at the end of
the joint.

WC-5400 FINAL EXAMINATION OF
CONTAINMENTS

WC-5410 EXAMINATION AFTER PRESSURE TEST

After the hydrostatic or pneumatic pressure test of a
containment, all weld joints and heat-affected zones of
Categories A, B, C, and D, used to join ferritic material

and repair welds in ferritic material that exceed in
depth either 3∕8 in. (10 mm) or 10% of the section thick-
ness, whichever is less, shall be examinedwhen physically
accessible by the magnetic particle or liquid penetrant
method.

WC-5500 QUALIFICATIONS AND
CERTIFICATION OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

WC-5510 ð23ÞGENERAL REQUIREMENTS

Organizations performing Code required nondestruc-
tive examinations shall use personnel competent and
knowledgeable to the degree specified by WC-5520 or
WC-5540. When these services are subcontracted by
the Certificate Holder or Quality System Certificate
Holder, it shall verify the qualification of personnel to
the requirements of WC-5520 or WC-5540. All nondes-
tructive examinations required by this Subsection shall
be performed by and the results evaluated by qualified
nondestructive examination personnel.

WC-5520 PERSONNEL QUALIFICATION,
CERTIFICATION, AND VERIFICATION

WC-5521 Qualification Procedure

(a) Personnel performing nondestructive examina-
tions shall be qualified in accordance with the recom-
mended guidelines of SNT‐TC‐1A.13 , 14 The ACCP
Level II and III provisions for qualification and certifica-
tion and the ASNT administered Level II certification
provision for qualification and certification of NDE Per-
sonnel shall not be used for Section III. The Employer’s15
written practice, required by paragraph 5 of SNT‐TC‐1A,
shall identify the requirements relative to the recom-
mended guidelines. The recommended guidelines of
SNT‐TC‐1A shall be considered as minimum require-
ments, except as modified in (1) through (5) below.

(1) Qualification of Level III nondestructive exami-
nation personnel shall be by examination.

(-a) The basic and method examinations, para-
graphs 8.8.1 and 8.8.2 of SNT‐TC‐1A, may be prepared
and administered by Employer,15 ASNT, or an outside
agency.

(-b) The specific examination, paragraph 8.8.3 of
SNT‐TC‐1A, shall be prepared and administered by the
Employer or an outside agency. The Employer or
outside agency administering the specific examination
shall identify the minimum grade requirement in the
written program when the basic and method examina-
tions have been administered by ASNT, which issues
grades on a pass/fail basis. In this case, the minimum
grade for the specific examination may not be less
than 80%.
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(2) The written practice identified in paragraph 5 of
SNT‐TC‐1A and the procedures used for examination of
personnel shall be referenced in the Employer’s
Quality Program.

(3) The number of hours of training and experience
for nondestructive examination personnel who perform
only one operation of a nondestructive examination
method that consists of more than one operation, or
perform nondestructive examination of limited scope,
may be less than that recommended in Table 6.3.1 A
of SNT‐TC‐1A. The time of training and experience
shall be described in the written practice, and any limita-
tions or restrictions placed on the certification shall be
described in the written practice and on the certificate.

The minimum classroom training times for visual
examination personnel identified in Table 6.3.1 A of
SNT-TC-1A for Level II certification may be reduced
from 16 hr to 8 hr.

(4) For the near-vision acuity examination, the
Jaeger Number 1 letters shall be used in lieu of the
Jaeger Number 2 letters specified in paragraph 8.2.1 of
SNT‐TC‐1A. The use of equivalent type and size letters
is permitted.

(5) An NDE Level I individual shall be qualified to
properly perform specific setups, specific calibrations,
specific NDE, and specific evaluations for acceptance or
rejection determinations according to written instruc-
tions, and to record results. The NDE Level I individual
shall receive the necessary instruction and supervision
from a certified NDE Level II or Level III individual. A
Level I individual may independently accept the results
of nondestructive examinations when the specific accep-
tance criteria are defined in the written instructions.

(b) For nondestructive examination methods not
covered by SNT‐TC‐1A documents, personnel shall be
qualified to comparable levels of competency by subjec-
tion to comparable examinationson theparticularmethod
involved.

(c) The emphasis shall be on the individual’s ability to
perform the nondestructive examination in accordance
with the applicable procedure for the intended applica-
tion.

(d) For nondestructive examination methods that
consist of more than one operation or type, it is permis-
sible to use personnel qualified to perform one or more
operations. As an example, one personmay be usedwho is

qualified to conduct radiographic examination and
another may be used who is qualified to interpret and
evaluate the radiographic film.

WC-5522 Certification of Personnel

(a) The Employer retains responsibility for the
adequacy of the program and is responsible for certifica-
tion of Levels I, II, and III nondestructive examination per-
sonnel.

(b) WhenASNT is the outside agency administering the
Level I I I basic and method examinat ions [see
WC-5521(a)(1)(-a)], the Employer may use a letter
from ASNT as evidence on which to base the certification.

(c) When an outside agency is the examining agent for
Level III qualification of the Employer’s personnel, the
examination results shall be includedwith the Employer’s
record.

WC-5523 Verification of Nondestructive
Examination Personnel Certification

The Certificate Holder has the responsibility to verify
thequalification and certification of nondestructive exam-
ination personnel employed by Material Organizations
and qualified by them in accordance with WA-3820
andsubcontractorswhoprovidenondestructive examina-
tion services to them.

WC-5530 RECORDS

Personnel qualification records identified in paragraph
9.4 of SNT‐TC‐1A shall be retained by the Employer.

WC-5540 ð23ÞALTERNATIVE RULES

As an alternative to the requirements described in
WC-5520 and WC-5530, the use of ANSI/ASNT CP-189
is permitted. When this alternative is used, the following
requirements apply:

(a) The ACCP Level III provisions for qualification and
certificationofNDEpersonnel shall notbeused forSection
III.

(b) The Employer's procedures for control and admin-
istration of personnel training, examination, and certifica-
tion shall be referenced in the Employer's Quality
Program.

(c) WC-5523 remains applicable.
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ARTICLE WC-6000
TESTING

WC-6100 GENERAL REQUIREMENTS

WC-6110 SCOPE

(a) This Article contains the testing requirements for
storage containments constructed in accordancewith this
Subsection.

(b) The terms test and testing as used in this Article
include hydrostatic testing (see WC-6200), pneumatic
testing (see WC-6300), and leak testing (see WC-6700).

WC-6120ð23Þ TESTING OF CONTAINMENTS

All storage containments constructed to the require-
ments of Subsection WC shall be either hydrostatically
(seeWC-6200) or pneumatically (seeWC-6300) pressure
tested and then leak tested (see WC-6700) in accordance
with this Article before insertion of contents, except as
follows:

(a) Containments do not require pressure testing if the
calculated primary membrane stress resulting from the
test pressure does not exceed the lesser of one-third of
specified minimum yield strength or one-fifth of specified
minimum tensile strength of the containment material at
test temperature.

(b) Secondary closure welds (e.g., port cover plate
welds) or secondary mechanical closures do not
require pressure testing unless required by the Design
Specification.

(c) Containment closure welds meeting the require-
ments of WC-3262 do not require pressure testing.

(d) Containment closure welds and mechanical
closures shall be leak tested after loading of contents.

WC-6121 Pneumatic Testing

A pneumatic test in accordance with WC-6300 may be
substituted for the hydrostatic testwhen permitted by the
Design Specification.

WC-6121.1 Pneumatic Test Limitations. A pneumatic
test at apressurenot toexceed25%of theDesignPressure
may be applied, prior to either a hydrostatic or a pneu-
matic test, as a means of locating leaks.

WC-6121.2 Precautions to Be Employed in Pneumatic
Testing. Compressed gaseous fluid is hazardous when
used as a testing medium. Therefore, it is recommended
that special precautions for protection of personnel be

taken when a gaseous fluid under pressure is used as
a test medium.

WC-6122 Witnessing of Tests

All testing required by this Article shall be performed in
the presence of the Inspector.

WC-6123 Time of Testing

WC-6123.1 Containments. Completed containments
shall haveall the testing requiredby thisArticle completed
prior to initial service.

WC-6123.2 Material Pressure Test. The containment
test may be used in lieu of any pressure test required
by the material specification for material used in the
containment provided

(a) nondestructive examinations, if required by the
material specification, can be performed subsequent to
the containment test;

(b) the material can be repaired by welding in accor-
dance with the rules of WC-4130.

(c) postweld heat treatment, when required after
repairs, can be performed in accordance with WC-4620.

WC-6124 Machining After Testing

An additional amount of material, not to exceed 10% of
the wall thickness or 3∕8 in. (10 mm), whichever is less, is
permitted on the completed item after testing where
critical dimensions and tolerances is required.

WC-6130 PREPARATION FOR TESTING

WC-6131 Exposure of Joints

All joints, including welded joints, shall be left uninsu-
lated and exposed for examination during the test.

WC-6132 Addition of Temporary Supports

Containments designed to contain vapor or gas may be
provided with additional temporary supports, if neces-
sary, to support the weight of the test liquid when hydro-
static testing is performed.
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WC-6133 Restraintor IsolationofExpansionJoints

Expansion joints shall be provided with temporary
restraints, if required, for the additional pressure load
under test.

WC-6134 Isolation of Equipment Not Subjected to
Testing

Equipment that is not to be subjected to the pressure
test shall be either disconnected from the containment or
isolated during the test by a blind flange or similar means.
Valves may be used if the valves with their closures are
suitable for the proposed test pressure.

WC-6135 Treatment of Flanged Joints Containing
Blanks

Flanged joints at which blanks are inserted to isolate
other equipment during the test need not be retested.

WC-6136 Precautions Against Test Medium
Expansion

If a test is to be maintained for a period of time and the
testmedium in the system is subject to thermal expansion,
precautions shall be taken to avoid excessive pressure.

WC-6137 Check of Test Equipment Before
Applying Pressure

The test equipment shall be examined before pressure
is applied to ensure that it is tight and that all lowpressure
filling lines andother items that should not be subjected to
the test have been disconnected or isolated.

WC-6200 HYDROSTATIC TESTS

WC-6210 HYDROSTATIC TEST PROCEDURE

WC-6211 Venting During Fill Operation

The containment in which the test is to be conducted
shall be vented during the filling operation tominimize air
pocketing.

WC-6212 Test Medium and Test Temperature

(a) Water or an alternative liquid, as permitted by the
Design Specification, shall be used for the hydrostatic test.

(b) It is recommended that the test be made at a
temperature that will minimize the possibility of brittle
fracture (Section IIIAppendices,NonmandatoryAppendix
G). The test pressure shall not be applied until the contain-
ment and the pressurizing fluid are at approximately the
same temperature.

WC-6220 HYDROSTATIC TEST PRESSURE
REQUIREMENTS

WC-6221 Minimum Hydrostatic Test Pressure

The containment shall be hydrostatically tested at not
less than 1.25 times Design Pressure.

WC-6222 Maximum Permissible Test Pressure

The stress limits specified in WC-3218 shall be used in
determining the maximum permissible test pressure. In
multichamber containments, pressure may be simulta-
neously applied to the appropriate adjacent chamber
to satisfy these stress limits.

WC-6223 Hydrostatic Test Pressure Holding Time

The hydrostatic test pressure shall be maintained a
minimum of 10 minutes prior to initiation of the exam-
ination for leakage required by WC-6224.

WC-6224 Examination for Leakage After
Application of Pressure

Following the application of the hydrostatic test pres-
sure for the required time (see WC-6223), all joints,
connections, and regions of high stress, such as regions
around openings and thickness transition sections,
shall be examined for leakage. This examination shall
be made at a pressure equal to the greater of the
Design Pressure or three‐fourths of the test pressure
and it shall be witnessed by the Inspector. Leakage of
temporary gaskets and seals, installed for the purpose
of conducting the hydrostatic test and which will be
replaced later, may be permitted unless the leakage
exceeds the capacity to maintain test pressure for the
required amount of time. Other leaks, such as those
from permanent seals, seats, and gasketed joints in
containments, may be permitted when specifically
allowed by the Design Specification. Leakage from
temporary seals or leakage permitted by the Design Spec-
ification shall be directed away from the surface of the
containment to avoid masking leaks from other joints.

WC-6300 PNEUMATIC TESTS

WC-6310 PNEUMATIC TESTING PROCEDURES

WC-6311 General Requirements

When a pneumatic test is performed, it shall be
conducted in accordance with the requirements of
WC-6100 and this Article.

WC-6312 Test Medium and Test Temperature

(a) The gas used as the test medium shall be nonflam-
mable.

ASME BPVC.III.3-2023

212

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.3 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 3)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.3 (ASME BPVC Section 3 Division 3) 2023.pdf


(b) Testing temperature shall be in accordance with
WC-6212(b).

WC-6313 Procedure for Applying Pressure

The pressure in the system shall gradually be increased
to not more than one‐half of the test pressure, after which
the pressure shall be increased in steps of approximately
one‐tenth of the test pressure until the required test pres-
sure has been reached.

WC-6320 PNEUMATIC TEST PRESSURE
REQUIREMENTS

WC-6321 Minimum Required Pneumatic Test
Pressure

The containment shall be pneumatically tested at not
less than 1.25 times Design Pressure.

WC-6322 Maximum Permissible Test Pressure

The maximum test pressure shall be limited as defined
in WC-6222.

WC-6323 Test Pressure Holding Time

The test pressure of WC-6321 shall be maintained for
a minimum total time of 10 minutes.

WC-6324 Examination for Leakage After
Application of Pressure

Following the application of pressure for the time speci-
fied in WC-6323, the test pressure shall be reduced to a
value equal to the greater of the Design Pressure or three‐
fourths of the test pressure andheld for a sufficient time to
permit examination as defined in accordance with
WC-6224.

WC-6400 TEST GAGES

WC-6410

WC-6411 Types of Gages to Be Used and Their
Location

Test gages used in testing shall be indicating pressure
gages and shall be connected directly to the item being
tested. If the indicating gage is not readily visible to
the operator controlling the test, an additional indicating
gage shall be provided where it will be visible to the
operator for the duration of the test.

WC-6412ð23Þ Range of Indicating Gages

(a) Analog-type indicating gages used in testing shall
begraduatedovera rangenot less than11∕2 timesnormore
than 4 times the test pressure.

(b) Digital-type pressure gages having any range of
pressure may be used, provided the digits are legible
and the gage accuracy does not exceed 1%of the test pres-
sure.

WC-6413 ð23ÞCalibration of Pressure Test Gages

(a) Pressure test gages shall be calibrated in accor-
dance with the requirements of NCA-4134.12.

(b) All test gages shall be calibrated against a standard
dead weight tester or a calibrated master gage. The test
gages shall be calibrated before each test or series of tests.
A series of tests is that group of tests using the same pres-
sure test gage or gageswhich is conducted at the same site
within a period not exceeding 2 weeks.

WC-6600 SPECIAL TEST PRESSURE
SITUATIONS

WC-6610 CONTAINMENTS DESIGNED FOR
EXTERNAL PRESSURE

Containments designed for external pressure only shall
be subjected to an internal test pressure at 1.25 times the
Design External Pressure. The pressure shall be under
proper control so that the required test pressure is
never exceeded by more than 6%.

WC-6620 PRESSURE TESTING OF COMBINATION
UNITS

WC-6621 Pressure Chambers Designed to Operate
Independently

Pressure chambers of combination units that have been
designed to operate independently shall be tested as sepa-
rate containments; that is, each chamber shall be tested
without pressure in the adjacent chamber.

WC-6622 Common Elements Designed for a
Maximum Differential Pressure

(a) When chambers of combination units have their
common elements designed for the maximum differential
pressure and the differential pressure is less than the
higher of the Design Pressure of the adjacent chambers,
the common elements shall be subjected to a test pressure
of at least 11∕4 times the maximum differential pressure.

(b) Following the test of the common elements, as
required by (a) above and their inspection, the adjacent
chambers shall be tested. Care must be taken to limit the
differential pressure between the chambers to the pres-
sure used when testing the common elements.
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WC-6700ð23Þ LEAK TESTING

WC-6710 HELIUM LEAK TESTING

(a) Helium leak testing shall be conducted in accor-
dance with Section V, Article 10, and ANSI N14.5.16 Per-
sonnel performing helium leak testing shall be qualified in
accordance with Article WC-5000.

(b) The allowable volumetric leakage rate shall be
defined in the Design Specification. An acceptable
method to determine the maximum permissible volu-
metric leakage rate can be found in ANSI N14.5.

(c) If a single leak-rate test is conducted, the conversion
methods in ANSI N14.5 shall be used to determine
whether the leakage rates specified in the Design Speci-
fication have been met.

(d) Testing shall be performed on a dry containment in
accordance with ANSI N14.5.
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ARTICLE WC-8000
NAMEPLATES, STAMPING WITH CERTIFICATION MARK, AND

REPORTS

WC-8100 GENERAL REQUIREMENTS
The requirements for nameplates, stampingwith the CertificationMark, and reports are contained inArticleWA-8000.
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SUBSECTION WD
CLASS ISS INTERNAL SUPPORT STRUCTURES

ARTICLE WD-1000
INTRODUCTION

WD-1100 SCOPE AND GENERAL
REQUIREMENTS

WD-1110 SCOPE

(a) Subsection WD contains rules for the material,
design, fabrication, examination, marking, stamping,
and preparation of reports by the Certificate Holder
for Class ISS internal support structures for spent
nuclear fuel and high-level radioactive material. These
internal support structures22 are for use in transportation
(Class TC) or storage (Class SC) containments.

(b) The rules of SubsectionWDcover the requirements
for strength integrity of items, the failure or excessive
deformation of which would cause loss of geometric
configuration of the containment contents. Geometric
configuration is defined as maintaining geometry of
the contents as required by the Design Specification to
maintain the relative physical location of the contents
(e.g., criticality control and/or damage from physical
contact). Acceptable deformations shall be defined by
the Design Specification. Deformations may be demon-
strated to be acceptable by the use of analytical
methods or testing. The rules address load stresses but
do not address deterioration that may occur in service
as a result of corrosion, erosion, radiation effects, or
instability of internal support structure material. These
shall be addressed in theDesign Specificationby requiring
appropriate prevention or mitigation measures to be
included in the design (see WA-1130).

(c) The rules of Subsection WD do not address pres-
sure-retaining or containment boundary components.

(d) The rules of SubsectionWDdo not apply to internal
structures of containment systems where geometric
configuration is not required unless required by the
Design Specification.

WD-1120 LIMITS OF RULES FOR CLASS ISS
INTERNAL SUPPORT STRUCTURES

(a) Subsection WD does not contain rules to cover all
details of construction of internal support structures.
Where complete details are not provided in this Subsec-
tion, it is intended that theN3CertificateHolder, subject to
review by the Inspector (see Article WA-5000), shall
provide the details of construction that will be consistent
with the rules provided in this Subsection.

(b) Items that facilitate containment operations (e.g.,
vent and drain tubes, neutron moderator materials,
and shielding) are not included as part of the internal
support structure unless they are relied on to supplement
the structural integrity of the internal support structure.

WD-1130 BOUNDARIES OF JURISDICTION

WD-1131 Boundaries Between the Internal Support
Structure and Containment

The jurisdictional boundary between the internal
support structure and containment shall be as defined
in (a) through (d) below.

(a) The jurisdictional boundary between an internal
support structure and the containment shall be the
inner surface of the containment.

(b) The first connecting weld of an internal support
structure to the containment shall be considered part
of the containment unless the weld is more than 2t
from the boundary of the containment, where t is the
nominal thickness of the containment material.

(c) Beyond the first connecting weld to the contain-
ment, or beyond 2t from the boundary of the containment,
the attachment or other welds shall be considered part of
the internal support structure, unless otherwise specified
in the Design Specification.

(d) Mechanical fasteners used to connect an internal
support structure to the containment shall meet the re-
quirements of the containment. The effects of holes into
the containmentmaterial shall be addressedby the appro-
priate containment rules.
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Figure WD-1131-1 is provided as an aid in defining the
boundary and construction requirements of this Subsec-
tion.

WD-1132 BoundariesBetween the Internal Support
Structure and Nonstructural Items

The jurisdictional boundary between the internal
support structure and nonstructural items (e.g., criticality
poisons, vent and drain piping) shall be as defined in (a)
and (b) below.

(a) Welds used to connect a nonstructural item to the
internal support structure shall be considered part of the
internal support structure.

(b) Mechanical fasteners used to connect a nonstruc-
tural itemto the internal support structure shall be consid-
ered part of the internal support structure.

WD-1132.1 Attachments.

(a) An attachment is an element in contact with or
connected to the inside or outside surface of the internal
support structure.

(b) Attachments may have either a structural or
nonstructural function.

(1) Attachments with a structural function (struc-
tural attachments)

(-a) perform a geometry control function
(-b) are in the internal support structure load path
(-c) may be permanent or temporary

Figure WD-1131-1
ð23ÞJurisdictional Boundary Between the Internal Support Structure and the Containment

1 Jurisdictional boundary (heavy line).

2 Containment shell shall conform to Subsection
WB or WC requirements.

3 Boundary of the containment.

4 Weld or material buildup shall conform to
Subsection WB or WC requirements as appropriate.

5 At or within 2t from the boundary of the
containment, the first connecting weld shall
conform to Subsection WB or WC requirements as
appropriate.

6 Beyond 2t from the boundary of the containment
or beyond the first connecting weld, the
attachment or weld shall conform to Subsection
WD requirements, except for containment
attachments as noted in item 10 below.

7 Structural attachment connections that do not
perform a containment function shall conform to
Subsection WD requirements.

8 At or within 2t from the boundary of the
containment, the interaction effects of the
attachment shall conform to Subsection WB or WC
requirements as appropriate.

9 Drilled or threaded holes through the boundary of
the containment and into the containment shall
conform to Subsection WB or WC requirements as
appropriate.

10 Attachments on the containment shell, internal or
external, that do not perform a containment
function shall conform to Subsection WB
requirements in WB-2190 and WB-4430 or 
Subsection WC requirements in WC-2190 and 
WC-4430.

1

2

3

4

5

6

7

5

9

10

6

8

6

6

1

2 t

10

2 t

5

GENERAL NOTES:
(a) The sketch is intended to show jurisdictional concepts, not recommended configurations.
(b) If the attachment is an internal structure [seeWD-1110(d)], material, design, and connections, as appropriate, are outside Code jurisdiction

except when the N3 Certificate Holder stipulates in the Design Specification that it shall conform to Subsection WD.
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(2) Nonstructural attachments include items such as
nameplates, insulation supports, drain tubes, locating
lugs, and lifting lugs that are not in the structural load

path during operations involving spent nuclear fuel or
high-level radioactive material.
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