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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
formulatestandardrules for theconstructionof 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Vessel Committee was superseded by the following committees: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 to establish rules of 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, theCommitteealso establishes 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 review or a consensus process. In
addition, it does not contain requirements necessary for conformance to the Code.
** Construction, as used in this Foreword, is an all-inclusive term comprisingmaterials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.
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responsible for all technical assumptions inherent in theprograms theyuse and theapplication of 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 in anyway 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 for appropriateaction.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 American National Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview
to invite comments fromall interestedpersons.Afterpublic reviewand final approval byASME, revisions arepublishedat
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 thisSection, 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.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN

ADVERTISING

ASMEhas established procedures 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 theASMEBoiler andPressureVessel Codeare issuedCertificates
ofAuthorization. It is theaimof theSociety tomaintain thestandingof theASMESingleCertificationMark for thebenefit of
the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with all
requirements.
Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the

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 the ASMESingle 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.
TheASMESingleCertificationMark shall beusedonly for stampingandnameplates as specifically provided 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 aholder of theASMESingle CertificationMarkwhomay also use the facsimile in advertising
to show that clearly specified items will carry the ASME Single Certification Mark.

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

TheASMEBoiler 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 be describedonASMEDataReport Formsnor on 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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(WG-PFE) (BPV XI)

R. O. McGill, Chair
S. X. Xu, Secretary
F. G. Abatt
G. A. Antaki
R. C. Cipolla
R. G. Gilada
K. Hasegawa
K. M. Hoffman

R. Janowiak
M. Kassar
M. Moenssens
D. P. Munson
R. M. Pace
S. H. Pellet
D. Rudland
D. A. Scarth

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

S. Kalyanam, Chair
P. Krishnaswamy
M. Moenssens
D. P. Munson
D. A. Scarth

D. J. Shim
M. Troughton
J. Wright
S. X. Xu

Subgroup on Nondestructive Examination (SG-NDE) (BPV XI)

J. T. Lindberg, Chair
D. O. Henry, Vice Chair
T. Cinson, Secretary
M. Briley
C. Brown
A. Bushmire
T. L. Chan
D. R. Cordes

S. E. Cumblidge
K. J. Hacker
J. Harrison
D. A. Kull
C. Latiolais
F. J. Schaaf, Jr.
R. V. Swain
C. A. Nove, Alternate
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Working Group on Personnel Qualification and Surface Visual and
Eddy Current Examination (SG-NDE) (BPV XI)

C. Brown, Chair
M. Orihuela, Secretary
J. Bennett
T. Cinson
S. E. Cumblidge
A. Diaz
N. Farenbaugh

D. O. Henry
J. T. Lindberg
C. Shinsky
R. Tedder
T. Thulien
J. T. Timm

Working Group on Procedure Qualification and Volumetric
Examination (SG-NDE) (BPV XI)

J. Harrison, Chair
D. A. Kull, Secretary
M. Briley
A. Bushmire
D. R. Cordes
K. J. Hacker
R. E. Jacob
W. A. Jensen

C. Latiolais
C. A. Nove
D. R. Slivon
R. V. Swain
D. Van Allen
J. Williams
B. Lin, Alternate

Subgroup on Reliability and Integrity Management Program
(SG-RIM) (BPV XI)

A. T. Roberts III, Chair
D. Vetter, Secretary
T. Anselmi
M. T. Audrain
N. Broom
F. W. Brust
V. Chugh
S. R. Doctor
J. D. Fletcher
J. T. Fong
R. Grantom
K. Harris

P. J. Hennessey
S. Kalyanam
D. R. Lee
R. J. McReynolds
R. Meyer
M. Orihuela
C. J. Sallaberry
F. J. Schaaf, Jr.
H. M. Stephens, Jr.
R. W. Swayne
S. Takaya
R. Vayda

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

H. M. Stephens, Jr., Chair
S. R. Doctor, Vice Chair
M. Turnbow, Secretary
T. Anselmi
M. T. Audrain
N. A. Finney

J. T. Fong
D. O. Henry
R. J. McReynolds
R. Meyer
M. Orihuela
K. Yamada

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

M. P. Metcalfe, Chair
A. Tzelepi, Secretary
M. T. Audrain
G. Beirnaert
C. Chen

W. J. Geringer
K. Harris
J. Lang
J. Potgieter

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

S. Takaya, Chair
R. J. McReynolds, Vice Chair
M. T. Audrain
K. Dozaki
J. T. Fong
J. Hakii
K. Harris
M. Hayashi
S. Kalyanam
D. R. Lee
H. Machida

R. Meyer
T. Muraki
S. Okajima
A. T. Roberts III
C. J. Sallaberry
F. J. Schaaf, Jr.
R. Vayda
D. Watanabe
H. Yada
K. Yamada
T. Asayama, Contributing Member

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

S. L. McCracken, Chair
E. V. Farrell, Jr., Secretary
J. F. Ball
M. Brandes
S. B. Brown
R. Clow
S. J. Findlan
M. L. Hall
J. Honcharik
A. B. Meichler

L. A. Melder
S. A. Norman
G. T. Olson
J. E. O’Sullivan
G. C. Park
R. R. Stevenson
R. W. Swayne
D. J. Tilly
J. G. Weicks
B. Lin, Alternate

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

S. B. Brown, Chair
R. A. Patel, Secretary
O. Bhatty
R. Clow
R. R. Croft
E. V. Farrell, Jr.
K. Harris
B. Lin

H. Malikowski
A. B. Meichler
G. C. Park
M. A. Pyne
R. R. Stevenson
K. Sullivan
R. W. Swayne

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

S. L. McCracken, Chair
S. J. Findlan, Secretary
T. Basso
R. Clow
K. Dietrich
E. V. Farrell, Jr.
M. J. Ferlisi
R. C. Folley

M. L. Hall
D. Jacobs
H. Malikowski
T. Nuoffer
G. C. Park
A. Patel
R. R. Stevenson
J. G. Weicks

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

J. E. O’Sullivan, Chair
S. Schuessler, Secretary
M. Brandes
D. R. Dechene
M. Golliet
J. Johnston, Jr.
B. Lin

T. M. Musto
A. Pridmore
F. J. Schaaf, Jr.
R. Stakenborghs
P. Vibien
M. P. Marohl, Contributing Member
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Task Group on HDPE Piping for Low Safety Significance Systems
(WG-NMRRA) (BPV XI)

M. Brandes, Chair
J. E. O’Sullivan, Secretary
M. Golliet
B. Lin

T. M. Musto
F. J. Schaaf, Jr.
S. Schuessler
R. Stakenborghs

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

J. E. O’Sullivan, Chair
S. F. Arnold
S. W. Choi
D. R. Dechene
M. Golliet
L. S. Gordon
P. Krishnaswamy
M. Kuntz
H. Lu
M. P. Marohl
L. Nadeau

C. A. Nove
R. P. Ojdrovic
A. Pridmore
S. Rios
C. W. Rowley
J. Sealey
R. Stakenborghs
N. Stoeva
M. F. Uddin
J. Wen
B. Davenport, Alternate

Working Group on Welding and Special Repair Processes
(SG-RRA) (BPV XI)

J. G. Weicks, Chair
G. T. Olson, Secretary
D. Barborak
S. J. Findlan
R. C. Folley
M. L. Hall
J. Honcharik

D. Jacobs
M. Kris
S. E. Marlette
S. L. McCracken
L. A. Melder
J. E. O’Sullivan
D. J. Tilly

Task Group on Temper Bead Welding (WG-W&SRP) (BPV XI)

S. J. Findlan, Chair
D. Barborak
R. C. Folley
J. Graham
M. L. Hall
D. Jacobs
H. Kobayashi

S. L. McCracken
N. Mohr
G. T. Olson
J. E. O’Sullivan
A. Patel
J. Tatman
J. G. Weicks

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Working Group on General Requirements (BPV XI)

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

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

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

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

Executive Committee (BPV XII)

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

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

Subgroup on Design and Materials (BPV XII)

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

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

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

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

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

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

G. McRae, Contributing Member

Subgroup on General Requirements (BPV XII)

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

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

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

Subgroup on Nonmandatory Appendices (BPV XII)

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

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

Y. Doron, Contributing Member

COMMITTEE ON OVERPRESSURE PROTECTION (BPV XIII)

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

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

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

Executive Committee (BPV XIII)

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

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

Subgroup on Design and Materials (BPV XIII)

D. Miller, Chair
T. Patel, Vice Chair
T. K. Acharya
C. E. Beair
W. E. Chapin
J. L. Freiler
B. Joergensen
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, ContributingMember
R. Sadowski, Contributing Member
A. Swearingin, Contributing Member
A. P. Varghese, ContributingMember

Subgroup on Nuclear (BPV XIII)

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

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

Subgroup on Testing (BPV XIII)

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

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

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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ð23ÞCORRESPONDENCE 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 become effective 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) Aproposedcase shall bewrittenasaquestionandreply in the same 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 assistancebeobtained. 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 regularly holdmeetings that areopen to thepublic. Personswishing to attendanymeeting

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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ð23ÞORGANIZATION OF SECTION III

1 GENERAL
Section III consists of Division 1, Division2, Division 3, Division 4, andDivision5. 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 toArticle NB-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 this Subsection.

Page Location Change
vii 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”

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

Vessel Standards Committees”)
xxxv Organization of Section III In para. 1, Division 4 added
xli Cross-Referencing in the ASME BPVC Updated
7 NB-2121 In subpara. (a), last sentence added
9 NB-2130 Cross-references to NCA updated
9 NB-2160 Revised
13 NB-2321.2 Last sentence revised
19 NB-2432.2 In subpara. (c), cross-references to NCA updated
36 NB-2610 Cross-references to NCA updated
38 NB-3125 First paragraph revised
42 NB-3324 Revised
43 NB-3332.1 First paragraph revised
49 Figure NB-3339.1(b)-1 Revised
51 Figure NB-3339.4-1 In General Note (a)(3), tm corrected by errata to trn
55 NB-3411.1 Lead-in sentence revised, and subparas. (k) through (n) added
61 NB-3441.7 Added
62 Figure NB-3441.7-1 Added
63 Figure NB-3441.7-2 Added
67 NB-3534 Definitions of C2, C3, C4, C5, C6, and C7 revised
73 Figure NB-3545.1(a)-1 Illustration (e) corrected by errata
77 NB-3545.2(c)(2) Text below first equation revised
83 NB-3554 First sentence revised
90 NB-3622.2 First sentence revised
90 Figure NB-3622.2-1 Former Figure NB-3622-1 redesignated by errata
90 NB-3622.4 First sentence revised
91 NB-3630 Subparagraphs (d)(1) and (d)(2) corrected by errata
125 NB-4121.1 Cross-references to NCA updated
126 NB-4125 Paragraph corrected by errata
132 NB-4250 Subparagraph (d) added and subsequent subparagraph redesignated
143 Figure NB-4250-2 Revised in its entirety
149 NB-4413 Added
150 NB-4422 Revised
150 NB-4423 Subparagraph (d) added
150 NB-4424 NB-4424.1(b), NB-4424.2(a), and NB-4424.2(c) revised
151 Figure NB-4424.2-1 Title revised
155 NB-4451 First sentence revised
160 Table NB-4622.1-1 “Minimum Holding Time” column heading revised
159 NB-4622.3 Last sentence revised
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Page Location Change
162 Table NB-4622.7(b)-1 Revised
168 NB-5111 Subparagraph (b) revised
168 Table NB-5111-1 First two rows revised
172 NB-5280 Revised in its entirety
173 NB-5320 Subparagraph (d) revised
173 NB-5332 Revised in its entirety
175 NB-5510 Cross-references revised
175 NB-5521 (1) Subparagraph (a)(6) revised

(2) Subparagraph (a)(7) added
(3) Endnote 19 revised

176 NB-5523 Cross-reference to NCA updated
176 NB-5540 Added
177 NB-6112.1 Subparagraph (c) added
180 NB-6412 Revised
180 NB-6413 Revised
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ð23ÞCROSS-REFERENCING IN THE ASME BPVC

Paragraphswithin the ASMEBPVCmay include subparagraph breakdowns, i.e., nested lists. The following is a guide to
the designation and cross-referencing of subparagraph breakdowns:
(a) Hierarchy of Subparagraph Breakdowns
(1) First-level breakdowns are designated as (a), (b), (c), etc.
(2) Second-level breakdowns are designated as (1), (2), (3), etc.
(3) Third-level breakdowns are designated as (-a), (-b), (-c), etc.
(4) Fourth-level breakdowns are designated as (-1), (-2), (-3), etc.
(5) Fifth-level breakdowns are designated as (+a), (+b), (+c), etc.
(6) Sixth-level breakdowns are designated as (+1), (+2), etc.

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

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).
(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1)(-a).
(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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ARTICLE NB-1000
INTRODUCTION

NB-1100 SCOPE

NB-1110 ASPECTS OF CONSTRUCTION COVERED
BY THESE RULES

(a) Subsection NB contains rules for the material,
design, fabrication, examination, testing, overpressure
relief, marking, stamping, and preparation of reports
by the Certificate Holder of items that are intended to
conform to the requirements for Class 1 construction.
(b) The rules of Subsection NB cover the requirements

for strength and pressure integrity of items, the failure of
whichwouldviolate thepressure-retainingboundary.The
rules cover initial construction requirements, but do not
cover deterioration thatmay occur in service as a result of
corrosion, radiation effects, or instability of material.
NCA-1130 gives further limitations to the rules of this
Subsection.

NB-1120 TEMPERATURE LIMITS

The rules of Subsection NB shall not be used for items
that are to be subjected tometal temperatures that exceed
the temperature limit in the applicability columnshown in
Section II, PartD, Subpart 1, Tables 2A, 2B, and4 fordesign
stress intensity values. Above those temperatures, the
creep and stress rupture characteristics of materials
permitted to be used become significant factors that
are not presently covered by the rules of this Subsection.
Fatigue design curves and specified methods for fatigue
analysis are not applicable above 700°F (370°C) formate-
rials coveredbySection IIIAppendices,MandatoryAppen-
dix I, Figures I-9.1 and I-9.4, and above 800°F (425°C) for
materials covered by Section III Appendices, Mandatory
Appendix I, Figures I-9.2 and I-9.3.

NB-1130 BOUNDARIES OF JURISDICTION
APPLICABLE TO THIS SUBSECTION

NB-1131 Boundary of Components

The Design Specification shall define the boundary of a
component to which piping or another component is
attached. The boundary shall be not closer to a vessel,
tank, pump, or valve than:
(a) the first circumferential joint in welded connec-

tions (the connecting weld shall be considered part of
the piping);

(b) the face of the first flange in bolted connections (the
bolts shall be considered part of the piping);
(c) the first threaded joint in screwed connections.

NB-1132 Boundary Between Components and
Attachments

NB-1132.1 Attachments.

(a) An attachment is an element in contact with or
c o nn e c t e d t o t h e i n s i d e o r o u t s i d e o f t h e
pressure-retaining portion of a component.
(b) Attachments may have either a pressure-retaining

or a non-pressure-retaining function.
(1) Attachments with a pressure-retaining function

include items such as pressure boundary stiffeners and
branch pipe and vessel opening reinforcement.

(2) Attachmentswith anon-pressure-retaining func-
tion include items such as:

(-a) valve guides, thermal sleeves, and turning
vanes

(-b) core support structures, internal structures,
orotherpermanent structureswithin the reactorpressure
vessel; and

(-c) vessel saddles, support and shear lugs,
brackets, pipe clamps, trunnions, skirts, and other
items in the support load path.
(c) Attachments may also have either a structural or

nonstructural function.
(1) Attachments with a structural function (struc-

tural attachments):
(-a) perform a pressure-retaining function;
(-b) are core support structures, internal struc-

tures, or other permanent structures within the
reactor pressure vessel; or

(-c) are in the support load path.
(2) Attachments with a nonstructural function

(nonstructural attachments):
(-a) do not perform a pressure-retaining function;
(-b) are not in the support load path;
(-c) may be permanent or temporary.

Nonstructural attachments include items such as name-
plates, insulation supports, and locating and lifting lugs.

NB-1132.2 Jurisdictional Boundary. The jurisdictional
boundary between a pressure-retaining component and
anattachment defined in theDesign Specification shall not
be any closer to the pressure-retaining portion of the

ASME BPVC.III.1.NB-2023

1ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NB (A
SME BPVC Sec

tio
n I

II D
iv 

1 N
B C

las
s 1

) 2
02

3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2023.pdf


component than as defined in (a) through (g) below.
Figures NB-1132.2-1 through NB-1132.2-4 are provided
as an aid in defining the boundary and construction re-
quirements of this Subsection.
(a) Attachments cast or forgedwith the component and

weld buildup on the component surface shall be consid-
ered part of the component.
(b) Attachments, welds, and fasteners having a

pressure-retaining function shall be considered part of
the component.
(c) Except as provided in (d) and (e) below, the

boundary between a pressure-retaining component
and an attachment not having a pressure-retaining func-
tion shall be at the surface of the component.
( d ) Th e f i r s t c o n n e c t i n g we l d o f a n o n -

pressure-retaining structural attachment to a component
shall be considered part of the component unless theweld
ismore than 2t from the pressure-retaining portion of the
component, where t is the nominal thickness of the
pressure-retaining material. Beyond 2t from the
pressure-retaining portion of the component, the first
weld shall be considered part of the attachment.

(e) The first connectingweld of awelded nonstructural
attachment to a component shall be considered part of the
attachment. At or within 2t from the pressure-retaining
portion of the component, the first connecting weld shall
conform to NB-4430.
(f) Mechanical fasteners used to connect a non-

pressure-retaining attachment to the component shall
be considered part of the attachment.
(g) The boundary may be located further from the

pressure-retaining portion of the component than as
defined in (a) through (f) above when specified in the
Design Specification.

NB-1140 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

Electrical and mechanical penetration assemblies shall
be constructed in accordance with the rules for vessels,
except that the design and the material performing the
electrical conducting and insulating functions need not
meet the requirements of this Subsection.

ASME BPVC.III.1.NB-2023
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Figure NB-1132.2-1
Attachments in the Component Support Load Path That Do Not Perform a Pressure-Retaining Function

10

2t

2t

9

9

9

5

7

99 6
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10

10

10

10

Component shall conform to Subsection NB.
2

3

9

7

1

Pressure-retaining portion of the component.2

Jurisdictional boundary (heavy line).3

Cast or forged attachment or weld buildup shall
conform to Subsection NB.

4

Bearing, clamped, or fastened attachment shall
conform to Subsection NF [see Note (1)].

8

Beyond 2t from the pressure-retaining portion
of the component, the design rules of Article
NF-3000 may be used as a substitute for the 
design rules of Article NB-3000.

5

Beyond 2t from the pressure-retaining portion
of the component or beyond the first connect-
ing weld, the attachment shall conform to Sub-
section NF [see Note (1)].

Drilled holes shall conform to Subsection NB.11

Attachment connection shall conform to Sub-
section NF [see Note (1)].

9

At or within 2t from the pressure-retaining por-
tion of the component, the interaction effects
of the attachment shall be considered in accor-
dance with NB-3135.

10

7

At or within 2t from the pressure-retaining por-
tion of the component, the first connecting
weld shall conform to Subsection NB.

6

5

2t

2t

t

2t

2t
10

10

8

8

7

7 4

6

7

4

4
11

4

1

3

2

9

1

GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.

NOTE: (1) If the attachment is an intervening element [NF-1110(c)], material, design, and connections, as appropriate, are outside Code
jurisdiction.
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Figure NB-1132.2-2
Attachments That Do Not Perform a Pressure-Retaining Function and Are Not in the Component Support Load Path

(Nonstructural Attachments)
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2t 

Component shall conform to Subsection NB. 1 

Pressure-retaining portion of the component.2 

Jurisdictional boundary (heavy line). 3 

Cast or forged attachment or weld buildup shall 
conform to Subsection NB. 

4 

At or within 2t from the pressure-retaining por-
tion of the component, the material of the first
welded nonstructural attachment shall con-
form to NB-2190; design is outside Code juris-
diction.

5 

At or within 2t from the pressure-retaining por-
tion of the component, the first connecting
weld shall conform to NB-4430.

6 

Beyond 2t from the pressure-retaining portion
of the component, the nonstructural attach-
ment is outside Code jurisdiction.

7 

Bearing, clamped, or fastened nonstructural at- 
tachment is outside Code jurisdiction. 

8 

Nonstructural attachment connection is out- 
side Code jurisdiction. 

9 

At or within 2t from the pressure-retaining por-
tion of the component, the interaction effects
of the nonstructural attachment shall be con-
sidered in accordance with NB-3135.

10 

Drilled holes shall conform to Subsection NB. 11 
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GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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Figure NB-1132.2-3
Attachments That Perform a Pressure-Retaining Function

Component shall conform to Subsection NB. 1 

Pressure-retaining portion of the component.2 

Jurisdictional boundary (heavy line). 3 

Cast or forged attachment or weld buildup shall 
conform to Subsection NB. 

4 

Welded attachment shall conform to Subsec- 
tion NB. 

5 

Bearing, clamped, or fastened attachment shall 
conform to Subsection NB. 

6 

Attachment connection shall conform to Sub- 
section NB. 

7 

Drilled holes shall conform to Subsection NB. 8 

1 

7 

6 

5 

5 

4 

7 

1 

7 

7 

6 

8 

7 

7 

2 

3 

5 

7 

2 

7 
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GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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Figure NB-1132.2-4
AttachmentsWithin the Reactor Pressure Vessel (Core Support Structures) That Do Not Perform a Pressure-Retaining

Function

Reactor pressure vessel conforms to
Subsection NB.

Holddown
 spring

Head
 flange

Shell
 flange

2t

t

2t

2

2

8

4

10

11

2

3

4

8

10

410

1

759

7

9

9

9

10

6

2

A

A

8

10

1

1

9

2t

Pressure-retaining portion of the reactor
pressure vessel.

Jurisdictional boundary (heavy line).

2t2t

1

2

3

Cast or forged attachment or weld
buildup shall conform to Subsection NB.

4

Beyond 2t from the pressure-retaining
portion of the reactor pressure vessel,
the design rules of Article NG-3000 may be
used as a substitute for the design rules
of Article NB-3000.

5

At or within 2t from the pressure-retaining
portion of the reactor pressure vessel,
the first connecting weld shall conform to
Subsection NB.

6

Beyond 2t from the pressure-retaining
portion of the reactor pressure vessel or
beyond the first connecting weld, the 
attachment shall conform to Subsection NG
[see Note (1)].

7

At or within 2t from the pressure-retaining
portion of the component, the interaction
effects of the attachment on the reactor
pressure vessel shall be considered in
accordance with NB-3135.

10

Bearing, clamped, or fastened attachment 
shall conform to Subsection NG [see
Note (1)].

8

Drilled holes within the jurisdictional
boundary shall conform to Subsection NB.

11

Attachment connection shall conform to
Subsection NG [see Note (1)].

9

Section A-A

GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.

NOTE: (1) If the attachment is an internal structure (NG-1122), material, design, and connections, as appropriate, are outside Code jurisdiction
except when the core support structure Design Specification requires the internal structure to conform to Subsection NG.
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ARTICLE NB-2000
MATERIAL

NB-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NB-2110 SCOPEOFPRINCIPALTERMSEMPLOYED

(a) The term material as used in this Subsection is
defined in NCA-1220. The term Material Organization
is defined in Article NCA-9000.
(b) The term pressure-retainingmaterial as used in this

Subsection applies to items such as vessel shells, heads,
and nozzles; pipes, tubes, and fittings; valve bodies,
bonnets, and disks; pump casings and covers; and
bolting that joins pressure-retaining items.
(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
(-a) Thickness t for fracture toughness testing is

defined as the nominal pipe wall thickness of the
connecting piping.

(-b) Thickness t for heat treatment purposes is
defined as the thickness of the pressure-retaining wall
of the casting, excluding flanges and sections designated
by the designer as nonpressure retaining.

NB-2120 PRESSURE-RETAINING MATERIAL

NB-2121ð23Þ Permitted Material Specifications

(a) Pressure-retainingmaterial shall conformto the re-
quirements of one of the specifications for material given
in Section II, Part D, Subpart 1, Tables 2A, 2B, and 4,

including all applicable footnotes in the table, and to
all of the requirements of this Article that apply to the
product form in which the material is used. Alternatively,
items manufactured using Advanced Manufacturing shall
conform to the requirements of Section III Appendices,
Mandatory Appendix XXVIII.
(b) The requirements of this Article do not apply to

ma t e r i a l f o r i t ems no t a s so c i a t ed w i t h t h e
pressure-retaining function of a component, such as
shafts, stems, trim, spray nozzles, bearings, bushings,
springs, and wear plates, nor to seals, packing, gaskets,
valve seats, and ceramic insulating material and special
alloys used as seal material in electrical penetration
assemblies.
(c) Material made to specifications other than those

specified in Section II, Part D, Subpart 1, Tables 2A
and 2B may be used for the following applications:

(1) safety valve disks and nozzles, when the nozzles
are internally contained by the external body structure;

(2) control valve disks and cages, when the valves
function for flow control only;

(3) line valve disks in valveswhose inlet connections
are NPS 2 (DN 50) and smaller.
(d) Material for instrument line fittings and valves, NPS

1 (DN 25) and less, may be of material made to specifica-
tions other than those listed in Section II, PartD, Subpart 1,
Tables 2A and 2B, provided that the fittings are in confor-
mance with the requirements of NB-3671.4, the valves
meet the requirements of NB-3500, and the material is
determined to be adequate for the service conditions
by the piping system designer for fittings.
(e) Welding and brazing material used in the manufac-

ture 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 re-
quirements of thisArticle. The requirements of thisArticle
do not apply to material used as backing rings or backing
strips in welded joints.
(f) The requirementsof thisArticle donot apply tohard

surfacing or corrosion-resistantweldmetal overlay that is
10% or less of the thickness of the base material (see
NB-3122).
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NB-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 that is also required by the material specifica-
tion, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NB-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 NB-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 in the
system in accordance with NB-6114, except where the
location of the material in the component or the installa-
tionwould prevent performing any nondestructive exam-
ination 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.

NB-2124 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).

NB-2125 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 Section. 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 penetrant method in accordance with NB-2540
to ensure that these surfaces are free from defects.

NB-2126 Finned Tubes

NB-2126.1 Integrally Finned Tubes. Integrally finned
tubes may be made from tubes that conform to one of
the specifications for tubes listed in Section II, Part D,
Subpart 1, Tables 2A and 2B, and to all of the special re-
quirements of this Article that apply to that product form.
In addition, the following requirements shall apply:
(a) The requirements of NB-2550 shall be met by the

tube before finning.
(b) The tubes after finning shall conform to the appli-

cable heat treatment requirements of the basic material
specification.
(c) The design stress intensity values, design values of

yield strength, and tensile strength values shall be those
given in Section II, Part D, Subpart 1, Tables 2A and2B, Y-1
and Y-2, and U, respectively, for the tube material from
which the finned tube is made.
(d) After finning, each tube shall be subjected to one of

the following tests:
(1) an internal pneumatic pressure test at not less

than 250 psi (1.7 MPa) without evidence of leakage.
The test method, such as immersion of the tube under-
water during the test, shall permit visual detection of
any leakage.

(2) an individual tube hydrostatic test at 1.25 times
theDesign Pressure that permits complete examination of
the tube for leakage.
(e) A visual examination shall be performed after

finning. Material having discontinuities, such as laps,
seams, or cracks, is unacceptable. 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 Assurance
Program. These examinations are not required to be
performed either in accordancewith procedures qualified
to NB-5100 or by personnel qualified in accordance with
NB-5500.

NB-2126.2 Welded Finned Tubes.Welded finned tubes
may be made from P-No.1 and P-No. 8 tubular products
(pipe or tubing) that conform to one of the specifications
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for tubes listed in Section II, Part D, Subpart 1, Table 2A,
and to all of the special requirements of this Article that
apply to thatproduct form.Heat transfer fins shall beof the
same P-Number as the tube and shall be attached by a
machine welding process, such as the electric resistance
welding or the high frequency resistancewelding process.
In addition, the following requirements shall apply:
(a) Theheat transfer finsneednotbe certifiedmaterial.

The material for the heat transfer fins shall be identified
and suitable for welding; however, CertifiedMaterial Test
Reports are not required.
(b) Themachinewelding process used toweld the heat

transfer fins to the tubular material shall be performed in
accordance with a Welding Procedure Specification.
(c) The procedure qualification shall require that a

minimum of 12 cross-sections through the weld zone
shall be examined at 5X minimum magnification. There
shall be no cracks in the base material or weld; and
the weld penetration shall be limited to 20% of the
nominal tube wall thickness.
(d) For P-No. 1 material, the weld that attaches the fins

to the tubing shall be heat treated after welding to a
minimum temperature of 1,000°F (540°C).
(e) The fin is not considered to provide any support to

the tube under pressure loading.

NB-2127 Seal Membrane Material

Seal membrane material (see NB-4360) shall conform
to the requirements of one of the material specifications
listed inSection II, PartD, Subpart 1, Tables2Aand2B.The
requirements of NB-2500 are applicable for the appro-
priate product form when the material thickness is
greater than 1∕4 in. (6 mm).

NB-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.

NB-2130ð23Þ CERTIFICATION OF MATERIAL

Allmaterial used in constructionof components shall be
certifiedas required inNCA-1224andNCA-1225.Certified
Material Test Reports are required for pressure-retaining
material except as provided by NCA-1224.1. A Certificate
of Compliancemay be provided in lieu of a CertifiedMate-
rial Test Report for all other material. Copies of all Certi-
fied Material Test Reports and Certificates of Compliance

applicable to material used in a component shall be furn-
ished with the material.

NB-2140 WELDING MATERIAL

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

NB-2150 MATERIAL IDENTIFICATION

The identification of pressure-retaining material and
materials 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 and brazing material shall be controlled
during the repair of material and the manufacture and
installation so that they are identifiable as acceptable
until the material is actually consumed in the process
(see NB-4122).

NB-2160 ð23ÞDETERIORATION 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 the Owner to select material
suitable for the conditions stated in the Design Specifica-
tions (NCA-3211.19), with specific attention being given
to the effects of service conditions upon the properties of
the material and the effects of fabrication used during
construction that may result in detrimental through-
wall residual stresses. Special consideration shall be
given to the influence of elements such as copper and
phosphorus on the effects of irradiation on the properties
of material (including welding material) in the core belt
line region of the reactor vessel. Special consideration
shall be given to the influences of weld residual stresses
on in-service material degradation, such as stress corro-
sion cracking. Any special requirement shall be specified
in the Design Specifications [NCA-3211.19(b) and
NB-3124]. When so specified, the material check analysis
shall be made in accordance with the base metal specifi-
cation and in accordance with NB-2420 for the welding
material.

NB-2170 HEATTREATMENTTOENHANCE 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.
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NB-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

When heat treating temperature or time is required by
thematerial specification and the rules of this Subsection,
t h e h e a t t r e a t i n g s h a l l b e p e r f o r m e d i n
temperature-surveyed and temperature-calibrated
furnaces or the heat treating shall be controlled by
measurement of material temperature by thermocouples
in contact with the material or attached to blocks in
contact with the material or by calibrated pyrometric
instruments. 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.

NB-2190 NON-PRESSURE-RETAINING MATERIAL

(a) Material in the component support load path and
not performing a pressure-retaining function (see
NB-1130) welded to pressure-retaining material shall
meet the requirements of Article NF-2000.
(b) Material not performing a pressure-retaining func-

tion and not in the component support load path
(nonstructural attachments) welded at or within 2t of
the pressure-retaining portion of the component need
not comply with Article NB-2000 or Article NF-2000,
provided the requirements of NB-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.

NB-2200 MATERIAL TEST COUPONS AND
SPECIMENS FOR FERRITIC STEEL
MATERIAL

NB-2210 HEAT TREATMENT REQUIREMENTS

NB-2211 Test Coupon Heat Treatment for Ferritic
Material1

Where ferritic steel material is subjected to heat treat-
mentduring fabricationor installationof a component, the
material used for the tensile and impact test specimens
shall be heat treated in the same manner as the compo-
nent, except that test coupons and specimens for P-No. 1
Group Nos. 1 and 2material with a nominal thickness of 2
in. (50 mm) or less are not required to be so heat treated.
The Certificate Holder shall provide the Material Organi-
zation with the temperature and heating and cooling rate
tobeused. In the caseof postweldheat 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
thematerial, and the total timeat temperatureor tempera-

tures for the test material, coupon, or specimen may be
performed in a single cycle.

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

NB-2212.1 Cooling Rates.Where ferritic steel material
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 and
castings (see NB-2223.2 and NB-2226). This rule shall
apply to coupons taken directly from the material as
well as to separate test coupons representing thematerial,
and one of the general procedures described inNB-2212.2
or one of the specific procedures described in NB-2220
shall be used for each product form.

NB-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 NB-2220. Further specific details of
themethods to be used shall be the obligation of theMate-
rial Organization and the Certificate Holder.
(a) Any procedure may be used that can be demon-

strated to produce a cooling rate in the test material
that matches the cooling rate of the main body of the
product at the region midway between midthickness
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

NB-2220 are used, faster cooling rates at the edgesmay be
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.
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NB-2220 PROCEDURE FOR OBTAINING TEST
COUPONS AND SPECIMENS FOR
QUENCHED AND TEMPERED MATERIAL

NB-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.

NB-2222 Plates

NB-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.

NB-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.

NB-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 NB-2212.2(b), the dimensions of the coupon shall
be not less than 3t × 3t × t, where t is the nominal material
thickness.

NB-2223 Forgings

NB-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 inNB-2212.2(c)maybeused to achieve these
conditions, unless cooling rates applicable to the bulk
forgings are simulated as otherwise provided in
NB-2212.2.

NB-2223.2 Very Thick and Complex Forgings. Test
coupons for forgings that are both very thick and
complex, such as contour nozzles, thick tubesheets,

flanges, nozzles, pump and valve bodies, and other
complex 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.

NB-2223.3 Coupons From Separately Produced Test
Forgings. Test coupons representing forgings from one
heat and one heat treatment lotmay be taken from a sepa-
rately forged piece under the conditions given in (a)
through (e) below.
(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 NB-2223.2.

NB-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.
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NB-2224 Bar and Bolting Material

(a) Bars. 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.
(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.

NB-2225 Tubular Products and Fittings

NB-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.

NB-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 of NB-2223.3 shall be
met.

NB-2226 Tensile Test Specimen Location (for
Quenched and Tempered Ferritic Steel
Castings)

NOTE: Users of this requirement should note that the harden-
ability of some grades may limit the usable section size.

(a) This sectionappliesonly toquenchedand tempered
ferritic steel castingswith a thickness t exceeding 2 in. (50
mm) where t is the thickness of the pressure-retaining
wall of the casting, excluding flanges and sections desig-
natedby thedesigner asnonpressure retaining. Theorder,
inquiry, and drawing shall designate what the thickness t
is for the casting.
(b) One of the following shall apply:
(1) The longitudinal centering of the thickness of the

tension test specimen shall be taken at least 1∕4t from the t
dimension surface. For cylindrical castings, the longitudi-
nal center line of the specimens shall be taken at least 1∕4t
from the outside or inside surface and the gage length at
least t from the as-heat-treated end.

(2) Where separately cast test coupons are used,
their dimensions shall be not less than 3t × 3t × t and
each specimen cut from it shall meet the requirements
of (1) above. The test coupon shall be of the same heat
of steel and shall receive substantially the same casting
practices as the production casting it represents. (Centri-
fugal castings may be represented by statically cast
coupons.) The test coupon shall be heat treated under
the same conditions as the production casting(s). The t

dimension of the test coupon shall be the same
maximum thickness t as defined in (a) above.Where sepa-
rate test blocks require reheat treatment, thermal buffers
in accordance with (1) above may be used.

(3) Where specimens are to be removed from the
body of the casting, a steel, thermal buffer pad 1t × 1t
× at least 3t shall be joined to the casting surface by a
partial penetration weld completely sealing the buffered
surface prior to the heat treatment process. The test speci-
mens shall be removed from the casting in a location adja-
cent to the center third of the buffer pad. They shall be
located at a minimum distance of 1∕2 in. (13 mm) from the
buffered surface and 1∕4t from the other heat-treated
surfaces.

(4) Where specimens are to be removed from the
body of the casting, thermal insulation or other
thermal barriers shall be used during the heat treatment
process adjacent to the casting edge where specimens are
to be removed. It shall be demonstrated that the cooling
rateof the test specimen isno faster than thatof specimens
taken by the method described in (1) above. This infor-
mation shall be included in the test reports.

(5) Where castings are cast or machined to essen-
tially the finished product configuration prior to heat
treatment, the test specimens shall be removed from a
casting prolongation or other stock on the product at a
location below the nearest heat-treated surface indicated
on the order. The specimens shall be located with their
longitudinal axes 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 heat-treated surface and with
their midlength a minimum of twice this distance from
a secondheat-treated surface. In any case, the longitudinal
axes of the test specimens shall be no nearer than 1∕4 in. (6
mm) to a heat-treated surface and the midlength shall be
at least 11∕2 in. (38 mm) from a second heat-treated
surface. The component manufacturer shall specify the
surfaces of the finished product subjected to high
tensile stress in service.

NB-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NB-2310 MATERIAL TO BE IMPACT TESTED

NB-2311 Material for Which Impact Testing Is
Required

(a) Pressure-retaining material and material welded
thereto shall be impact tested in accordance with the re-
quirements of this subarticle, except that the material
listed in (1) through (7) below is not to be impact
tested as a requirement of this Subsection:

(1) material with a nominal section thickness of
5∕8 in. (16 mm) and less where the thicknesses shall be
taken as defined in (-a) through (-e) below:
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(-a) for pumps, valves, and fittings, use the largest
nominal pipe wall thickness of the connecting pipes;

(-b) for vessels and tanks, use the nominal thick-
ness of the shell or head, as applicable;

(-c) for nozzles or parts welded to vessels, use the
lesser of the vessel shell thickness to which the item is
weldedor themaximumradial thickness of the itemexclu-
sive of integral shell butt welding projections;

(-d) for flat heads, tubesheets, or flanges, use the
maximumshell thickness associatedwith thebuttwelding
hub;

(-e) for integral fittings used to attach process
piping to the containment vessel or a containment
vessel nozzle, use the larger nominal thickness of the
pipe connections;

(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 a pipe, tube,
fittings, pumps, and valves with a nominal pipe size
NPS 6 (DN 150) and smaller;

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

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

(7) nonferrous material.
(b) 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
NB-2332 apply for these steels. For nominal wall thick-
nesses greater than 21∕2 in. (64 mm), the required
Charpy V-notch values shall be 40 mils (1 mm) lateral
expansion.

NB-2320 IMPACT TEST PROCEDURES

NB-2321 Types of Tests

NB-2321.1 Drop Weight Tests. The drop weight test,
when required, shall be performed in accordance with
ASTM E208. Specimen types P-No. 1, P-No. 2, or P-No.
3 may be used. The results, orientation, and location of
all tests performed to meet the requirements of
NB-2330 shall be reported in the Certified Material
Test Report.

NB-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 10mm×10mmspecimens andmeet the require-
ments of NB-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 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
absorbedenergyshall be reported in theCertifiedMaterial
Test Report.

NB-2321.3 Transition Temperature Fracture Tough-
ness Tests. When the alternative of NB-2331(a)(5) is
used, the fracture toughness test shall be performed in
accordance with ASTM E1921. The set of tests shall
meet the validity requirements of ASTM E1921, and
specimen geometries having a suspected T0 constraint
difference from C(T) shall be adjusted to represent C
(T) constraint as recommended in ASTM E1921. The
results, orientation, and location of all tests performed
to meet the requirements of NB-2330 shall be reported
in the Certified Material Test Report.

NB-2322 Test Specimens

NB-2322.1 Location of Test Specimens. Impact test
specimens for quenched and tempered material shall
be removed from the locations in eachproduct formspeci-
fied in NB-2220 for tensile test specimens. For material in
other heat-treated conditions, impact test specimens shall
be removed from the locations specified for tensile test
specimens in the material specification. For all material,
the number of tests shall be in accordance with NB-2340.
Forbolting, theCv impact test specimenshall 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 frac-
ture plane of the specimens 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 specimenshall be at themidlengthof 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.

NB-2322.2 Orientation of Impact Test Specimens.

(a) Specimens for Cv impact tests shall be oriented as
follows:

(1) Specimens for forgings, other than bolting and
bars used for pressure-retaining parts of vessels,
pumps, and valves, shall be oriented in a direction
normal to the principal direction in which the material
was worked. Specimens are neither required nor prohib-
ited 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. Specimens from
pipe material used for nozzles in vessels shall be oriented
in a direction normal to the principal direction in which
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the material was worked, other than the thickness direc-
tion.

(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
NB-2226).

(6) In (1) through (5) above, 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. The orientation used
shall be reported in the Certified Material Test Report.

NB-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS2

NB-2331 Material for Vessels

Pressure-retaining material for vessels, other than
bolting, shall be tested as follows:
(a) Establish a reference temperature RTNDT; this shall

be done as follows:
(1) Determine a temperature TNDT that is at or above

the nil-ductility transition temperature by drop weight
tests.

(2) At a temperature not greater than TNDT + 60°F
(TNDT + 33°C), each specimen of the Cv test (see
NB-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 NB-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 (seeNB-2321.2) to determine the temperature
TCv at which they are met. In this case the reference
temperature RTNDT = TCv − 60°F (TCv − 33°C). Thus, the
reference temperature RTNDT is the higher of TNDT and
[TCv − 60°F (TCv − 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) does not exhibit a minimum of 50 ft-lb
(68 J) and 35mils (0.89mm) lateral expansion, a tempera-
ture representing aminimumof 50 ft-lb (68 J) and 35mils
(0.89mm) lateral expansionmaybeobtained froma full Cv
impact curve developed from theminimum data points of
all the Cv tests performed.

(5) Alternatively, a fracture toughness-based refer-
ence temperature,RTT0,maybeused inplaceofRTNDT.The
reference temperature RTT0 is defined as

(U.S. Customary Units)

= + °RT T 35 FT0 0

(SI Units)
= + °RT T 19.4 CT0 0

Determination of T0 shall be per NB-2321.3, and twice the
margin adjustmentdefined inASTME1921 shall be added.
(b) Apply the procedures of (a) to (1), (2), and (3)

below:
(1) the base material;3
(2) the base material, the heat-affected zone, and

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

(3) the weld metal of NB-2431.
(c) Barshavingawidthordiameterof2 in. (50mm)and

less that prohibit obtaining drop weight test specimens
shall be tested in accordance with NB-2332.
(d) Some nozzles or appurtenances in vessels, regard-

less of product form, have insufficient material for
obtaining impact tests after heat treatment (except post-
weld heat treatment). In this case, it is not necessary to
perform both the drop weight and transverse Cv impact
tests as required by (a). Instead, this material may be
testedbyonlyusingaxial Cv specimens. The threeCv speci-
mens so removed shall be tested at a temperature lower
than or equal to the lowest service temperature but no
higher than the required RTNDT + 60°F (RTNDT + 33°C)
for the vessel material to which the nozzle or appurte-
nance is attached. Each specimen shall exhibit at least
35 mils (0.89 mm) lateral expansion and not less than
50 ft-lb (68 J) absorbed energy.
(e) Consideration shall be given to the effects of irra-

diation (seeNB-3124)onmaterial toughnessproperties in
the core belt line region of the reactor vessel. The Design
Specifications shall include additional requirements, as
necessary, to ensure adequate fracture toughness for
the service lifetimeof thevessel. The toughnessproperties
may be verified in service periodically by a material
surveillance program using the methods of ASTM E185
and the material conditions monitored by the inservice
inspection requirements of Section XI.
(f) Consideration shall be given to the test temperature

requirements of hydrostatic testing of the vessel (see
NB-6212).

NB-2332 Material for Piping, Pumps, and Valves,
Excluding Bolting Material

(a) Pressure-retaining material, other than bolting,
with nominal wall thickness 21∕2 in. (64 mm) and less
for piping (pipe and tubes) and material for pumps,
valves, 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
than or equal to the lowest service temperature as estab-
lished in the design specification (see NB-3210). All three
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specimens shall meet the requirements of Table
NB-2332(a)-1.

(2) Apply the procedures of (a) to
(-a) the base material;3
(-b) the base material, the heat-affected zone, and

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

(-c) the weld metal of NB-2431.
(b) Pressure-retaining material, other than bolting,

with nominal wall thickness over 21∕2 in. (64 mm) for
piping (pipe and tubes) and material for pumps,
valves, and fittings with any pipe connections of
nominal wall thickness greater than 21∕2 in. (64 mm)
shall meet the requirements of NB-2331. The lowest
service temperature shall not be lower than RTNDT +
100°F (56°C) unless a lower temperature is justified
by following methods similar to those contained in
Section III Appendices, Nonmandatory Appendix G.

NB-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 lowest service
temperature, whichever is less. All three specimens
shall meet the requirements of Table NB-2333-1.

NB-2340 NUMBER OF IMPACT TESTS REQUIRED

NB-2341 Plates

One test shall be made from each plate as heat treated.
Where plates are furnished in the unheat-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.

NB-2342 Forgings and Castings

(a) Where theweight of an individual forging or casting
is less than 1,000 lb (450 kg), one test shall be made 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 or casting of

1,000 lb (450 kg) to 10,000 lb (4500 kg) in weight.
(d) As an alternative to (c), a separate test forging or

casting may be used to represent forgings or castings of
different sizes in one heat and heat treat lot, provided the
test piece is a representation of the greatest thickness in
the heat treat lot. In addition, test forgings shall have been
subjected to substantially thesamereductionandworking
as the forgings represented.
(e) Forgings or castings larger than 10,000 lb (4 500

kg) shall have two tests per part for Charpy V-notch
and one test for drop weights. The location of drop
weight or Cv impact test specimens shall be selected so
that an equal number of specimens is obtained from posi-
tions in the forging or casting 180 deg apart.
(f) As an alternative to (e) for static castings, a sepa-

rately cast test coupon [see NB-2226(b)(2)] may be used;
one test shall bemade for Charpy V-notch and one test for
drop weight.

NB-2343 Bars

One test shall be made for each lot of bars with
cross-sectional area greater than 1 in.2 (650 mm2),
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).

NB-2344 Tubular Products and Fittings

On products that are seamless or welded without filler
metal, one test shall be made from each lot. On products
that are welded with filler metal, one additional test with
the specimens taken from theweld area shall also bemade
oneach lot. A lot shall bedefinedas stated in the applicable
material specification, but in no case shall a lot consist of

Table NB-2332(a)-1
Required Cv Values for Piping, Pumps, and Valves

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 (1.00)

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

Table NB-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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products frommore than one heat ofmaterial and ofmore
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); 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.

NB-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 (mass) the following:

Diameter, in. (mm) Weight, lb (kg)
13∕4 (44) and less 1,500 (400)
Over 13∕4 to 21∕2 (44 to 64) 3,000 (1 350)
Over 21∕2 to 5 (64 to 125) 6,000 (2 700)
Over 5 (125) 10,000 (4 500)

NB-2346 Test Definitions

Unless otherwise stated in NB-2341 through NB-2345,
the term one test is defined to include the combination of
thedropweight test and theCv testwhenRTNDT is required
[see NB-2331 and NB-2332(b)] and only the Cv test when
determination of RTNDT is not required [see NB-2332(a)
and NB-2333].

NB-2350 RETESTS

(a) For Cv tests required by NB-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.

NB-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and Cv impact
testmachines used in impact testing shall be performed at
the frequency given in (a) and (b) below.
(a) Temperature instruments used to control the 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) Cv impact test machines shall be calibrated and the
results recorded tomeet the requirements ofNCA-4258.2.
The calibrations shall be performed using the frequency
and methods outlined in ASTM E23 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 NCA‐3126 and NCA-4255.3(c).

NB-2400 WELDING MATERIAL

NB-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construction and
repair of components ormaterial, exceptweldingmaterial
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 NB-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 [see NB-2431.1(e)] in

the as-welded or heat-treated condition or both [see
NB-2431.1(c)];

(5) drop weight test for material as-welded or heat
treated, or both (see NB-2332);

(6) Charpy V-notch test for material as-welded or
heat treated, or both (see NB-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
NB-2431.1(c)];

(8) postweld heat treatment time, temperature
range, and maximum cooling rate, if the production
weld will be heat treated [see NB-2431.1(c)];

(9) elements for which chemical analysis is required
per the SFA Specification or Welding Procedure Specifi-
cation and NB-2432;

(10) minimum delta ferrite (see NB-2433).

NB-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, and EGW (electrogas
welding) processes (Section IX, QG-109); for each heat
of consumable inserts; for each combination of heat of
bare electrodes and lot of submerged arc flux; for each
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combination of lot of fabricated electrodes and lot of
submerged arc flux; for each combination of heat of
bare electrodes or lot of fabricated electrodes, and dry
blend of supplementary powdered filler metal, and lot
of submerged arc flux; or for each combination of heat
of bare electrodes and lot of electroslag flux. The defini-
tions in SFA-5.01 and the Lot Classes specified in (a)
through (e) below shall apply.
(a) each Lot Class C3 of covered electrodes.
(b) each Lot Class T2 of tubular-cored electrodes and

rods (flux cored or fabricated).
(c) each Lot Class S2 of fully metallic solid welding

consumables (bare electrode, rod, wire, consumable
insert, or powdered filler metal).
(d) eachLot Class S2of fullymetallic solidwelding elec-

trodes or each Lot Class T2 of tubular-cored (fabricated)
electrodes and each Lot Class F2 of submerged arc or elec-
troslag welding flux.
(e) each Lot Class S2 of fullymetallic solidwelding elec-

trodes or each Lot Class T2 of tubular-cored (fabricated)
electrodes and each Lot Class F2 of submerged arc or elec-
troslag welding flux and each Lot Class S2 of supplemen-
tary powdered fillermetal. The chemical analysis range of
the supplemental powdered filler metal shall be the same
as that of thewelding electrode, and the ratio of powder to
electrode used to make the test coupon shall be the
maximum permitted for production welding.
In all cases, when filler metal of controlled chemical

composition (as opposed to heat control) is used, each
container of welding consumable shall be coded for iden-
tification and shall be traceable to the production period,
the shift, the manufacturing line, and the analysis of the
steel rod or strip. Carbon, manganese, silicon, and other
intentionally added elements shall be identified to ensure
that the material conforms to the SFA or user’s material
specification. The use of controlled chemical composition
is only permitted for carbon and low alloy steel consum-
ables. Tests performed on welding material in the quali-
fication 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 NB-4000 and this subarticle are
made and the results conform to the requirements of
this Article.

NB-2430 WELD METAL TESTS

NB-2431 Mechanical Properties Test

Tensile and impact tests shall be made, in accordance
with this paragraph, of welding materials that are used to
join P-Nos. 1, 3, 4, 5, 6, 7, 9, and 11 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;
(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 impact testing by NB-2311 shall
likewise be exempted from the impact testing required by
NB-2330 and this paragraph.

NB-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 to be tested for all processes except

electroslagwelding shall be deposited in such amanner as
to eliminate substantially the influence of the base mate-
rial on the results of the tests. Weld metal to be used with
the electroslag process shall be deposited in such a
manner as to conform to one of the applicable Welding
Procedure Specifications (WPS) for production
welding. The base material shall conform to the require-
ments 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 time1 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. The cooling rate from the postweld heat
treatment temperature shall be of the same order as that
applicable to theweldmetal in the component. In addition,
weld coupons for weld metal to be used with the electro-
slag process, which are tested in the as-welded condition
or following a postweld heat treatmentwithin the holding
temperature ranges of Table NB-4622.1-1 or Table
NB-4622.4(c)-1, shall have a thickness within the
range of 0.5 to 1.1 times the thickness of the welds to
be made in production. Electroslag weld coupons to be
tested following a postweld heat treatment, which will
include heating the coupon to a temperature above the
Holding Temperature Range of Table NB-4622.1-1 for
the type of material being tested, shall have a thickness
within the range of 0.9 to 1.1 times the thickness of the
welds to be made in production.
(d) The tensile specimens, and theCv impact specimens

where 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
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of NB-2321.1 and NB-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) 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
conformto theparts ofNB-2331(a) orNB-2332applicable
to the base material. Where different requirements exist
for the two basematerials, theweldmetalmay conform to
either of the two requirements.

NB-2431.2 Standard Test Requirements. In lieu of the
use of the General Test Requirements specified in
NB-2431.1, tensile and impact testsmay bemade in accor-
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
NB-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 and the drop weight test speci-
mens required by NB-2331(a) or NB-2332, where appli-
cable.
(c) The welding of the test coupon shall conform to the

requirementsof the SFASpecification for the classification
of electrode being tested. Coupons shall be tested in the
as-welded condition and also in the postweld heat-treated
condition. The PWHT temperatures shall be in accordance
with Table NB-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 NB-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 NB-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 NB-2431.1(f) shall be applica-
ble to the impact testing of this option.

NB-2432 Chemical Analysis Test

Chemical analysis of filler metal or weld deposits shall
be made in accordance with NB-2420 and as required by
the following subparagraphs.

NB-2432.1 Test Method. The chemical analysis test
shall be performed in accordance with this subparagraph
and Table NB-2432.1-1, and the results shall conform to
NB-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).
(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).
As an alternative, the deposit shall bemade in accordance
w i t h (d ) f o r ma t e r i a l t h a t w i l l b e u sed f o r
corrosion-resistant overlay cladding. Where the
Welding Procedure Specification or the welding material
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 conformance 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 weld4 made using the welding process that will
be followed when the welding material or combination of
welding materials being certified is consumed. The weld
for A-No. 8 material to be used with the GMAW or EGW
process shall bemade using the shielding gas composition
specified in theWelding Procedure Specifications thatwill

Table NB-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
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be followed when the material is consumed. The test
sample for ESW shall be removed from the weld metal
of the mechanical properties test coupon. Where a chem-
ical 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 NB-2431.1(c), except that heat treatment
of the coupon is not required and the weld coupon thick-
ness requirements of NB-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 Welding Proce-
dure 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-214.1. 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.

NB-2432.2ð23Þ 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 below.
(1) All welding material to be used in the reactor

vessel shall be analyzed for the elements listed in
Table NB-2432.2(a)-1.

(2) All weldingmaterial of ferrous alloys A-No. 8 and
A-No. 9 (Section IX, Table QW-442) to be used in other
components shall be analyzed for the elements listed
in TableNB-2432.2(a)-2 and for any other elements speci-
fied in the welding material specification referenced by
the WPS or in the WPS.

(3) 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) The chemical 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-1225.1. Elements
l i s t e d i n T a b l e N B - 2 4 3 2 . 2 ( a ) - 1 o r T a b l e
NB-2432.2(a)-2 but not specified in the welding material
specification or WPS shall be reported for information
only.

NB-2433 Delta Ferrite Determination

A determination of delta ferrite shall be performed on
A-No. 8weldmaterial (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.

NB-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 NB-2432 in conjunction with Figure
NB-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 be made in accordance with NB-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).

NB-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 NB-2130 or NB-4120.

NB-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.

Table NB-2432.2(a)-1
Chemical Analysis for Reactor Vessel Welding Material

Materials Elements
Carbon and low alloy materials C, Cr, Mo, Ni, Mn, Si, P, S, V, Cu
Chromium and Cr–Ni stainless
material

C, Cr, Mo, Ni, Mn, Si, P, S, V, Cb + Ta,
Ti, Cu

Table NB-2432.2(a)-2
Chemical Analysis for Welding Material for Other Than

Reactor Vessel Welds

Material Elements
Chromium–Nickel stainless steels C, Cr, Mo, Ni, Mn, Si, Cb + Ta
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NB-2500 EXAMINATION AND REPAIR OF
PRESSURE-RETAINING MATERIAL

NB-2510 EXAMINATION OF
PRESSURE-RETAINING MATERIAL

(a) Pressure-retaining material and material welded
thereto shall be examined by nondestructive methods ap-
plicable to the material and product form as required by
the rules of this subarticle, except for pumps and valves
with inlet piping connections NPS 2 (DN 50) and less.
Seamless pipe, tubes, and fittings, NPS 1 (DN 25) and
less, need not be examined by the rules of this subarticle.
The NPS 1 (DN 25) size exemption does not apply to heat
exchanger tubing.
(b) For forged and cast pumps and valves with inlet

piping connections over NPS 2 (DN 50), up to and
including NPS 4 (DN 100), magnetic particle or liquid

penetrant examinationsmay be performed in lieu of volu-
metric examination, except that the welding ends for cast
pumps and valves shall be radiographed for a minimum
distance of t (when t is the design section thickness of the
weld) from the final welding end.
(c) The requirements of this subarticle for repair by

welding, including examination of the repair welds,
shall be met wherever repair welds are made to
pressure-retaining material and material welded
thereto. The exceptions in (a) and (b) above do not
apply to repair welds.

NB-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

Figure NB-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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product form after the quenching and tempering phase of
the heat treatment.

NB-2530 EXAMINATION AND REPAIR OF PLATE

NB-2531 Required Examination

All plates 2 in. (50mm)nominal thickness and less used
for piping, pumps, and valves shall be examined by the
angle beam ultrasonic method in accordance with
NB-2532.2. All plates for vessels and all plates greater
than 2 in. (50 mm) thickness shall be examined by the
straight beam ultrasonic method in accordance with
NB-2532.1.

NB-2532 Examination Procedures

NB-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.

NB-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 that produce indications exceeding in
amplitude the indication from the calibration notch is un-
acceptable unless additional exploration by the straight

beam method shows the imperfections are laminar in
nature and are acceptable in accordance with
NB-2532.1(b).

NB-2537 Time of Examination

Acceptance examinations 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 repair welds shall be performed after final heat treat-
ment, except that theexaminationmaybeperformedprior
to postweld heat treatment of P-No.1 material 2 in. (50
mm) and less nominal thickness.

NB-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.
(b) Afterdefect elimination, the area is examinedby the

magnetic particle method in accordance with NB-2545 or
the liquid penetrant method in accordance with NB-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 NB-3000, the product shall be repaired
in accordance with NB-2539.

NB-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 vessels.

NB-2539.1 Defect Removal. The defect shall be
removed or reduced to an imperfection of acceptable
size by suitable mechanical or thermal cutting or
gouging methods and the cavity prepared for repair
(see NB-4211.1).
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NB-2539.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or
welding operators shall be qualified in accordance with
Article NB-4000 and Section IX.

NB-2539.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the
surrounding surface.

NB-2539.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(see NB-2545) or by the liquid penetrant method (see
NB-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 NB-5110 and
to the acceptance standards of NB-5320. The image
quality indicator (IQI) and the acceptance standards
for radiographic examination of repair welds shall be
based on the section thickness at the repair area.

NB-2539.5 Heat Treatment After Repairs.The product
shall be heat treated after repair in accordance with the
heat treatment requirements of NB-4620.

NB-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 that 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.

NB-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 accordance with Article NB-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 NB-2546).
(c) Examination of Repaired Areas. The repaired area

shall be examined by a liquid penetrant method (see
NB-2546).
(d) Report of Repairs. Each defect repair shall be

described in the Certified Material Test Report for each
piece, including a chart that shows the location and
size of the repair, the welding material identification,
welding procedure, heat treatment, and examination
results.

NB-2540 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

NB-2541 Required Examinations

(a) Forgings and bars shall be examined by the ultra-
sonic method in accordance with NB-2542, except
forgings or sections of forgings that have coarse grains,
or configurations that do not yield meaningful examina-
tion results by ultrasonic methods, shall be examined by
radiographic methods in accordance with Section V,
Article 2, using the acceptance standards of NB-5320.
In addition, all external surfaces and accessible internal
surfaces shall be examined by amagnetic particle method
(see NB-2545) or a liquid penetrant method (see
NB-2546).
(b) Forged flanges and fittings, such as elbows, tees,

and couplings, shall be examined in accordance with
the requirements of NB-2550.
(c) Bar material used for bolting shall be examined in

accordance with NB-2580.
(d) Forgings and forged or rolled bars that are to be

bored to form tubular products or fittings shall be exam-
ined in accordance with the requirements of NB-2550
after boring.
(e) Forgings and forged or rolled bars that will subse-

quently be bored to form pump and valve parts shall be
examined in accordance with (a) after boring.

NB-2542 Ultrasonic Examination

NB-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
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 that use distance amplitude correc-
tions, provided the acceptance standards are shown to
be equivalent to those listed in NB-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.

NB-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 that 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
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when the back reflection falls below 5% of full calibration
screen height.
(b) Straight Beam Special Rule for Vessel Shell Sections
(1) A ring forgingmade to fine grainmelting practice

and used for vessel shell sections shall be unacceptable if
the results of the straight beam radial examination show
one or more reflectors producing a continuous complete
loss of back reflection accompanied by continuous indica-
tions on the same plane that cannot be encompassed with
a circle whose diameter is 3 in. (75mm) 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 thatproduce indicationsexceeding inamplitude
the indication from the appropriate calibration notches.

NB-2545 Magnetic Particle Examination

NB-2545.1 Examination Procedure. The procedure for
magnetic particle examination shall be in accordancewith
the methods of Section V, Article 7. In lieu of magnetic
particle examination methods required by the material
specification, magnetic particle examination using the
alternating current yoke technique is permitted in accor-
dance with Section V, Article 7, when performed on final
machined surfaces of the material.

NB-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
that are not relevant.
(b) Any indication in excess of the NB-2545.3 accep-

tance standards, which 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. Nonrelevant indications that would
mask defects are unacceptable.
(c) Relevant indications are indications that result

from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications that are
circular or elliptical with the length equal to or less
than three times the width.

NB-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.

NB-2546 Liquid Penetrant Examination

NB-2546.1 Examination Procedure.The procedure for
liquid penetrant examination shall be in accordance with
the methods of Section V, Article 6.

NB-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
bond between base metal and cladding, may produce
similar indications that are not relevant.
(b) Any indication in excess of the NB-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 reexamination. Nonrelevant indications and broad
areas of pigmentation, which would mask defects, are un-
acceptable.
(c) Relevant indications are indications that result

from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications that are
circular or elliptical with the length equal to or less
than three times the width.

NB-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.
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(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.

NB-2547 Time of Examination

Acceptance examinations, including those for repair
welds, shall be performed at the time of manufacture
as required in (a) through (f) below.
(a) Ultrasonic examination may be performed at any

time after forging [see NB-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 that are to be bored or

turned to form tubular parts or fittings shall be examined
after boring or turning, except for threading.
(e) Forgings and forged or rolled bars that will subse-

quently be bored or turned to form pump and valve parts
shall be examined after boring or turning, except for
threading.
(f) The requirement for surface examination may be

postponed for bars, 1 in. (25 mm) and less in diameter,
[see NB-2541(a)] formaterial used to fabricate tube plugs
for heat exchangers. Barmaterial, 1 in. (25mm)and less in
diameter, shall be surface-examined after final machining
into tube plugs for heat exchangers.

NB-2548 Elimination of Surface Defects

Elimination of surface defects shall be made in accor-
dance with NB-2538.

NB-2549 Repair by Welding

Repair bywelding shall be in accordancewithNB-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 ultrasonic method in accordancewith
the requirements of NB-2542 in lieu of radiography.

NB-2550 EXAMINATION AND REPAIR OF
SEAMLESS AND WELDED (WITHOUT
FILLER METAL) TUBULAR PRODUCTS
AND FITTINGS

NB-2551 Required Examination

In addition to the requirements of the material speci-
fication and of this Article, seamless and welded (without
filler metal) tubular products (including pipe flanges and
fittings machined from forgings and bars) shall comply
with the following:
(a) Wrought seamless and welded (without filler

metal) pipe and tubing shall be examined over the
entire volume5 of the material in accordance with (1),
(2), (3), or (4), as follows. 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-
dance with NB-2552(a)(1) in two opposite circumferen-
tial directions5 and by the eddy current method in
accordance with NB-2554, provided the product is
limited to sizes, materials, and thicknesses for which
meaningful results can be obtained by eddy current exam-
ination as evidenced by detection of required standards.

(-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,6 in accor-
dance with NB-2552(a)(2), 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 NB-2552(a)(1) in two opposite circumferential
directions, and in accordance with NB-2552(a)(2) 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 NB-2530 prior to forming
and the weld shall be examined by the radiographic
method in accordancewith NB-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:
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(-a) Except as provided in (-d) below, each pipe
and tube, all sizes shall be ultrasonically examined in
accordance with NB-2552(a)(1) in two opposite circum-
ferential directions.

(-b) Except as provided in (-d) below, pipe and
tubing smaller than21∕2 in. (64mm)O.D. shall be examined
by theeddy currentmethod inaccordancewithNB-2554 if
meaningful indications canbeobtained fromthe reference
specimen notches. If meaningful indications cannot be
obtained from the reference specimen, an axial scan ultra-
sonic examination in two opposite axial directions, in
accordance with NB-2552(a)(2), shall be made.

(-c) Except as provided in (-d) below, pipe and
tubing 21∕2 in. (64 mm) O.D. and larger shall be examined
by an axial scan ultrasonic examination in two opposite
axial directions in accordance with NB-2552(a)(2).

(-d) For pipe and tubing that is specified to be
coarse grain structure, radiographic examination in accor-
dance with NB-2553 may be performed in lieu of ultra-
sonic examination.

(4) Tubing used in steam generator fabrication shall
be examined as follows:

(-a) each tube shall be ultrasonically examined in
accordance with NB-2552(a)(1) in two opposite circum-
ferential directions, and

(-b) by eddy current in accordance with NB-2554
if meaningful indications can be obtained from the refer-
ence specimen notches. If meaningful results cannot be
obtained from the reference specimen, an axial scan ultra-
sonic examination in two opposite axial directions, in
accordance with NB-2552(a)(2), shall be made.
(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 in accordancewithNB-2555, or the liquid
penetrant method in accordance with NB-2556 on all
external surfaces and all accessible internal surfaces
(excluding bolt holes and threads). Additionally, for
fittings over NPS 6 (DN 150) nominal size, the entire
volume shall be examined by the ultrasonic method, if
feasible, in accordance with NB-2552, or the radiographic
method in accordance with NB-2553. Alternatively, the
plate shall be examined by the ultrasonicmethod in accor-
dancewithNB-2530prior to formingand theweld shall be
examined by the radiographic method in accordance with
NB-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.
(c) Tubular products used for vessel nozzles shall be

examined over the entire volume of material by either
the ultrasonic method in two opposite circumferential
directions in accordance with NB-2552(b) or the radio-
graphic method in accordance with NB-2553, and shall
be examined on all external and all accessible internal

surfaces by either the magnetic particle method in accor-
dance with NB-2555 or the liquid penetrant method in
accordance with NB-2556.

NB-2552 Ultrasonic Examination5

(a) Examination Procedure for Pipe and Tubing. Inde-
pendent channels or instruments shall be employed for
circumferential and axial scans.

(1) Circumferential Direction. The procedure for
ultrasonic examination of pipe and tubing in the circum-
ferential direction shall be in accordancewith SE-213. The
procedure shall provide a sensitivity thatwill consistently
detect defects that produce indications equal to, or greater
than, the indications produced by the standard defects
specified in (c).

(2) Axial Direction. When required by NB-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
circumferential direction. Figure NB-2552-1 illustrates
the characteristic oblique entry of sound into the pipe
or tube wall and the axial direction of ultrasonic
energy propagation to detect transverse notches or
similar surface discontinuities.

(3) Acceptance Standards. Productswith 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 NB-2558 or NB-2559.
(b) Examination Procedure for Fittings
(1) Procedure. The procedure for ultrasonic exami-

nation of fittings shall be in accordance with Section V,
Article 5 for straight beam examination and, where
feasible, angle-beam examination in two circumferential
directions.

Figure NB-2552-1
Axial Propagation of Sound in Tube Wall
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(2) 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
reflection is assumedwhen the back reflection falls below
5% of full calibration screen height.
(c) Reference Specimens
(1) 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 that is being examined. For circumferential scan-
ning, the standarddefects shall be axial notchesor grooves
on the outside and inside surfaces of the reference
specimen, and shall have a length of approximately 1
in. (25 mm) or less, a width not to exceed 1∕16 in. (1.5
mm) for a square notch or U-notch, a width proportional
to the depth for aV-notch, and a depthnot greater than the
larger of 0.004 in. (0.10 mm) or 5% of the nominal wall
thickness. For axial scanning in accordancewith SE-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 lon-
gitudinal notch. The reference specimen may be the
product being examined.

(2) 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.
(d) 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:

(1) at the beginning of eachproduction runof a given
size and thickness of a given material.

(2) after each 4 hr or less during the production run.
(3) at the end of the production run.
(4) at any time that malfunctioning is suspected. If,

during any check, it is determined that the examination
equipment is not functioning properly, all of the products
that have been examined since the last valid equipment
calibration shall be reexamined.

NB-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 NB-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) any other elongated indication that has a length
greater than:

(-a) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm),
inclusive

(-b) 1∕3t for t from 3∕4 in. (19 mm) to 21∕4 in. (57
mm), inclusive

(-c) 3∕4 in. (19 mm) for t over 21∕4 in. (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.

NB-2554 Eddy Current Examination

(a) General. This examination method is restricted to
materials with uniform magnetic properties and of sizes
for which meaningful results can be obtained.
(b) Examination Procedure. The procedure for eddy

current examination shall be in accordance with ASTM
E426 or ASTM E571. The procedure shall provide a sensi-
tivity that will consistently detect defects by comparison
with the standard defects included in the reference
specimen in (d).
(c) Acceptance Standards. Products with defects that

produce indications in excess of the reference standards
are unacceptable.
(d) Reference Specimens. 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 that is being examined. The standard shall
contain transverse (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 circumferentially on
the inside surface plus a 1∕16 in. (1.5 mm) diameter
hole drilled through thewall. These shall be used to estab-
lish 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.
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The width of the notch shall not exceed 1∕16 in. (1.5 mm).
The length shall be approximately 1 in. (25 mm) or less.
The size of reference specimens shall be as specified in
NB-2552(c). Additional examination using either trans-
verse notches or axial notches shall be performed
when required by the design specification.
(e) Checking and Calibration of Equipment . The

checking and calibration of examination equipment
shall be the same as in NB-2552(d).

NB-2555 Magnetic Particle Examination

Magnetic particle examination shall be performed in
accordance with the requirements of NB-2545.

NB-2556 Liquid Penetrant Examination

Liquid penetrant examination shall be performed in
accordance with the requirements of NB-2546.

NB-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
required by Section II material specification. Other
heat treament including postweld treament, may be
performed either prior to or after the examination.

(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) Forgingsandrolledbars thatare tobeboredand/
or turned to form tubular parts or fittings shall be exam-
ined after boring and/or turning, except for threading.
Fittings shall be examined after final forming.

NB-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 that originally disclosed the defect to ensure that
the defect has been removed or reduced to an imperfec-
tion of acceptable size.

(c) If the eliminationof thedefect reduces the thickness
of the section below the minimum required to satisfy the
rules of Article NB-3000, the product shall be repaired in
accordance with NB-2559.

NB-2559 Repair by Welding

Repair of defects shall be in accordance with NB-2539,
except repair by welding is not permitted on copper–
nickel alloy and nickel alloy heat exchanger tubes.

NB-2560 EXAMINATION AND REPAIR OF
TUBULAR PRODUCTS AND FITTINGS
WELDED WITH FILLER METAL

NB-2561 Required Examinations

(a) Welded tubular products (with fillermetal) such as
pipemade inaccordancewithSA-358, SA-409, SA-671, SA-
672, and SA-691, and fittingsmade in accordancewith the
WPW grades of SA-234, SA-403, and SA-420, which are
madebyweldingwith fillermetal, shall be treatedasmate-
rial; however, inspection by an Inspector and stamping
with a Certification Mark with NPT Designator shall be
in accordance with Section III requirements. In addition
to theCertificationMarkwithNPTDesignator, anumeral 1
shall be stamped below and outside the official Certifica-
tion Mark.
(b) In addition to the requirements of the material

specification and of the Article, pipe and fittings shall
comply with the following:

(1) The plate shall be examined in accordance with
NB-2530 prior to forming, or alternatively, the finished
product shall be examined by the ultrasonic method in
accordance with NB-2562.

(2) All welds shall be examined 100% by radio-
graphy in accordance with the method and acceptance
requirements of the base material specification, and by
either the magnetic particle method in accordance
with NB-2565 or the liquid penetrant method in accor-
dance with NB-2566. If radiographic examination of
welds is not specified in the basic material specification,
thewelds shall beexaminedby theradiographicmethod in
accordance with NB-2563. The radiographs and a radio-
graphic report showing exposure locations shall be
provided with the Certified Material Test Report.

NB-2562 Ultrasonic Examination

Theultrasonic examination shall beperformed inaccor-
dance with the requirements of NB-2552.

NB-2563 Radiographic Examination

The radiographic examination shall be performed in
accordance with the requirements of NB-2553.
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NB-2565 Magnetic Particle Examination

The magnetic particle examination shall be performed
in accordance with the requirements of NB-2545.

NB-2566 Liquid Penetrant Examination

The liquid penetrant examination shall be performed in
accordance with the requirements of NB-2546.

NB-2567 Time of Examination

The time of examination shall be in accordancewith the
requirements of NB-2557, except that for magnetic
particle or liquid penetrant examination of welds,
including repair welds, for P-No. 1 (Section IX of the
Code), examination may be performed prior to postweld
heat treatment.

NB-2568 Elimination of Surface Defects

Unacceptable surface defects shall be removed in accor-
dance with the requirements of NB-2558.

NB-2569 Repair by Welding

When permitted by the basic material specification,
basematerial defects shall be repairwelded in accordance
with the requirementsofNB-2559.Repairweldingofweld
seam defects shall be in accordance with NB-4450.

NB-2570 EXAMINATION AND REPAIR OF
STATICALLY AND CENTRIFUGALLY
CAST PRODUCTS

In addition to the requirements of the material speci-
fication and of this Article, statically and centrifugally cast
products shall comply with the following subparagraphs.

NB-2571 Required Examination

Cast products shall be examined by the radiographic
method, except cast ferritic steels that shall be examined
by either the radiographic or ultrasonic method, or a
combination of both methods, as required for the
product form by Table NB-2571-1.
In addition, all cast products shall be examined on all

external surfaces and all accessible internal surfaces by
either the magnetic particle or liquid penetrant
method. Machined surfaces, except threaded surfaces,
of a cast product shall be examined by either the
liquid penetrant or magnetic particle method after
machining.

NB-2572 Time of Nondestructive Examination

NB-2572.1 Acceptance Examinations. Acceptance
examinations shall be performed at the time of manufac-
ture as stipulated in the following and Table NB-2571-1.

(a) Ultrasonic Examination. Ultrasonic examination, if
required, shall be performed at the same stage of manu-
facture as required for radiography.
(b) Radiographic Examination. Radiography may be

performed prior to heat treatment andmay be performed
prior to or after finish machining at the following limiting
thicknesses.

(1) For finished thicknesses under 21∕2 in. (64 mm),
castings shall be radiographed within 1∕2 in. (13 mm) or
20% of the finished thickness, whichever is greater. The
IQI and the acceptance reference radiographs shall be
based on the finished thickness.

(2) For finished thickness from21∕2 in. (64mm) up to
6 in. (150mm), castings shall be radiographedwithin 20%
of the finished thickness. The IQI and the acceptance refer-
ence radiographs shall be based on the finished thickness.

(3) For finished thicknesses over 6 in. (150 mm),
castings shall be radiographed within 1∕2 in. (13 mm)
or 15% of the finished thickness, whichever is greater.
The IQI and the acceptance reference radiographs shall
be based on the finished thickness.
(c) Radiography of castings for pumps and valves may

be performed in as-cast or rough machined thickness
exceeding the limits of (b)(1), (b)(2), or (b)(3) above,
subject to the following conditions.

(1) When the thickness of the as-cast or rough
machined section exceeds 2 in. (50 mm), acceptance
shall be based on reference radiographs for the next
lesser thickness; e.g., if the section being radiographed
exceeds 41∕2 in. (114 mm), use reference radiographs
of ASTM E186. The IQI shall be based on the thickness
of the section being radiographed.

(2) When the thickness of the as-cast or rough
machined section is 2 in. (50 mm) or less, the reference
radiographs of ASTM E446 shall be used, and the IQI shall
be based on the final section thickness.

(3) Weld ends for a minimum distance of t or 1∕2 in.
(13 mm), whichever is less (where t is the design section
thickness of the weld), from the final welding end shall be
radiographed at a thickness within the limits given in
(b)(1), (b)(2), or (b)(3) above as applicable. As an alter-
native, the weld ends may be radiographed in the as-cast
or rough machined thickness in accordance with (1) and
(2) above, and the IQI shall be based on the final section
thickness.
(d) Magnetic Particle or Liquid Penetrant Examination.

Magnetic particle or liquid penetrant examination shall be
performed after the final heat treatment required by the
material specification. Repair weld areas shall be exam-
ined after postweld heat treatment when a postweld heat
treatment isperformed, except that repairwelds inP-No.1
(seeSection IXof theCode)material 2 in. (50mm)nominal
thicknessand lessmaybeexaminedprior topostweldheat
treatment. For cast products with machined surfaces, all
finishedmachined surfaces, except threaded surfaces and
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Table NB-2571-1
Required Examinations

Nominal Pipe Size Item Applicable Special Requirements for Class 1 Castings
Inlet piping connections of NPS 2
(DN 50) and less

Cast products other than pumps and
valves

Cast products shall be examined by the radiographic method,
except cast ferritic steels, which shall be examinedby either
the radiographic or ultrasonic method, or a combination of
both methods. Castings or sections of castings that have
coarse grains or configurations that donot yieldmeaningful
examination results by the ultrasonic method shall be
examined by the radiographic method. In addition, all cast
products shall be examined on all external surfaces and all
accessible internal surfaces by either the magnetic particle
or the liquid penetrant method. Machined surfaces, except
threaded surfaces, of a cast product shall be examined by
either the liquid penetrant or themagnetic particlemethod
after machining.

Cast pumps and valves None
Repair welds in pumps and valves of
P-No. 1 or P-No. 8 material None

Repair welds in cast products,
excluding repairwelds in pumps and
valves of P-No. 1 or P-No. 8 material

Each repair weld shall be examined by the magnetic particle
method or by the liquid penetrant method. In addition,
repairwelds in cavities the depth ofwhich exceed the lesser
of 3∕8 in. (10 mm) or 10% of the section thickness shall be
radiographed in accordance with NB-2575.

Inlet piping connections over NPS 2
(DN 50) up to and including NPS 4
(DN 100)

Cast products — See Cast pumps and
valves below for exceptions

Cast products shall be examined by the radiographic method,
except cast ferritic steels, which shall be examinedby either
the radiographic or theultrasonicmethod, or a combination
of both methods. Castings or sections of castings that have
coarse grains or configurations that donot yieldmeaningful
examination results by the ultrasonic method shall be
examined by the radiographic method. In addition, all cast
products shall be examined on all external surfaces and all
accessible internal surfaces by either the magnetic particle
or the liquid penetrant method. Machined surfaces, except
threaded surfaces, of a cast product shall be examined by
either the liquid penetrant or themagnetic particlemethod
after machining.

Cast pumps and valves Magnetic particle or liquid penetrant examination may be
performed, in lieu of volumetric examination, except the
welding ends of cast pumps and valves shall be
radiographed for a minimum distance of t (when t is the
design section thickness of the weld) from the final weld
end.

Repair welds Each repair weld shall be examined by the magnetic particle
method or by the liquid penetrant method. In addition,
repairwelds in cavities the depth ofwhich exceed the lesser
of 3∕8 in. (10 mm) or 10% of the section thickness shall be
radiographed in accordance with NB-2575.
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small deep holes, shall also be examined by the magnetic
particle or the liquid penetrant method.

NB-2573 Provisions for Repair of Base Material by
Welding

The Material Organization may repair, by welding,
products from which defects have been removed,
provided the requirements of this Article are met.

NB-2573.1 Defect Removal. The defects shall be
removed or reduced to an imperfection of acceptable
size by suitable mechanical or thermal cutting or
gouging methods, and the cavity prepared for repair.
When thermal cutting is performed, consideration shall
be given to preheating the material.

NB-2573.2 Repair by Welding. The Material Organiza-
tion may repair castings by welding after removing the
material containing unacceptable defects. The depth of
the repair is not limited. A cored hole or access hole
may be closed by the Material Organization by welding
in accordance with the requirements of this paragraph,
provided the hole is closed by filler metal only. If the
hole is closed by welding in a metal insert, the welding
shall be performed by a holder of a Certificate of Author-
ization in accordance with the requirements of the Code.

NB-2573.3 Qualification of Welding Procedures and
Welders. Each manufacturer is responsible for the
welding done by its organization and shall establish
the procedures and conduct the tests required by
Article NB-4000 and by Section IX of the Code in order
to qualify both the welding procedures and the perfor-
mance of welders and welding operators who apply
these procedures. Each manufacturer is also responsible
for the welding performed by its subcontractors and shall

ensure that the subcontractors conduct the tests required
by Article NB-4000 and by Section IX of the Code in order
to qualify its welding procedures and the performance of
its welders and welding operators.

NB-2573.4 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the
surrounding surface.

NB-2573.5 Examination of Repair Welds.

(a) Each repairweld shall be examinedby themagnetic
particle method in accordance with the requirements of
NB-2577 or by the liquid penetrant method in accordance
with the requirements of NB-2576. In addition, when
radiography is specified in the order for the original
casting, repair cavities, the depth of which exceeds the
lesser of 3∕8 in. (10 mm) or 10% of the section thickness,
shall be radiographed after repair except that weld slag,
including elongated slag, shall be considered as inclusions
under Category B of the applicable reference radiographs.
The total area of all inclusions, including slag inclusions,
shall not exceed the limits of the applicable severity level
of CategoryBof the reference radiographs. The IQI and the
acceptance standards for radiographic examination of
repairwelds shall be based on the actual section thickness
at the repair area.
(b) Examination of repair welds in P-No. 1 and P-No. 8

material is not required for pumps and valves with inlet
piping connections NPS 2 (DN 50) and less.

NB-2573.6 HeatTreatmentAfterRepairs.Thematerial
shall be heat treated after repair in accordance with the
heat treatment requirements of NB-4620, except that the
heating and cooling rate limitations of NB-4623 do not
apply.

Table NB-2571-1
Required Examinations (Cont’d)

Nominal Pipe Size Item Applicable Special Requirements for Class 1 Castings
Inlet piping connections over NPS 4
(DN 100)

Cast products Cast products shall be examined by the radiographic method,
except cast ferritic steels,which shall be examinedby either
the radiographicor theultrasonicmethod, or a combination
of both methods. Castings or sections of castings that have
coarse grains or configurations that donot yieldmeaningful
examination results by the ultrasonic method shall be
examined by the radiographic method. In addition, all cast
products shall be examined on all external surfaces and all
accessible internal surfaces by either the magnetic particle
or the liquid penetrant method. Machined surfaces, except
threaded surfaces, of a cast product shall be examined by
either the liquid penetrant or themagnetic particle method
after machining.

Repair welds Each repair weld shall be examined by the magnetic particle
method or by the liquid penetrant method. In addition,
repairwelds in cavities the depth ofwhich exceed the lesser
of 3∕8 in. (10 mm) or 10% of the section thickness shall be
radiographed in accordance with NB-2575.
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NB-2573.7 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) After defect elimination, the area is reexamined by

themagnetic particlemethod in accordancewithNB-2577
or the liquid penetrant method in accordance with
NB-2576 to ensure that the defect has been removed
or reduced to an imperfection of acceptable size.
(c) If the elimination of the defect reduces the section

thickness below the minimum required by the specifica-
tion or drawing, the casting shall be repaired in accor-
dance with NB-2539.

NB-2573.8 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 that 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, when radiography
is specified in the order for the original casting.

NB-2574 Ultrasonic Examination of Ferritic Steel
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 requirements of NB-2574 and shall make the
procedure available for approval upon request.

NB-2574.1 Acceptance Standards.

(a) The Quality Levels of SA-609 as shown in Section V
shall apply for the casting thicknesses indicated

(1) QualityLevel1 for thicknessesup to2 in. (50mm)
(2) Quality Level 3 for thicknesses 2 in. (50mm) to 4

in. (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 are unacceptable:

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)

Table continued

NOTES:
(1) The areas for theUltrasonicQuality Levels in SA-609 refer to

the surface area on the casting over which continuous indi-
cation, exceeding the transfer corrected distance amplitude
curve, is maintained.

(2) Areas are to bemeasured fromdimensions 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 must be used for realistic evaluation of the discon-
tinuity.
(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) are unacceptable.

(4) Two or more imperfections producing indica-
tions in the same plane with amplitudes exceeding the
Amplitude Reference Line and separated by a distance
less than the longest dimension of the larger of the adja-
cent indications areunacceptable if they cannot beencom-
passed within an area less than that of the Quality Level
specified in (1) above.

(5) Two or more imperfections producing indica-
tions greater than permitted for Quality Level 1 for cast-
ings less than 2 in. (50 mm) in thickness, greater than
permitted for Quality Level 2 for thicknesses 2 in. (50
mm) through 4 in. (100 mm), and greater than permitted
for Level 3 for thicknesses greater than 4 in. (100 mm),
separated by a distance less than the longest dimension of
the larger of the adjacent indications are unacceptable, if
theycannotbeencompassed inanarea less than thatof the
Quality Level requirements stated in (a) above.

NB-2575 Radiographic Examination

NB-2575.1 Examination. Cast pressure-retaining
materials shall be examined by the radiographic
method when specified in the order for the original cast-
ings, except that cast ferritic steels may be examined by
either the radiographic or ultrasonic method, or a combi-
nation of both methods. Castings or sections of castings
that have coarse grains or configurations that do not yield
meaningful examination results by ultrasonic methods
shall be examined by the radiographic method.

NB-2575.2 Extent. Radiographic examination shall be
performed on pressure-retaining castings such as vessel
heads and flanges, valve bodies, bonnets and disks, pump
casings and covers, and piping and fittings. The extent of
radiographic coverage shall be of the maximum feasible
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volume and, when the shape of the casting precludes
complete coverage, the coverage shall be at least as exem-
plified in the typical sketches as shown in Figure
NB-2575.2-1.

NB-2575.3 Examination Requirements. Radiographic
examination shall be performed in accordance with
Section V, Article 2, Mandatory Appendix VII, Radio-
graphic Examination of Metallic Castings, with the
following modifications:
(a) Thegeometricunsharpness limitationsof SectionV,

Article 2, T-274.2 need not be met.
(b) The examination procedure or report shall also

address the following:
(1) type and thickness of filters, if used
(2) for multiple film techniques, whether viewing is

to be single or superimposed, if used
(3) blocking or masking technique, if used
(4) orientation of location markers
(5) description of how internal markers, when used,

locate the area of interest
(c) The location of locationmarkers (e.g., lead numbers

or letters) shall be permanently stamped on the surface of
the casting in amannerpermitting the area of interest on a
radiograph to be accurately located on the casting and
providing evidence on the radiograph that the extent
of coverage required by NB-2575.2 has been obtained.
For castings or sections of castings where stamping is
not feasible, the radiographic procedure shall so state,
and a radiographic exposure map shall be provided.

NB-2575.6 Acceptance Criteria. Castings shall meet
the acceptance requirements of Severity Level 2 of
ASTM E446, Reference Radiographs for Steel Castings
up to 2 in. (50 mm) in Thickness; ASTM E186, Reference
Radiographs for Heavy-Walled [2 in. to 41∕2 in. (50 mm to
114mm)] Steel Castings; or ASTME280, Reference Radio-
graphs for Heavy-Walled [41∕2 in. to 12 in. (114mm to 300
mm)] Steel Castings, as applicable for the thickness being
radiographed except that Category D, E, F, or G defects are
not acceptable. The requirements of ASTM E280 shall
apply for castings over 12 in. (300 mm) in thickness.

NB-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 inexcessof theacceptance
standards believed to be nonrelevant shall be reexamined
to verify whether actual defects are present. Surface
conditioning may precede the reexamination. Nonrele-

vant indications and broad areas of pigmentation that
wouldmask indications of defects are unacceptable. Rele-
vant indications are those that result from imperfections
and have amajor dimension greater than 1∕16 in. (1.5mm).
Linear indications are those whose length is more than
three times the width. Rounded indications are those
that are circular or elliptical with the length less than
three 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) 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 ina line separatedby 1∕16
in. (1.5 mm) or less edge to edge;

(4) ten ormore indications in any 6 in.2 (4000mm2)
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.

NB-2577 Magnetic Particle Examination (for
Ferritic Steel Products Only)

(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 believed to be
nonrelevant shall be 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 imperfections
and have a major dimension greater than 1∕16 in. (1.5
mm). Linear indications are those whose length is
more than three times the width. Rounded indications
are those that are circular or elliptical with the length
less than three 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;
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Figure NB-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves
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Diffuser fins 
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(a) Typical Volute-Type Pump Case 

(c) Typical Diffuser-Type Pump Case Detail

(b) Typical Diffuser-Type Pump Case

(d) Typical Single Stage Pump Case 
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(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.

NB-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

NB-2581 Required Examination

All bolting material shall be visually examined in accor-
dance with NB-2582. In addition, nominal sizes greater
than 1 in. (25 mm) shall be examined by either the
magnetic particle method in accordance with NB-2583
or the liquid penetrant method in accordance with
NB-2584. In addition, nominal sizes greater than 2 in.
(50 mm) but not over 4 in. (100 mm) shall be examined

by the ultrasonicmethod in accordancewithNB-2585 and
nominal sizes greater than 4 in. (100 mm) shall be exam-
ined by the ultrasonic method in accordance with both
NB-2585 and NB-2586.

NB-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 NB-5100 or by personnel qualified in accordance with
NB-5500.

Figure NB-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves (Cont’d)

(e) Typical Flange (f) Typical Gate Valve (g) Typical Globe Valve

RT

RT

CL

CL

CL
CL

CL

RT

RT

RT

RT

GENERAL NOTES:
(a) Radiographic examination areas shall be indicated by a circle at each change of direction. The examination symbol for radiography shall be

indicated as RT.
(b) For nondestructive examination areas or revolution, the area shall be indicated by the examine-all-around symbol: – RT – ♂.
(c) The sketches are typical and are to be used as a guide forminimum required coverage. Even though a sketchmay be titled,“pump” or “valve,”

the coverage shown by the configurations may be applied interchangeably.
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NB-2583 Magnetic Particle Examination (for
Ferritic Steel Bolting Material Only)

NB-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 NB-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.

NB-2583.2 Evaluation of Indications.

(a) All indications shall be evaluated in terms of the
acceptance standards. Linear indications are those indi-
cations in which the length is more than three times the
width. Rounded indications are those that are circular or
elliptical with the length equal to or less than three times
the width.
(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.

NB-2583.3 AcceptanceStandard.Linear nonaxial indi-
cations are unacceptable. Linear axial indications greater
than 1 in. (25 mm) in length are unacceptable.

NB-2584 Liquid Penetrant Examination

NB-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).

NB-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 that are circular to elliptical with the
length equal toor 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,
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.

NB-2584.3 AcceptanceStandard.Linearnonaxial indi-
cations are unacceptable. Linear axial indications greater
than 1 in. (25 mm) long are unacceptable.

NB-2585 Ultrasonic Examination for Sizes Greater
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.

NB-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.

NB-2585.2 Examination Procedure. 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 mm).

NB-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.

NB-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.

NB-2586 Ultrasonic Examination for Sizes Over 4
in. (100 mm)

In addition to the requirements of NB-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.
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NB-2586.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, longitudinal-scan
method.

NB-2586.2 Examination Procedure. 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).

NB-2586.3 Calibration of Equipment.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.

NB-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.

NB-2587 Time of Examination

Acceptance examinations shall be performed after the
final heat treatment required by the basic material spec-
ification.

NB-2588 Elimination of Surface Defects

Unacceptable surface defects on finished bolts, studs,
and nuts are not permitted, and are cause for rejection.

NB-2589 Repair by Welding

Weld repairs of bolts, studs, and nuts are not permitted.

NB-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

NB-2610 ð23ÞDOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

(a) Except as provided in (b) below,Material Organiza-
tions shall have a Quality System Program that meets the
requirements of NCA-3300.
(b) The requirements of NCA-1224, NCA-1225, and

NCA-4256 shall be met as required by NB-2130 and
NB-2150, respectively. The other requirements of NCA-
3300 and NCA-4200 need not be used by Material Orga-
nizations for small products, as defined in (c) below, for
brazing material, and for material that is allowed by this
Subsection to be furnished with a Certificate of Compli-
ance. For these products, the Certificate Holder’s Quality
AssuranceProgram(NCA-4100) shall includemeasures 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 (5) below:
(1) pipe, tube (except heat exchanger 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;
(4) material for pumps and valves with inlet pipe

connections of NPS 2 (DN 50) and less;
(5) material exempted by NB-2121(c).

NB-2700 DIMENSIONAL STANDARDS
Dimensions of standard items shall comply with the

standards and specifications listed in Table NCA-7100-1.
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ARTICLE NB-3000
DESIGN

NB-3100 GENERAL DESIGN

NB-3110 LOADING CRITERIA

NB-3111 Loading Conditions

The loadings that shall be taken into account in
designing a component include, but are not limited to,
those in (a) through (g) below:
(a) internal and external pressure;
(b) impact loads, including rapidly fluctuating pres-

sures;
(c) weight of the component 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, insulation, corrosion-resistant or
erosion resistant linings, and piping;
(e) wind loads, snow loads, vibrations, and earthquake

loads where specified;
(f) reactions of supporting lugs, rings, saddles, or other

types of supports;
(g) temperature effects.

NB-3112 Design Loadings

The Design Loadings shall be established in accordance
with NCA-2142.1 and the following subparagraphs.

NB-3112.1 Design Pressure.

(a) The specified internal and external Design Pres-
sures to be used in this Subsection shall be established
in accordance with NCA-2142.1(a). When the occurrence
of different pressures during operation can be predicted
for different zones of a component, the Design Pressure of
the different zones may be based on their predicted pres-
sures.
(b) All pressures referred to in this Article are to be

taken as psi (MPa), above atmospheric pressure, unless
otherwise stated.

NB-3112.2 Design Temperature.

(a) The specified Design Temperature shall be estab-
lished in accordance with NCA-2142.1(b). It shall be used
in computations involving the Design Pressure and coin-
cidental Design Mechanical Loads. The actual metal
temperature at the point under consideration shall be

used in all computations where the use of the specified
service pressure is required.
(b) All temperatures referred to in this Article are the

metal temperatures expressed in degrees Fahrenheit,°F
(degrees Celsius, °C) unless otherwise stated.
(c) Where a component is heated by tracing, induction

coils, jacketing, or internal heat generation, the effect of
such heating shall be incorporated in the establishment of
the Design Temperature.

NB-3112.3 Design Mechanical Loads. The specified
Design Mechanical Loads shall be established in accor-
dance with NCA-2142.1(c). They shall be used in conjunc-
tion with the Design Pressure.

NB-3112.4 Design Stress Intensity Values. Design
stress intensity values for materials are listed in
Section II, Part D, Subpart 1, Tables 2A, 2B, and 4. The
material shall not be used at metal and design tempera-
tures that exceed the temperature limit in the applicability
column for which stress intensity values are listed. The
values in the Table may be interpolated for intermediate
temperatures.

NB-3113 Service Conditions

Each service condition towhich the componentsmaybe
subjected shall be classified in accordancewithNCA-2142
and Service Limits [NCA-2142.4(b)] designated in the
Design Specifications in such detail as will provide a
complete basis for design, construction, and inspection
in accordance with this Article. The requirements of
(a) and (b) below shall also apply.
(a) Level B Conditions. The estimated duration of

service conditions for which Level B Limits are specified
shall be included in the Design Specifications.
(b) Level C Conditions. The total number of postulated

occurrences for all specified service conditions for which
Level C Limits are specified shall not cause more than 25
stress cycles having an Sa value greater than that for 106
cycles from the applicable fatigue design curves of Section
III Appendices, Mandatory Appendix I.
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NB-3120 SPECIAL CONSIDERATIONS

NB-3121 Corrosion

Material subject to thinning by corrosion, erosion,
mechanical abrasion, or other environmental effects
shall have provision made for these effects during the
design or specified life of the component by a suitable
increase in or addition to the thickness of the base
metal over that determinedby thedesign equations.Mate-
rial added or included for these purposes need not be of
the same thickness for all areas of the component if
different rates of attack are expected for the various
areas. It should be noted that the tests on which the
design fatigue curves (Section III Appendices, Mandatory
Appendix I) are based did not include tests in the presence
of corrosive environments that might accelerate fatigue
failure.

NB-3122 Cladding

The rules of the following subparagraphs apply to the
analysis of clad components constructed of material
permitted in Section II, Part D, Subpart 1, Tables 2A
and 2B.

NB-3122.1 Primary Stresses. No structural strength
shall be attributed to the cladding in satisfying Section
III Appendices, Mandatory Appendix XIII, XIII-3100.

NB-3122.2 Design Dimensions. The dimensions given
in (a) and (b) below shall be used in the design of the
component.
(a) For components subjected to internal pressure, the

inside diameter shall be taken at the nominal inner face of
the cladding.
(b) For components subjected to external pressure, the

outsidediameter shall be takenat theouter faceof thebase
metal.

NB-3122.3 Secondary and Peak Stresses. In satisfying
Section III Appendices, Mandatory Appendix XIII, XIII-
3400 and XIII-3500, the presence of the cladding shall
be considered with respect to both the thermal analysis
and the stress analysis. The stresses inbothmaterials shall
be limited to the values specified in Section III Appendices,
Mandatory Appendix XIII, XIII-3400 and XIII-3500.
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 component,
the presence of the cladding may be neglected.

NB-3122.4 Bearing Stresses. In satisfying Section III
Appendices, Mandatory Appendix XIII, XIII-3710, the
presence of cladding shall be included.

NB-3123 Welding

NB-3123.1 Dissimilar Welds. In satisfying the require-
ments of this subarticle, caution should be exercised in
design and construction involving dissimilar metals
having different coefficients of thermal expansion in
order to avoid difficulties in service.

NB-3123.2 Fillet Welded Attachments. Fillet welds
conforming to Figure NB-4427-1 may be used for attach-
ments to components except as limited by NB-4433.
Evaluation for cyclic loading shall be made in accordance
with the appropriate subarticle of Article NB-3000, and
shall include consideration of temperature differences
between thecomponentand theattachment, andofexpan-
sionor contractionof the componentproducedby internal
or external pressure.

NB-3124 Environmental Effects

Changes in material properties may occur due to envir-
onmental effects. In particular, fast neutron irradiation
(>1 MeV) above a certain level may result in significant
increase in the brittle fracture transition temperature and
deterioration in the resistance to fracture at temperatures
above the transition range (upper shelf energy). There-
fore, nozzles or other structural discontinuities in ferritic
vessels should preferably not be placed in regions of high
neutron flux.

NB-3125 ð23ÞConfiguration

Accessibility to permit the examinations or MANDE
required by theDivision andEdition of Section XI as speci-
fied in the Design Specification for the component shall be
provided in the design of the component.

NB-3130 GENERAL DESIGN RULES

NB-3131 Scope

Design rules generally applicable to all components are
provided in the following paragraphs. The design subar-
ticle for the specific component provides rules applicable
to that particular component. In case of conflict between
NB-3130 and the design rules for a particular component,
the component design rules govern.

NB-3132 Dimensional Standards for Standard
Products

Dimensions of standard products shall comply with the
standards and specifications listed in Table NCA-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 component.
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NB-3133 Components Under External Pressure

NB-3133.1 General. Rules are given in this paragraph
for determining the stresses under external pressure
loading in spherical and cylindrical shells with or
without stiffening rings, and tubular products consisting
of pipes, tubes, and fittings. Charts for determining the
stresses in shells, hemispherical heads, and tubular
products are given in Section II, Part D, Subpart 3.

NB-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 NB-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 course or
tube under consideration

E = modulus of elasticity of material at Design
Temperature, psi (MPa). For external pressure
and axial compression design in accordance
with this Section, 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.

I = available moment of inertia of the combined ring-
shell section about its neutral axis, parallel to the
axis of the shell. Thewidth of the shell that is taken
as contributing to the combinedmoment of inertia
shall not be 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 = total length of a tube between tubesheets, or the
design length of a vessel 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 stiffening 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 vessel

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:
(a) a stiffening ring that meets the require-

ments of this paragraph;
(b) a circumferential line on a head at one-third

thedepthof thehead fromthehead tangent line; or
(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,Tables2Aand2B,or0.9 times the tabulatedyield
strength at designmetal temperature fromSection
II, Part D, Subpart 1, Table Y-1, psi (MPa)

T = minimum required thickness of cylindrical shell or
tube, or spherical shell

Tn = nominal thickness used, less corrosion allowance,
of cylindrical shell or tube

NB-3133.3 Cylindrical Shells and Tubular Products.

(a) The minimum thickness of cylindrical shells or
tubular products under external pressure having Do/T
values equal to or greater than 10 shall be determined
by the procedure given in Steps 1 through 8 below.

Step 1. Assume a value for T. 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 of 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 intersection move
vertically downward and read the value of factor A.
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Step 4. Using the value ofA calculated in Step 3, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for the material/temperature under consideration. Move
vertically to an intersection with the material/tempera-
ture line for the design temperature. Interpolationmay 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
material/temperature line. For values of A falling to
the left of the material line, see Step 7.

Step5. Fromthe intersectionobtained inStep4move
horizontally to the right and read the value of B.

Step 6. Using this value of B, calculate the maximum
allowable external pressure Pa using the following equa-
tion:

=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 for Pa is obtained that is equal to or greater
than P.
(b) The minimum thickness of cylindrical shells or

tubular products under external pressure having Do/T
values less than 10 shall be determined by the procedure
given in Steps 1 through 4 below.

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

Step3. 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.

NB-3133.4 Spherical Shells. The minimum required
thickness of a spherical shell under external pressure,
either seamless or of built-up construction with butt
joints, shall be determined by the procedure given in
Steps 1 through 6 below.
Step 1. Assume a value for T and calculate the value of

factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using the value of A 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 at 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 ofB obtained in Step 3, calculate

the value of the maximum allowable external pressure Pa
using the following equation:

=P B
R T( )a

Step 5. For values ofA falling to the left of the applicable
material/temperature line for the Design Temperature,
the value of Pa can be calculated using the following equa-
tion:

=P E
R T

0.0625

( )
a 2

Step6. ComparePaobtained in Step4or5withP. IfPa 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.

NB-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.
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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 NB-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 ofB falling below the left end of the
material/temperature line for thedesign temperature, the
value of A can be calculated using the following equation:

=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 component by continuous
welding.

NB-3133.6 Cylinders Under Axial Compression. The
maximum allowable compressive stress to be used in
the design of cylindrical shells and tubular products
subjected to loadings that produce longitudinal compres-
sive 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 contained in Section II, Part D, Subpart 3,
using the following definitions for the symbols on the
charts:

R = inside radius of the cylindrical shell or tubular
product

T = minimum required thickness of the shell or tubular
product, 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:

=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 4with the computed longitudinal compressive stress in
the cylindrical shell or tube, 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 that is greater than the compressive stress
computed for the loading on the cylindrical shell or tube.

NB-3134 Leak Tightness

Where a system leak tightness greater than that
required or demonstrated by a hydrostatic test is
required, the leak tightness requirements for each compo-
nent shall be set forth in the Design Specifications.

NB-3135 Attachments

(a) Except as permitted in (d), (e), or (f) below, attach-
ments and connecting welds within the jurisdictional
boundary of the component as defined in NB-1130
shall meet the stress limits of the component or NB-3200.
(b) The design of the component shall include consid-

eration of the localized interaction effects and loads trans-
mitted through the attachment to and from the
pressure-retaining portion of the component. Localized
interaction effects include thermal stresses, stress
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concentrations, and restraint of the pressure-retaining
portion of the component.
(c) The first welded structural attachment within 2t of

the pressure-retaining portion of the component, where t
is the nominal thickness of the pressure-retaining mate-
rial, shall be evaluated for cyclic loading. Evaluation shall
be in accordance with the appropriate subarticle of
Article NB-3000 and shall be made at the juncture of
the attachment to the component.
(d) Beyond 2t the appropriate design rules of Article

NF-3000 may be used as a substitute for the design
rules of Article NB-3000 for cast and forged portions
of attachments that are in the component support load
path.
(e) Nonstructural attachments shall meet the require-

ments of NB-4435.
(f) Beyond 2t the appropriate design rules of Article

NG-3000 may be used as a substitute for the design
rules of Article NB-3000 for portions of cast or forged
attachments that are core support structures.

NB-3136 Appurtenances

(a) Except as permitted in (b) below, the portions of
appurtenances having a pressure-retaining function
shall be designed in accordance with the rules for compo-
nents.
(b) Small diameter appurtenance fabrication weld

joints may be designed using weld joint details in accor-
dance with Figure NB-4440-1, provided the following re-
quirements are met.

(1) The appurtenance weld joint shall have an
outside diameter equal to NPS 2 (DN 50) or less (see
Figure NB-4440-1).

(2) The design of thewelded joints shall be such that
the stresseswill not exceed the limits described in Section
III Appendices, Mandatory Appendix XIII, Article XIII-
3000 and tabulated in Section II, Part D, Subpart 1,
Tables 2A and 2B.

(3) A fatigue strength reduction factor of 4 shall be
used in the fatigue analysis of the joints.

(4) The requirements of NB-4440 andNB-5260 shall
be satisfied.

NB-3137 Reinforcement for Openings

The requirements applicable to vessels and piping are
contained in NB-3330 and NB-3643, respectively.

NB-3200 DESIGN BY ANALYSIS

NB-3210 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 Section III Appendices,
Mandatory Appendix XIII and in NB-3100.

(b) The design details shall conform to the rules given
in NB-3100 and those given in the subarticle applicable to
the specific component.
(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. For the special case of external pressure,
NB-3133 applies.
(d) Protection against nonductile fracture shall be

provided by satisfying one of the following provisions:
(1) performing an evaluation of service and test

conditions by methods similar to those contained in
Section III Appendices, Nonmandatory Appendix G; or

(2) for piping, pump, and valve material thickness
greater than 21∕2 in. (64 mm) establishing a lowest
service temperature7 that is not lower than RTNDT (see
NB-2331) + 100°F (56°C);

(3) for piping, pump, and valve material thickness
equal to or less than 21∕2 in. (64 mm), the requirements
of NB-2332(a) shall be met at or below the lowest service
temperature as established in the design specification.

NB-3300 VESSEL DESIGN

NB-3310 GENERAL REQUIREMENTS

NB-3311 Acceptability

Therequirements foracceptabilityof avesseldesignare
as follows:
(a) The design shall be such that the requirements of

NB-3100 and NB-3200 shall be satisfied.
(b) The rules of this subarticle shall be met. In cases of

conflict betweenNB-3200 andNB-3300 the requirements
of NB-3300 shall govern.

NB-3320 DESIGN CONSIDERATIONS

NB-3321 Design and Service Loadings

The provisions of NB-3110 apply.

NB-3322 Special Considerations

The provisions of NB-3120 apply.

NB-3323 General Design Rules

The provisions of NB-3130 apply except when they
conflict with rules of this subarticle. In case of conflict,
this subarticle governs in the design of vessels.

NB-3324 ð23ÞPressure Thickness

The minimum vessel wall thickness shall satisfy the re-
quirements of NB-3200. As an aid to the designer, the
equations of NB-3324.1, NB-3324.2, and NB-3324.3 are
provided to establish a tentative thickness, where
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D = inside diameter of a head skirt or the attached cyl-
inder.D is also equal to the length of themajor axis
of an ellipsoidal head

L = inside crown center radius of curvature
P = Design Pressure
R = inside radius of shell or head
r = inside knuckle radius
Ro = outside radius of shell or head
Sm = design stress intensity values (Section II, Part D,

Subpart 1, Tables 2A and 2B)
t = thickness of shell or head

NB-3324.1 Cylindrical Shells.

= =
+

t PR
S P

t
PR

S P0.5
or

0.5m

o

m

NB-3324.2 Spherical Shells and Heads.

= =t PR
S P

t
PR

S2
or

2m

o

m

NB-3324.3 Ellipsoidal and Torispherical Heads. For
heads where t/L > 0.002 and r/D > 0.06, use the equation
inNB-3324.2andsubstituteL forR.L isnotpermitted tobe
larger than D. For an ellipsoidal head, L = (1∕2 major axis of
the ellipse)2/(1∕2 minor axis of the ellipse). For heads
outside of these limits, tentative thickness may be deter-
mined using the stress analysis methods of NB-3200 with
consideration of buckling.

NB-3325 Perforated Flat Plates and Tubesheets

Guidelines for calculating stresses in perforated flat
plates and tubesheets are provided in Section III Appen-
dices, Nonmandatory Appendix A, Article A-8000.

NB-3330 OPENINGS AND REINFORCEMENT

NB-3331 General Requirements for Openings

(a) For vessels or parts thereof that meet the require-
ments of Section III Appendices,MandatoryAppendix XIII,
XIII-3510, analysis showing satisfaction of the require-
ments of Section III Appendices, Mandatory Appendix
XIII, XIII-3100 and XIII-3400 in the immediate vicinity
of the openings is not required for pressure loading if
the rules of NB-3330 are met.
(b) For vessels or parts thereof that do not meet the

requirements of Section III Appendices, Mandatory
Appendix XIII, XIII-3510 so that a fatigue analysis is
required, the rules contained in NB-3330 ensure satisfac-
tion of the requirements of Section III Appendices, Man-
datoryAppendix XIII, XIII-3100 in the vicinity of openings,
and no specific analysis showing satisfaction of those
stress limits is required for pressure loading. The require-
ments of Section III Appendices,MandatoryAppendix XIII,
XIII-3400 may also be considered to be satisfied if, in the

vicinity of the nozzle, the stress intensity resulting from
external nozzle loads and thermal effects, including gross
but not local structural discontinuities, is shown by
analysis to be less than1.5Sm. In this case,whenevaluating
the requirements of Section III Appendices, Mandatory
Appendix XIII, XIII-3520, the peak stress intensity
resulting from pressure loadings may be obtained by
application of the stress index method of NB-3338 or
NB-3339.
(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 all the stress re-
quirements have been met, the rules of NB-3330 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 vessel of the shapes permitted
by this Subsection. Additional restrictions given in
NB-3338.2(d) are applicable if the Stress Index Method
is used. If fatigue analysis is not required, the restrictions
on hole spacing are applicable unless there will be essen-
tially no pipe reactions.
(e) Openings are not limited as to size except to the

extent provided in NB-3338.2(d).
(f) 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 NB-3335.
(g) Any typeof openingpermitted in these rulesmaybe

located in a welded joint.

NB-3332 Reinforcement Requirements for
Openings in Shells and Formed Heads

NB-3332.1 ð23ÞOpenings 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 vessel
shell or head at the location of the opening; and locally
stressed area means any area in the shell 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 , but the sumof 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 vessel 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
shell.

ASME BPVC.III.1.NB-2023

43ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NB (A
SME BPVC Sec

tio
n I

II D
iv 

1 N
B C

las
s 1

) 2
02

3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2023.pdf


NB-3332.2 Required Area of Reinforcement. The total
cross-sectional area of reinforcement A, required in any
given plane for a vessel under internal 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 el l ipt ical and
obround openings in corroded condition.

F = a correction factor which compensates for the
variation in pressure stresses on different planes
with respect to the axis of a vessel. (A value of
1.00 shall be used for all configurations, except
that Figure NB-3332.2-1 may be used for integrally
reinforcedopenings in cylindrical shells and cones.)

tr = the thickness that meets the requirements of
Section III Appendices, Mandatory Appendix XIII,
XIII-3110 in the absence of the opening.

Not less than half the requiredmaterial shall be on each
side of the center line.

NB-3333 Reinforcement Required for Openings in
Flat Heads

Flat heads that have an opening with a diameter that
does not exceed one-half the head diameter shall have a
total cross-sectional area of reinforcement not less than
that given by the equation:

=A dt0.5 r

where d is as defined in NB-3332 and tr is the thickness,
that meets the requirements of Section III Appendices,
Mandatory Appendix XIII, XIII-3110 and XIII-3130 in
the absence of the opening.

NB-3334 Limits of Reinforcement

The boundaries of the cross-sectional area in any plane
normal to thevesselwall andpassing through thecenterof
the opening and within which metal shall be located in
order to have value as reinforcement are designated as
the limits of reinforcement for that plane and are
given in the following subparagraphs.

NB-3334.1 Limit of Reinforcement Along the Vessel
Wall. The limits of reinforcement, measured along the
midsurface of the nominal wall thickness, shall meet
the following.
(a) Onehundredpercentof 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) the diameter of the finished opening in the
corroded condition;

(2) the radius of the finishedopening in the corroded
conditionplus the sumof the thicknesses of the vesselwall
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 vessel wall thickness, and r is the
radius of the finished opening in the corroded condition;

(2) the radius of the finishedopening in the corroded
conditionplus two-thirds the sumof the thicknesses of the
vessel wall and the nozzle wall.

NB-3334.2 Limit of Reinforcement Normal to the
Vessel Wall. The limits of reinforcement, measured
normal to the vessel wall, shall conform to the contour
of the surface at a distance from each surface equal to
the following limits as shown in Figure NB-3338.2(a)-2.
(a) For Figure NB-3338.2(a)-2, sketches (a), (b), (d),

and (e):
= +r t rLimit 0.5 0.5m n 2

Figure NB-3332.2-1
Chart for Determining Value of F
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where

ri = inside radius
rm = mean radius
x = ri + 0.5tn
r2 = transition radius, between nozzle and wall
tn = nominal nozzle thickness, as indicated

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using ri and tn values at the
nominal outs ide diameters of the vessel wal l
[Figure NB-3338.2(a)-2, sketch (e)].
(b) For Figure NB-3338.2(a)-2, sketches (c) and (f):

= r tLimit 0.5 m n

where

ri = inside radius
rm = ri + 0.5tn
tn = tp + 0.667X
tp = nominal thickness of the attached pipe
X = slope offset distance
θ = angle between vertical and slope, 45 deg or less

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using ri and tn values at the
center of gravity of nozzle reinforcement area. These
values must be determined by a trial and error procedure
[Figure NB-3338.2(a)-2, sketch (f)].

NB-3335 Metal Available for Reinforcement

Metal may be counted as contributing to the area of
reinforcing called for in NB-3332, provided it lies
within the limits of reinforcement specified in
NB-3334, and shall be limited to material that meets
the following requirements:
(a) metal forming a part of the vessel wall that is in

excess of that required on the basis of membrane
stress intensity (Section III Appendices, Mandatory
Appendix XIII, XIII-3110) and is exclusive of corrosion
allowance;
(b) similar excessmetal in thenozzlewall, provided the

nozzle is integral with the vessel wall or is joined to it by a
full penetration weld;
(c) weld metal that is fully continuous with the vessel

wall;
(d) the mean coefficient of thermal expansion of metal

to be included as reinforcement under (b) and (c) above
shall bewithin15%of thevalueof thevesselwallmaterial;
(e) metal not fully continuous with the shell, such as

that in nozzles attached by partial penetration welds,
shall not be counted as reinforcement;
(f) metal available for reinforcement shall not be

considered as applying to more than one opening.

NB-3336 Strength of Reinforcing Material

Material used for reinforcement shall preferably be the
same as that of the vesselwall. If thematerial of the nozzle
wall or reinforcement has a lower design stress intensity
value Sm than that for the vessel material, the amount of
area providedby the nozzlewall or reinforcement in satis-
fying the requirements of NB-3332 shall be taken as the
actual area provided multiplied by the ratio of the nozzle
or reinforcement design stress intensity value to the
vesselmaterial design stress intensity value. No reduction
in the reinforcing requiredmay be taken for the increased
strength of reinforcing material and weld metal having
higher design stress intensity values than that of themate-
rial of the vessel wall. The strength of the material at the
point under consideration shall be used in fatigue
analyses.

NB-3337 Attachment of Nozzles and Other
Connections

NB-3337.1 General Requirements. Nozzles and other
Category D connections (see NB-3351) shall be attached
to the shell or head of the vessel by one of the methods
provided in NB-3352.

NB-3337.2 Full Penetration Welded Nozzles. Full
penetration welds, as shown in Figures NB-4244(a)-1,
NB-4244(b)-1, NB-4244(c)-1, and NB-4244(e)-1 may
be used (except as otherwise provided in NB-3337.3)
for the purpose of achieving continuity of metal and facil-
itating the required radiographic examination.Whenall or
part of the required reinforcement is attributable to the
nozzle, the nozzle shall be attached by full penetration
welds through either the vessel or the nozzle thickness,
or both.

NB-3337.3 Partial Penetration Welded Nozzles.

(a) Part ia l penetrat ion welds , as shown in
Figures NB-4244(d)-1 and NB-4244(d)-2, are allowed
only for nozzles on which there are substantially no
piping reactions, such as control rodhousings, pressurizer
heater wells, and openings for instrumentation. Earth-
quake loadings need not be considered in determining
whether piping reactions are substantial. For such
nozzles, all reinforcement shall be integral with the
portion of the vessel penetrated. Partial penetration
welds shall be of sufficient size to develop the full strength
of the nozzles. Nozzles attached by partial penetration
welds shall have an interference fit or a maximum diame-
tral clearance between the nozzle and the vessel penetra-
tion of:

(1) 0.010 in. (0.25 mm) for d ≤ 1 in. (25 mm)
(2) 0.020 in. (0.50 mm) for 1 in. (25 mm) < d ≤ 4 in.

(100 mm)
(3) 0.030 in. (0.75 mm) for d > 4 in. (100 mm)
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where d is the outside diameter of the nozzle, except that
the above limits on maximum clearance need not be met
for the full lengthof theopening, provided there is a region
at the weld preparation and a region near the end of the
opening opposite theweld that doesmeet the above limits
on maximum clearance and the latter region is extensive
enough (not necessarily continuous) to provide a positive
stop for nozzle deflection.
(b) In satisfying the limit of Section III Appendices,

Mandatory Appendix XIII, XIII-3400, the stress intensities
resulting from pressure-induced strains (dilation of hole)
may be treated as secondary in the penetrating part of
partial penetration welded construction, provided the re-
quirements ofNB-3352.4(d) andFigureNB-4244(d)-1 are
fulfilled.

NB-3338 Fatigue Evaluation of Stresses in
Openings

NB-3338.1 General. For the purpose of determining
peak stresses around the opening, three acceptable
methods are listed below.
(a) AnalyticalMethod. Thismethoduses suitable analy-

tical techniques such as finite element computer analyses,
which provide detailed stress distributions around open-
ings. In addition to peak stresses due to pressure, the
effects of other loadings shall be included. The total
peak stress at any given point shall be determined by
combining stresses due to pressure, thermal, and external
loadings in accordancewith the rules of Section III Appen-
dices, Mandatory Appendix XIII.
(b) Experimental Stress Analysis. This is based on data

from experiments (Section III Appendices, Mandatory
Appendix II).
(c) Stress Index Method. This uses various equations

together with available data obtained from an extensive
series of tests covering a range of variation of applicable
dimensional ratios and configurations (see NB-3338.2).
This method covers only single, isolated openings.
Stress indices may also be determined by theoretical
or experimental stress analysis.

NB-3338.2 Stress Index Method.

(a) The term stress index, as used herein, is defined as
the numerical ratio of the stress components σt, σn, and σr
[Figure NB-3338.2(a)-1] under consideration to the
computed membrane hoop stress in the unpenetrated
vessel material; however, the material that increases
the thickness of a vessel wall locally at the nozzle shall
not be included in the calculations of these stress compo-
nents. When the thickness of the vessel wall is increased
over that required to the extent provided hereinafter, the
values of r1 and r2 in Figure NB-3338.2(a)-2 shall be
referred to the thickened section.
(b) The nomenclature used in NB-3338 is defined as

follows.

R = inside radius, in corroded condition, of cylindrical
vessel, spherical vessel, or spherical head

S = stress intensity (combined stress) at the point
under consideration

t = nominal wall thickness, less corrosion allowance,
of vessel or head

σn = stress component normal to the plane of the
section (ordinarily the circumferential stress
around the hole in the shell)

σr = stress component normal to the boundary of the
section

σt = stress component in the plane of the section under
consideration and parallel to the boundary of the
section

(c) When the conditions of (d) below are satisfied, the
stress indices of Table NB-3338.2(c)-1 may be used for
nozzles designed in accordance with the applicable
rules of NB-3330. These stress indices deal only with
the maximum stresses, at certain general locations, due
to internal pressure. In the evaluation of stresses in or
adjacent to vessel openings and connections, it is often
necessary to consider the effect of stresses due to external
loadings or thermal stresses. In such cases, the total stress
at a given point may be determined by superposition. In
the case of combined stresses due to internal pressure and
nozzle loading, the maximum stresses for a given location
shall be considered as acting at the same point and added
algebraically unless positive evidence is available to the
contrary.

Figure NB-3338.2(a)-1
Direction of Stress Components
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Figure NB-3338.2(a)-2
Nozzle Dimensions
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(d) The indices of Table NB-3338.2(c)-1 apply when
the conditions stipulated in (1) through (7) below exist.

(1) The opening is for a circular nozzle whose axis is
normal to the vesselwall. If the axis of the nozzlemakes an
angleϕwith thenormal to thevesselwall and ifd/D≤0.15,
an estimate of the σn index on the inside may be obtained
from one of the following equations.

For hillside connections in spheres or cylinders:

= +( )K K 1 2 sin2 1
2

For lateral connections in cylinders:

= +
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑK K 1 (tan )2 1

4 3

where

K1 = the σn inside stress index of Table NB-3338.2(c)-1
for a radial connection

K2 = the estimated σn inside stress index for the nonra-
dial connection

(2) The arc distance measured between the center
lines of adjacent nozzles along the inside surface of the
shell is not less than three times the sum of their
inside radii foropenings inaheadoralong the longitudinal
axis of a shell and isnot less than two times the sumof their
radii for openings along the circumference of a cylindrical
shell.When twonozzles in a cylindrical shell are neither in
a longitudinal linenor in a circumferential arc, their center
line distance along the inside surface of the shell shall be

such that + + +
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑL L( 2) ( 3)c l

2 2 1/2
is not less than the

sum of their inside radii, where Lc is the component of
the center line distance in the circumferential direction
and Ll is the component of the center line distance in
the longitudinal direction.

(3) The following dimensional ratios are met:

Ratio Cylinder Sphere
D/t 10 to 100 10 to 100
d/D 0.5 max. 0.5 max.

d Dt ... 0.8 max.

d Dt r tn 2 1.5 max. ...

whereD is the inside shell diameter, t is the shell thickness,
and d is the inside nozzle diameter. In the case of cylin-
drical shells, the total nozzle reinforcement area on the
transverse axis of the connections, including any
outside of the reinforcement limits, shall not exceed
200%of that required for the longitudinal axis (compared
to 50% permitted by Figure NB-3332.2-1) unless a
tapered transition section is incorporated into the rein-
forcement and the shell, meeting the requirements of
NB-3361.

(4) In the case of spherical shells and formed heads,
at least 40%of the total nozzle reinforcement area shall be
located beyond the outside surface of the minimum
required vessel wall thickness.

( 5 ) The in s i de co rne r r ad iu s r 1 [ F i gu re
NB-3338.2(a)-2] is between 10% and 100% of the
shell thickness t.

( 6 ) The ou t e r c o r n e r r ad i u s r 2 [ F i g u r e
NB-3338.2(a)-2] is large enough toprovide a smooth tran-
sition between the nozzles and the shell. In addition, for
opening diameters greater than 11∕2 times the shell thick-
ness in cylindrical shells and 2:1 ellipsoidal heads and
greater than three shell thicknesses in spherical shells,
the value of r2 shall be not less than one-half the thickness
of the shell or nozzle wall, whichever is greater.

(7) The radius r3 [Figure NB-3338.2(a)-2] is not less
than the greater of the following:

(-a) 0.002θdo, where do is the outside diameter of
the nozzle and is as shown in Figure NB-3338.2(a)-2, and
the angle θ is expressed in degrees;

(-b) 2(sin θ)3 times offset for the configuration
shown in Figure NB-3338.2(a)-2, sketches (a) and (b).

NB-3339 Alternative Rules for Nozzle Design

Subject to the limitations stipulated in NB-3339.1, the
requirements of this paragraph constitute an acceptable
alternative to the rules of NB-3332 through NB-3336 and
NB-3338.

NB-3339.1 Limitations. These alternative rules are ap-
plicable only to nozzles in vessels within the limitations
stipulated in (a) through (f) below.
(a) The nozzle is circular in cross-section and its axis is

normal to the vessel or head surface.
(b) The nozzle and reinforcing (if required) arewelded

integrally into the vessel with full penetration welds.
Details such as those shown in Figures NB-4244(a)-1,
NB-4244(b)-1, and NB-4244(c)-1 are acceptable.

Table NB-3338.2(c)-1
Stress Indices for Nozzles

Nozzles in Spherical Shells and Formed Heads
Stress Inside Corner Outside Corner
σn 2.0 2.0
σt −0.2 2.0
σr −2t/R 0
S 2.2 2.0

Nozzles in Cylindrical Shells

Stress
Longitudinal Plane Transverse Plane
Inside Outside Inside Outside

σn 3.1 1.2 1.0 2.1
σt −0.2 1.0 −0.2 2.6
σr −t/R 0 −t/R 0
S 3.3 1.2 1.2 2.6
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However, fillet welds shall be finished to a radius in accor-
dance with Figure NB-3339.1(b)-1.
(c) In the case of spherical shells and formed heads, at

least 40% of the total nozzle reinforcement area shall be
located beyond the outside surface of the minimum
required vessel wall thickness.
(d) The spacing between the edge of the opening and

the nearest edge of any other opening is not less than the
smaller of 1.25(d1 + d2) or Rt2.5 , but in any case not less
than d1 + d2, where d1 and d2 are the inside diameters of
the openings.
(e) The material used in the nozzle, reinforcing, and

vessel adjacent to the nozzle shall have a ratio of
UTS/YS of not less than 1.5, where

UTS = specified minimum ultimate tensile strength
YS = specified minimum yield strength

(f) The following dimensional limitations are met:

Nozzles in
Cylindrical
Vessels

Nozzles in
Spherical Vessels
or Hemispherical

Heads
D/t 10 to 100 10 to 100
d/D 0.5 max. 0.5 max.

d Dt ... 0.8 max.

d Dt r tn 2 1.5 max. ...

NB-3339.2 Nomenclature. The nomenclature used in
NB-3339 is defined as follows:

Aa = available reinforcing area
Ar = required minimum reinforcing area
D = inside diameter, in corroded condition, of cylin-

drical vessel, spherical vessel, or spherical head
d = inside diameter, in corroded condition, of the

nozzle
R = inside radius, in corroded condition, of cylindrical

vessel, spherical vessel, or spherical head
t = nominal wall thickness, less corrosion allowance,

of vessel or head
tn = nominal wall thickness, less corrosion allowance,

of nozzle
tr = wall thickness of vessel or head, computed by the

equations given in NB-3324.1 for cylindrical
vessels and in NB-3324.2 for spherical vessels
or spherical heads

trn = wall thickness of nozzle, computed by the equation
given in NB-3324.1, in. (mm)

For the definitions of r1, r2, r3, r4, θ, and θ1, see
Figure NB-3339.1(b)-1; for Lc and Ln , see Figure
NB-3339.4-1; for S, σt, σn, and σr, see NB-3338.2 and
Figure NB-3338.2(a)-1.

Figure NB-3339.1(b)-1
ð23ÞExamples of Acceptable Transition Details

(a) (b) (c)

r3

r3

r2
r4

r2

1θ

θ

θ

r1 r1 r1

r5

t

tn tn

trn

tn

t t

trn trn

=r t t0.1 to 0.51 ( ) ( )( )r dt tlarger of 1 ( /90 or 1 /90 /2r n4

r dt tlarger of or /2r n2 =r t( 90 )5
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )r dt tlarger of ( /90) ( ) or /90r n n3

and are in degrees1
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NB-3339.3 Required Reinforcement Area. The
required minimum reinforcing area is related to the
value of d Rtr as tabulated in Table NB-3339.3-1. The
required minimum reinforcing area shall be provided
in all planes containing the nozzle axis.

NB-3339.4 Limits of Reinforcing Zone. Reinforcing
metal included inmeeting theminimum required reinfor-
cing area specified in Table NB-3339.3-1 must be located
within the reinforcing zone boundary shown in Figure
NB-3339.4-1.

NB-3339.5 Strength of Reinforcing Material Require-
ments. Material in the nozzle wall used for reinforcing
shall preferably be the same as that of the vessel wall.
If material with a lower design stress intensity value
Sm is used, the area provided by such material shall be
increased in proportion to the inverse ratio of the
stress values of the nozzle and the vessel wall material.
No reduction in the reinforcing area requirement shall be
taken for the increased strengthof nozzlematerial orweld
metal that has a higher design stress intensity value than
that of the material of the vessel wall. The strength of the
material at the point under consideration shall be used in
fatigue analyses. The mean coefficient of thermal expan-
sion of metal to be included as reinforcement shall be
within 15% of the value for the metal of the vessel wall.

NB-3339.6 Transition Details. Examples of acceptable
transition tapers and radii are shown in Figure
NB-3339.1(b)-1. Other configurations that meet the rein-
forcing area requirements of NB-3339.3 and with equiva-
lent or less severe transitions are also acceptable; e.g.,
larger radius–thickness ratios.

NB-3339.7 Stress Indices.

(a) The term stress index, as used herein, is defined as
the numerical ratio of the stress components σt, σn, and σr,
under consideration, to the computed stress σ.

(b) The nomenclature for the stress components is
shown in FigureNB-3338.2(a)-1 and is defined as follows:

P = service pressure
S = stress intensity (combined stress) at the point

under consideration
σ = P(D+ t)/4t for nozzles in spherical vessels or heads
x = P(D + t)/2t for nozzles in cylindrical vessels
σn = stress component normal to the plane of the

section (ordinarily the circumferential stress
around the hole in the shell)

σr = stress component normal to the boundary of the
section

σt = stress component in the plane of the section under
consideration and parallel to the boundary of the
section

(c) When the conditions of NB-3339.1 through
NB-3339.6 are satisfied, the stress indices given in
Table NB-3339.7(c)-1 may be used. These stress
indices deal only with the maximum stresses, at
certain general locations, due to internal pressure. In
the evaluation of stresses in or adjacent to vessel openings
and connections, it is oftennecessary to consider the effect
of stresses due to external loadings or thermal stresses. In
such cases, the total stress at a given point may be deter-
mined by superposition. In the case of combined stresses
due to internal pressure and nozzle loading, themaximum
stresses shall be considered as acting at the same point
and added algebraically. If the stresses are otherwise
determined by more accurate analytical techniques or
by the experimental stress analysis procedure of
Section III Appendices, Mandatory Appendix II, the
stresses are also to be added algebraically.

NB-3340 ANALYSIS OF VESSELS

The provisions of Section III Appendices, Mandatory
Appendix XIII, XIII-2100(a) apply.

NB-3350 DESIGN OF WELDED CONSTRUCTION

NB-3351 Welded Joint Category

The term Category defines the location of a joint in a
vessel, but not the type of joint. The categories established
are for use in specifying special requirements regarding

Table NB-3339.3-1
Required Minimum Reinforcing Area, Ar

d Rtr

Ar, in.2 (mm2)
Nozzles in Cylinders Nozzles in Spherical Vessels or Heads

< 0.20 None [Note (1)] None [Note (1)]
> 0.20 and < 0.40

[
]

d Rt
dt

4.05( )
1.81

r

r

1
2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
d Rt dt5.40( ) 2.41r r

1
2

> 0.40 0.75dtr dtr cos ϕ
ϕ = sin−1 (d/D)

NOTE: (1) The transition radius r2, shown in Figure NB-3339.1(b)-1, or the equivalent thereof is required.
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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 require-
ments 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 cate-
gory are designated as joints of Categories A, B, C, and D.
Figure NB-3351-1 illustrates typical joint locations
included in each category.

NB-3351.1 Category A. Category A comprises longitu-
dinal welded joints within the main shell, communicating
chambers,8 transitions in diameter, or nozzles; any
welded joint within a sphere, within a formed or flat
head, or within the side plates9 of a flat sided vessel;
and circumferential welded joints connecting hemisphe-
rical heads to main shells, to transitions in diameters, to
nozzles, or to communicating chambers.

NB-3351.2 Category B. Category B comprises circum-
ferential welded joints within the main shell, communi-
cating chambers, nozzles, 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 hemi-
spherical to main shells, to transitions in diameter, to
nozzles, or to communicating chambers.

NB-3351.3 Category C. Category C comprises welded
joints connecting flanges, Van Stone laps, tubesheets, or
flat heads to main shell, to formed heads, to transitions in
diameter, to nozzles, or to communicating chambers8 any
welded joint connecting one side plate9 to another side
plate of a flat sided vessel.

Figure NB-3339.4-1
ð23Þ Limits of Reinforcing Zone

Plane of nozzle and
 vessel axes, nozzles
 in cylindrical shells

Transverse plane,
 cylindrical shells
 all planes, heads

Zone
 boundary

tn

d
2

tr
t

trn

Lc

Lc or Ln

CL

Zone
 boundary

tn
trn

d
2

D

D

tr

t

GENERAL NOTES:
(a) Reinforcing Zone Limit

(1) For nozzles in cylindrical shells: =L t D D0.75 ( / )c
2/3

(2) For nozzles in heads: = +( )L t D d D D( / ) / 0.5n
2/3

(3) The center of Lc or Ln is at the juncture of the outside
surfaces of the shell and nozzles of thickness tr and trn.
(4) In constructionswhere the zone boundary passes through

a uniform thickness wall segment, the zone boundary may be
considered as Lc or Ln through the thickness.

(b) Reinforcing Area
(1) Hatched areas represent available reinforcement area Aa.
(2) Metal area within the zone boundary, in excess of the area

formed by the intersection of the basic shells, shall be considered
as contributing to the required area Ar. The basic shells are
defined as having inside diameterD, thickness tr, inside diameter
of the nozzle d, and thickness trn.
(3) The available reinforcement area Aa shall be at least equal

to Ar /2 on each side of the nozzle center line and in every plane
containing the nozzle axis.

Table NB-3339.7(c)-1
Stress Indices for Internal Pressure Loading

Nozzles in Spherical Shells and Spherical Heads
Stress Inside Outside
σn 2.0 − d/D 2.0 − d/D
σt −0.2 2.0 − d/D
σr −4t/(D + t) 0
S Larger of: 2.2 − d/D or

2.0 + [4t/(D + t)] − d/D
2.0 − d/D

Nozzles in Cylindrical Shells

Stress
Longitudinal Plane Transverse Plane
Inside Outside Inside Outside

σn 3.1 1.2 1.0 2.1
σt −0.2 1.0 −0.2 2.6
σr −2t/(D + t) 0 −2t/(D + t) 0
S 3.3 1.2 1.2 2.6
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NB-3351.4 Category D. Category D comprises welded
joints connecting communicating chambers or nozzles to
main shells, to spheres, to transitions in diameter, to
heads, or to flat sided vessels, and those joints connecting
nozzles to communicating chambers. For nozzles at the
small end of a transition in diameter, see Category B.

NB-3352 Permissible Types of Welded Joints

The design of the vessel shallmeet the requirements for
eachcategoryof joint. Butt joints are full penetration joints
betweenplates orotherelements that lie approximately in
the same plane. Category B angle joints between plates or
other elements that have an offset angle α not exceeding
30 deg are considered as meeting the requirements for
butt joints. Figure NB-3352-1 shows typical butt welds
for each category joint.

NB-3352.1 Joints of Category A. All welded joints of
Category A as defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4241 and shall be capable of
being examined in accordance with NB-5210.

NB-3352.2 Joints of Category B. All welded joints of
Category B as defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4242 and shall be capable of
being examined in accordance with NB-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 Section III Appendices, Mandatory
Appendix XIII, XIII-3500 using a fatigue strength reduc-
tion factor of not less than 2.

NB-3352.3 Joints of Category C. All welded joints of
Category C as defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4243 and shall be capable of

being examined in accordance with NB-5230. Minimum
dimensions of the welds and throat thickness shall be
as shown in Figure NB-4243-1, where:
(a) for forged tubesheets, 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 tube-
sheets, 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

NB-3352.4 Joints of Category D. All welded joints of
Category D as defined in NB-3351 shall be in accordance
with the requirements of one of (a) through (e) below.
(a) Butt-Welded Nozzles. Nozzles shall meet the fabri-

cation requirements ofNB-4244(a) and shall be capable of
being examined in accordance with NB-5242. The
minimum dimensions and geometrical requirements of
Figure NB-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

Figure NB-3351-1
Welded Joint Locations Typical of Categories A, B, C, and D
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(b) Full Penetration Corner-Welded Nozzles. Nozzles
shall meet the fabrication requirements of NB-4244(b)
and shall be capable of being examined as required in
NB-5243. The minimum dimensions of Figure
NB-4244(b)-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
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 NB-4244(c) and shall be capable of being examined in
accordance with NB-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 nozzle shall not
differ bymore than15%of the lowest coefficient involved.

( 3 ) The m in imum d imens i on s o f F i gu r e
NB-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 nozzle neck
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 nozzle neck or 3∕4 in.
(19 mm), whichever is smaller.
(d) Attachment of Nozzles Using Partial Penetration

Welds
(1) Partial penetration welds used to connect

nozzles as permitted in NB-3337.3 shall meet the fabrica-
tion requirements of NB-4244(d) and shall be capable of
being examined in accordance with the requirements of
NB-5245.

Figure NB-3352-1
Typical Butt Joints

NOTE: (1) When α does not exceed 30 deg, joint meets requirements for butt joints.
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(2 ) The min imum dimens ions o f F igures
NB-4244(d)-1 and NB-4244(d)-2 shall be met, where

d = outside diameter of nozzle or of the inner cylinder
as shown in Figure NB-4244(d)-2

r1 = 1∕4tn or 3∕4 in. (19 mm), whichever is less
r2 = 1∕16 in. (1.5 mm) minimum
r3 = r2 or equivalent chamfer minimum
r4 = 1∕2tn 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 or the lesser

of tn1 or tn2 in Figure NB-4244(d)-2
λ = 1∕16 in. (1.5 mm) minimum
λ = tn maximum

(3) The corners of the end of each nozzle neck,
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 nozzles may require special consideration to
achieve the minimum depth of weld and adequate
access for welding examination. The welds shown in
t h e s k e t c h e s o f F i g u r e s NB - 4244 ( d ) - 1 and
NB-4244(d)-2 may be on either the inside or the
outside of the vessel 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.
(e) Oblique Full Penetration Nozzles. Internal or

external nozzles shall meet the fabrication requirements
of NB-4244(e) and shall be capable of being examined in
accordance with NB-5246.

NB-3353 Tube-to-Tubesheet Welds

All tube-to-tubesheet welds shall meet the fabrication
requirements of NB-4350 and shall be examined as
required by NB-5274. Pressure boundary tube-to-tube-
sheet welds shall satisfy the applicable requirements of
Section III Appendices, Mandatory Appendix XIII,
Article XIII-3000 considering the loadings of NB-3110.

NB-3354 Structural Attachment Welds

Welds for structural attachments shall meet the re-
quirements of NB-4430.

NB-3355 Welding Grooves

Thedimensionsandshapeof the edges tobe joinedshall
be such as to permit complete fusion and complete joint
penetration, except as otherwise permitted in NB-3352.4.

NB-3357 Thermal Treatment

All vessels and vessel parts shall be given the appro-
priate postweld heat treatment prescribed in NB-4620.

NB-3360 SPECIAL VESSEL REQUIREMENTS

NB-3361 CategoryAandBJointsBetweenSections
of Unequal Thickness

In general, a tapered transition section as shown in
Figure NB-3361-1, which is a type of gross structural
discontinuity [Section III Appendices, Mandatory Appen-
dix XIII, XIII-1300(i)], 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 hemisphe-
rical 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. Auniform taper is not required for flangedhubs.
The adequacy of the transition shall be evaluated by stress
analysis. Stress intensity limitationsaregiven inSection III
Appendices, Mandatory Appendix XIII, Article XIII-3000.
The requirements of this paragraph do not apply to flange
hubs.

NB-3362 Bolted Flange Connections

It is recommended that the dimensional requirements
of bolted flange connections to external piping conform to
ASME B16.5, Steel Pipe Flanges and Flanged Fittings.

Figure NB-3361-1
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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NB-3363 Access Openings

Access openings, where provided, shall consist of hand-
holeormanholeopeningshaving removable covers. These
may be located on either the inside or outside of the shell
or head openings andmay be attached by studs or bolts in
combination with gaskets or welded membrane seals or
strength welds. Plugs using pipe threads are not
permitted.

NB-3364 Attachments

Attachments used to transmit support loads shall meet
the requirements of NB-3135.

NB-3365 Supports

All vessels shall be so supported and the supporting
members shall be arranged and attached to the vessel
wall in such a way as to provide for the maximum
imposed loadings. The stresses produced in the vessel
by such loadings and by steady state and transient
thermal conditions shall be subjected to the stress
limits of this Subsection. Additional requirements are
given in NCA-3211.18 and Subsection NF.

NB-3400 PUMP DESIGN

NB-3410 GENERAL REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NB-3411 Scope

NB-3411.1ð23Þ Applicability.The rules ofNB-3400apply to
(a) through (n) below.
(a) pump casings
(b) pump inlets and outlets
(c) pump covers
(d) clamping rings
(e) seal housing and seal glands
(f) related bolting
(g) pump internal heat exchanger piping
(h) pump auxiliary nozzle connections up to the face of

the first flange or circumferential joint in welded connec-
tions, excluding the connecting weld
(i) piping identified with the pump and external to and

forming part of the pressure-retaining boundary and
supplied with the pump
(j) mounting feet or pedestal supports when integrally

attached to the pump pressure-retaining boundary and
supplied with the pump
(k) driver casings (Type M pumps only)
(l) driver covers (Type M pumps only)
(m) pressure-retaining parts of the electrical and

instrument penetrations (Type M pumps only)
(n) pressure-retaining boundaries of the driver heat

exchangers (Type M pumps only)

NB-3411.2 Exemptions. The rules of NB-3400 do not
apply to (a) through (c) below.
(a) pump shafts and impellers; shafts may be designed

in accordancewith Section III Appendices, Nonmandatory
Appendix S
(b) nonstructural internals
(c) seal packages

NB-3412 Acceptability

NB-3412.1 Acceptability of Large Pumps.The require-
ments for thedesignacceptabilityofpumpshavingan inlet
connection greater than NPS 4 (DN 100) diameter are
given in (a), (b), and (c) below.
(a) The design shall be such that the requirements of

NB-3100 and of NB-3200 or Section III Appendices, Man-
datory Appendix II (provided the requirements of
NB-3414 and the minimum wall thicknesses of
NB-3430 are met) are satisfied.
(b) The rules of this subarticle shall be met. In cases of

conflict between NB-3100 and NB-3200 or Section III
Appendices, Mandatory Appendix II and NB-3400, the re-
quirements of NB-3400 apply.
(c) The requirements forpreventionof nonductile frac-

ture as set forth in NB-3210(d) shall be met.

NB-3412.2 Acceptabilityof SmallPumps.The require-
ments for thedesignacceptabilityofpumpshavingan inlet
connection 4 in. nominal pipe size (DN 100) diameter or
smaller are given in (a) and (b) below.
(a) The design shall be such that the requirements of

NB-3100 or Section III Appendices, Mandatory Appendix
II are satisfied.
(b) The rules of this subarticle shall be met. In cases of

conflict betweenNB-3100 or Section III Appendices, Man-
datory Appendix II and NB-3400, the requirements of this
subarticle shall apply.

NB-3414 Design and Service Conditions

The general design considerations, including defini-
tions of NB-3100 plus the requirements of NB-3320,
NB-3330,NB-3361, andNB-3362are applicable to pumps.

NB-3415 Loads From Connected Piping

(a) Loads imposed on pump inlets and outlets by
connected piping shall be considered in the pump
casing design. The forces and moments produced by
the connected piping on each pump inlet and outlet
shall be provided by the Owner in the Design Specifica-
tions.
(b) Stresses generated in the pump casing by the

connected piping shall be combined with the pressure
stresses in accordancewith the requirements of NB-3200.
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NB-3417 Earthquake Loadings

(a) The effects of earthquake shall be considered in the
design of pumps, pump supports, and restraints. The
stresses resulting from these earthquake effects shall
be included with the stresses resulting from pressure
or other applied loads.
(b) Where pumps are provided with drivers on

extended supporting structures and these structures
are essential tomaintainingpressure integrity, an analysis
shall be performed when required by the Design Specifi-
cations.

NB-3418 Corrosion

The requirements of NB-3121 apply.

NB-3419 Cladding

Cladding dimensions used in the design of pumps shall
be required as in NB-3122.

NB-3420 DEFINITIONS

NB-3421 Radially Split Casing

A radially split casing shall be interpreted as one in
which the primary sealing joint is radially disposed
around the shaft.

NB-3422 Axially Split Casing

An axially split casing shall be interpreted as one in
which the primary sealing joint is axially disposed with
respect to the shaft.

NB-3423 Single and Double Volute Casings

Figures NB-3423-1 and NB-3423-2 show typical single
and double volute casings, respectively.

NB-3424 Seal Housing

Sealhousing isdefinedas thatportionof thepumpcover
or casing assembly that contains the seal and forms a part
of the primary pressure boundary.

NB-3425 Typical Examples of Pump Types

Figures NB-3441.1-1 through NB-3441.6(a)-1 are
typical examples to aid in the determination of pump
type and are not to be considered as limiting.

NB-3430 DESIGN REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NB-3431 Design of Welding

(a) Thedesign ofwelded construction shall be in accor-
dance with NB-3350.

(b) Partial penetration welds are permitted for piping
connections NPS 2 (DN 50) and less when the require-
ments of NB-3337.3 and NB-3352.4(d) are met.

NB-3432 Cutwater Tip Stresses

(a) It is recognized that localized high stresses may
occur a t the cutwater t ips o f vo lu te cas ings
(Figure NB-3441.3-2). Adequacy of the design in this
area shall be demonstrated either by an investigation
through experimental stress analysis in accordance
with Section III Appendices, Mandatory Appendix II or
by detailing satisfactory service performance of other
pumps under similar operating conditions.
(b) Where experimental stress analysis is used, stress

intensity at this point shall meet the requirements of
Section III Appendices, Mandatory Appendix XIII, XIII-
3400, XIII-3500, XIII-3700, and XIII-3800.

NB-3433 ReinforcementofPumpCasing Inletsand
Outlets

NB-3433.1 Axially Oriented Inlets and Outlets.

(a) An axially oriented pump casing inlet or outlet shall
be considered similar to anopening in a vessel and shall be
reinforced. It shall be treated as required in NB-3331
through NB-3336.
(b) To avoid stress concentrations, the outside radius

r2 in FigureNB-3441.3-2 shall not be less thanone-half the
thickness of the inlets and outlets as reinforced.

NB-3433.2 Radially Oriented Inlets and Outlets. Rein-
forcement of radially oriented inlets and outlets in accor-
dance with the rules of NB-3331 through NB-3336 is
required.

Figure NB-3423-1
Typical Single Volute Casing
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NB-3433.3 Tangential Inlets and Outlets. Except as
modified in NB-3433.4, any design that has been demon-
strated tobe satisfactory for the specifiedDesignLoadings
may be used.

NB-3433.4 Minimum Inlet and Outlet Wall Thick-
nesses. The wall thickness of the inlet or outlet shall
not be less than the minimum wall thickness of the
casing for a distance l as shown in Figure NB-3433.4-1.
The wall thickness beyond the distance l may be
reduced to the minimum wall thickness of the connected
piping. The change in wall thickness shall be gradual and
have a maximum slope as indicated in Figure NB-4250-1.
The distance l in Figure NB-3433.4-1 is the limit of rein-
forcement. The value of l, in. (mm), shall be determined
from the relationship:

=l r t0.5 m m

where

ri = inlet or outlet inside radius, in. (mm)
x = di/2
rm = ri + 0.5tm, in. (mm)
tm = mean inlet or outlet wall thickness, in. (mm), taken

between section x–x and a parallel section y–y

NB-3434 Bolting

Bolting in axisymmetric arrangements involving the
pressure boundary shall be designed in accordance
with Section III Appendices, Mandatory Appendix XIII,
Article XIII-4000.

NB-3435 Piping

NB-3435.1 Piping Under External Pressure. Piping
located within the pressure-retaining boundary of the
pump shall be designed in accordance with NB-3133.

NB-3435.2 Piping Under Internal Pressure. Piping
identified with the pump and external to or forming a
part of the pressure-retaining boundary, such as auxiliary
water connections, shall be designed in accordance with
NB-3600.

NB-3436 Attachments

(a) External and internal attachments to pumps shall
be designed so as not to cause excessive localized bending
stresses or harmful thermal gradients in the pump as
determined by the rules of NB-3200. Such attachments
shall be designed to minimize stress concentrations in
applications where the number of stress cycles, due
either to pressure or thermal effect, is relatively large
for the expected life of the equipment.
(b) Attachments shall meet the requirements of

NB-3135.

Figure NB-3423-2
Typical Double Volute Casing

Figure NB-3433.4-1
Minimum Tangential Inlet and Outlet Wall Thickness
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NB-3437 Pump Covers

Pump covers shall be designed in accordance with
NB-3200.

NB-3438 Supports

Pumpsupports shall bedesigned inaccordancewith the
requirements of Subsection NF unless included under the
rules of NB-3411.1(j).

NB-3440 DESIGN OF SPECIFIC PUMP TYPES

NB-3441 Standard Pump Types

NB-3441.1 Design of Type A Pumps. Type A pumps are
those having single volutes and radially split casings with
single suction, as illustrated in Figures NB-3441.1-1 and
NB-3441.1-2. Their design shall be in accordance with the
requirements of this subarticle.

NB-3441.2 Design of Type B Pumps.Type B pumps are
those having single volutes and radially split casings with
double suction, as illustrated in FigureNB-3441.2-1. Their
designshall be inaccordancewith the requirementsof this
subarticle.

NB-3441.3 Design of Type C Pumps. Type C pumps are
those having double volutes and radially split casingswith
single suction, as illustrated in Figures NB-3441.3-1 and
NB-3441.3-2.Thesplitter is considereda structural part of
the casing. Casing design shall be in accordance with the
requirements of this subarticle andwith those given in (a)
through (d) below.
(a) Casing Wall Thickness. Except where specifically

indicated in these rules, no portion of the casing wall
shall be thinner than the value of t determined as follows:

= × ×t P A S(0.63 ) m

where

A = scroll dimension inside casing as shown in
Figure NB-3441.3-2, in. (mm)

P = Design Pressure, psig (MPa gage)
Sm = allowable stress intensity for casing material at

Design Temperature, psi (MPa)
t = minimum allowable wall thickness, in. (mm)

(b) Splitter Wall Thickness
(1) The splitter shall have aminimumwall thickness

of t as determined above for the casing wall and shall
extend from point B in Figure NB-3441.3-2 through a
minimum angle of 135 deg to point C. Beyond point C,
the splitter wall may be reduced in thickness and
tapered to blend with the cutwater tip radius.

(2) Cutwater tip and splitter tip radii shall not be less
than 0.05t.

(3) All cutwater and splitter fillets, including the tips,
where they meet the casing wall, shall have a minimum
radius of 0.10t or 0.25 in. (6 mm), whichever is greater.

(c) Crotch Radius (Figure NB-3441.3-2). The crotch
radius shall not be less than 0.3t.
(d) Bottom of Casing
(1) That section of the pump casing within the

d i ame te r de f i ned by d imens i on A i n F i gu re
NB-3441.3-2 on the inlet side of the casing, normally
referred to as the bottom of the casing (see Figure
NB-3441.3-1), shall have a wall thickness no less than
the value of t determined in (a) above.

(2) The casing surface shall be analyzed in accor-
dance with an acceptable procedure, such as that
shown for flat heads in Section III Appendices, Nonman-
datory Appendix A, Article A-5000, or by an experimental
stress technique, such as described in Section III Appen-
dices, Mandatory Appendix II.

(3) The minimum permissible thickness of the
bottom of the casing shall be the lesser of the value deter-
mined by the analysis in (2) above and the value obtained
from the calculation shown in (a) above.

NB-3441.4 Design of Type D Pumps.

(a) Type D pumps are those having double volutes and
radially split casings with double suction as illustrated in
Figure NB-3441.4(a)-1. The design shall be in accordance
with this subarticle.
(b) The requirements of NB-3441.3(a), NB-3441.3(b),

and NB-3441.3(c), governing casing wall thickness,
splitter wall thickness, and crotch radius, apply.
(c) In the casing portion between the cover and the

casingwall, awall thickness in excess of tmaybe required.

NB-3441.5 Design of Type E Pumps. Type E pumps are
those having volute type radially split casings and multi-
vane diffusers that form structural parts of the casing as
illustrated in Figure NB-3441.5-1. The design shall be in
accordance with this subarticle.

NB-3441.6 Design of Type F Pumps.

(a) Type F pumps are those having radially split,
axisymmetric casings with either tangential or radial
outlets as illustrated in Figure NB-3441.6(a)-1. The
basic configuration of a Type F pump casing is a shell
with a dished head attached at one end and a bolting
flange at the other. The inlet enters through the dished
head, and the outlet may be either tangent to the side
or normal to the center line of the casing. Variations of
these inlet and outlet locations are permitted.
(b) The design of Type F pumps shall be in accordance

with this subarticle.
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Figure NB-3441.1-1
Type A Pump

Figure NB-3441.1-2
Type A Pump

Figure NB-3441.2-1
Type B Pump

Figure NB-3441.3-1
Type C Pump
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Figure NB-3441.3-2
Type C Pump

Figure NB-3441.4(a)-1
Type D Pump

Figure NB-3441.5-1
Type E Pump
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NB-3441.7ð23Þ Design of Type M Pumps.

(a) TypeMpumps typify glandless type of pumps.With
glandless pumps the enclosure of the driver (motors or
turbines) are integral or bolted to the pump casing (see
Figure NB-3441.7-1) or welded to a vessel that contains
the pump impeller and diffuser (see Figure NB-3441.7-2).
In both cases the driver enclosure is at the same pressure
as the pump enclosure and is to be designed as a pressure
boundary item. In installations shown in Figure
NB-3441.7-2, the pumps do not have a separate and
distinct pump casing with inlet/outlet nozzles, volute
casing, or barrel. The pump impeller and diffuser may
be located within the larger pressure vessel, which
supports the driver enclosure. The pump shaft exits an
opening in the pump casing or the pressure vessel and
couples the impeller to the driver. In installations
shown in Figure NB-3441.7-1, there is a regular pump
casing that is to be designed to the rules of this Article
(see NB-3400). In addition to the driver casing, a heat
exchanger may be required to cool the driver. The
heat exchanger is connected to the driver casing by
piping. The driver casing, piping, and heat exchanger
are exposed to the same pressure as the pump casing
or the vessel that contains the impeller.
(b) Examples of typical Type M pump configurations

a r e i l l u s t r a t ed in F i gu re s NB -3441 . 7 -1 and
NB-3441.7-2. The common pump pressure boundary
shown in both figures includes the driver casing,
driver covers, pressure-retaining parts of the electrical
and instrument penetrations, piping, and the driver
heat exchanger. In Figure NB-3441.7-1, the pump pres-
sure boundary also includes the pump casing while in
Figure NB-3441.7-2, the pump pressure boundary
begins at the attachment point of the driver casing to
the main vessel (such as reactor pressure vessel or

steam generator). The design of the functional part of
the pump and motor such as the impeller, shaft, coupling,
rotor, stator, and instruments are not governed by ASME
Code rules.
(c) The Class 1, Type M pump pressure boundaries

shall be designed and constructed in accordance with
the requirements of this subarticle with the following
additional requirements:

(1) Driver casings shall be designed in accordance
with NB-3200.

(2) Driver covers shall be designed in accordance
with NB-3200.

(3) Pressure-retaining parts of the electrical and
instrument penetrations shall be designed in accordance
with NB-3200 or NB-3300.

(4) Pressure-retaining parts of the driver heat
exchanger shall be designed in accordance with
NB-3200 or NB-3300.

NB-3442 Special Pump Types — Type J Pumps

(a) Type J pumpsare those that cannot logically be clas-
sified with any of the preceding types.
(b) Any design method that has been demonstrated to

be satisfactory for the specified Design Conditionsmay be
used.

NB-3500 VALVE DESIGN

NB-3510 ACCEPTABILITY

NB-3511 General Requirements10

The requirements for design acceptability for valves,
except for direct spring-loaded pressure relief valves,
shall be those given in this subarticle. Refer to
NB-3590 for the design rules for direct spring-loaded
pressure relief valves. These requirements for the accept-
ability of a valve design are not intended to ensure the
functional adequacy of the valve. In all cases, pres-
sure–temperature rating shall be as given in NB-3530
and, except for NB-3512.2(d) and in local regions
(Section III Appendices, Mandatory Appendix XIII, XIII-
3120), the wall thickness of the valve body shall not
be less than that given by NB-3541. The requirements
for prevention of nonductile fracture as set forth in
NB-3210(d) shall be met. The requirements of
NCA-3211.19(c)(1)(-a) for specifying the location of
valve boundary jurisdiction may be considered to have
been met by employing the minimum limits of
NB-1131, unless the Design Specification extends the
boundary of jurisdiction beyond these minimum limits.
The requirements of NCA-3211.19(c)(1)(-b) for

Figure NB-3441.6(a)-1
Type F Pump
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Figure NB-3441.7-1
ð23Þ Typical Type M Pump With Volute Case
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Figure NB-3441.7-2
ð23ÞTypical Type M Pump, Integral to Vessel
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specifying the boundary conditions are not applicable to
valve end connections.
CAUTION: Certain types of double-seated valves have the
capability of trapping liquid in the body or bonnet cavity
in the closed position. If such a cavity accumulates liquid
and is in the closed position at a time when adjacent
system piping is increasing in temperature, a substantial
and uncontrolled increase in pressure in the body or
bonnet cavity may result. Where such a condition is
possible, it is the responsibility of the Owner or the
Owner’s designee to provide, or require to be provided,
protection against harmful overpressure in such valves.

NB-3512 Acceptability of Large Valves

Valve designs having an inlet piping connection larger
than NPS 4 (DN 100) are acceptable when they satisfy
either the standard design rules or one of the alternative
design rules.

NB-3512.1 Standard Design Rules. The design shall be
such that requirements of this subarticle are met. The re-
quirements of NB-3530 through NB-3550 apply to valves
of conventional shape having generally cylindrical or
spherical bodieswith a single neck of a diameter commen-
suratewith that of themain body portion, such as having a
neck inside diameter less than twice the main run inside
diameter in the neck region.

NB-3512.2 Alternative Design Rules. A valve design
may not satisfy all of the requirements of NB-3512.1. A
designmay be accepted provided itmeets one of the alter-
natives listed in (a), (b), (c), or (d) below.
(a) When the valve design satisfies the rules of

NB-3530 through NB-3546.2 with thermal stresses
neglected, the rules of Section III Appendices, Mandatory
Appendix XIII relative to accounting for thermal
secondary stresses and fatigue analysis (Section III
Appendices, Mandatory Appendix XIII, XIII-3410, XIII-
3420, and XIII-3500) shall also be satisfied.
(b) When a valve is exempted from fatigue analysis by

the rules of Section III Appendices, Mandatory Appendix
XIII, XIII-3510, the design is acceptable, provided that the
requirements of (1) or (2) below are met.

(1) The rules of NB-3530 through NB-3546 shall be
met. The rules of Section III Appendices, Mandatory
Appendix XIII may be substituted for those of
NB-3545.2 for evaluating secondary stresses, and
NB-3545.3 need not be considered.

(2) The rules of NB-3530 and NB-3541 shall be met.
An experimental stress analysis is performed in accor-
dance with Section III Appendices, Mandatory Appendix
II, and the rules of Section III Appendices, Mandatory
Appendix XIII with respect to primary and secondary
stresses resulting from pressure and mechanical loads
shall be met. Unless otherwise specified in the Design
Specifications, the pipe reactions shall be taken as
those loads that produce a stress [see NB-3545.2(b)]

of 0.5 times the yield strength of the piping in tension
for the direct or axial load and a stress of 1.0 times
the yield strength of the piping in bending and torsion.
Thermal secondary stresses shall be accounted for by
either the rules of Section III Appendices, Mandatory
Appendix XIII or NB-3545.
(c) When a valve design satisfies the rules of NB-3530

and NB-3541, and when an experimental stress analysis
has been performed upon a similar valve in accordance
with Section III Appendices, Mandatory Appendix II, and
an acceptable analytic method has been established, the
results may be used in conjunction with the requirements
of Section III Appendices, Mandatory Appendix XIII for
pressure andmechanical loads to establish design accept-
ability.Accommodationof thermal secondarystressesand
pipe reactions shall beas given in (b)(2). Requirements for
fatigue analysis of either Section III Appendices, Manda-
tory Appendix XIII or NB-3550 shall be met.
(d) When permitted by the Design Specification, aweld

end valve that does not meet all of the requirements of
NB-3540 may be designed so that it meets the require-
ments of NB-3200 for all pressure-retaining parts and
those parts defined by NB-3546.3(a), and shall also
meet all of the following requirements.

(1) Pressure, thermal, and mechanical effects, such
as those resulting from earthquake, maximum stem force,
closure force, assembly forces, and others that may be
defined in the Design Specification, shall be included in
the design analysis. For Level A Service Limits, the
pipe reaction effects are to be determined by considering
that the maximum fiber stress in the connected pipe is at
one-half of its yield strength in direct tension and at its
yield strength in torsion and in bending in the plane of the
neck and run, and also in the plane of the run perpendi-
cular to the neck, each considered separately. The individ-
ual pipe reaction effects that result in themaximum stress
intensity at all points, including all other effects, shall be
used for the analysis to satisfy the rules of NB-3200. The
valve Design Specification shall provide the loadings and
operating requirements to be considered under Level B, C,
and D Service Limits [NCA-3211.19(b)(1)(-f)] for which a
design analysis is to be included in the Design Report.

(2) In place of using the values of Sm to satisfy the
rules of Section III Appendices, Mandatory Appendix XIII,
the allowable stress intensity values for ferritic valve body
and bonnet materials shall be those allowable stress
values given in Section II, Part D, Subpart 1, Table 1A.
For materials in Section II, Part D, Subpart 1, Tables
2A and 2B, a reduced allowable stress intensity based
on applying a factor of 0.67 to the yield strengths
listed in Section II, Part D, Subpart 1, Table Y-1 shall
be used.

(3) The adequacy of the stress analysis of the body
and bonnet shall be verified by experimental stress
analysis conducted in accordance with the requirements
of Section III Appendices, Mandatory Appendix II, II-1100
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through II-1400. Individual tests shall be made to verify
the adequacy of the stress analysis of internal pressure
effects and pipe reaction effects. Tests shall be made
on at least one valve model of a given configuration,
but a verified analytical procedure may then be
applied toothervalvesof the sameconfiguration, although
they may be of different size or pressure rating. The
geometrical differences shall beaccounted for in theextra-
polation stress analysis. The analytical procedure shall
have verified capability of providing this extrapolation.

(4) A Design Report shall be prepared in sufficient
detail to show that the valve satisfies all applicable re-
quirements.

(5) Prior to installation, the valve shall be hydrosta-
tically tested in accordance with NB-3531.2. For this
purpose, the primary pressure rating shall be determined
by interpolation in accordance with NB-3543(c).

NB-3513 Acceptability of Small Valves

Valve designs having an inlet piping connection NPS 4
(DN 100) or less are acceptable when they satisfy either
the standard design rules or the alternative design rules.

NB-3513.1 Standard Design Rules. The design shall be
such that the requirements of NB-3530 andNB-3541 shall
be met for wall thicknesses corresponding to the appli-
cable pressure–temperature rating. When the Special
Class Ratings of ASME B16.34 apply, the NDE exemptions
of NB-2510 shall not be used.

NB-3513.2 Alternative Design Rules. A valve design
shall satisfy the requirements of NB-3512.2.

NB-3515 Acceptability ofMetal Bellows andMetal
Diaphragm Stem Sealed Valves

Valves using metal bellows or metal diaphragm stem
seals shall be constructed in accordance with the rules
of this subarticle, based on the assumption that the
bellows or diaphragms do not retain pressure, and
Design Pressure is imposed on a required backup stem
seal such as packing. The bellows or diaphragms need
not be constructed in accordance with the requirements
of this Section.

NB-3520 DESIGN CONSIDERATIONS

NB-3521 Design and Service Loadings

The general design considerations of NB-3100 are ap-
plicable to valves. In case of conflict betweenNB-3100 and
NB-3500, the requirements of NB-3500 shall apply.

NB-3524 Earthquake

The rules of this subarticle consider that under earth-
quake loadings the piping system, not the valve, will be
l im i t i ng and tha t the in t eg r i t y o f the va l ve
pressure-retaining body is adequately considered

under the piping requirements of NB-3600. Where
valvesareprovidedwithoperatorshavingextendedstruc-
tures and these structures are essential to maintaining
pressure integrity, an analysis, when required by the
Design Specifications, may be performed based on
static forces resulting from equivalent earthquake accel-
erations acting at the centers of gravity of the extended
masses.

NB-3525 Level A and B Service Limits

Thedesign rulesofNB-3512andNB-3513apply to load-
ings for which Level A or B Limits are designated except
that when evaluating Level B Limits during operation of
relief or safety valves (a) and (b) below shall be met.
(a) The service pressure may exceed the Design Pres-

sures defined by the pressure–temperature ratings of
ASME B16.34 by no more than 10%.
(b) The rules of NB-3540 apply using allowable stress

intensity values of 110% of those listed in Section II, Part
D, Subpart 1, Tables 2A and 2B.

NB-3526 Level C Service Limits

If the Design Specifications specify any loadings for
whichLevel CLimits aredesignated, the rules used in eval-
uating these loadings shall be those of NB-3512 and
NB-3513, except as modified by the following subpara-
graphs.

NB-3526.1 Pressure–Temperature Ratings. The pres-
sure permissible for loadings for which Level C Limits
are designated shall not exceed 120% of that permitted
for Level A Limits.

NB-3526.2 PipeReactionStress.Pipe reaction stresses
shall be computed in accordance with the equations of
NB-3545.2(b)(1), and the allowable value considered
individually is 1.8Sm for the valve body material at
500°F (260°C). In performing these calculations, the
value of S shall be taken as 1.2 times the yield strength
at 500°F (260°C) of the material of the connected pipe, or
36.0ksi (248MPa)when thepipematerial isnotdefined in
the Design Specifications.

NB-3526.3 Primary Stress and Secondary Stress. The
equation of NB-3545.2 shall be satisfied using Cp equal to
1.5, Peb computed in accordance with NB-3526.2, and QT3
equal to 0, and the calculated value shall be limited to
2.25Sm.

NB-3526.4 Secondary andPeak Stresses.The require-
ments of NB-3545 and NB-3550 need not be met.

NB-3527 Level D Service Limits

If the Design Specifications specify any loadings for
which LevelD limits aredesignated, the following require-
ments shall apply:
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(a) The rules of Section III Appendices, Mandatory
Appendix XXVII may be used in evaluating those loadings.
(b) As an alternative to (a), it is acceptable to demon-

strate that both (1) and (2) below are satisfied.
(1) Themaximum internal pressure shall not exceed

the lesser of 2.0 times the Design Pressure and the rated
pressure at the temperature for which Service Level D
Limits are specified.

( 2 ) C a l c u l a t e t h e v a l v e c r o t c h [ F i g u r e
NB-3545.2(a)-1, Section A-A] stress intensity Sn due to
all applicable loads

= +S Q P0.5n P es

where

Pes = primary stress in crotch region of valve body
caused by piping loads for which Level D
Service Limits are specified; includes combined
axial, bending, and torsion

QP = as defined in NB-3545.2

The allowable value of this stress intensity is the
lesser of 3.6Sm and 1.05Su for austenitic steel, high-
nickel alloy, and copper-nickel alloy materials in
Section II, Part D, Subpart 1, Table 2A and all materials
in Table 2B, or 1.05Su for ferritic materials in Section
II, Part D, Subpart 1, Table 2A.

NB-3530 GENERAL RULES

NB-3531 Pressure–Temperature Ratings and
Hydrostatic Tests

NB-3531.1 Pressure–Temperature Ratings. A valve
designed in accordance with NB-3541 may be used in
accordance with the pressure–temperature ratings in
ASME B16.34, Tables 2-1.1A through 2-3.19A (Standard
Class) for flanged end or welding end (including socket
welding end) valves, and ASME B16.34, Tables 2-1.1B
through 2-2.7B (Special Class) for welding end (including
socket welding end) valves, provided the Design Pressure
andDesignTemperature areused.Whena single valvehas
a flanged and awelding end, the flanged end requirements
shall beused.Thematerials11 listed inASMEB16.34,Table
1, may be used if listed in Section II, Part D, Subpart 1,
Tables 2A and 2B, subject to the temperature limitations
therein, and as defined in NCA-1220.

NB-3531.2 Hydrostatic Tests.

(a) Except for pilot-operated pressure relief valves and
power-actuated pressure relief valves, valves designed in
accordance with NB-3541 shall be subjected to the shell
hydrostatic test pressures required by ASME B16.34 and
in accordance with other appropriate rules of Article
NB-6000. Valves with a primary pressure rating less
thanClass 150 shall be subjected to the required test pres-
sure for Class 150 rated valves. For pilot-operated pres-

sure relief valves and power-actuated pressure relief
valves, the hydrostatic tests shall be performed in accor-
dance with (f) and in accordance with other appropriate
rules of Article NB-6000.
(b) The shell hydrostatic test shall be made with the

valve in the partially open position. Stem leakage
during this test is permissible. End closure seals for
retaining fluid at test pressure in welding end valves
may be positioned in the welding end transitions, as
defined in NB-3544.8(b), in reasonable proximity to
the end plane of the valve so as to ensure safe application
of the test pressure.
(c) After the shell hydrostatic test, a valve closure test

shall also be performed with the valve in the fully closed
position with a test pressure across the valve disk no less
than 110%of the 100°F (38°C) pressure rating. For valves
that are designed for Service Conditions that have the
pressure differential across the closure member
limited to values less than the 100°F (38°C) pressure
rating, and have closure members or actuating devices
(direct, mechanical, fluid, or electrical), or both, that
would be subject to damage at high differential pressures,
the testpressuremaybereduced to110%of themaximum
specified differential pressure in the closed position. This
exception shall be identified in the Design Specification,
and this maximum specified differential pressure shall be
noted on the valve nameplate and N Certificate Holder’s
Data Report Form. During this test, seat leakage is
permitted unless a limiting leakage value is defined by
the Design Specifications. The duration of this test
shall be 1 min/in. (2.5 s/mm) of minimum wall thickness
tm with a minimum duration of 1 min unless otherwise
defined in the Design Specifications.
(d) For valves designed for nonisolation service,whose

primary function is to modulate flow, and by their design
are prevented from providing full closure, the valve
closure test defined in (c) above is not required. This
exception shall be identified in the Design Specification
and noted on the valve nameplate and the N Certificate
Holder’s Data Report Form.
(e) Hydrostatic tests for metal bellows or metal

diaphragm stem sealed valves shall include hydrostatic
testing of the valve body, bonnet, body-to-bonnet joint,
and either the bellows or diaphragm or the required
backup stem seal.
(f) The primary side pressure-containing portion,

including the closure disk in a forced closed position,
of each pressure relief valve (regardless of device
type) shall be hydrostatically tested at a pressure of
1.5 times the primary side Design Pressure of the
valve, but in no case lower than 1.5 times the set pressure
marked on the valve. Except as allowed in NB-6115, these
tests shall be conducted after all machining and welding
operations on the parts have been completed. The
minimum test durations shall be in accordance with
NB-6223. For closed system application, the outlet
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portion of the pressure relief valves shall be hydrostati-
cally tested to 1.5 times the secondary side Design Pres-
sure (see NB-7111). During these tests, closure seat
leakage is permitted.

NB-3531.3 Allowance forVariationFromDesignLoad-
ings. Under the conditions of relief or safety valve opera-
tion for valves designed in accordance with NB-3541, the
service pressure may exceed the Design Pressure as
defined by the pressure–temperature ratings of ASME
B16.34 by no more than 10%.

NB-3532 Design Stress Intensity Values

Design stress intensity values to be used in the design of
valves are given in Section II, Part D, Subpart 1, Tables 2A
and 2B.11

NB-3533 Marking

Each valve shall bemarked as required byASMEB16.34
and NCA-8220.

NB-3534ð23Þ Nomenclature

Af = effective fluid pressure area based on fully
corroded interior contour for calculating
crotch primary membrane stress [see
NB-3545.1(a)]

Am = metal area based on fully corroded interior
contour effective in resisting fluid force
acting on Af [see NB-3545.1(a)]

Ca = stress index for oblique bonnets [see
NB-3545.2(a)]

Cb = stress index forbodybendingsecondarystress
resulting frommoment in connected pipe [see
NB-3545.2(b)]

Cp = stress index for body primary plus secondary
stress, inside surface, resulting from internal
pressure [see NB-3545.2(a)]

C1 = discontinuity temperature gradient index,
°F/in.2 (°C/mm2) [see NB-3545.2]

C2 = stress index for thermal secondarymembrane
stress resulting from structural discontinuity
[see Figure NB-3545.2(c)-3 and NB-3554]

C3 = stress index for maximum secondary
membrane plus bending stress resulting
f r om s t ru c t u r a l d i s c on t i nu i t y [ s e e
NB-3545.2, Figure NB-3545.2(c)-4, and
NB-3554]

C4 = maximum magnitude of the difference in
average wall temperatures for wall thick-
nesses Te1 and te (resulting from a step
change in fluid temperature ΔTf) divided by
ΔTf [see Figure NB-3545.2(c)-5 and NB-3554]

C5 = stress index for thermal fatigue stress compo-
nent resulting from through-wall temperature
gradient caused by step change in fluid

temperature [see Figure NB-3545.2(c)-6 and
NB-3554]

C6 = Eα = product of Young’smodulus and the coef-
ficient of linear thermal expansion at 500°F
(260°C), psi/°F (MPa/°C) (see NB-3545.2
and NB-3554)

C7 = stress index for thermal stress resulting from
through-wall temperature gradient associated
with 100°F/hr (56°C/h) fluid temperature
change rate , ps i/ in . (MPa/mm) (see
NB-3545.2)

d = inside diameter used as a basis for crotch re-
inforcement [see NB-3545.1(a)]

de = inside diameter of the larger end of the valve
body [see NB-3545.2(b)(3)]

dm = inside diameter used as basis for determining
body minimum wall thickness (see NB-3541)

Fb = bending modulus of standard connected pipe
Gb = valve body section bending modulus at crotch

region [see NB-3545.2(b)], in.3 (mm3)
I = moment of inertia, used in calculating Gb [see

NB-3545.2(b)(5)]
It = fatigue usage factor for step changes in fluid

temperature
Ke = strain distribution factor used in elastic–

plastic fatigue calculation (see NB-3550)
LA, LN = effective distances used to determine Af, Am

[see NB-3545.1(a)(3)]
m, n = material parameters for determining Ke [see

NB-3554]
Na = permissible number of complete startup/

shutdown cycles at 100°F/hr (56°C/h) fluid
temperature change rate (see NB-3545.3)

Ni = permissible number of step changes in fluid
temperature from Section III Appendices,
Mandatory Appendix I

Nri = required number of fluid step temperature
changes ΔTfi (see NB-3553)

Peb = secondary stress due to pipe reaction [see
NB-3545.2(b)], psi (MPa)

Pm = general primary membrane stress intensity at
crotch region, calculated according to
NB-3545.1(a), psi (MPa)

pd = Design Pressure, psi (MPa)
pr = Pressure Rating Class Index, psi (MPa)
ps = s tandard ca l cu la t ion pressure f rom

NB-3545.1, psi (MPa)
p1, p2 = rated pressures from tables of ASME B16.34

corresponding to Pressure Rating Class
Indices pr1 and pr2, psi (MPa)

Qp = sum of primary plus secondary stresses at
crotch resulting from internal pressure [see
NB-3545.2(a)], psi (MPa)
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QT1 = maximum thermal stress component caused
by through-wall temperature gradient asso-
ciated with 100°F/hr (56°C/h) fluid tempera-
ture change rate [seeNB-3545.2(c)], psi (MPa)

QT3 = maximum thermal secondary membrane plus
bending stress resulting from structural
discontinuity and 100°F/hr (56°C/h) fluid
temperature change rate, psi (MPa)

r = mean radius of body wall at crotch region [see
Figure NB-3545.2(c)-1], in. (mm)

ri = inside radiusofbodyat crotch region for calcu-
lating Qp [see NB-3545.2(a)], in. (mm)

r2 = fillet radius of external surface at crotch [see
NB-3545.1(a)], in. (mm)

S = assumed maximum stress in connected pipe
for calculating the secondary stress due to
pipe reaction [see NB-3545.2(b)], psi (MPa)

Si = fatigue stress intensity range at crotch region
resulting from step change in fluid tempera-
ture ΔTfi and pressure ΔPfi (see NB-3550),
psi (MPa)

Sm = design stress intensity (see NB-3532), psi
(MPa)

Sn = sum of primary plus secondary stress intensi-
ties at crotch region resulting from 100°F/hr
(56°C/h) temperature change rate (see
NB-3545.2), psi (MPa)

Sn(max) = maximum range of sum of primary plus
secondary stress, psi (MPa)

Sp1 = fatigue stress intensity at inside surface in
crotch region resulting from 100°F/hr
(56°C/h) fluid temperature change rate (see
NB-3545.3), psi (MPa)

Sp2 = fatigue stress intensity at outside surface in
crotch region resulting from 100°F/hr
(56°C/h) fluid temperature change rate (see
NB-3545.3), psi (MPa)

Tb = thickness of valve wall adjacent to crotch
region for calculating LA and LN [see
Figure NB-3545.1(a)-1], in. (mm)

Te = maximum effective metal thickness in crotch
region for calculating thermal stresses [see
Figure NB-3545.2(c)-1], in. (mm)

Tr = thickness of body (run)wall adjacent to crotch
f o r c a l c u l a t i n g L A a n d L N [ s e e
Figure NB-3545.1(a)-1], in. (mm)

te = minimum body wall thickness adjacent to
crotch for calculating thermal stresses [see
Figure NB-3545.2(c)-1], in. (mm)

tm = minimum body wall thickness as determined
by NB-3541, in. (mm)

t1, t2 = minimumwall thicknesses from ASME B16.34
corresponding to Listed Pressure Rating Class
Indices pr1 and pr2 and inside diameter dm, in.
(mm)

ΔPfi = full range of pressure fluctuation associated
with ΔTfi, psi (MPa)

ΔPi = specified range of pressure fluctuation asso-
ciated with ΔTi, psi (MPa)

ΔTfi = a specified step change in fluid temperature, °F
(°C), where i = 1, 2, 3, …, n; used to determine
the fatigue acceptability of a valve body (see
NB-3554)

ΔTi = specified range of fluid temperature, °F (°C),
where i = 1, 2, 3, …, n; used to evaluate
normal valve usage (see NB-3553)

ΔT′ = maximum magnitude of the difference in
average wall temperatures for walls of thick-
nesses te and Te, resulting from 100°F/hr
(56°C/h) fluid temperature change rate, °F
(°C)

NB-3540 DESIGN OF PRESSURE-RETAINING
PARTS

NB-3541 General Requirements for Body Wall
Thickness

The minimum wall thickness of a valve body is to be
determined by the rules of NB-3542 or NB-3543.

NB-3542 Minimum Wall Thickness of Listed
Pressure-Rated Valves

The wall thickness requirements for listed pressure-
rated valves apply also to integral body venturi valves.
For a valve designed to a listed pressure rating of
ASME B16.34, the minimum thickness of its body wall,
including the neck, is to be determined from ASME
B16.34. Highly localized variations of inside diameter
associated with weld preparation [see NB-3544.8(a)
and NB-3544.8(b)] need not be considered for estab-
lishing minimum wall thickness tm. In all such cases,
however, the requirements of NB-3545.2(b)(6) shall be
satisfied.

NB-3543 Minimum Wall Thickness of Valves of
Nonlisted Pressure Rating

To design a valve for Design Pressure and Design
Temperature corresponding to other than one of the pres-
sure ratings listed in the tables of ASMEB16.34, the proce-
dure is the same as that of NB-3542 except that
interpolation is required as follows.
(a) Based on the Design Temperature, linear interpola-

tion between the tabulated temperature intervals shall be
used to determine the listed pressure rating p1, next
below, and p2, next above, the Design Pressure pd
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corresponding to listed Pressure Rating Class Indices, pr1
and pr2, respectively.
NOTE: For all listed pressure ratings except Class 150, the Pres-
sure Rating Class Index is the same as the pressure rating class
designation. For Class 150, use 115 for the Pressure Rating Class
Index.

(b) Determine the minimum wall thickness tm corre-
sponding to Design Loadings by:

= + ×
i
k
jjjjjj

y
{
zzzzzzt t

p p

p p
t t( )m

d
1

1

2 1
2 1

(c) Determine the interpolated Pressure Rating Class
Index pr, corresponding to Design Loadings, by:

= + ×
i
k
jjjjjj

y
{
zzzzzz ( )p p

p p

p p
p pr r

d
r r

1

2 11 2 1

NB-3544 Body Shape Rules

The rules of this paragraph constitute minimum re-
quirements intended to limit the fatigue strength reduc-
tion factor, associatedwith local structural discontinuities
in critical regions, to2.0or less.Whensmaller values of the

fatigue strength reduction factor can be justified, it is
permissible to use them.

NB-3544.1 Fillets for External and Internal Intersec-
tions and Surfaces.

(a) Intersections of the surfaces of the pressure-
retaining boundary at the neck to body junction shall
be provided with f i l le ts of radius r2 ≥ 0 .3 tm .
Figure NB-3544.1(a)-1 illustrates such fillets.
(b) Corner radii on internal surfaces with r4 < r2 are

permissible.
(c) Sharp fillets shall be avoided. When sharp disconti-

nuities are convenient for ring grooves and similar config-
uration details, they shall be isolated from themajor body
primary and secondary stresses ormodified as illustrated
by Figure NB-3544.1(c)-1.

Figure NB-3544.1(a)-1
Fillets and Corners

r2 $ 0.3 tm

r2 r2

r2r2

r2

r2 r4

r4 r4
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Figure NB-3544.1(c)-1
Ring Grooves

NB-3544.2 Penetrations of Pressure-Retaining
Boundary. Penetrations of the pressure-retaining
boundary, other than the neck intersection, such as
holes required for check valve shafts and drain or
sensing lines, shall be located to minimize the
compounding of normal body stresses.

NB-3544.3 Attachments. Attachments, such as lugs
and similar protuberances, on the pressure-retaining
boundary shall be tapered to minimize discontinuity
stresses (see Figure NB-3544.3-1). Reentrant angles
shall beavoided.Attachments shallmeet the requirements
of NB-3135.

NB-3544.4 Body Internal Contours. Body internal
contours in sections normal to the run or neck center
lines shall be generally smooth in curvature, or so propor-
tioned that the removal of unavoidable discontinuities,
such as the valve seat, will leave generally smooth curva-
ture.

NB-3544.5 Out-of-Roundness. Out-of-roundness in
excess of 5% for sections of essentially uniform thickness
shall be such that:

+ +
i
k
jjjjjj

y
{
zzzzzz

i
k
jjjjjj

y
{
zzzzzz

b
t

b ab a
t

S
p

3
4

3 2
1 1.5

b b

m

s

2 2

2

where

2a = minor inside diameter, in. (mm)

2b = major inside diameter, in. (mm)
tb = thickness, in. (mm)

The ovality criterion can be satisfied by increasing the
thickness locally, provided that the thickness variation is
smoothly distributed. Out-of-roundness in excess of this
limitation must be compensated for by providing rein-
forcement.

NB-3544.6 Doubly Curved Sections. Sections curved
longitudinally with radius rLong, as well as laterally
with radius rLat, must be such that:

+
r r d

1 1 4
3 mLong Lat

where dm is the diameter used to establish the local wall
thickness by NB-3541.

NB-3544.7 Flat Sections. Flat sections shall be suffi-
ciently limited in extent so that arcuate sections having
the same radius–thickness ratio as required by
NB-3542 may be inscribed (Figure NB-3544.7-1). The
inscribed section may be less thick than the minimum
thickness required by NB-3542, provided that its
radius is proportionally smaller than the value used to
determine the minimum required thickness. The
method of NB-3544.6 abovemay be used to show additive
support, but the denominator of the right side term must
be reduced in the ratio of the thickness of the inscribed
arcuate section to the minimum required thickness (see
NB-3542). If adequacy cannot be shown by the above
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Figure NB-3544.3-1
Lugs and Protuberances

Figure NB-3544.7-1
Flat Wall Limitation
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rules, it is necessary to determine the stresses in the flat
region experimentally to demonstrate adequacy for pres-
sure-induced stresses only, with internal pressure equal
to the standard calculation pressure ps.

NB-3544.8 Body End Dimensions.

(a) Valve body contours at valve weld ends shall be in
accordancewith Figure NB-4250-1, and, unless otherwise
stated in the Design Specifications, with ASME B16.34.
(b) Valve body transitions leading to valve weld ends

shall be in accordance with ASME B16.34.
(c) Flanged ends shall be in accordance with ASME

B16.34.
(d) Alignment tolerances given in FigureNB-4233(a)-1

shall apply toall auxiliarypiping, suchasdrain lines,which
begin or terminate at the valve.
(e) For socket welding ends, valves NPS 2 (DN 50) and

smaller for which the body cavity consists of cylindrically
bored sections shall meet all of the following:

(1) dm shall be the port drill diameter;
(2) the requirements of NB-3542 shall be satisfied;

and
(3) socket welding end valves greater than NPS 2

(DN 50) shall not be used.

NB-3544.9 Openings for Auxiliary Connections.Open-
ings for auxiliary connections, suchas fordrains, bypasses,
and vents, shall meet the requirements of ASME B16.34
and the applicable reinforcement requirements of
NB-3330.

NB-3545 Body Primary and Secondary Stress
Limits

The limits of primary and secondary stresses are estab-
lished in the following subparagraphs.

NB-3545.1 Primary Membrane Stress Due to Internal
Pressure. For valves meeting all requirements of this
subarticle, the most highly stressed portion of the
body under internal pressure is at the neck to flow
passage junction and is characterized by circumferential
tension normal to the plane of center lines, with the
maximum value at the inside surface. The rules of this
paragraph are intended to control the general primary
membrane stress in this crotch region. The Standard
Calculation Pressure ps to be used for satisfying the re-
quirementsofNB-3545 is foundeitherdirectly orby inter-
polation from the tables inASMEB16.34 as the pressure at
500°F (260°C) for thegivenPressureRatingClass Indexpr.
(a) In the crotch region, the maximum primary

membrane stress is to be determined by the pressure
area method in accordance with the rules of (1)
through (6) below using Figure NB-3545.1(a)-1.

(1) From an accurately drawn layout of the valve
body, depicting the finished section of the crotch
region in the mutual plane of the bonnet and flow
passage center lines, determine the fluid area Af and

metal area Am. Af and Am are to be based on the internal
surface after complete loss of metal assigned to corrosion
allowance.

(2) Calculate the crotch general primary membrane
stress intensity:

= +
i
k
jjjjj

y
{
zzzzzP

A

A
p0.5m

f

m
s

The allowable value of this stress intensity is Sm for
the valve body material at 500°F (260°C) as given in
Section II, Part D, Subpart 1, Tables 2A and 2B.

(3) The distances LA and LN , which provide bounds
on the fluid and metal areas, are determined as follows.
Use the larger value of:

=L d T0.5A b

or
=L TA r

and use

= + +L r T d T0.5 0.354 ( )N b b2

where the dimensions are as shown in Figure
NB-3545.1(a)-1.

In establishing appropriate values for the above pa-
rameters, some judgment may be required if the valve
body is irregular as it is for globe valves and others
with nonsymmetric shapes. In such cases, the internal
boundaries of Af shall be the lines that trace the greatest
width of internal wetted surfaces perpendicular to
the plane of the stem and pipe ends [see Figure
NB-3545.1(a)-1, sketches (b), (d), and (e)].

(4) If the calculated boundaries for Af and Am, as
defined by LA and LN, fall beyond the valve body [see
Figure NB-3545.1(a)-1, sketch (b)], the body surface
becomes the proper boundary for establishing Af and
Am. No credit is to be taken for any area of connected
piping that may be included within the limits of LA and
LN. If the flange is included with Am, the area of one
bolt hole is to be subtracted for determining the net
value of Am.

(5) Except as modified below, web or fin-like exten-
sions of the valve body are to be credited to Am only to an
effective length from the wall equal to the average thick-
ness of the credited portion. The remaining web area is to
be added to Af [see Figure NB-3545.1(a)-1, sketch (b)].
However, to the extent that additional area will pass
the following test, it may also be included in Am. A line
perpendicular to the plane of the stem and pipe ends
from any points in Am does not break out of the
wetted surface but passes through a continuum of
metal until it breaks through the outer surface of the body.

(6) In most cases, it is expected that the portions
def ined by Am in the severa l i l lus t ra t ions of
Figure NB-3545.1(a)-1 will be most highly stressed.
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Figure NB-3545.1(a)-1
ð23ÞPressure Area Method

Interior contour
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Figure NB-3545.1(a)-1
Pressure Area Method (Cont’d)

Interior contour
 for fully corroded
 condition
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However, in the case of highly irregular valve bodies, it is
recommended that all sections of the crotch be checked to
ensure that the largest value of Pm has been established
considering both open and fully closed conditions.
(b) In regions other than the crotch, while the value of

Pm calculated by (a) will be the highest value of body
general primary membrane stress for all normal valve
types with typical wall proportioning, the designer is
cautioned to review unusual body configurations for
possible higher stress regions. Suspected regions are to
be checked by the pressure area method applied to the
particular local body contours. The allowable value of
this stress intensity is Sm for the valve body material
at 500°F (260°C) as given in Section II, Part D, Subpart
1, Tables 2A and 2B.

NB-3545.2 Secondary Stresses. In addition to satis-
fying the criteria of NB-3541 through NB-3545.1, a
valve body shall also satisfy the criterion that the
rangeofprimaryplus secondarystressesSndue to internal
pressure, pipe reaction, and thermal effects shall not
exceed 3Sm for the body material at 500°F (260°C),
where Qp, Peb, and QT3 are determined by the rules of
this paragraph. That is:

= + +S Q P Q S2 3n p eb T m3

(a) See below.
(1) Thebodyprimaryplus secondary stressQpdue to

internal pressure is to be determined by:

= +
i
k
jjjjj

y
{
zzzzzQ C

r
t

p0.5p p
i

e
s

where the primary plus secondary pressure stress index
Cp is equal to 3 and

ps = Standard Calculation Pressure defined by
NB-3545.1, psi (MPa)

ri = radius of a circle that circumscribes the inside wall
contour in the crotch region, in. (mm)

te = an effectivewall thickness at that location, in. (mm)
(typically te = Tr) [see Figure NB-3545.1(a)-1]

In choosing an appropriate value for te, credit may be
taken for general reinforcement material at the critical
section but not for local fillets. Protuberances or ribs
are not to be considered in determining ri and te. Guidance
is provided by Figure NB-3545.2(a)-1 in which the illus-
trations correspond to the critical sections of the valve
bodies of Figure NB-3545.1(a)-1. The parameters ri
and teare intended tobe representativeof a tee, reinforced
or unreinforced, with the general configuration of the
valve body for which minor shape details associated
with the valve function are ignored.

(2) For valve bodies with bonnet center lines other
than perpendicular to the flow passage, the body stressQp
due to internal pressure defined abovemust bemultiplied
by the factor Ca:

= +C 0.2
0.8

sina

where

α = acute angle between the bonnet and flow passage
center lines, deg

(b) The secondary stress due to pipe reaction shall
meet the criteria of (1) through (6) below to ensure
the adequacy of the valve body for safely transmitting
forces and moments imposed by the connected piping
system.

(1) Based on the critical section A–A at the crotch, as
illustrated by Figure NB-3545.2(a)-1, calculate the value
of Peb where
(Bending load effect)

=P
C F S

Geb
b b

b

Theallowable valueofPeb is 1.5Sm for thevalvebodymate-
rial at 500°F (260°C). Determination of S, Fb, Cb, and Gb
required to calculate Peb is to be in accordance with
the requirements of (2) through (5) below.

(2) When the valve designer knows the material of
the connected pipe, S may be calculated as the yield
strength for the pipe material at 500°F (260°C). When
the designer does not know the piping material or is
designing a valve independently of a particular applica-
tion, the value of S shall be taken as 30,000 psi (200MPa).

(3) Calculate Fb as follows:

=F
d p

f p

0.393
b

e s

o s

3

where

de = the inside diameter of the larger end of the valve
body

fo = 20,000 when ps is in psi units
fo = 137.9 when ps is in MPa units
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Figure NB-3545.2(a)-1
Critical Sections of Valve Bodies
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The value Fb to be applied shall be the greater of the calcu-
lated value, or

(-a) for de ≤ 10.02 in. (254.5 mm), the section
modulus of Schedule 40 pipe with the next larger
inside diameter than de, or

(-b) for de > 10.02 in. (254.5 mm), the quantity:
(-1) 0.295de2 when de is in inch units
(-2) 7.493de2 when de is in mm units

(4) Calculate the factor Cb:

=
i
k
jjjjj

y
{
zzzzzC r

t
0.335b

e

2
3

When the results are less than 1.0, use Cb = 1.0.
(5) The factorGb is the sectionmodulus I/(ri+ te), in.3

(mm3), forbendingat theplane throughA–Aabout theaxis
perpendicular to the mutual plane of bonnet and body
center lines, such as that axis that produces maximum
bending stress at the corner of the crotch. The fiber
stress at the outside surface is to be considered as
governing in calculating Gb.

(6) When valves are to be applied in a venturi
arrangement such that the connected pipe may be
larger than that corresponding to the nominal size of
the valve, it is necessary to base Peb on the actual
larger connected pipe. Such cases must be treated indivi-
dually to ensure compliance with the secondary and
fatigue stress criteria of this subarticle. When the
venturi arrangement is not fabricated by the N Certificate
Holder, the Design Specifications shall include sufficient
information topermit theNCertificateHolder tomake this
check.
(c) Thermal secondary stresses in the valve crotch

region, resulting from through-wall temperature gradient
and thickness variation (average temperature difference),
are to be calculated on the basis of a continuous ramp
change in fluid temperature at 100°F/hr (56°C/h)
using the model of Figure NB-3545.2(c)-1 sketch (a).
Figure NB-3545.2(c)-1 sketch (b) illustrates how r, Te1,
Te2, and te are to be determined for the typically irregular
crotch shape of valves. The thermal secondary stress
components are to be determined in accordance with
the following:

(1) Stress component QT1 , which is the result of a
through-wall temperature gradient, is defined as:

= ( )Q C TT e7
2

1 1

where

C7 = 110psi/in.2 (0.001MPa/mm2) for ferritic steels, or
C7 = 380psi/in.2 (0.004MPa/mm2) for austenitic steels

Te1 is illustrated in Figure NB-3545.2(c)-1.

ð23Þ(2) Stress component QT3 that is the membrane plus
bending stress as a result of wall thickness variation is
defined as:

=Q C C TT 6 33

where C3 is found from Figure NB-3545.2(c)-4 and C6 is
defined in NB-3534:

= ( )T C T te e1
2 2
1

where

C1 = 0.53 °F/in.2 (4.6 × 10−4°C/mm2) for ferritic steels,
or

C1 = 1.4 °F/in.2 (1.2 × 10−3°C/mm2) for austenitic steels

te is illustrated in Figure NB-3545.2(c)-1.

NB-3545.3 FatigueRequirements.The fatigue analysis
requirements are satisfied provided the rules of this
subparagraph and the rules of NB-3550 are met.
The calculated allowable number of cycles isNa ≥ 2,000

cycles, where Na is determined from Section III Appen-
dices, Mandatory Appendix I by entering the appropriate
curvewith Sa, with Sa defined as the larger value of Sp1 and
Sp2 defined as follows:

= + + +

= + +( )
S Q Q Q

S Q P Q

1.3

0.4 2

p p
P

T T

p p
K

eb T

2
3 2

2

eb
1 3 1

2 3

Thevalues of Sp1 and Sp2 arebasedon thevalues forQp,Peb,
QT1, and QT3 found in accordance with the rules of
NB-3545.2.K is the fatigue strength reduction factor asso-
ciated with the external fillet at the crotch and is to be
considered as 2.0 unless the designer can justify use of
a smaller value.

NB-3546 Design Requirements for Valve Parts
Other Than Bodies

NB-3546.1 Body-to-Bonnet Joints.

(a) Bolted body-to-bonnet joints shall be designed in
accordance with the pressure design rules of Section III
Appendices, Mandatory Appendix XI, Article XI-3000,
including the use of the appropriate allowable stress
given in Section II, Part D, Subpart 1, Tables 1A and
1B, or by the procedures of Section III Appendices, Man-
datoryAppendix XIII, except fatigue analysis of bolts is not
required.
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Figure NB-3545.2(c)-1
Model for Determining Secondary Stress in Valve Crotch Region

For Te1 , te as 
 determined above, use Te1 5 te

Model based on
 R/r   5 10
 rt /te 5 0.5

Te2 = diameter of the largest circle that can be drawn entirely
 within the wall at the crotch region

Te1 = diameter of the largest circle that can be drawn in an area
 of the crotch on either side of a line bisecting the crotch 
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Figure NB-3545.2(c)-3
Thermal Stress Index Versus Thickness Continuity Run or Branch
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Figure NB-3545.2(c)-4
Secondary Stress Index Versus Thickness Discontinuity Run or Branch
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Figure NB-3545.2(c)-5
C4 Versus Te1/te
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Figure NB-3545.2(c)-6
Stress Index for Thermal Fatigue
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(b) Body-to-bonnet joints other than bolted connec-
tions including joints of special or patented types for
which specific standards do not exist may be used
provided that the N Certificate Holder shall use
methods of design and construction that will be as safe
as otherwise required by the rules of this subarticle
for the following design conditions:

(1) Design Pressure equal to Standard Calculation
Pressure ps (see NB-3545.1);

(2) calculation temperature of 500°F (260°C);
(3) thermal stresses based on most severe condi-

tions resulting from continuous fluid temperature
ramp increase or decrease at 100°F/hr (56°C/h);

(4) fatigue life at least 2,000 cycles of startup/shut-
down based on the above conditions with simultaneous
increase or decrease of pressure and temperature.

NB-3546.2 Valve Disk. The valve disk shall be consid-
ered a part of the pressure-retaining boundary. The
primary membrane stress intensity shall not exceed
Sm, and the primary bending stress intensity shall not
exceed 1.5Sm.

NB-3546.3 Other Valve Parts.

(a) Valve stems, stem retaining structures, and other
significantly stressed valve parts whose failure can
lead to gross violation of the pressure-retaining boundary
shall be designed so that their primary stresses, based on
pressure equal to the 100°F (38°C) pressure rating and
conservatively estimated or calculated additional load-
ings, where applicable, do not exceed Sm as tabulated
in Section II, Part D, Subpart 1, Tables 2A and 2B, or
for materials not listed in these Tables, do not exceed
two-thirds of the minimum specified yield strength or
one-fourth of the minimum specified tensile strength,
whichever is lower.
(b) Bypass piping shall be designed in accordance with

the requirements of NB-3600. Unless otherwise stated in
the valve Design Specifications, bypass piping design shall
be the responsibility of the piping system designer.
(c) Valve designs, requiring solenoid plunger core

tubes or electromagnetic position indicator core tubes,
may substitute the rules of NB-3641.1 for the require-
ments of NB-3541, NB-3542, or NB-3543 for minimum
wall thickness of the extension, provided that detailed
calculations are prepared in accordance with NB-3200
at the 100°F (38°C) valve pressure-rating conditions,
and covering all discontinuities in the core tube, including
the cap end and attachment end, and all welds, including
any dissimilar metal welds. These calculations shall be
included in the Design Report (see NB-3560). The calcula-
tions shall include the design loadings given in
NB-3546.1(b)(1) through NB-3546.1(b)(4) along with
any additional requirements given in the Design Specifi-
cations.

NB-3546.4 Fatigue Evaluation. When the Design
Specifications include such service loadings that the
valve is not exempted from fatigue analysis by the
rules of Section III Appendices, Mandatory Appendix
XIII, XIII-3510, it is recommended that consideration
begiven to thecyclic stressdutyof theportionsconsidered
by NB-3546.

NB-3550 CYCLIC LOADING REQUIREMENTS

NB-3551 Verification of Adequacy for Cyclic
Conditions

The adequacy of a valve for cyclic loading shall be veri-
fied in accordance with this subsubarticle. Nonintegral
seat ringsattached to thevalvebodybypartialpenetration
or fillet welds (see NB-4433) are exempt from the fatigue
analysis requirements of NB-3123.2, provided the seat
rings are shouldered against the valve body; see Figure
NB-3544.1(c)-1.

NB-3552 Excluded Cycles

In satisfying the cyclic loading requirements, the
following variations need not be considered:
(a) pressure variations less than pd/3 for carbon and

low alloy steels and less than pd/2 for austenitic stainless
steels;
(b) temperature variations less than 30°F (17°C);
(c) accident or maloperation cycles expected to occur

less than five times (total) during the expected valve life;
(d) startup, shutdown cycles with temperature change

rates of 100°F/hr (56°C/h) or less, not in excess of 2,000.

NB-3553 Fatigue Usage

The application of a valve conforming to NB-3512.1 is
acceptable for cyclic loading conditions provided its
fatigue usage It is not greater than 1.0 as evaluated in
(a), (b), and (c) below.
(a) Consider fluid temperature changes not excluded

by NB-3552 to occur instantaneously. Provided that
these changes occur in one direction and recovery is at
temperature change rates not in excess of 100°F/hr
(56°C/h), the fatigue usage factor may be found by:

=I
N
Nt

ri

i

where Nri is the required or estimated number of fluid
temperature step changes ΔTfi and Ni is found from
Section III Appendices, Mandatory Appendix I, Figures
I-9.1 and I-9.2.
(b) If both heating and cooling effects are expected at

change rates exceeding 100°F/hr (56°C/h), the number of
cycles are to be associated by temperature ranges ΔTi. For
example, assuming the following variations are specified:
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= ° °
= ° °
= ° °

T
T
T

20 variations: 250 F (140 C) heating
10 variations: 150 F (80 C) cooling

100 variations: 100 F (56 C) cooling

1

2

3

Lump the ranges of variation so as to produce the greatest
effects as follows:

= + = °
+ = °

= + = °
+ = °

= ° °

T

T

T

10 cycles 250 150 400 F

(140 80 220 C)
10 cycles 250 100 350 F

(140 56 196 C)
90 cycles 100 F(56 C)

f

f

f

1

2

3

(c) Pressure fluctuations not excluded by NB-3552 are
to be included in the cyclic load calculations. The full range
of pressure fluctuation from the normal condition to the
condition under consideration shall be represented by Δpi
in NB-3554.

NB-3554ð23Þ Cyclic Stress Calculations

A valve conforming to NB-3512.1 shall be qualified by
the procedure of (a) through (d) below, where C2, C3, C4,
and C5 are from Figure NB-3545.2(c)-3, Figure
NB-3545.2(c)-4, Figure NB-3545.2(c)-5, or Figure
NB-3545.2(c)-6. C6 is defined in NB-3534.
(a) The following criterion shall be met by the greatest

temperature range:

+ <
Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑQ p p C C C T S3p f s f m(max) 6 2 4 (max)

where ΔTf(max) is the largest lumped temperature range
obtained using themethods of NB-3553(b), and Δpf(max) is
the largest range of pressure fluctuation associated with
ΔTf(max).
(b) Calculate:

= +
Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑS Q p p C C C Tn p f s f(max) (max) 6 3 4 (max)

Provided that Sn(max) ≤ 3Sm, calculate the fatigue stresses
for each cyclic loading condition as follows:

= + +( )S Q p p C C C C T( )i p fi s fi
4
3 6 3 4 5

Determine the allowable number of cycles Ni for each
loading conditionbyentering Section IIIAppendices,Man-
datory Appendix I, Figures I-9.1 and I-9.2 with Si/2, and
determine the fatigue usage by NB-3553(a).
(c) If Sn(max) is greater than 3Sm but less than 3mSm, the

value of Si/2 to be used for entering the design fatigue
curve is to be found by multiplying Si by Ke, where:

= +
i
k
jjjjj

y
{
zzzzzK

n
n m

S
S

1.0
(1 )
( 1) 3

1e
n

m

and where the values of the material parametersm and n
are as given in Section III Appendices, Mandatory Appen-
dix XIII, Table XIII-3450-1.
(d) If Sn(max) is greater than 3mSm, use Ke = 1/n.

NB-3560 DESIGN REPORTS

NB-3561 General Requirements

The certified Design Reports listed in this paragraph
meet the requirements of NCA-3211.40 for the Design
Report.

NB-3562 Design Report for Valves Larger Than
NPS 4 (DN 100)

A Design Report shall be prepared in sufficient detail to
show that thevalve satisfies the requirementsofNB-3512.
For a valve designed in accordance with NB-3512.1, the
Design Report shall show that the applicable require-
ments of NB-3530, NB-3541 through NB-3546.2, and
NB-3550 have been met. It is not necessary to write a
special Design Report based on specified Design Pressure
and Design Temperature when they are within the pres-
sure–temperature rating and when supplementary infor-
mation or calculations are also provided, as necessary, to
complete the report for a specific application, such as the
thermal cyclic duty evaluation of NB-3550. A report
submitted demonstrating a design for loadings more
severe than the specified loadings is also acceptable.

NB-3563 Design Report Requirements for NPS 4
and Smaller (≤DN 100) Valves

For valves whose inlet piping connection is nominally
NPS4 (DN100) or smaller, theDesignReport shall include
details to show that the requirements of NB-3513 have
been met.

NB-3590 PRESSURE RELIEF VALVE DESIGN

NB-3591 Acceptability

NB-3591.1 General. The rules of this subsubarticle
constitute the requirements for the design acceptability
of direct spring-loaded pressure relief valves. The design
rules for pilot-operated and power-actuated pressure
rel ief valves are covered by NB-3510 through
NB-3563. The requirements of Article NB-7000 relative
to set pressure, lift, blowdown, and closure shall be met.

NB-3591.2 Applicable Items. The rules of this subsu-
barticle cover the pressure-retaining integrity of the valve
inlet and outlet connections, nozzle, disk, body structure,
bonnet (yoke), and body-to-bonnet (yoke) bolting. The
rules of this subsubarticle also cover other items such
as the spring, spindle (stem), springwashers, and set pres-
sure-adjusting screw. The rules of this subsubarticle do
not apply to guides, control ring, bearings, set screws,
and other non-pressure-retaining items. Figures
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NB-3591.2-1 and NB-3591.2-2 are illustrations of typical
direct spring-loaded pressure relief valves.

NB-3591.3 Definitions. The definitions for pressure
relief valve terms used in this subsubarticle are given
in ASME PTC 25, and in Article NB-7000. Pressure
relief valves characteristically have multipressure
zones within the valve, that is, a primary pressure
zone and a secondary pressure zone as illustrated by
Figures NB-3591.2-1 and NB-3591.2-2.

NB-3591.4 AcceptabilityofSmallLiquidReliefValves.
Liquid pressure relief valves meeting the requirements of
Article NB-7000 and having an inlet piping connection
NPS 2 (DN 50) and under shall comply with the
minimum wall thickness requirements of NB-3542 or
NB-3543 for the applicable pressure zone. Flange end
ratings of NB-3531.1 shall be used regardless of end
connection. The applicable design requirements of this
subsubarticle covering the nozzle, disk, and bonnet
shall apply. The analyses of NB-3544, NB-3545, and
NB-3550 do not apply.

NB-3591.5 Acceptability of Safety and Safety Relief
Valves. The design shall be such that the requirements
of this subsubarticle are met.

NB-3592 Design Considerations

NB-3592.1 Design Conditions. The general design re-
quirements ofNB-3100 are applicable, with consideration
for the design conditions of the primary and secondary
pressure zones. The design pressure of the Design Spec-
ification shall be used for the applicable zones.
In case of conflict between NB-3100 and NB-3590, the

requirementsofNB-3590shall apply.Mechanical loads for
both the closed and the open (full discharge) positions
shall be considered in conjunction with the service condi-
tions. In addition, the requirements of Article NB-7000
shall be met.

NB-3592.2 Stress Limits for Specified Service Load-
ings.

(a) Stress limits forLevelAandBServiceLoadingsshall
be as follows:

(1) the primary membrane stress intensity shall not
exceed Sm;

(2) the primary membrane stress intensity plus
primary bending stress intensity shall not exceed 1.5Sm;

(3) substantiation by analysis of localized stresses
associated with contact loading of bearing or seating
surfaces is not required;

(4) the values of Sm shall be in accordance with
Section II, Part D, Subpart 1, Tables 2A, 2B, and 4.
(b) Stress limits for Level C Service Loadings shall be as

follows:
(1) the primary membrane stress intensity shall not

exceed 1.5Sm;

(2) the primary membrane stress intensity plus
primary bending stress intensity shall not exceed 1.8Sm
(see NB-3526.2);

(3) the rules of NB-3526.3 must be satisfied.
(c) Stress limits in NB-3527 for Level D Service Load-

ings shall be used.
(d) These requirements for the acceptability of valve

design are not intended to ensure the functional adequacy
of the valve. However, the Designer is cautioned that the
requirements of Article NB-7000 relative to set pressure,
lift, blowdown, and closure shall be met.

NB-3592.3 Earthquake. The rules of this subsubarticle
consider that under earthquake loadings the piping
system or vessel nozzle, rather than the valve body,
will be limiting. Pressure relief valves have extended
structures and these structures are essential to main-
taining pressure integrity. An analysis, when required
by the Design Specification, shall be performed based
on static forces resulting from equivalent earthquake
acceleration acting at the centers of gravity of the
extended masses. Classical bending and direct stress
equations, where free body diagrams determine a
simple stress distribution that is in equilibrium with
the applied loads, may be used.

NB-3593 Special Design Rules

NB-3593.1 Hydrostatic Test. Hydrostatic testing shall
be performed in accordance with NB-3531.2(f).

NB-3593.2 Marking. In addition to the marking
required by NCA-8220 and Article NB-7000, the
secondary Design Pressure shall be marked on the
valve or valve nameplate.

NB-3594 Design of Pressure Relief Valve Parts

NB-3594.1 Body.Thevalvebodyshall beanalyzedwith
consideration for the specific configuration of the body
and the applicable pressure zone and loadings. The
design shall take into consideration the adequacy of
the inlet flange connection, the outer flange connection,
and the body structural configuration. In valve designs
where the outlet flange is an extension of the bonnet,
the bonnet design shall conform to all rules of body
design. The body shall be designed in accordance with
the rules of NB-3540 through NB-3550. The design
adequacy of the inlet and outlet flanges shall be deter-
mined using the rules of NB-3658. Flanges shall
conform to the applicable pressure–temperature
ratings of NB-3531.1 and shall meet the interface dimen-
sions of ASME B16.5.

NB-3594.2 Bonnet (Yoke). The bonnet (yoke) may be
analyzedusingclassicbendinganddirect stressequations,
withappropriate freebodydiagrams.Thegeneral primary
membrane stress intensity and the general primary
membrane plus primary bending stress intensity shall
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Figure NB-3591.2-1
Typical Pressure Relief Devices

Yoke
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Figure NB-3591.2-2
Typical Pressure Relief and Safety Relief Devices
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be determined and shall not exceed the stress limits of
NB-3592.2.

NB-3594.3 Nozzle. The nozzle shall be analyzed in
accordance with the applicable rules of NB-3540 and
NB-3550, with a basic analytical model configuration
as shown in Figure NB-3594.3-1. The sections of the
nozzle where dimensions are limited by the flow capacity
and the operational control requirements may be consid-
ered as simple cylindrical sections. The minimum wall
thickness of these sections shall be determined in accor-
dance with NB-3324.1. These requirements are not appli-
cable to the transition region to the seat contacting area of
the nozzle, defined by L in Figure NB-3594.3-1, provided
dimension L is less than the nominal wall thickness t1. In

accordance with NB-2121(c), for materials not listed in
Section II, Part D, Subpart 1, Tables 2A and 2B, the Sm
value shall be determined in accordance with the rules
of Section II, Part D, Mandatory Appendix 2.

NB-3594.4 Body-to-Bonnet Joint. The body-to-bonnet
joint shall be analyzed in accordance with NB-3546.1.

NB-3594.5 Disk. The valve disk shall satisfy the re-
quirements of NB-3546.2 . In accordance with
NB-2121(c), for materials not listed in Section II, Part
D, Subpart 1, Tables 2A and2B, the Sm value shall be deter-
mined in accordance with the rules of Section II, Part D,
Mandatory Appendix 2.

Figure NB-3594.3-1
Valve Nozzle

t2

te

Te2Te1

r1

r2

t1

L

Control
region

Crotch
regionAf Am

Legend:
Af = fluid area, in.2 (mm2)
Am = metal area, in.2 (mm2)
L = length of seat transition region, in. (mm)
r1 = inside radius at crotch region, in. (mm)
r2 = outside fillet radius at crotch, in. (mm)

t1, t2 = nozzle wall thickness, in. (mm)
te = minimum body wall thickness adjacent to crotch, in. (mm)

Te1 = maximum effective thickness in crotch region, in. (mm)
Te2 = effective crotch wall thickness, in. (mm)
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NB-3594.6 Spring Washer. The average shear stress
shall not exceed 0.6Sm. The primary bending stress inten-
sity shall not exceed the stress limits of NB-3592.2.

NB-3594.7 Spindle (Stem). The general primary
membrane stress intensity shall not exceed the stress
limits of NB-3592.2.

NB-3594.8 Adjusting Screw. The adjusting screw shall
be analyzed for thread shear stress in accordancewith the
method of ASME B1.1 and this stress shall not exceed
0.6Sm. The general primary membrane stress intensity
of the adjusting screw shall not exceed the stress
limits of NB-3592.2, based on the root diameter of the
thread.

NB-3594.9 Spring. The valve spring shall be designed
so that the full lift spring compression shall be no greater
than 80% of the nominal solid deflection. The permanent
set of the spring (defined as the difference between the
free height and height measured a minimum of 10 min
after the spring has been compressed solid three addi-
tional times after presetting at room temperature)
shall not exceed 0.5% of the free height.

NB-3595 Design Report

NB-3595.1 General Requirements. A Design Report
shall be prepared in sufficient detail to show that the
valve satisfies the rules of this subsubarticle and
NCA-3211.40.

NB-3600 PIPING DESIGN

NB-3610 GENERAL REQUIREMENTS

NB-3611 Acceptability

The requirements for acceptability of a piping system
are given in the following subparagraphs.

NB-3611.1 Stress Limits. The design shall be such that
the stresses will not exceed the limits described in
NB-3630 except as provided in NB-3611.2.

NB-3611.2 Acceptability When Stresses Exceed Stress
Limits.When the stresses as determined by the methods
given in NB-3630 exceed the limits thereof, the design can
be accepted, provided it meets the requirements of
NB-3200.

NB-3611.3 Conformance to NB-3600. In cases of
conflict betweenNB-3100andNB-3600, the requirements
of NB-3600 shall apply.

NB-3611.4 Dimensional Standards. For the applicable
year of issue of all dimensional standards referred to in
NB-3600, see Table NCA-7100-1.

NB-3611.5 Prevention of Nonductile Fracture. The re-
quirements for prevention of nonductile fracture as set
forth in NB-3210(d) shall be met.

NB-3612 Pressure–Temperature Ratings
NB-3612.1 Standard Piping Products.

(a) When standard piping products are used, the pres-
sure ratings given as functions of temperature in the
appropriate standards listed in Table NCA-7100-1 shall
not be exceeded. In addition, the requirements of
NB-3625 shall be met. When established pressure
ratings of standard products do not extend to the
upper temperature limits for the material, the ratings
between those established and the upper temperature
limit may be determined in accordance with NB-3649.
(b) When the adequacy of thepressure design of a stan-

dard product is established by burst tests, the manufac-
turer of the product shall maintain a record of burst tests
conducted to ensure adequacy of product and shall so
certify. Such records shall be available to the purchaser.

NB-3612.2 Piping Products Without Specific Ratings.
If pipingproducts areused forwhichmethods of construc-
tion are not covered by this Subsection, the manufacturer
of the product shall use methods of construction that will
be as safe as otherwise provided by the rules of this
Subsection. When products are used for which pres-
sure–temperature ratings have not been established by
the standards listed in Table NCA-7100-1, the products
shall be designed and tested in accordance with
NB-3640. The manufacturer’s recommended pressure–
temperature ratings shall not be exceeded.

NB-3612.4 Considerations for Local Conditions and
Transients.

(a) When piping systems operating at different pres-
sures are connected by a valve or valves, the valve or
valves shall be designed for the higher pressure
system requirements of pressure and temperature. The
lower pressure system shall be designed in accordance
with (1), (2), or (3) below.

(1) The requirements of thepressure systemshall be
met.

(2) Pressure relief devices or safety valves shall be
included to protect the lower pressure system in accor-
dance with NB-7311.

(3) Ensure compliance with all the conditions of (-a)
through (-e) below.

(-a) Redundant check or remote actuated valves
shall be used in series at the interconnection, or a
check in series with a remote actuated valve.

(-b) When mechanical or electrical controls are
provided, redundant and diverse controls shall be
installed that will prevent the interconnecting valves
from opening when the pressure in the high pressure
system exceeds the Design Pressure of the lower pressure
system.

(-c) Means shall be provided such that operability
of all components, controls, and interlocks can be verified
by test.
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(-d) Means shall be provided to ensure that the
leakage rate of the interconnecting valves does not
exceed the relieving capacity of the relief devices on
the lower pressure system.

(-e) Adequate consideration shall be given to the
control of fluid pressure caused by heating of the fluid
trapped between two valves.

The low pressure system relieving capacity may be deter-
mined in accordance with NB-7311, on the basis of inter-
connecting valve being closed but leaking at a specified
rate, when (-a) through (-e) above are met. The pressure
relief devices or safety valves shall adjoin or be as close as
possible to the interconnecting valve and shall relieve
preferably to a system where the relieved effluent may
be contained. The design of the overpressure protection
system shall be based on pressure transients that are
specified in the Design Specification, and all other appli-
cable requirements of Article NB-7000 shall be met.
(b) Whenpressure-reducingvalves areusedandoneor

morepressure relief devices or safety valves are provided,
bypa s s va l v e s may be prov ided a round the
pressure-reducing valves. The combined relieving capac-
ity of the pressure relief devices, safety valves, and relief
piping shall be such that the lowerpressure systemservice
pressurewill not exceed the lowerpressuresystemDesign
Pressure bymore than10% if the pressure-reducing valve
fails in the open position and the bypass valve is open at
the same time. If the pressure-reducing valve and its
bypass valve are mechanically or electrically interlocked
so that only onemaybe open at any time the high pressure
system is at a pressure higher than the Design Pressure of
the low pressure system, then the relieving capacity of the
pressure relief devices, safety valves, and relief piping
shall be at least equal to the maximum capacity of the
larger of the two valves. The interlocks shall be redundant
and diverse.
(c) Exhaust and pump suction lines for any service and

pressure shall have relief valves of a suitable size unless
the lines and attached equipment are designed for the
maximum pressure and temperature to which they
may be accidentally or otherwise subjected.
(d) The effluent from relief devices may be discharged

outside the containment only if provisions are made for
the disposal of the effluent.
(e) Drip lines fromsteamheaders,mains, separators, or

other equipment operating at different pressures shall not
discharge through the same trap. Where several traps
discharge into a single header that is or may be under
pressure, a stop valve and a check valve shall be provided
in the discharge line from each trap. The Design Pressure
of trap discharge piping shall not be less than the
maximum discharge pressure to which it may be
subjected. Trap discharge piping shall be designed for
the same pressure as the trap inlet piping unless the
discharge piping is vented to a system operated under
lower pressure and has no intervening stop valves.

(f) Blowdown, dump, and drain piping from water
spaces of a steam generation system shall be designed
for saturated steam at the pressures and temperatures
given below.

Vessel Pressure,
psi (MPa)

Design
Pressure,
psi (MPa)

Design
Temperature,

°F (°C)
600 (4) and below 250 (1.7) 410 (210)
601 to 900 (4.01 to 6) 400 (2.8) 450 (230)
901 to 1,500 (6.01 to 10) 600 (4.1) 490 (255)
1,501 (10.01) and above 900 (6.2) 535 (280)

These requirements for blowdown, dump, and drain
piping apply to the entire system beyond the blowdown
valves to the blowdown tank or other points where the
pressure is reduced to approximately atmospheric and
cannot be increased by closing a valve. When pressures
can be increased because of calculated pressure drop or
otherwise, this shall be taken into account in the design.
Such piping shall be designed for the maximum pressure
to which it may be subjected.
(g) Pump discharge piping shall be designed for the

maximum pressure exerted by the pump at any load
and for the highest corresponding temperature actually
existing.
(h) Where a fluid passes through heat exchangers in

series, the design temperature of the piping in each
section of the system shall conform to the most severe
temperature condition expected to be produced by
heat exchangers in that section.

NB-3613 Allowances

NB-3613.1 Corrosion or Erosion. When corrosion or
erosion is expected, the wall thickness of the piping
shall be increased over that required by other design re-
quirements. This allowance shall be consistent with the
specified design life of the piping.

NB-3613.2 Threading and Grooving. The calculated
minimum thickness of piping that is to be threaded or
grooved shall be increased by an allowance equal to
the depth of the cut.

NB-3613.3 Mechanical Strength. When necessary to
preventdamage, collapse, orbucklingofpipedue tosuper-
imposed loads from supports or other causes, the wall
thicknessof thepipeshall be increased,or, if this is imprac-
tical or would cause excessive local stresses, the super-
imposed loads or other causes shall be reduced or
eliminated by other design methods.

NB-3620 DESIGN CONSIDERATIONS

NB-3621 Design and Service Loadings

The provisions of NB-3110 apply.
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NB-3622 Dynamic Effects

NB-3622.1 Impact. Impact forces caused by either
external or internal loads shall be considered in the
piping design.

NB-3622.2ð23Þ Reversing Dynamic Loads. Reversing
dynamic loads (see Figure NB-3622.2-1) are those
loads that cycle about a mean value and include building
filtered loads and earthquake loads. A reversing dynamic
load shall be treated as a nonreversing dynamic load in
applying the rules of NB-3600 when the number of rever-
singdynamic load cycles, exclusive of earthquake, exceeds
20.

NB-3622.3 Vibration. Piping shall be arranged and
supported so that vibration will be minimized. The
designer shall be responsible, by design and by observa-
tion under startup or initial service conditions, for
ensuring that vibration of piping systems iswithin accept-
able levels.

NB-3622.4 ð23ÞNonreversing Dynamic Loads. Non-
reversing dynamic loads (see Figure NB-3622.2-1) are
those loads that do not cycle about a mean value and
include the initial thrust force due to sudden opening
or closure of valves and waterhammer resulting from
entrapped water in two-phase flow systems. Reflected

Figure NB-3622.2-1
ð23Þ Examples of Reversing and Nonreversing Dynamic Loads
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waves in a piping system due to flow transients are clas-
sified as nonreversing dynamic loads.

NB-3623 Weight Effects

Piping systems shall be supported to provide for the
effects of live anddeadweights, as defined in the following
subparagraphs, and they shall be arranged or properly
restrained to prevent undue strains on equipment.

NB-3623.1 LiveWeight.The liveweight shall consist of
theweightof the fluidbeinghandledorof the fluidused for
testing or cleaning, whichever is greater.

NB-3623.2 DeadWeight.The deadweight shall consist
of the weight of the piping, insulation, and other loads
permanently imposed upon the piping.

NB-3624 Thermal Expansion and Contraction
Loads

NB-3624.1 Loadings, Displacements, and Restraints.
The design of piping systems shall take into account
the forces andmoments resulting from thermal expansion
and contraction, equipment displacements and rotations,
and the restraining effects of hangers, supports, and other
localized loadings.

NB-3624.2 Analysis of Thermal Expansion and
Contraction Effects. The analysis of the effects of
thermal expansion and contraction is covered inNB-3672.

NB-3624.3 Provision for Rapid Temperature Fluctua-
tion Effects. The Designer shall provide for unusual
thermal expansion and contraction loads caused by
rapid temperature fluctuations.

NB-3625 Stress Analysis

A stress analysis shall be prepared in sufficient detail to
show that each of the stress limitations of NB-3640 and
NB-3650 is satisfied when the piping is subjected to the
loadings required to be considered by this subarticle.

ð23Þ NB-3630 PIPING DESIGN AND ANALYSIS
CRITERIA

(a) Thedesign andanalysis of pipingwhen subjected to
the individual or combined effects of the loadings defined
inNB-3100andNB-3620maybeperformed inaccordance
with this subarticle. Design for pressure loading shall be
performed in accordance with the rules of NB-3640. Stan-
dard piping products thatmeet the requirements of ASME
B16.9 or NB-3649 satisfy the requirements of NB-3640,
and only the analysis required by NB-3650 need be
performed.
(b) Within a given piping system, the stress and fatigue

analysis shall be performed in accordance with one of the
methods given inNB-3650, NB-3200, or Section III Appen-
dices, Mandatory Appendix II. Stress indices are given in
NB-3680 for standard piping products, for some fabri-

cated joints, and for some fabricated piping products.
Some piping products designed for pressure by applying
the rules of NB-3649 may not be listed in NB-3680. For
such products, the designer shall determine the stress
indices as required in NB-3650.
(c) When a design does not satisfy the requirements of

NB-3640 and NB-3650, the more detailed alternative
analysis given in NB-3200 or the experimental stress
analysis of Section III Appendices, Mandatory Appendix
II may be used to obtain stress values for comparison
with the criteria of NB-3200.
(d) The requirements of this subarticle shall apply to all

Class 1 piping except as exempted under (1) or (2) below.
(1) Piping of NPS 1 (DN 25) or less that has been

classified as Class 1 in the Design Specification may be
designed in accordance with the Class 2 design require-
ments of Subsection NCD.

(2) Class 1 piping may be analyzed in accordance
with the Class 2 analysis of piping systems in Subsection
NCD, using the allowable Class 2 stresses and stress limits,
provided the specified service loads forwhich Level A and
B Service Limits are designated meet all of the require-
ments stipulated in (-a) through (-e) below.

(-a) Atmospheric to Service Pressure Cycle. The
specified number of times (including startup and shut-
down) that the pressure will be cycled from atmospheric
pressure to service pressure and back to atmospheric
pressure during normal service does not exceed the
number of cycles on the applicable fatigue curve of
Section III Appendices, Mandatory Appendix I corre-
sponding to an Sa value of three times the Sm value for
the material at service temperature.

(-b) Normal Service Pressure Fluctuation. The
specified full range of pressure fluctuations during
normal service does not exceed the quantity 1∕3 ×
Design Pressure × (Sa/Sm), where Sa is the value obtained
fromtheapplicabledesign fatigue curve for the total speci-
fied number of significant pressure fluctuations and Sm is
the allowable stress intensity for the material at service
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 pres-
sure fluctuations are those for which the total excursion
exceeds thequantity:DesignPressure×1∕3 × (S/Sm),where
S is defined as follows:

(-1) If the total specified number of service
cycles is 106 cycles or less, S is the value of Sa obtained
from the applicable design fatigue curve for 106 cycles.

(-2) If the total specified number of service
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.
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(-c) Temperature Difference — Startup and Shut-
down. The temperature difference, °F (°C), between
any two points spaced less than Rt2 apart, where R
and t are the mean radius and thickness, respectively,
during normal service does not exceed Sa/2Eα, where
Sa is the value obtained from the applicable design
fatigue curves for the specified number of startup–shut-
down cycles, α is the value of the instantaneous coefficient
of thermal expansion and E is the modulus of elasticity at
the mean value of the temperatures at the two points as
given by Section II, Part D, Subpart 2, Tables TE and TM.

(-d) Temperature Difference — Normal Service.12
The algebraic range of the temperature difference, °F
(°C), between any two points spaced less than Rt2
apart, where R and t are the mean radius and thickness,
respectively, does not fluctuate during normal service 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 differ-
ence fluctuations. 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:

(-1) If the total specified number of service
cycles is 106 cycles or less, S is the value of Sa obtained
from the applicable design fatigue curve for 106 cycles.

(-2) If the total specified number of service
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) Temperature Difference — Dissimilar Mate-
rials. For components fabricated from materials of
differing moduli of elasticity or coefficients of thermal
expansion, the total algebraic range of temperature fluc-
tuation, °F (°C), experienced by the component during
normal service does not exceed the magnitude Sa/2
(E1 α1 − E2 α2), 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 elasticity, and α1 and α2 are the values of
the instantaneous coefficients of thermal expansion
(Section II, Part D, Subpart 2, Tables TE and TM) at
the mean temperature value involved for the two mate-
rials of construction. A temperature fluctuation shall be
considered to be significant if its total excursion exceeds
the quantity S/2(E1 α1 − E2 α2), where S is defined as
follows.

(-1) If the total specified number of service
cycles is 106 cycles or less, S is the value of Sa obtained
from the applicable design fatigue curve for 106 cycles.

(-2) If the total specified number of service
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 paragraph.

NB-3640 PRESSURE DESIGN

NB-3641 Straight Pipe

NB-3641.1 Straight Pipe Under Internal Pressure. The
minimum thickness of a pipe wall required for Design
Pressure shall be determined from one of the following
equations:
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where

A = additional thickness, in. (mm):
(a) to compensate formaterial removed orwall

thinning due to threading or grooving, required to
make a mechanical joint. The values of A listed in
Table NB-3641.1(a)-1 are minimum values for
material removed in threading.
(b) to provide for mechanical strength of the

pipe. Small diameter, thin wall pipe or tubing is
susceptible to mechanical damage due to erection,
operation, and maintenance procedures. Accord-
ingly, appropriate means must be employed to
protect such piping against these types of loads
if they are not considered as Design Loads.
Increasedwall thickness is onewayof contributing
to resistance against mechanical damage.
(c) to provide for corrosion or erosion. Since

corrosion and erosion vary widely from installa-
tion to installation, it is the responsibility of
designers to determine the proper amounts
that must be added for either or both of these
conditions.

Do = outside diameter of the pipe, in. (mm.) (For design
calculations, the specified outside diameter of pipe
disregarding outside tolerances shall be used to
obtain the value of tm.)

d = inside diameter, in. (mm)
P = internal Design Pressure, psi (MPa)
Sm = maximum allowable stress intensity for the mate-

rial at the Design Temperature taken from Section
II, Part D, Subpart 1, Tables 2A and 2B, psi (MPa)

tm = the minimum required wall thickness, in. (mm)
[eq. (2) is valid only if d = Do − 2tm. If pipe is
ordered by its nominal wall thickness, the manu-
facturer’s tolerance on wall thickness must be
taken into account.]

y = 0.4
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The allowable working pressure of pipe may be deter-
mined from the following equation:

=P
S t

D yt
2

2a
m

o
(3)

where

Pa = the calculated maximum allowable internal pres-
sure for a straight pipe that shall at least equal the
Design Pressure, psi (MPa).
(a) Pa may be used for piping products with

pressure ratings equal to that of straight pipe
(see ASME B16.9).
(b) For standard flanged joints, the rated pres-

sure shall be used instead of Pa.
(c) For reinforced branch connections (see

NB-3643) where part of the required reinforce-
ment is in the run pipe, the Design Pressure
shall be used instead of Pa.
(d) For other piping products where the pres-

sure rating may be less than that of the pipe (for
example, flanged joints designed to Section III
Appendices, Mandatory Appendix XI), the
Design Pressure shall be used instead of Pa.
(e) Pa may be rounded out to the next higher

unit of 10 psi (0.1 MPa).
t = the specified or actual wall thickness minus, as

appropriate,material removed in threading, corro-
sion or erosion allowance, material manufacturing
tolerances, bending allowance (see NB-3642.1), or
material tobe removedbycounterboring, in. (mm).

NB-3641.2 Straight PipeUnder External Pressure.The
rules of NB-3133 shall be used.

NB-3642 Curved Segments of Pipe

NB-3642.1 Pipe Bends. The wall thickness for pipe
bends shall be determined in the same manner as deter-
mined for straight pipe in accordance with NB-3641,
subject to the limitations given in (a), (b), and (c) below.
(a) The wall thickness after bending shall not be less

than the minimum wall thickness required for straight
pipe.

(b) The information in Section III Appendices, Non-
mandatory Appendix GG is given to guide the designer
when ordering pipe.
(c) For the effects of ovality on stress levels, see

NB-3680.

NB-3642.2 Elbows. Elbows, manufactured in accor-
dance with the standards listed in Table NCA-7100-1
as limited by NB-3612.1, shall be considered as
meeting the requirements of NB-3640, except that the
minimum thickness in the crotch region of short radius
welding elbows in accordance with ASME B16.9 shall
be 20% greater than the minimum thickness required
for the straight pipe by NB-3641.1, eq. (1). The crotch
region is defined as that portion of the elbow between
ϕ = 210 deg and 330 deg, where ϕ is defined in Figure
NB-3685.2-1.

NB-3643 Intersections
NB-3643.1 General Requirements.

(a) The rules contained in this paragraph meet the re-
quirements of NB-3640 in the vicinity of branch connec-
tions.
(b) Openings shall be circular, elliptical, or of any other

shape that results from the intersection of a circular or
elliptical cylinder with a cylindrical shape. Additional
restrictions affecting stress indices are given in NB-3680.
(c) Openings are not limited in size except to the extent

provided for in connectionwith the stress indices listed in
NB-3680.
(d) Any typeofopeningpermitted in these rulesmaybe

located in a welded joint.
(e) Where intersecting pipes are joined by welding a

b r a n c h t o a r u n p i p e a s s h own i n F i g u r e
NB-3643.3(a)-2, the angle α between axes of the inter-
secting pipes shall not be less than 60 deg or more
than 120 deg. For angles outside this range, use fittings
as specified in NB-3643.2(a) or NB-3643.2(b).

NB-3643.2 Branch Connections. Branch connections
in piping may be made by using one of the products or
methods set forth in (a) through (d) below.
(a) Flanged, butt welding, or socket welding fittings

meeting the applicable standards listed in Table
NCA-7100-1, subject to the limitations or requirements
of this Subsection, are acceptable. Fittings that comply
with the test requirements of ASME B16.9 or of
NB-3649 are not required to meet requirements for re-
inforcement given in NB-3643.3.
(b) Welded outlet fittings, cast or forged branches, pipe

adapters, couplings, or similarproductswithbuttwelding,
socket welding, or flanged ends are acceptable for attach-
ment to the run pipe when limited to types that have inte-
gral reinforcement and are attached to the main run by
welding per NB-4246. Welded connections per NB-4244

Table NB-3641.1(a)-1
Values of A

Type of Pipe A, in. (mm)
Threaded steel and nonferrous pipe:

3∕4 in. (19 mm) nominal and
smaller

0.065 (1.65 mm)

1 in. (25 mm) nominal and
larger

Depth of thread

Grooved steel and nonferrous
pipe

Depth of groove plus 1∕64 in.
(0.40 mm)
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are permitted; however, the stress indices of NB-3683.8
are not applicable to all configurations.
(c) An extruded outlet at right angles to the run pipe is

acceptable.
(d) Branch pipe attached to the run pipe with fillet or

partial penetration welds per NB-3661.3 is acceptable.

NB-3643.3 Reinforcement for Openings.

(a) Nomenclature
(1) The fo l lowing terms are as shown in

Figure NB-3643.3(a)-1.

do = outside diameter of the branch pipe
L1 = height of nozzle reinforcement for branch

connections
Rm = mean radius of the run pipe
ri = inside radius of branch pipe
rm = mean radius of the branch pipe
x = ri + 0.5Tb

r′m = mean radius of the branch pipe
x = ri + 0.5T′b
rn = nominal radius [sketch (c) only]
x = ri + 0.5T′b + 0.5y cos θ
rp = outside radius of reinforced branch connection

r1, r2,
r3 = designated radii for reinforced branch connec-

tions
Tb = nominal thickness of the reinforced branch, not

including corrosion allowance ormill tolerance
T′b = nominal thickness of the branch pipe, not

including corrosion allowance ormill tolerance
To = corroded finished thickness or extruded outlet

measured at a height of r2 above the outside
surface of the run pipe

Tr = nominal thickness of the runpipe, not including
corrosion allowance or mill tolerance

y = slope offset distance
θ = angle between vertical and slope, deg

(2) The following terms are as shown on Figure
NB-3643.3(a)-2.

A1 = metal area available for reinforcement
A2 = metal area available for reinforcement
A3 = metal area available for reinforcement
d = diameter in the givenplaneof the finishedopening

in its corroded condition
LA = half-width of reinforcement zone measured along

the midsurface of the run pipe
L′A = half-width of zone inwhich two-thirds of compen-

sation must be placed
LN = limit of reinforcement measured normal to run

pipe wall
r = radius of the finished opening in the corroded

condition

Tr = nominal thickness of the run pipe, not including
corrosion allowance or mill tolerance

tb = minimum required thickness of the branch pipe,
not including corrosion allowance, according to
NB-3641.1

x = tm − A
tr = minimum required thickness of the run pipe, not

including corrosion allowance, according to
NB-3641.1

x = tm − A
α = angle between axes of branch and run (90 deg

≥ α ≥ 60 deg), deg

(3) The following terms are as shown in Figure
NB-3643.3(a)-3.

Do = outside diameter of the run pipe
h = height of the extruded lip, equal to or greater than

r2
To = finished thickness of the extruded outlet in the

corroded condition measured at a height equal
to r2 above the outside surface of the main run

T′r = minimum thickness of the run pipe after extrusion
of the opening, not including corrosion allowance
or mill tolerance, in. (mm). Allowance shall be
made for thinningof the runpipewall by the extru-
sion of the opening, if it occurs.

(b) Requirements
(1) Reinforcement shall be provided in amount and

distribution so that the requirements for the area of re-
inforcement are satisfied for all planes through the center
of the opening and normal to the surface of the run pipe,
except that openings need not be providedwith reinforce-
ment if all of the requirements of (-a), (-b), and (-c) below
are met.

(-a) A single opening has a diameter not exceeding
R T0.2 m r , or, if there are two ormore openingswithin any

circle of diameter, R T2.5 m r , but the sum of the diameters
of suchunreinforcedopenings shall not exceed R T0.25 m r .

(-b) Notwounreinforcedopenings shall have their
centers closer toeachother,measuredon the insidewall of
the run pipe, than the sum of their diameters.

(-c) No unreinforced opening shall have its center
closer than R T2.5 m r to the edge of any other locally
stressed area.

(2) The total cross-sectional area of reinforcement A
required in any given plane for a pipe under internal pres-
sure shall not be less than:

=A dt (2 sin )r

(3) The required reinforcing material shall be
uniformly distributed around the periphery of the
branch except that, in the case of branches not at right
angles, the designer may elect to provide additional rein-
forcement in the area of the crotch.
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Figure NB-3643.3(a)-1
Branch Connection Nomenclature

ASME BPVC.III.1.NB-2023

95ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NB (A
SME BPVC Sec

tio
n I

II D
iv 

1 N
B C

las
s 1

) 2
02

3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2023.pdf


Figure NB-3643.3(a)-2
Typical Reinforcement of Openings
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Figure NB-3643.3(a)-3
Typical Reinforced Extruded Outlet
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(c) Limits of Reinforcement. The boundaries of the
cross-sectional area in any plane passing through the
axis of the opening within which metal may be located
to have value as reinforcement are designated as the
limits of reinforcement for that plane, and they are
given in (1) and (2) below.

(1) The limits of reinforcement, measured along the
midsurface of the nominal wall thickness of the run pipe,
LA, shall be at a distance on each side of the axis of the
opening that is equal to the greater of (-a) or (-b) below:

(-a) the diameter of the finished opening in the
corroded condition; or

(-b) the radius of the finished opening in the
corroded condition r, plus the nominal thickness of the
run pipe Tr, plus the nominal thickness of the branch
wall Tb.

(-c) In addition, two-thirds of the required rein-
forcement shall be provided within the greater of the
limit given in (-b) above and the limit L’A that is the
greater of either

+r R T0.5 m r
or

+ +r T Tsinb r

(2) The limits of reinforcement measured normal to
the wall of the run pipe LN shall conform to the contour of
the surface of the branch at a distance from each surface
equal to the limits given in (-a) and (-b) below and as
shown in Figure NB-3643.3(a)-1.

(-a) For nozzle types of Figure NB-3643.3(a)-1,
sketches (a), (b), and (d):

= +L r T r0.5 0.5N m b 2

(-b) For Figure NB-3643.3(a)-1, sketch (c):

=L r T0.5N n b

(d) Metal Available for Reinforcement
(1) Metal may be counted as contributing to the area

of reinforcement called for in (b) if it lieswithin the area of
reinforcement specified in (c), and it shall be limited to
material that meets the requirements of (-a), (-b), and
(-c) below:

(-a) metal forming a part of the run wall that is in
excess of that required on the basis of NB-3641.1 and is
exclusive of corrosion allowance shown in Figure
NB-3643.3(a)-2;

(-b) similar excess metal in the branch wall, if the
branch is integralwith the runwall or is joined to it bya full
p e n e t r a t i o n w e l d , a s d e n o t e d b y A 1 i n
Figure NB-3643.3(a)-2;

(-c) weld metal that is fully continuous with the
wall of the run pipe, as denoted by area A2 in
Figure NB-3643.3(a)-2.

(2) Themean coefficient of thermal expansion of the
metal to be included as reinforcement under (1)(-b) and
(1)(-c) above shall bewithin15%of thevalue for themetal
in the wall of the run pipe.

(3) Metal available for reinforcement shall not be
considered as applying to more than one opening.

(4) Metal not fully continuous with the run pipe, as
that in branches attached by partial penetration welds,
shall not be counted as reinforcement.
(e) Strength of Metal. Material used for reinforcement

shall preferably be the same as that of the wall of the run
pipe. If material with a lower design stress intensity Sm is
used, the area provided by such material shall not be
counted at full value but shall be multiplied by the
ratio (less than unity) of the design stress intensity
values Sm of the reinforcement material and of the run
pipe material before being counted as reinforcement.
No reduction in the reinforcement requirement may be
taken for the increased strengthof either thebranchmate-
rial or weld metal having a higher design stress intensity
value than that of the material of the run pipe wall. The
strength of the material at the point under consideration
shall be used in the fatigue analysis.
(f) Requirements for Extruded Outlets. Extruded outlets

shall meet all of the requirements of (a) and (b), and these
rules apply onlywhere the axis of the outlet intersects and
is perpendicular to the axis of the run pipe.

(1) Geometric Requirements
(-a) An extruded outlet is one in which the

extruded lip at the outlet has a height h above the
surface of the run pipe that is equal to or greater than
the transition radius between the extruded lip and the
run pipe r2.

(-b) Theminimumvalue of the transition radius r2
shall not be less than 0.05do, except that on branch pipe
sizes larger than 30 in. (750 mm) the transition radius
need not exceed 1.5 in. (38 mm). The maximum value
of the transition radius r2 shall be limited as follows:
for branch pipes nominally NPS 8 (DN 200) and larger,
the dimension of the transition radius shall not exceed
0.10do + 0.50 in. (13mm); for branch pipe sizes nominally
less than NPS 8 (DN 200), r2 shall not be greater than 1.25
in. (32 mm).

(-c) When the external contour contains more
than one radius, the radius of any arc sector of approxi-
mately 45 deg shall meet the requirements given in (-b)
above.

(-d) Machining shall not be employed to meet the
requirements of (-b) and (-c) above.

(2) Limits of Reinforcement
(-a) The height of the reinforcement zone shall be

limited as shown in Figure NB-3643.3(a)-3:

=L d T0.5N o o

(-b) The halfwidth of the reinforcement zone shall
be limited as shown in Figure NB-3643.3(a)-3:
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=L dA

(3) Metal Available for Reinforcement. The reinforce-
ment area shall be the sum of areas A1 + A2 + A3 defined in
(-a) , (-b) , and (-c) below and shown in Figure
NB-3643.3(a)-3. Metal counted as reinforcement shall
not be applied to more than one opening.

(-a) Area A1 is the area lying within the reinforce-
ment zone that results fromanyexcess thickness available
in the wall of the branch pipe:

=A L T t2 ( )N b b1

(-b) Area A2 is the area lying within the reinforce-
ment zone that results from excess thickness available in
the lip of the extruded outlet:

=A r T T2 ( )o b2 2

(-c) Area A3 is the area lying within the reinforce-
ment zone that results from any excess thickness in the
run pipe wall:

=A d T t( )r r3

NB-3644 Miters

Mitered joints may be used in piping systems under the
conditions stipulated in (a) through (d) below.
(a) The minimum thickness of a segment of a miter

shall be determined in accordance with NB-3641. The
minimum thickness thus determined does not allow
for the discontinuity stresses that exist at the junction
between segments. The discontinuity stresses are
reduced for a given miter as the number of segments
is increased.
(b) The angle θ in Figure NB-3644(b)-1 shall not be

more than 221∕2 deg.
(c) The center line distance S between adjacent miters

shall be in accordance with Figure NB-3644(b)-1.
(d) Stress indices and flexibility factors shall be deter-

mined in accordance with the requirements of
NB-3681(d).

NB-3646 Closures

(a) Closures in piping systems may be made by use of
closure fittings, such as blind flanges or threaded or
welded plugs or caps, either manufactured in accordance
with standards listed in Table NCA-7100-1 and used
within the specified pressure–temperature ratings, or
made in accordance with (b) below.
(b) Closures not manufactured in accordance with the

standards listed in Table NCA-7100-1 may be made in
accordance with the rules for Class 2 vessels using the
equation:

= +t t Am

where

t = pressure design thickness, in. (mm), calculated for
the given closure shape and direction of loading
using appropriate equations and procedures for
Class 2 Vessels, except that the symbols used to
determine t shall be defined as
A = sum of mechanical a l lowances (see

NB-3613), in. (mm)
P = Design Pressure, psi (MPa)
S = applicable design stress intensity value Sm

from Section II, Part D, Subpart 1, Tables
2A and 2B, psi (MPa)

tm = minimum required thickness, in. (mm)

(c) Connections to closuresmay bemade bywelding or
extruding. Connections to the closure shall be in accor-
dance with the limitations provided for such connections
in NB-3643 and Figures NB-4243-1, NB-4244(a)-1,
NB-4244(b)-1, and NB-4244(c)-1 for branch connections.
If the size of the opening is greater than one-half the inside
diameter of the closure, the opening should be considered
as a reducer in accordance with NB-3648.
(d) Openings in closures may be reinforced in accor-

dance with the requirements of NB-3643.
(e) Flatheads thathaveanopeningwithadiameter that

does not exceed one-half of the head diameter shall have a
total cross-sectional area of reinforcement not less than
dt/2, where

d = the diameter of the finished opening, in. (mm)
t = the design thickness for the closure, in. (mm)

NB-3647 Pressure Design of Flanged Joints and
Blanks

NB-3647.1 Flanged Joints.

(a) Flanged jointsmanufactured inaccordancewith the
standards listed in Table NCA-7100-1, as limited by
NB-3612.1, shall be considered as meeting the require-
ments of NB-3640.

Figure NB-3644(b)-1
Miter Joint Geometry
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(b) Flanged joints not included in Table NCA-7100-1
shall be designed in accordance with Section III Appen-
dices, Mandatory Appendix XI, Article XI-3000, including
theuseof theappropriate allowable stress given inSection
II, Part D, Subpart 1, Tables 1A, 1B, and 3.

NB-3647.2 PermanentBlanks.Theminimumrequired
thickness of permanent blanks (FigureNB-3647.2-1) shall
be calculated from the following equations:

= +t t Am (7)

where

A = sum of the mechanical allowances, in. (mm) (see
NB-3613)

t = pressure design thickness, in. (mm), calculated
from eq. (8)

tm = minimum required thickness, in. (mm)

=
i
k
jjjjj

y
{
zzzzzt d P

S
3

16 m
6

1
2

(8)

where

d6 = inside diameter of the gasket for raised or flat face
flanges or the pitch diameter of the gasket for
retained gasketed flanges, in. (mm)

P = Design Pressure, psi (MPa)
Sm = the design stress intensity value in accordance

with Section II, Part D, Subpart 1, Tables 2A
and 2B, psi (MPa)

NB-3647.3 Temporary Blanks. Blanks to be used for
test purposes only shall have a minimum thickness not
less than the Design Pressure thickness t, calculated
from NB-3647.2, eq. (8), except that P shall not be less
than the test pressure and the design stress intensity
value Sm may be taken as 95% of the specified
minimum yield strength of the blank material (Section
II, Part D, Subpart 1, Table Y-1).

Figure NB-3647.2-1
Types of Permanent Blanks

(a)

(b) (c)

d6

d6 d6

t
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NB-3648 Reducers

Reducer fittings manufactured in accordance with the
standards listed in Table NCA-7100-1 shall be considered
suitable for use.Where buttwelding reducers aremade to
a nominal pipe thickness, the reducers shall be considered
suitable for use with pipe of the same nominal thickness.

NB-3649 PressureDesignofOtherPipingProducts

Other piping products manufactured in accordance
with the standards listed in Table NCA-7100-1 shall be
considered suitable for use provided the design is consis-
tent with the design philosophy of this Subsection. Piping
products not included in TableNCA-7100-1maybeused if
they satisfy the requirements of NB-3200. The pressure
design shall be based on an analysis consistent with this
Subsection, orexperimental stress analysis asdescribed in
Section III Appendices, Mandatory Appendix II, or an
ASME B16.9 type burst test. The bursting pressure in a
B16.9 type burst test shall be equal to or greater than
that of the weakest pipe to be attached to the piping
product, where the burst pressure [psi (MPa)] of the
weakest pipe is calculated by the equation:

=P St D2 o

where

Do = outside diameter of pipe, in. (mm)
S = specified minimum tensile strength of pipe mate-

rial, psi (MPa)
t = minimumspecifiedwall thickness of pipe, in. (mm)

NB-3649.1 Expansion Joints. Rules are currently
under development for the application of expansion
joints in piping systems. Until these rules are available,
expansion joints shall not be used in piping.

NB-3650 ANALYSIS OF PIPING PRODUCTS

NB-3651 General Requirements

NB-3651.1 Piping Products for Which Stress Indices
Are Given. Piping products, for which values of stress
indices B, C, and K are given in NB-3683.2 and that
meet the requirements of NB-3640, satisfy the design
criteria of NB-3611 provided they comply with these
rules. To validate a design in accordance with these
rules, it is necessary to performseveral flexibility analyses
in accordance with the requirements of NB-3672 and to
use themoments and forces obtained from these analyses
as required in NB-3650.

NB-3651.2 Piping Products for Which Stress Indices
Are Not Available. For analysis of flanged joints, see
NB-3658. For other piping products for which stress
indices are not available, see NB-3680.

NB-3651.3 Attachments.

(a) Lugs, brackets, stiffeners, and other attachments
may be welded, bolted, and studded to, or bear upon
the outside or inside of piping. The interaction effects
of attachments on the pressure boundary, producing
thermal gradients, localized bending stresses, stress
concentrations, or restraint of the pressure boundary
shall be considered by the piping designer. Standard
clamps generally have a negligible effect on the pressure
boundary. However, the effects of clamps on thin-wall
piping may need to be evaluated.
(b) Attachments shall meet the requirements of

NB-3135.
(c) Figure NB-4433-1 shows some typical types of

attachment welds (see NB-4430).
(d) The effect of rectangular and circular cross-section

welded attachments on straight pipes may be evaluated
using the procedures in Section III Appendices, Nonman-
datory Appendix Y.

NB-3651.4 Allowable Design Stress Intensity for
Branch Connections of Different Materials. In NB-3652
through NB-3657, Sm is the allowable design stress inten-
sity for the material under consideration. For branch
connections in which the run pipe and branch connection
aredifferentmaterials,Sm shall be takenas the lowerof the
two material allowable design stress intensity values for
the evaluation of the branch connection.

NB-3652 Consideration of Design Conditions

The primary stress intensity limit is satisfied if the
requirement of eq. (9) is met:

+B
PD

t
B

D
I

M S
2 2

1.5o o
i m1 2 (9)

where

B1, B2 = primary stress indices for the specific product
under investigation (see NB-3680)

Do = outside diameter of pipe, in. (mm) (see
NB-3683)

I = moment of inertia, in.4 (mm4) (see NB-3683)
Mi = resultant moment due to a combination of

Design Mechanical Loads, in.-lb (N·mm). All
Design Mechanical Loads, and combinations
thereof shall be provided in the Design Spec-
ification. The rules of NB-3683.1(d) shall be
followed. In the combination of loads, all direc-
tional moment components in the same direc-
tion shall be combined before determining the
resultant moment (i.e., resultant moments
from different load sets shall not be used in
calculating the moment Mi). If the method of
analysis for earthquake or other dynamic
loads is such that only magnitudes without
relative algebraic signs are obtained, the
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most conservative combination shall be
assumed.

P = Design Pressure, psi (MPa)
Sm = allowable design stress intensity value at

Design Temperature, psi (MPa) (Section II,
Part D, Subpart 1, Tables 2A and 2B)

t = nominal wall thickness of product, in. (mm)
(see NB-3683)

NB-3653 Consideration of Level A Service Limits

All load sets, for which Level A Service Limits are to be
evaluated, shall satisfy the fatigue requirements of
NB-3653.1 through NB-3653.6 and the thermal stress
ratchet requirement of NB-3653.7. Stresses due to the
effects of thermal stratification may be evaluated using
Section III Appendices, Nonmandatory Appendix JJ.

NB-3653.1 Satisfaction of Primary Plus Secondary
Stress Intensity Range.

(a) This calculation is based upon the effect of changes
that occur in mechanical or thermal loadings that take
place as the system goes from one load set, such as pres-
sure, temperature, moment, and force loading, to any
other load set that follows it in time. It is the range of
pressure, temperature, and moment between two load
sets that is to be used in the calculations. For example,
one of the load sets to be included is that corresponding
to zero pressure, zero moment, and room temperature.
Equation (10) shall be satisfied for all pairs of load sets:

= + +

×

S C C M C E

T T S3
n

P D
t

D
I i ab

a a b b m

1 2 2 2 3
o o o

(10)

(b) If for one or more pairs of load sets (a), eq. (10) is
not met, the piping product may still be satisfactory,
provided that the conditions of NB-3653.6 are met or
provided that the requirements of NB-3200 are satisfied.
(c) The nomenclature used in (a), eq. (10) is defined as

follows:

C1, C2,
C3 = secondary stress indices for the specific

componentunder investigation (seeNB-3680)
Do, t, I = as defined for NB-3652, eq. (9)
da(db) = inside diameter on side a(b) of a gross struc-

tural discontinuity or material discontinuity,
in. (mm)

Eab = average modulus of elasticity of the two sides
of a gross structural discontinuity or material
discontinuity at room temperature, psi (MPa)
(Section II, Part D, Subpart 2, Tables TM)

Mi = resultant range of moment that occurs when
the system goes from one service load set to
another, in.-lb (N·mm). Service loads and
combinations thereof shall be provided in

the Design Specification. The rules of
NB-3683.1(d) shall be followed. In the combi-
nation of moments from load sets, all direc-
tional moment components in the same
direction shall be combined before deter-
mining the resultant moment (i.e., resultant
moments from different load sets shall not
be used in calculating the moment range
Mi). If both service load sets have the same
weight effects, then the weight effects need
not be considered in determining the
loading range. If the method of analysis is
such that only magnitudes without relative
algebraic signs are obtained, the most conser-
vative combination shall be assumed. If a
combination includes reversing dynamic
loads, Mi shall be either:

(a) the resultant range of moment due to
the combination of all loads considering
one-half the range of the reversing dynamic
loads; or

(b) the resultant range of moment due to
the full range of the reversing dynamic loads
alone, whichever is greater.

Po = range of service pressure, psi (MPa)
Sm = average of the allowable stress intensity value

for the highest and the lowest temperatures of
the metal during the transient , when
secondary stress is due to a temperature tran-
sient at the point at which the stresses are
being analyzed, or due to restraint of free‐
end deflection. When part or all of the
secondary stress is due to mechanical load,
Sm shall not exceed the allowable stress inten-
sity value at the highest temperature during
the transient.

Ta(Tb) = range of average temperature on side a(b) of
gross structural discontinuity or material
discontinuity, °F (°C). For generally cylindrical
shapes, the averaging of T (see NB-3653.2)
shall be over a distance of d ta a for Ta and
over a distance of d tb b for Tb.

ta(tb) = average wall thickness through the length
d t d t( )a a b b , in. (mm). A trial and error solu-
tion for ta and tb may be necessary.

αa(αb) = coefficient of thermal expansionon sidea(b)of
a gross structural discontinuity or material
discontinuity, at room temperature, 1/°F
(1/°C) (Section II, PartD, Subpart 2, Tables TE)

NB-3653.2 Satisfaction of Peak Stress Intensity
Range.

(a) For every pair of load sets (see NB-3653.1), calcu-
late Sp values using eq. (11):
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= +

+ +

× +

S K C K C M

K E T K C E

T T E T

p
P D

t
D

I i

v ab

a a b b v

1 1 2 2 2 2
1

2(1 ) 3 1 3 3

1
1 2

o o o

(11)

NOTE: This simplified analysis is intended to provide a value of
Sp that conservatively est imates the sum of (Pm or
PL) + Pb + Pe + Q + F as required in Section III Appendices, Man-
datory Appendix XIII, Figure XIII-2100-1.

The nomenclature used in eq. (11) is defined as follows:

Eα = modulus of elasticity, E, times the mean
coefficient of thermal expansion, α, both
at room temperature, psi/°F (MPa/°C)

K1, K2, K3 = local stress indices for the specific compo-
nent under investigation (see NB-3680)

|ΔT1| = absolute value of the range of the tempera-
ture difference between the temperature of
the outside surface To and the temperature
of the inside surfaceTiof thepipingproduct
assuming moment generating equivalent
linear temperature distribution, °F (°C)

|ΔT2| = absolute value of the range for that portion
of the nonlinear thermal gradient through
the wall thickness not included in ΔT1 as
shown below, °F (°C)

For a quantitative definition of |ΔT1| and |ΔT2|, see (b)
below. All other terms are as defined forNB-3653.1(a), eq.
(10).
(b) Quantitative Definitions of |ΔT1| and |ΔT2|. The

following nomenclature is used:

Ti = value of T(y) at inside surface, °F (°C)
x = T(−t/2)

Tj(y), Tk(y) = temperature, as a function of radial posi-
tion, for load set j and load set k, respec-
tively, °F (°C)

To = value of T(y) at outside surface, °F (°C)
x = T(t/2)

T(y) = temperature distribution range from
condition j to condition k, °F (°C)

x = Tk(y) − Tj(y)
t = thickness of the wall of the pipe or

element, in. (mm)
y = radial position in thewall, measured posi-

tive outward from the midthickness posi-
tion (−t/2 ≤ y ≤ t/2), in. (mm)

Then the temperature distribution range T(y) may be
thought of as being composed of three parts:

(1) a constant value:

=T t T y dy(1 ) ( )
t

t

2

2

that is the average value through the thickness. Tmay be
used in determining free thermal expansions. Also, the
values of T determined (for the same pair of load sets)
or two locations a and b on either side of a gross discon-
tinuitymaybeused forTa andTb inNB-3653.1(a), eq. (10),
and NB-3653.2(a), eq. (11).

(2) a linear portion, with zero average value, having
variation given by:

= ( )V t yT y dy12 ( )
t

t2
2

2

(3) anonlinearportionwith a zero averagevalue and
azero firstmomentwith respect to themid-thickness.This
decomposition of T(y) into three parts is illustrated in
Figure NB-3653.2(b)-1. The value of ΔT1 to be used in
(a), eq. (11) is the variation V of the linear portion:

=T V1

The value of ΔT2 to be used in (a), eq. (11) is as follows:

=

( )
T

T T T T T T

max.

, , 0o i

2
1
2 1

1
2 1

NB-3653.3 Alternating Stress Intensity. The alter-
nating stress intensity Salt is equal to one-half the
v a l u e o f S p ( S a l t = S p / 2 ) c a l c u l a t e d i n
NB-3653.2(a), eq. (11).

NB-3653.4 Use of Design Fatigue Curve. Enter the ap-
plicable design fatigue curve, Section III Appendices, Man-
datory Appendix I, on the ordinate using Sa = Salt, and find
the corresponding number of cycles on the abscissa. If the
service cycle being considered is the only one that
produces significant fluctuating stresses, this is the allow-
able number of cycles.

NB-3653.5 Cumulative Damage. The cumulative
damage shall be evaluated in accordance with Section
III Appendices, Mandatory Appendix XIII, XIII-3520(e).
If Ni is greater than the maximum number of cycles
defined on the applicable design fatigue curve, the
value of ni/Ni may be taken as zero.

NB-3653.6 Simplified Elastic–Plastic Discontinuity
Analysis. If NB-3653.1(a), eq. (10) cannot be satisfied
for all pairs of load sets, the alternative analysis described
below may still permit qualifying the component under
NB-3650. Only those pairs of load sets that do not
satisfy NB-3653.1(a), eq. (10) need be considered.
(a) Equation (12) shall be met:

=S C
D

I
M S

2
3e

o
i m2 (12)
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where

Mi* = same as defined in NB-3653.1 for the pair of load
sets under review except it includes only
moments due to thermal expansion and
thermal anchor movements, in.-lb (N·mm)

Se = nominal value of expansion stress, psi (MPa)
Sm = the average of the tabulated Sm values for the

highest and the lowest temperatures of the
metal during the transient

All other variables as defined in NB-3653.1.
(b) The primary plus secondary membrane plus

bending stress intensity, excluding thermal bending
and thermal expansion stresses, shall be < 3Sm. This
requirement is satisfied by meeting eq. (13) below:

+ +

×

C C C E

T T S3

P D
t

D M
I ab

a a b b m

1 2 2 2 3
o o o i

(13)

where

C′3 = values in Table NB-3681(a)-1
Mi = same as defined in NB-3653.1 for the pair of load

sets under review except it excludes the moments
due to thermal expansion and thermal anchor
movements, in.-lb (N·mm)

Sm = as defined in NB-3653.1

All other variables as defined in NB-3653.1.
(c) If these conditions are met, the value of Salt shall be

calculated by eq. (14):

=S K
S

2e
p

alt
(14)

where

Ke = 1.0 for Sn ≤ 3Sm

x =
+

< <

i
k
jjjj

y
{
zzzz

S S mS

1.0 1 for

3 3

n
n m

S
S

m n m

(1 )
( 1) 3

n

m

x = 1/n for Sn ≥ 3mSm
m, n = material parameters given in Section III Appen-

dices,MandatoryAppendixXIII, TableXIII-3450-
1

Salt = alternating stress intensity, psi (MPa)
Sn = primary plus secondary stress intensity value

calculated in NB-3653.1(a), eq. (10), psi (MPa)
Sp = peak stress intensity value calculated by

NB-3653.2(a), eq. (11), psi (MPa)

Salt for all load sets shall be calculated in accordance with
NB-3653.3 or eq. (14). Using the alternating stress inten-
sity values calculated by the above procedures, determine
the cumulative usage factor in accordancewithNB-3653.4
and NB-3653.5. The cumulative usage factor shall not
exceed 1.0.

NB-3653.7 Thermal Stress Ratchet. For all pairs of
load sets, the value of the range of ΔT1 cannot exceed
that calculated as follows:

T
y S

E
Crange

0.7
y

1 4

where

C4 = 1.1 for ferritic material
x = 1.3 for austenitic material

E α = as defined for NB-3653.2(a), eq. (11), psi/°F
(MPa/°C)

P = maximumpressure for the set of conditionsunder
consideration, psi (MPa)

Figure NB-3653.2(b)-1
Decomposition of Temperature Distribution Range
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Sy = yield strength value, psi (MPa), taken at average
fluid temperature of the transient under consid-
eration

x = (PDo/2t) (1/Sy)

y′ =

< <

<

l
m
ooo
n
ooo

x

x x

for 0 0.5

4(1 ) for 0.5 1.0
x
1

NB-3654 Consideration of Level B Service Limits

The procedures for analyzing Service Loadings for
which Level B Service Limits are designated, are the
same as those given in NB-3653 for Level A Service
Limits. All load sets, including Level A and Level B
Service Loadings, shall satisfy the fatigue requirements
of NB-3653.1 through NB-3653.6 and the thermal
stress ratchet requirement of NB-3653.7.

NB-3654.1 Permissible Pressure. For Level B Service
Limits [NCA-2142.4(b)(2)], the permissible pressure shall
not exceed the pressure Pa, calculated in accordance with
NB-3641.1, eq. (3) bymore than10%.The calculationofPa
shall be based on the allowable stress intensity for the
material at the coincident temperature.

NB-3654.2 Analysis of Piping Components. For
Service Loadings for which Level B Service Limits are
designated, the requirements of (a) or (b) below shall
apply.
(a) For Service Loadings for which Level B Service

Limits are designated that do not include reversing
dynamic loads (see NB-3622.2) or have reversing
dynamic loads combined with nonreversing dynamic
loads (see NB-3622.4), the conditions of NB-3652, eq.
(9) shall be met using Service Level B coincident pressure
P and moments Mi that result in the maximum calculated
stress. The allowable stress to be used for this condition is
1.8Sm, but not greater than 1.5Sy.

Sm = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

Sy = material yield strengthat a temperature consistent
with the loading under consideration, psi (MPa)

(b) For Service Loadings for which Level B Service
Limits are designated that include reversing dynamic
loads that are not required to be combined with nonre-
versing dynamic loads, the requirements of NB-3653 for
Level A Service Limits shall bemet. In addition, any deflec-
tion limits prescribed by the Design Specification must be
satisfied.

NB-3655 Consideration of Level C Service Limits

NB-3655.1 Permissible Pressure. When Level C
Service Limits [NCA-2142.4(b)(3) and NB-3113(b)] are
specified, the permissible pressure shall not exceed the
pressure Pa, calculated in accordance with NB-3641.1,
eq. (3) by more than 50%. The calculation of Pa shall
be based on the allowable stress intensity for thematerial
at the coincident temperature.

NB-3655.2 Analysis of Piping Components. For
Service Loadings for which Level C Service Limits
[NCA-2142.4(b)(3) and NB-3113(b)] are designated,
the following requirements shall apply.
(a) For Service Loadings for which Level C Service

Limits are designated except as permitted by (b)
below, the conditions of NB-3652, eq. (9) shall be met
using Service Level C coincident pressure P and
moments Mi that result in the maximum calculated
stress. The allowable stress to be used for this condition
is 2.25Sm but not greater than 1.8Sy. In addition, if the
effects of anchor motion, MAM, from reversing dynamic
loads are not considered in NB-3654, then the require-
ments of NB-3656(b)(4) shall be satisfied using 70%
of the allowable stress given in NB-3656(b)(4).

Sm = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

Sy = material yield strengthat a temperature consistent
with the loading under consideration, psi (MPa)

(b) As an alternative to (a), for Service Loadings for
which Level C Service Limits are designated, which
include reversing dynamic loads (see NB-3622.2) that
are not required to be combined with nonreversing
dynamic loads (see NB-3622.2), the requirements of
NB-3656(b) shall be satisfied using the allowable
stress in NB-3656(b)(2), 70% of the allowable stress
in NB-3656(b)(3), and 70% of the allowable loads in
NB-3656(b)(4).

NB-3655.3 Deformation Limits. Any deformation or
deflection limits prescribed by the Design Specifications
shall be considered with respect to Level C Service Limits.

NB-3656 Consideration of Level D Service Limits

If the Design Specifications specify any Service Loading
for which Level D Limits are designated [NCA-2142.2(b)
(4)], the following requirements shall apply.
(a) For Service Loadings for which Level D Service

Limits are designated except as permitted by (b)
below, the requirements of (1), (2), and (3) below
shall apply.

(1) The permissible pressure shall not exceed 2.0
times the pressure Pa calculated in accordance with
NB-3641.1, eq. (3). The calculation of Pa shall be based
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on the allowable stress intensity for the material at the
coincident temperature.

(2) The conditions of NB-3652, eq. (9) shall be met
using Service Level D coincident pressure P and moment
Mi, which results in the maximum calculated stress. The
allowable stress to be used for this condition is 3.0Sm, but
not greater than 2.0Sy.

Sm = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

Sy = material yield strengthat a temperature consistent
with the loading under consideration, psi (MPa)

(3) If the effects of anchor motion, MAM, from rever-
sing dynamic loads are not considered in NB-3654, then
the requirements of (b)(4) shall be satisfied.
(b) As an alternative to (a), for piping fabricated from

material designated P-No. 1 through P-No. 9 in Section II,
Part D, Subpart 1, Table 2A and limited to DO/tn ≤ 40 if
Level D Service Limits are designated that include rever-
sing dynamic loads (see NB-3622.2) that are not required
to be combined with nonreversing dynamic loads (see
NB-3622.4), the requirements of (1) through (5) below
shall apply.

(1) The pressure occurring coincident with the
earthquake or other reversing type loading, PE, shall
not exceed the Design Pressure.

(2) The sustained stress due to weight loading shall
not exceed the following:

B
D

I
M S

2
0.5o

W m2

where

MW = resultant moment due to weight effects, in.-lb
(N·mm) (see NB-3623)

Sm = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

(3) The stress due to weight and inertial loading due
to reversing dynamic loads in combination with the Level
D coincident pressure shall not exceed the following:

+B
P D

t
B

D
I

M S
2 2

3E o o
E m1 2

where

B2′ = B2 from Table NB-3681(a)-1, except as follows:
B2′ = 1.33 for girth butt welds between items

that do not have nominally identical wall
thicknesses [see NB-3683.4(b)]

x = h0.87/ /2 3 for curved pipe or butt-welding
elbows (h as defined in NB-3683.7), but
not less than 1.0

B2b′ = 0.27(Rm/Tr)2/3 and
B2r′ = 0.33(Rm/Tr)2/3 for ASME B16.9 or MSS

SP-87 butt-welding tees (terms as
defined in NB-3683), but neither less
than 1.0

ME = the amplitude of the resultant moment due to
weight and the inertial loading resulting from
reversing dynamic loads, in.-lb (N·mm). In the
combination of loads, all directional moment
components in the same direction shall be
combined before determining the resultant
moment. If the method of analysis is such that
only magnitude without algebraic signs is
obtained, the most conservative combination
shall be assumed.

PE = the pressure occurring coincident with the rever-
sing dynamic load, psi (MPa)

Sm = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

(4) The range of the resultant moment MAM and the
amplitude of the longitudinal force FAM resulting from the
anchor motions due to earthquake and other reversing
type dynamic loading shall not exceed the following:

<

<

C S

S

6.0
M D

I m

F
A m

2 2
AM o

AM

M

where

AM = cross-sectional area of metal in the piping compo-
nent wall, in.2 (mm2)

Sm = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

(5) Theuseof the6Sm limit in (4) assumesessentially
linear behavior of the entire piping system. This assump-
tion is sufficiently accurate for systems where plastic
straining occurs at many points or over relatively wide
regions, but fails to reflect the actual strain distribution
in unbalanced systems where only a small portion of the
piping undergoes plastic strain. In these cases, theweaker
or higher stressed portions will be subjected to strain
concentrations due to elastic follow-up of the stiffer or
lower stressed portions. Unbalance can be produced

(-a) by the use of small pipe runs in series with
larger or stiffer pipe, with the small lines relatively
highly stressed.

(-b) by local reduction in size or cross section, or
local use of a weaker material.

In the case of unbalanced systems, the design shall be
modified to eliminate the unbalance or the piping shall be
qualified to the equations given in (4) with allowable 6Sm
replaced by 3Sm.
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(6) Piping displacements shall satisfy Design Speci-
fication limitations.
(c) As an alternative to (a) and (b), the rules contained

in Section III Appendices, Mandatory Appendix XIII, XIII-
3144(a) and XIII-3144(b) or Section III Appendices, Man-
datory Appendix XXVII may be used in evaluating these
service loadings independently of all other Design and
Service Loadings. When using Section III Appendices,
Mandatory Appendix XXVII, the exclusion of XXVII-
1300 shall not apply to anchor motion effects and the
secondary stresses resulting from anchor motion
effects shall be considered if either of the following
applies:

(1) The loads under consideration are reversing
dynamic loads in combination with nonreversing
dynamic loads and the anchor motion effects were not
considered in NB-3654.

(2) The loads under consideration are reversing
dynamic loads not in combination with nonreversing
dynamic loads.

NB-3657 Test Loadings

The evaluation of Test Loadings shall be carried out in
accordance with Section III Appendices, Mandatory
Appendix XIII, XIII-3600.

NB-3658 Analysis of Flanged Joints

The pressure design of flanged joints is covered by
NB-3647.1. Flanged joints subjected to combinations of
moment and pressure shall meet the requirements of
this paragraph. In addition, the pipe-to-flange welds
shall meet the requirements of NB-3652 through
NB-3656 using appropriate stress indices from Table
NB-3681(a)-1. Flanged joints using flanges, bolting, and
gaskets as specified in ASME B16.5 and using a bolt mate-
rial having an Sm value at 100°F (38°C) not less than 20.0
ksi (138 MPa) may be analyzed in accordance with the
following rules or in accordance with NB-3200. Other
flanged joints shall be analyzed in accordance with
NB-3200.

NB-3658.1 DesignLimits, LevelAandBService Limits.

(a) Thepressure shall not exceed the ratedpressure for
Level A Service Limits or 1.1 times the rated pressure for
Level B Service Limits.
(b) The bolting shall meet the requirements of Section

III Appendices, Mandatory Appendix XIII, XIII-4200. In
addition, the limitations given by eqs. (15) and (16)
shall be met:

(U.S. Customary Units)

( )M S CA3,125 36,000fs y b (15)

(SI Units)

( )M S CA21.7 250fs y b

where

Ab = total cross-sectional area of bolts at root of thread
or section of least diameter under stress, in.2
(mm2)

C = diameter of bolt circle, in. (mm)
Mfs = bending or torsional moment (considered sepa-

rately) applied to the joint due to weight,
thermal expansion of the piping, sustained
anchor movements, relief valve steady-state
thrust, and other sustained mechanical loads
applied to the flanged joint during the design
or service conditions, in.-lb. (N·mm). If cold
springing is used, the moment may be reduced
to the extent permitted by NB-3672.8.

Sy = yield strength of flange material at Design
Temperature (Section II, Part D, Subpart 1,
Table Y-1), psi (MPa). The value of Sy/36,000
(Sy/250) shall not be taken as greater than unity.

(U.S. Customary Units)

( )M S CA6,250 36,000fd y b (16)

(SI Units)

( )M S CA43.4 250fd y b

where

Mfd = bending or torsional moment (considered sepa-
rately) as defined for Mfs, but including dynamic
loadings, in.-lb (N·mm)

NB-3658.2 Level C Service Limits.

(a) The pressure shall not exceed 1.5 times the rated
pressure.
(b) The limitation given by eq. (17) shall be met:

(U.S. Customary Units)

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ ( )M A D P C S11,250 ( 16) 36,000fd b f fd y

2 (17)

(SI Units)
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ ( )M A D P C S78.1 ( 16) 250fd b f fd y

2

where

Df = outside diameter of raised face, in. (mm)
Pfd = pressure concurrent with Mfd, psi (MPa)
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Mfd, C, Sy, the limitation on Sy /36,000 (Sy /250), and Ab are
defined in NB-3658.1(b).

NB-3658.3 Level D Service Limits.

(a) The pressure shall not exceed 2.0 times the rated
pressure.
(b) The limitation given byNB-3658.2(b), eq. (17) shall

be met, where Pfd and Mfd are pressures, psi (MPa), and
moments, in.-lb (N·mm), occurring concurrently.

NB-3658.4 Test Loadings. Analysis for Test Loadings
is not required.

NB-3660 DESIGN OF WELDS

NB-3661 Welded Joints

NB-3661.1 General Requirements.Welded joints shall
be made in accordance with NB-4200.

NB-3661.2 Socket Welds.

(a) Socket welded piping joints shall be limited to pipe
sizes of NPS 2 (DN 50) and less.
(b) Socketwelds shall complywith the requirements of

NB-4427. Socket welds shall not be used where the exis-
tence of crevices could accelerate corrosion.

NB-3661.3 Fillet Welds and Partial PenetrationWelds
for Branch Connections. Fillet welds and partial penetra-
tion welds are allowed for branch connections provided
the following requirements of (a) and (b) are met:
(a) The ratioof the runpipeNPS to thebranchNPSshall

not be less than10; thebranch shall not be larger thanNPS
2; and, all reinforcement for the opening required by
NB-3643.3 shall be provided in the wall of the run pipe.
(b) The welds are fillet or groove welds as shown in

Figure NB-4246(b)-1. These welds shall allow for exam-
ination in accordance with NB-5245.

NB-3670 SPECIAL PIPING REQUIREMENTS

NB-3671 Selection and Limitation of Nonwelded
Piping Joints

The type of piping joint used shall be suitable for the
Design Loadings and shall be selected with consideration
of joint tightness, mechanical strength, and the nature of
the fluid handled. Piping joints shall conform to the re-
quirements of this Subsection with leak tightness being
a consideration in selection and design of joints for
piping systems to satisfy the requirements of the
Design Specifications.

NB-3671.1 Flanged Joints. Flanged joints are
permitted.

NB-3671.2 Expanded Joints. Expanded joints shall not
be used.

NB-3671.3 Threaded Joints. Threaded joints in which
the threads provide the only seal shall not be used. If a seal
weld is employed as the sealing medium, the stress
analysis of the joint must include the stresses in the
weld resulting from the relative deflections of the
mated parts.

NB-3671.4 Flared, Flareless, and Compression Joints.
Flared, flareless, and compression type tubing fittingsmay
be used for tubing sizes not exceeding 1 in. O.D. (25 mm)
within the limitations of applicable standards and speci-
fications listed inTableNCA-7100-1 and requirements (b)
and (c) below. In the absence of such standards or speci-
fications, the Designer shall determine that the type of
fitting selected is adequate and safe for the Design Load-
ings in accordance with the requirements of (a), (b), and
(c) below.
(a) The pressure design shallmeet the requirements of

NB-3649.
(b) Fittings and their joints shall be suitable for the

tubing with which they are to be used in accordance
with the minimum wall thickness of the tubing and
method of assembly recommended by the manufacturer.
(c) Fittings shall not be used in services that exceed the

manufacturer’s maximum pressure–temperature recom-
mendations.

NB-3671.5 Caulked Joints. Caulked or leaded joints
shall not be used.

NB-3671.6 Brazed and Soldered Joints.

(a) Brazed Joints
(1) Brazed joints of a maximum nominal pipe size of

1 in. (DN 25) may be used only at dead end instrument
connections and in special applications where space and
geometry conditions prevent the use of joints permitted
under NB-3661.2, NB-3661.3, and NB-3671.4. The depth
of socket shall be at least equal to that required for socket
welding fittings and shall be of sufficient depth to develop
a rupture strength equal to that of the pipe at Design
Temperature (see NB-4500).

(2) Brazed joints that depend upon a fillet rather
than a capillary type filler addition are not acceptable.

(3) Brazed joints shall not be used in systems
containing flammable fluids or in areas where fire
hazards are involved.
(b) Soldered Joints. Soldered joints shall not be used.

NB-3671.7 Sleeve Coupled and Other Patented Joints.
Mechanical joints, for which no standards exist, and other
patented jointsmay be used provided the requirements of
(a), (b), and (c) below are met.
(a) Provision is made to prevent separation of the

joints under all Service Loadings.
(b) They are accessible for maintenance, removal, and

replacement after service.
(c) Either of the following two criteria are met.
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(1) A prototype joint has been subjected to perfor-
mance tests to determine the safety of the joint under
simulated service conditions. When vibration, fatigue,
cyclic conditions, low temperature, thermal expansion,
or hydraulic shock is anticipated, the applicable condi-
tions shall be incorporated in the tests. The mechanical
joints shall be sufficiently leak tight to satisfy the require-
ments of the Design Specifications.

(2) Joints are designed in accordance with the rules
of NB-3200.

NB-3672 Expansion and Flexibility

(a) In addition to meeting the design requirements for
pressure, weight, and other loadings, piping systems shall
be designed to absorb or resist thermal expansion or
contraction or similar movements imposed by other
sources and shall meet the criteria for allowable stress
intensity as specified in NB-3611. Piping systems shall
be designed to have sufficient flexibility to prevent the
movements from causing:

(1) failure of piping or anchors from overstress or
overstrain;

(2) leakage at joints;
(3) detrimental distortion of connected equipment

resulting from excessive thrusts and moments.
(b) The effects of stresses, caused by pressure, thermal

expansion, and other loads and their stress intensification
factors, shall be considered cumulatively.

NB-3672.1 Properties. Thermal expansion data and
moduli of elasticity shall be determined from Section
II, Part D, Subpart 2, Tables TE and TM, which cover
more commonly used piping materials. For materials
not included in these tables, reference shall be to author-
itative source data, such as publications of the National
Institute of Standards and Technology.

NB-3672.2 Unit Thermal Expansion Range. The unit
thermal expansion range in in./100 ft (mm/m), used in
calculating the expansion range, shall be determined
from Section II, Part D, Subpart 2, Tables TE as the alge-
braic difference between the unit expansion shown for the
highest metal temperature and that for the lowest metal
temperature resulting from service or shutdown condi-
tions.

NB-3672.3 Moduli of Elasticity. The moduli of elasti-
city for ferrous and nonferrousmaterials shall be as given
in Section II, Part D, Subpart 2, Tables TM.

NB-3672.4 Poisson’s Ratio. When required for flex-
ibility calculations, Poisson’s ratio shall be taken as 0.3
for all metals at all temperatures.

NB-3672.5 Stresses. Flexibility calculations of the
moments and forces in the piping system due to
thermal expansion and end motions shall be based on
the hot modulus Eh. Calculations for the expansion

stresses shall be based on the least cross-sectional
area of the pipe or fitting, using nominal dimensions.
The expansion stress computed from the forces and
moments shall be multiplied by the ratio Ec/Eh, where
Ec is the modulus of elasticity at room temperature.
The effect of expansion stresses in combination with
stresses from other causes shall be evaluated in accor-
dance with NB-3611 or NB-3630.

NB-3672.6 Method of Analysis. All systems shall be
analyzed for adequate flexibility by a rigorous structural
analysis unless they can be judged technically adequate by
an engineering comparison with previously analyzed
systems.

NB-3672.7 Basic Assumptions and Requirements.

(a) When calculating the flexibility of a piping system
between anchor points, the system between the anchor
points shall be treated as a whole. The significance of
all parts of the line and of all restraints, such as supports
or guides, including intermediate restraints introduced
for the purpose of reducingmoments and forces on equip-
ment or small branch lines, shall be considered.
(b) Comprehensive calculations shall take into account

the flexibility factors and stress indices found to exist in
piping products other than straight pipe. Credit may be
taken where extra flexibility exists in the piping
system. Flexibility factors and stress indices are given
in NB-3680.
(c) The total expansion range shall be used in all calcu-

lations whether or not the piping is cold sprung. Not only
the expansion of the line itself, but also linear and angular
movements of the equipment and supports to which it is
attached, shall be considered.
(d) Where assumptions are used in calculations or

model tests, the likelihood of underestimates of forces,
moments, and stresses, including the effects of stress
intensification, shall be evaluated.

NB-3672.8 Cold Springing. Cold springing provides a
beneficial effect in assisting a system to attain its most
favorable position sooner. The effect of cold springing
shall be analyzed as any other movement in the
system is analyzed. The maximum stress allowed due
to cold springing is 2.0Sm at the cold spring temperature.
Since the usual erection procedures may not permit accu-
rate determination of cold spring in a piping system, the
allowable reduction of forces and moments at anchors or
equipment caused by cold springing shall be limited to no
more than two-thirds of the calculated reduction.

NB-3674 Design of Pipe Supports

Pipe supports shall be designed in accordance with the
requirements of Subsection NF.
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NB-3677 Pressure Relief Piping

NB-3677.1 General Requirements. Pressure relief
piping within the scope of this Subsection shall be
supported to sustain reaction forces and shall conform
to the requirements of the following subparagraphs.

NB-3677.2 Piping to Pressure-Relieving Safety
Devices.

(a) Piping that connects a pressure-relieving safety
device to apiping systemshall complywith all the require-
ments of the class of piping of the system that it is desig-
nated to relieve.
(b) There shall be no intervening stop valves between

systems being protected and their protective device or
devices except as provided for in NB-7142.

NB-3677.3 Discharge Piping From Pressure-Relieving
Safety Devices.

(a) Discharge piping from pressure-relieving safety
devices shall comply with the requirements applicable
to the conditions under which it operates.
(b) There shall be no intervening stop valve between

the protective device or devices and the point of discharge
except as provided for in NB-7142.
(c) The effluent from relief devices may be discharged

outside the containment only if adequate provisions are
made for the safe disposal of the effluent. It shall not
impinge on other piping or structure or equipment
and shall be directed away from platforms and other
areas that might be used by personnel.
(d) It is recommended that individual discharge lines

be used. For requirements on discharge piping, see
NB-7141(f).
(e) When the umbrella or drip pan type of connection

between the pressure-relieving safety device and the
discharge piping is used, the discharge piping shall be
so designed as to prevent binding due to expansionmove-
ments and shall be sodimensionedas toprevent thepossi-
bility of blow back of the effluent. Individual discharge
lines shall be used in this application. Drainage shall
be provided to remove water collected above the
safety valve seat.
(f) Discharge lines from pressure-relieving safety

devices within the scope of this Subsection shall be
designed to facilitate drainage if there is any possibility
that the effluent can contain liquid.

NB-3680 STRESS INDICES AND FLEXIBILITY
FACTORS

NB-3681 Scope

(a) Thereare two typesof analyses allowedby the rules
of this subarticle. The applicable B, C, and K indices to be
used with NB-3652, eq. (9), NB-3653.1(a), eq. (10), and
NB-3653.2(a), eq. (11) are given in Table NB-3681(a)-1.

The applicable indices to be used with the detailed
analysis of Section III Appendices, Mandatory Appendix
XIII are given in NB-3685 and NB-3338.

(b) Methods of determining flexibility factors for some
commonly used piping products are given in NB-3686.
(c) Values of stress indices are tabulated for commonly

used piping products and joints. Unless specific data,
which shall be referenced in the Design Report, exist
that would warrant lower stress indices than those tabu-
lated or higher flexibility factors than those calculated by
the methods of NB-3686, the stress indices given shall be
used as minimums and the flexibility factors shall be used
as maximums.
(d) For piping products not coveredbyNB-3680, stress

indices and flexibility factors shall be established by
experimental analysis (Section III Appendices, Mandatory
Appendix II) or theoretical analysis. Such test data or theo-
retical analysis shall be included in the Design Report.
(e) When determining stress indices by experimental

methods, the nominal stress at the point under considera-
tion (crack site, point of maximum stress intensity, etc.)
shall be used.

NB-3682 Definitions of Stress Indices and
Flexibility Factors

(a) The general definition of a stress index formechan-
ical loads is:

=B C K i
S

, , , or

where

S = nominal stress, psi (MPa), due to load L
σ = elastic stress, psi (MPa), due to load L

For B indices, σ represents the stress magnitude corre-
sponding toa limit load. ForCorK indices,σ represents the
maximum stress intensity due to load L. For i factors, σ
represents the principal stress at a particular point,
surface, and direction due to load L.
(b) The general definition of a stress index for thermal

loads is:

=C K
E T

or

where

E = modulus of elasticity, psi (MPa)
α = coefficient of thermal expansion, 1/°F (1/°C)

Δ T = thermal difference, °F (°C)
σ = maximum stress intensity, psi (MPa), due to

thermal difference ΔT

The values of E, α, and ΔT are defined in detail in
NB-3650.
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Table NB-3681(a)-1
Stress Indices for Use With Equations in NB-3650

Piping Products and Joints [Note (3)]

Applicable for Do/t ≤ 100 for C or K Indices and Do/t ≤ 50 for B Indices [Note (1)]

Notes

Internal Pressure [Note (2)] Moment Loading [Note (2)] Thermal Loading

B1
C1

[Note (4)]
K1

[Note (4)] B2
C2

[Note (4)]
K2

[Note (4)] C3 C3′
K3

[Note (4)]
Straight pipe, remote from welds or other
discontinuities

0.5 1.0 1.0 1.0 1.0 1.0 0.6 0.5 1.0 (5)

Longitudinal butt welds in straight pipe
(a) flush 0.5 1.0 1.1 1.0 1.0 1.1 1.0 ... 1.1 (6)
(b) as-welded t >3∕16 in. (5 mm) 0.5 1.1 1.2 1.0 1.2 1.3 1.0 ... 1.2 (6)
(c) as-welded t ≤3∕16 in. (5 mm) 0.5 1.4 2.5 1.0 1.2 1.3 1.0 ... 1.2 (6)

Girth butt welds between nominally identical wall thickness items
(a) flush 0.5 1.0 1.1 1.0 1.0 1.1 0.60 0.50 1.1 (7)
(b) as-welded 0.5 1.0 1.2 1.0 ... 1.8 0.60 0.50 1.7 (7)

Girth fillet weld to socket weld, fittings,
socket
weld valves, slip-on or socket welding
flanges

... ... 3.0 ... ... 2.0 2.0 1.0 3.0 (8)

NB-4250 transitions
(a) flush 0.5 ... 1.1 1.0 ... 1.1 ... 1.0 1.1 (9)
(b) as-welded 0.5 ... 1.2 1.0 ... 1.8 ... 1.0 1.7 (9)

Transitions within a 1:3 slope envelope
(a) flush 0.5 ... 1.2 1.0 ... 1.1 ... 0.60 1.1 (10)
(b) as-welded 0.5 ... 1.2 1.0 ... 1.8 ... 0.60 1.7 (10)

Butt welding reducers per ASME B16.9
or MSS SP-87

... ... ... 1.0 ... ... 1.0 0.5 1.0 (11)

Curved pipe or butt welding elbows ... ... 1.0 ... ... 1.0 1.0 0.5 1.0 (12)

Branch connections per NB-3643 0.5 ... 2.0 ... ... ... 1.8 1.0 1.7 (13)

Butt welding tees 0.5 1.5 4.0 ... ... ... 1.0 0.5 1.0 (14)

GENERAL NOTE: For indices not listed, see the note referenced at the end of the applicable line.

NOTES:
(1) For products and joints with 50 < Do/t ≤ 100, see NB-3683.2(c).
(2) For the calculation of pressure and moment loads and special instructions regarding NB-3652, eq. (9) through NB-3653.6(b), eq. (13), see

NB-3683.1(d).
(3) For definitions, applicability, and specific restrictions, see NB-3683.
(4) For special instructions regarding the use of these indices for welded products, intersecting welds, abutting products, or out-of-round

products, see NB-3683.2.
(5) See NB-3683.3, Straight Pipe Remote From Welds.
(6) See NB-3683.4(a), Longitudinal Butt Welds.
(7) See NB-3683.4(b), Girth Butt Welds.
(8) See NB-3683.4(c), Girth Fillet Welds.
(9) See NB-3683.5(a), NB-4250 Transitions.
(10) See NB-3683.5(b), Transitions Within a 1:3 Slope.
(11) See NB-3683.6, Concentric and Eccentric Reducers.
(12) See NB-3683.7, Curved Pipe or Butt Welding Elbows. See also NB-3683.2(a) and NB-3683.2(b).
(13) See NB-3683.8, Branch Connections per NB-3643. See also NB-3683.1(d).
(14) See NB-3683.9, Butt Welding Tees. See also NB-3683.1(d).
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(c) Flexibility factors are identified herein by k with
appropriate subscripts. The general definition of a flex-
ibility factor is:

=k ab nom

where

θab = rotation of end a, with respect to end b, due to a
moment load M and in the direction of the
moment M

θnom = nominal rotation due to moment load M

The flexibility factor k and nominal rotation θnom are
defined in detail for specific components in NB-3686.

NB-3683 Stress Indices for Use With NB-3650

T h e s t r e s s i n d i c e s g i v e n h e r e i n a n d i n
Table NB-3681(a)-1 and subject to the additional restric-
tions specified herein are to be used with the analysis
methods of NB-3650. For piping products outside the ap-
plicable range, stress indices shall be established in accor-
dance with NB-3681.

NB-3683.1 Nomenclature.

(a) Dimensions. Nominal dimensions as specified in the
dimensional standards of Table NCA-7100-1 shall be used
for calculating the numerical values of the stress indices
given herein and in Table NB-3681(a)-1, and for evalu-
ating NB-3652, eq. (9) through NB-3653.6(c), eq. (14).
For ASME B16.9 or MSS SP-87 piping products, the
nominal dimensions of the equivalent pipe (for
example, Schedule 40) as certified by the manufacturer
shall be used. Not more than one equivalent pipe size
shall be certified for given product items of the same
size, shape, and weight.
For piping products such as reducers and tapered-wall

transitions that have different dimensions at either end,
the nominal dimensions of the large or small end, which-
ever gives the larger value of Do/t, shall be used. Dimen-
sional terms are defined as follows:

Do = nominal outside diameter of pipe, in. (mm)
Di = nominal inside diameter of pipe, in. (mm)
Dm = mean diameter of designated run pipe, in.

(mm) [see NB-3683.8(c) and Figure
NB-3643.3(a)-1]

x = 2Rm = (Do − Tr)
Dmax = maximum outside diameter of cross section,

in. (mm)
Dmin = minimum outside diameter of cross section,

in. (mm)
D1 = nominal outside diameter at large end of

concentric and eccentric reducers, in.
(mm) (see NB-3683.6)

D2 = nominal outside diameter at small end of
concentric and eccentric reducers, in.
(mm) (see NB-3683.6)

do = nominal outside diameter of attached branch
pipe, in. (mm)

di = nominal inside diameter of branch, in. (mm)
dm = nominal mean diameter of reinforced or

unreinforced branch , in . (mm) [see
NB-3683.8(c)]

x = (di + tn)
h = characteristic bend parameter of a curved

pipe or butt welding elbow
x = tR/rm2
I = moment of inertia of pipe, in.4 (mm4)
x = 0.0491 (Do4 − Di4)
L1 = height of nozzle reinforcement for branch

connec t i ons , i n . (mm) [ see F i gure
NB-3643.3(a)-1]

L1, L2 = length of cylindrical portion at the large end
and small end of a reducer, respectively, in.
(mm) (see NB-3683.6)

R = nominal bend radius of curved pipe or elbow,
in. (mm)

Rm = mean radius of designated run pipe, in. (mm)
[see NB-3683.8 and Figure NB-3643.3(a)-1]

x = (Do − Tr)/2
ri = inside radius of branch, in. (mm) [see

Figure NB-3643.3(a)-1]
x = di/2
rm = mean pipe radius, in. (mm)
x = (Do − t)/2

r′m = mean radius of attached branch pipe, in.
(mm) [see Figure NB-3643.3(a)-1]

x = (do − T′b)/2
rp = outside radius of reinforced nozzle or branch

c onn e c t i o n , i n . (mm) [ s e e F i g u r e
NB-3643.3(a)-1]

r1, r2,
r3 = designated radii for reinforced branch

connections, concentric and eccentric redu-
cers, in. (mm) [see NB-3683.6, NB-3683.8,
and Figure NB-3643.3(a)-1]

Tb = wall thickness of branch connection rein-
f o r c em e n t , i n . (mm ) [ s e e F i g u r e
NB-3643.3(a)-1]

T′b = nominal wall thickness of attached branch
pipe, in. (mm) [see Figure NB-3643.3(a)-1]

Tr = nominal wall thickness of designated run
pipe, in. (mm) [see Figure NB-3643.3(a)-1]

t = nominal wall thickness of pipe, in. (mm). For
piping products purchased to a minimum
wall specification, the nominal wall thickness
shall be taken as 1.14 times the minimum
wall.
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tmax = maximumwall thickness of a welding transi-
tion within a distance of D to from the
welding end, in. (mm) [see NB-3683.5(b)],
in. (mm)

tn = wall thickness of nozzle or branch connection
reinforcement, in. (mm) (seeNB-3683.8; also
used for concentric and eccentric reducers,
see NB-3683.6)

t1 = nominal wall thickness at large end of
concentric and eccentric reducers, in.
(mm) (see NB-3683.6)

t2 = nominal wall thickness at small end of
concentric and eccentric reducers, in.
(mm) (see NB-3683.6)

t1m, t2m = minimumwall thickness at the large end and
small end of a reducer, respectively, that is
required to resist the Design Pressure P in
accordance with NB-3641.1, eq. (1), in. (mm)

Z = section modulus of pipe, in.3 (mm3)
x = 2I/Do
Zb = approximate section modulus of attached

branch pipe, in.3 (mm3)
x = π(r′m)2T′b
Zr = approximate section modulus of designated

run pipe, in.3 (mm3)
x = π(Rm)2Tr
α = cone angle of concentric and eccentric redu-

cers, deg (see NB-3683.6)
Δ = radial weld shrinkage measured from the

nominal outside surface, in. (mm)
θn = slope of nozzle-to-pipe transition for branch

connections, deg [seeFigureNB-3643.3(a)-1]

(b) Material Properties. Unless otherwise specified,
material properties at the appropriate temperature, as
given in Section II, Part D, Subparts 1 and 2, shall be
used. Terms are defined as follows:

E = modulus of elasticity for the material at room
temperature, psi (MPa), taken from Section II,
Part D, Subpart 2, Tables TM

M = materials constant
x = 2, for ferritic steels and nonferrous materials

except nickel–chrome–iron alloys and nickel–
iron–chrome alloys

x = 2.7, for austenitic steel, nickel–chrome–iron alloys
and nickel–iron–chrome alloys [see NB-3683.2(b)]

Sy = yield strength of the material at the Design
Temperature, psi (MPa), taken from Section II,
Part D, Subpart 1, Table Y-1

v = Poisson’s ratio
x = 0.3

(c) Connecting Welds. Connecting welds in accordance
with the requirements of this Subsection are defined as
either flush or as-welded welds.

(1) Flush welds are those welds with contours as
defined in Figure NB-3683.1(c)-1. The total thickness
(both inside and outside) of the weld reinforcement
shall not exceed 0.1t. There shall be no concavity on
either the interior or exterior surfaces and the finished
contour shall not have any slope greater than 7 deg
where the angle is measured from a tangent to the
surface of the pipe or on the tapered transition side of
the weld to the nominal transition surface.

(2) As-welded welds are those welds not meeting the
special requirements of flush welds.
(d) Loadings. Loadings for which stress indices are

given include internal pressure, bending and torsional
moments, and temperature differences. The indices are
intended to be sufficiently conservative to account also
for the effects of transverse shear forces normally encoun-
tered in flexible piping systems. If, however, thrust or
shear forces account for a significant portion of the
loading on a given piping product, the effect of these
forces shall be included in the design analysis. The
values of the moments and forces shall be obtained
from an analysis of the piping system in accordance
with NB-3672. Loading terms are defined as follows:

M1, M2,
M3 = orthogonal moment loading components at a

given position in a piping system, in.-lb
(N·mm)

Mij = orthogonal moment components of a tee or
branch connection as shown in Figure
NB-3683.1(d)-1 where i = x, y, z and j = 1,
2, 3, in.-lb (N·mm)

Mt = resultant moment loading applied during the
specified operating cycle for straight-through
products such as straight pipe, curved pipe or
elbows, and concentric reducers, in.-lb
(N·mm)

x = + +M M M1
2

2
2

3
2

P = Design Pressure, psi (MPa)
Po = range of service pressure, psi (MPa)
P* = maximum value of pressure in the load cycle

under consideration, psi (MPa)

Figure NB-3683.1(c)-1
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The moment components Mx1, Mx2, My1, My2, Mz1, and
Mz2 for the run are calculated at the intersection of the run
and branch center lines. The moment components Mx3,
My3, and Mz3 for a branch connection where do/Do
≤ 0.5 may be calculated for a point on the branch
center line at a distance Do/2 from the intersection of
the run and branch center lines. Otherwise, Mx3, My3,
and Mz3 are calculated at the intersection of the run
and branch center lines.

Mb = resultant moment on the branch for branch
connections or tees, in.-lb (N·mm)

x =
+ +( )M M M( ) ( )x y z3

2
3

2
3

2

Mb* = same asMb, except it includes onlymoments
due to thermal expansion and thermal
anchor movements, in.-lb (N·mm)

Mr = resultant moment on the run for branch
connections or tees, in.-lb (N·mm)

x =
+ +( )M M M( ) ( )xr yr zr

2 2 2

Mr* = same asMr except it includes only moments
due to thermal expansion and thermal
anchor movements, in.-lb (N·mm)

Mxr, Myr,
Mzr = run moment components for use with

the stress indices of NB-3683.8 and
NB-3683.9, in.-lb (N·mm). Their numerical
values are calculated as follows. If Mi1 and
Mi2 (where i= x, y, z) have the same algebraic
sign (±), then Mir equals zero. If Mi1 and Mi2
have opposite algebraic signs, then Mir
equals the smaller of Mi1 or Mi2. If Mi1
and Mi2 are unsigned, then Mir may be
taken as the smaller ofMi1 orMi2. Combina-
tion of signed and unsigned moments from
different load sources shall be done after
determination of Mir.

For branch connections or tees, the pressure term of
NB-3652, eq. (9); NB-3653.1(a), eq. (10); NB-3653.2(a),
eq. (11); and NB-3653.6(b), eq. (13) shall be replaced
by the following terms:
For NB-3652, eq. (9): B1 (PDo /2Tr)
For NB-3653.1(a), eq. (10), and NB-3653.6(b), eq. (13):

C1 (Po Do/2Tr)
For NB-3653.2(a), eq. (11): K1 C1 (Po Do/2Tr)
For branch connections or tees, the moment term of

NB-3652, eq. (9), through NB-3653.6(b), eq. (13) shall
be replaced by the following pairs of terms:
For NB-3652, eq. (9): B2b (Mb/Zb) + B2r (Mr/Zr)
For NB-3653.1(a), eq. (10), and NB-3653.6(b), eq. (13):

C2b (Mb/Zb) + C2r (Mr/Zr)
For NB-3653.2(a), eq. (11): C2bK2b(Mb/Zb) + C2rK2r(Mr/

Zr)
For NB-3653.6(a), eq. (12): C2b (Mb*/Zb) + C2r (Mr*/Zr)

where the approximate section moduli are:

=

=

Z r T

Z R T

( )

( )

b m b

r m r

2

2

NB-3683.2 Applicability of Indices— General. The B,
C , and K s t r e s s ind i ce s g i ven here in and in
Table NB-3681(a)-1 predict stresses at a weld joint or
within the body of a particular product. The stress
indices given for ASME B16.9 and MSS SP-87 piping
products apply only to seamless productswith no connec-
tions, attachments, or other extraneous stress raisers on
the body thereof. The stress indices for welds are not ap-
plicable if the radialweld shrinkageΔ is greater than0.25t.
For products with longitudinal butt welds, the K1, K2,

and K3 indices shown shall be multiplied by 1.1 for flush
welds or by 1.3 for as-weldedwelds. At the intersection of
a longitudinal butt weld in straight pipe with a girth butt
weld or girth fillet weld, the C1, K1, C2, K2, and K3 indices
shall be taken as the product of the respective indices.
(a) Abutting Products. In general and unless otherwise

specified, it is not required to take the product of stress
indices for twopipingproducts, suchasa tee anda reducer
when welded together, or a tee and a girth butt weld. The
piping product and the weld shall be qualified separately.
For curvedpipeorbuttweldingelbowswelded together

or joined by a piece of straight pipe less than one pipe
diameter long, the stress indices shall be taken as the
product of the indices for the elbow or curved pipe
and the indices for the girth butt weld, except for B1
and C′3 that are exempted.
(b) Out-of-Round Products. The stress indices given in

TableNB-3681(a)-1 are applicable forproducts andwelds
with out-of-roundness not greater than 0.08t where
out-of-roundness is defined as Dmax − Dmin. For straight
pipe, curved pipe, longitudinal butt welds in straight pipe,
girth butt welds, NB-4250 transitions, and 1:3 transitions
not meeting this requirement, the stress indices shall be
modified as specified below.

Figure NB-3683.1(d)-1
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(1) If the cross section is out-of-round but with no
discontinuity in radius, e.g., an elliptical cross section, an
acceptable value of K1may be obtained bymultiplying the
tabulated values of K1 by the factor F1a:

= +
+

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
F

D D
t D t p E

1
1.5

1 0.455( ) ( )
a

o
1

max min
3

where

Do = nominal outside diameter, in. (mm)
E = modulus of elasticity of material at room tempera-

ture, psi (MPa)
p = internal pressure (usemaximumvalue of pressure

in the load cycle under consideration), psi (MPa)

Other symbols are defined in (b) above.
(2) If there are discontinuities in radius, e.g., a flat

spot, and if Dmax − Dmin is not greater than 0.08Do, an ac-
ceptable value of K1 may be obtained by multiplying the
tabulated values of K1 by the factor F1b:

= +F MS PD t1 ( 2 )b y o1

where

M = 2, for ferritic steels and nonferrous materials
except nickel–chromium–iron alloys and nickel–
iron–chromium alloys

x = 2.7, for austenitic steel, nickel–chromium–iron
alloys, and nickel–iron–chromium alloys

P = Design Pressure, psi (MPa)
Sy = yield strength at Design Temperature (Section II,

Part D, Subpart 1, Table Y-1), psi (MPa)

Do and t are defined in (a) and (b) above.
(c) Products and Joints With 50 < Do/t ≤ 100. The B1

index in Table NB-3681(a)-1 is valid. The B2 index
shall be multiplied by the factor 1/(XY), where

X = 1.3 − 0.006(Do/t), not to exceed 1.0
Y = 1.033 − 0.00033T for ferriticmaterial, not to exceed

1.0, where T is the Design Temperature, °F
x = 1.0224 − 0.000594T for ferritic material, not to

exceed 1.0, where T is the Design Temperature, °C
x = 1.0 for other materials

NB-3683.3 Straight Pipe Remote From Welds. The
stress indices given in Table NB-3681(a)-1 apply for
straight pipe remote from welds or other discontinuities,
except as modified by NB-3683.2.

NB-3683.4 Welds.

(a) Longitudinal Butt Welds. The stress indices given in
Table NB-3681(a)-1 are applicable for longitudinal butt
welds in straight pipe, except as modified in NB-3683.2.

(b) Girth Butt Welds. The stress indices given in
Table NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to girth butt welds connecting
abutting products for which thewall thickness is between
0.875t and 1.1t for an axial distance of D to from the
welding ends. Girth welds may also exhibit a reduction
in diameter due to shrinkage of the weld material
during cooling. The indices are not applicable if Δ/t is
greater than 0.25 where Δ is the radial shrinkage
measured from the nominal outside surface.
For as-welded girth butt welds joining items with

nominal wall thicknesses t < 0.237 in. (t < 6.0 mm),
the C2 index shall be taken as:

(U.S. Customary Units)

= + >C t1.0 0.094 but not 2.12

(SI Units)
= + >C t1.0 2.4 but not 2.12

for t ≥ 0.237 in. (6.0 mm), C2 = 1.0
(c) Girth Fillet Welds. The stress indices given in

Table NB-3681(a)-1 are applicable to girth fillet welds
used to attach socket welding fittings, socket welding
valves, slip-on flanges, or socket welding flanges,
except as added to or modified in NB-3683.1, and in
(1) and (2) below.

(1) Primary Stress Indices. TheB1 andB2 indices shall
be taken as:

=

=

B t C

B t C

0.75( ) 0.5

1.5( ) 1.0

n x

n x

1

2

where Cx and tn are defined in Figure NB-4427-1, sketches
(c) and (d). In Figure NB-4427-1 sketch (c), Cx shall be
taken as Xmin and Cx ≥ 1.25tn. In Figure NB-4427-1
sketch (d), Cx ≥ 0.75tn. For unequal leg lengths use the
smaller leg length for Cx.

(2) Primary Plus Secondary Stress Indices. The C1 and
C2 indices shall be taken as:

=

=

C t C

C t C

1.8( ) 1.4

2.1( ) 1.3

n x

n x

1

2

If Cx on the pipe side of the weld is greater than Cx on the
fitting side, and if Cx on the fitting side is greater than or
equal to either xmin. in Figure NB-4427-1 sketch (c) or Cx
min. in Figure NB-4427-1 sketch (d), Cx on the pipe side
may be used in the equation for C2.

NB-3683.5 Welded Transitions. The stress indices
given in Table NB-3681(a)-1, except as modified herein
and in NB-3683.2, are applicable for NB-4250 welded
transitions as defined under (a) and for 1:3welded transi-
tions as defined under (b). Girth butt welds may also
exhibit a reduction in diameter due to shrinkage of the
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weld material during cooling. The indices are not appli-
cable if Δ/t is greater than 0.25.
(a) NB-4250 Transitions. The stress indices given in

Table NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to girth butt welds between
a product for which the wall thickness is between
0.875t and 1.1t for an axial distance of D to from the
welding end and an abutting product for which the
welding end is within the envelope of Figure
NB-4250-1, but with inside and outside surfaces that
do not slope in the same direction. For transitions
meeting these requirements, the C1, C2, and C3 indices
shall be taken as:

(U.S. Customary Units)

= + + >
= + >
= + >

C D t t
C t
C D t

0.5 0.33 ( ) 0.047 but not 1.8
1.7 0.094 but not 2.1
1.0 0.03 ( ) but not 2.0

o

o

1
0.3

2

3

(SI Units)

= + + >
= + >
= + >

C D t t
C t
C D t

0.5 0.33 ( ) 1.2 but not 1.8
1.7 2.4 but not 2.1
1.0 0.03 ( ) but not 2.0

o

o

1
0.3

2

3

For flush welds and for as-welded joints between items
with t > 0.237 in. (t > 6.0 mm), C1 and C2 shall be taken as:

= + >
=

C D t
C

0.5 0.33 ( ) but not 1.8
1.7

o1
0.3

2

(b) Transitions Within a 1:3 Slope. The stress indices
given in Table NB-3681(a)-1, except as modified herein
and in NB-3683.2, are applicable for girth butt welds
between a product for which the wall thickness is
between 0.875t and 1.1t for an axial distance of D to
from the welding end and an abutting product for
which the welding end is within an envelope defined
by a 1:3 slope on the inside, outside, or both surfaces
for an axial distance of D to but with inside and
outside surfaces that do not slope in the same direction.
For transitionsmeeting these requirements, theC1,C2, and
C3 indices shall be taken as:

(U.S. Customary Units)

= + >
= + >

+ +
= + >

C t
C t t t

D t t
C t t

1.0 0.047 but not 1.8
0.094 but not the smaller of

(1.33 0.04 0.094 ) or 2.1
0.35 ( ) 0.25 but not 2.0

o

1
2 max

3 max

(SI Units)

= + >
= + >

+ +
= + >

C t
C t t t

D t t
C t t

1.0 1.2 but not 1.8
2.4 but not the smaller of

(1.33 0.04 2.4 ) or 2.1
0.35 ( ) 0.25 but not 2.0

o

1
2 max

3 max

where tmax is themaximumwall thicknesswithin the tran-
sition zone. If (tmax/t) ≤ 1.10, the stress indices given in
NB-3683.4(b) for girth butt welds may be used. For flush
welds and for as-welded joints between items with t >
0.237 in. (t > 6.0 mm), C1 and C2 shall be taken as:

=
= >

+

C
C t t

D t

1.0
but not the smaller of

(1.33 0.04 ) or 2.1o

1
2 max

NB-3683.6 Concentric and Eccentric Reducers. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to
butt welding reducers manufactured to the requirements
of ASME B16.9 or MSS SP-87 if the cone angle α defined in
Figure NB-3683.6-1 is less than 60 deg and if the wall
thickness is not less than t1m throughout the body of
the reducer, except in and immediately adjacent to the
cylindrical portion on the small end where the thickness
shall not be less than t2m. Thewall thicknesses t1m and t2m
are theminimumthicknesses required to resist theDesign
Pressure P at the large end and small end, respectively, in
accordance with NB-3641.1, eq. (1). For eccentric redu-
cers, the dimensions shown in Figure NB-3683.6-1 are to
be taken at the location on the circumference where α is
the maximum.
(a) Primary Stress Indices. TheB1 stress indices given in

(1) or (2) below shall be used depending on the cone angle
α.

(1) B1 = 0.5 for α ≤ 30 deg
(2) B1 = 1.0 for 30 deg < α ≤ 60 deg

Figure NB-3683.6-1
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(b) Primary Plus Secondary Stress Indices. The C1 and C2
stress indices given in (1) or (2) below shall be used
depending on the dimensions of the transition radii r1
and r2.

(1) For reducers with r1 and r2 ≥ 0.1D1:

= +

= +

C D t

C D t

1.0 0.0058

1.0 0.36 ( )

n n

n n
D D

1

2
0.4 0.4( 0.5)2 1

where Dn/tn is the larger of D1/t1 and D2/t2.
(2) For reducers with r1 and/or r2 < 0.1D1:

= +
= +

C D t

C D t

1.0 0.00465 ( )

1.0 0.0185
n n

n n

1
1.285 0.39

2

where Dn/tn is the larger of D1/t1 and D2/t2.
(c) Peak Stress Indices. The K1 and K2 indices given in

(1), (2), or (3)belowshall beuseddependingon the typeof
connecting weld and thickness dimensions.

(1) For reducers connected to pipe with flush girth
butt welds:

= <
= <

K L D t

K L D t

1.1 0.1 but not 1.0

1.1 0.1 but not 1.0
m m m

m m m

1

2
where L D tm m m i s the smal ler of L D t1 1 1 and
L D t2 2 2 .

(2) For reducers connected to pipe with as-welded
girth butt welds where t1 and t2 > 3∕16 in. (5 mm):

= <
= <

K L D t

K L D t

1.2 0.2 but not 1.0

1.8 0.8 but not 1.0
m m m

m m m

1

2
where L D tm m m i s the smal ler of L D t1 1 1 and
L D t2 2 2 .

(3) For reducers connected to pipe with as-welded
girth butt welds where t1 or t2 ≤ 3∕16 in. (5 mm):

= <

= <

K L D t

K L D t

1.2 0.2 but not 1.0

2.5 1.5 but not 1.0

m m m

m m m

1

2
where L D tm m m i s the smal ler of L D t1 1 1 and
L D t2 2 2 .
(d) Alternative C2 andK2 stress indicesmay be used for

reducers meeting the following requirements:

< <D t5 ( ) 802 2

< <5 60 deg

< <r D0.08 0.72 2

< <t t1 2.121 2

(1) See below.

= +C D t

r D t t

1 0.0056 ( )

( ) ( )

2 2 2
0.25 0.8

2 2
1

1 2
0.8

(2) For reducers connected to pipe with flush girth
butt welds

=K L D t1.1 0.15 ( ) 1.02 2 2 2
0.5

(3) For reducers connected to pipe with as-welded
girth butt welds where t1 and t2 > 3∕16 in. (5 mm)

=K L D t1.8 1.25 ( ) 1.02 2 2 2
0.5

(4) For reducers connected to pipe with as-welded
girth butt welds where t1 or t2 ≤ 3∕16 in. (5 mm)

=K L D t2.5 2.35 ( ) 1.02 2 2 2
0.5

NB-3683.7 Curved Pipe or Butt Welding Elbows. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to
curved pipe or butt welding elbows manufactured to
the requirements of ASME B16.9 or MSS SP-87.
(a) Primary Stress Index. The B1 and B2 indices shall be

taken as:
= + < >

= <

B h

B h

0.1 0.4 but not 0 nor 0.5

1.30 but not 1.0

1

2
2

3

where

h = tR/rm2

(b) Primary Plus Secondary Stress Indices. The C1 and C2
indices shall be taken as:

=

= <

C R r R r

C h

(2 ) 2( )

1.95/ but not 1.5

m m1

2
2

3

where

h = tR/rm2

NB-3683.8 Branch Connections Per NB-3643. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to rein-
forced or unreinforced branch connections meeting the
general requirements of NB-3643 and the additional re-
quirements of (a). Symbols are defined in NB-3683.1 and
in NB-3643.3.
(a) Applicability. The stress indices are applicable,

provided the following limitations are met.
(1) The branch connection is in straight pipe.
(2) For branch connections in a pipe, the arc distance

measured between the centers of adjacent branches along
the outside surface of the run pipe is not less than three
times the sumof the twoadjacentbranch inside radii in the
longitudinal direction, or is not less than two times the
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sum of the two adjacent branch radii along the circum-
ference of the run pipe.

(3) Theaxis of thebranch connection isnormal to the
run pipe surface.

(4) The run pipe radius-to-thickness ratio Rm/Tr is
less than 50, and the branch-to-run radius ratio r′m/Rm is
less than 0.50.

(5) If thebranch-to-run fillet radius r2 is not less than
the larger of Tb/2, Tr/2, or (T′b + y)/2 [Figure
NB-3643.3(a)-1 sketch (c)], the K2b index is reduced
from 2.0 to 1.0. Stress indices for run moments are inde-
pendent of r2.
(b) Primary Stress Indices. The primary stress indices

B2b and B2r shall be taken as:
= <B C0.5 but not 1.0b b2 2

= <i
k
jjjj

y
{
zzzzB 0.75 but not 1.0r

r
t2

0.3
m

n

(c) Primary Plus Secondary Stress Indices. The C1, C2b,
and C2r indices [for moment loadings, see NB-3683.1(d)]
shall be taken as:

=

<

i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

C 1.4

but not 1.2

D
T

d
D

T
t

t
r

1

0.182 0.367 0.382

0.148

m
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If r2/tn > 12, use r2/tn = 12 for computing C1.
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Qbut not less than the larger of 1.25 and 1.875 (1 )

r
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0.3
m

n

where

= >Q t T t d0.5( / )( / ) but not 0.5n r n i
0.5

and where
(1) for Figures NB-3643.3(a)-1, sketches (a) and (b):

=
= <

t T L d T

T L d T

if 0.5 ( )

if 0.5( )
n b m b

b m b

1

1

1/2

1/2

(2) for Figure NB-3643.3(a)-1, sketch (c):

= +
= + >

t T y
T L

(2 3) if 30 deg
0.385 if 30 deg

n b
b 1

(3) for Figure NB-3643.3(a)-1, sketch (d):
= =t T Tn b b

(d) Peak Stress Indices. The peak stress indices K2b and
K2r formoment loadings [seeNB-3683.1(d)] shall be taken
as:

=
=

K

K

2.0

1.6
b

r

2

2

(e) For branch connections made with fillet or partial
penetrationwelds per NB-3661.3, the stress indices given
in Table NB-3681(a)-1 and in NB-3683.8 shall be
increased as follows:

(1) The B1 index shall be multiplied by 1.5. The B2r
and B2b indices calculated using the equations in (b) shall
be multiplied by 1.5, and the resulting B2r and B2b indices
shall be not less than 1.5.

(2) C1, C2r, and C2b indices shall be calculated using
theequations in (c) andmultipliedby2.0, and the resulting
C1, C2r, and C2b indices shall be not less than the minimum
values given in (c).

(3) K1 and K3 shall be multiplied by 3.
(4) K2b shall be increased such that when using the

C2b determined in (2) above, the resulting product C2bK2b
shall be a minimum of 6.0.

(5) K2r shall be increased such that when using the
C2r determined in (2) above, the resulting product C2rK2r
shall be taken as a minimum of 4.2.
In calculating the indices for fillet and partial penetra-

tion welded branch connections, r2 may be taken to be tn,
with the other dimensions consistent with Figure
NB-3643.3(a)-1.

NB-3683.9 ButtWeldingTees.The stress indices given
in Table NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to butt welding tees manufac-
tured to the requirements of ASME B16.9 or MSS SP-87.
(a) Primary Stress Indices. The primary stress indices

B2b and B2r shall be taken as:

= <

= <

B R T

B R T

0.4 ( ) but not 1.0

0.50 ( ) but not 1.0

b m r

r m r

2

2

2
3

2
3

(b) Primary Plus Secondary Stress Indices. The C2b and
C2r stress indices formoment loadings [seeNB-3683.1(d)]
shall be taken as:

= <

= <

C R T

C R T

0.67 ( ) but not 2.0

0.67 ( ) but not 2.0

b m r

r m r

2

2

2
3

2
3

(c) Peak Stress Indices. The peak stress indices K2b and
K2r formoment loadings [seeNB-3683.1(d)] shall be taken
as:
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=
=

K
K

1.0
1.0

b
r

2
2

NB-3684 Stress Indices for Detailed Analysis

The symbols for the stress components and their defi-
nitions are given in Figure NB-3684-1. These definitions
are applicable to all piping products, and the stress indices
given in the tables inNB-3685andNB-3338are sodefined.

NB-3685 Curved Pipe or Welding Elbows

NB-3685.1 Applicability of Indices. The indices given
in Tables NB-3685.1-1 and NB-3685.1-2 give stresses in
curved pipe or elbows at points remote from girth or lon-
gitudinal welds or other local discontinuities. Stresses in
curved pipe or welding elbows with local discontinuities,
such as longitudinal welds, support lugs, and branch
connections in the elbow, shall be obtainedby appropriate
theoretical analysis or by experimental analysis in accor-
dancewithSection IIIAppendices,MandatoryAppendix II.

NB-3685.2 Nomenclature (Figure NB-3685.2-1).

A = an additional thickness, in. (mm) (see
NB-3641.1)

Di = Do − 2(tm − A), in. (mm)
Do = nominal outside diameter of cross section, in.

(mm)

D1(D2) = maximum (minimum) outside diameter of
elbow with out-of-round cross section essen-
tially describable as an ellipse or oval shape
(Figure NB-3685.2-1), in. (mm)

E = modulus of elasticity, psi (MPa) (Section II,
Part D, Subpart 2, Tables TM)

P = internal pressure, psi (MPa)
R = bend radius
r = mean cross section radius
tm = minimum specified wall thickness
Z = section modulus of cross section
x = 0.0982 (Do4 − Di4)/ Do
λ = ( )t R r v/ 1m

2 2 (Tab le NB-3685 .1 -2

limited to λ ≥ 0.2)

NB-3685.3 Stress From Stress Indices. To obtain
stresses from stress index:

Load Multiply Stress Index by
Internal Pressure P

Mx Mx/2Z
My My/Z
Mz Mz/Z

NB-3685.4 Classification of Stresses. For analysis of a
curved pipe or welding elbow to NB-3210, the following
rules shall apply to the classification of stresses developed
under a load-controlled in-plane or out-of-plane moment
as distinguished from a displacement controlled loading.
(a) The entire membrane portion of the axial, circum-

ferential, and torsional stresses shall be considered as
primary (PL).
(b) Seventy-five percent of the through-wall bending

stresses in both the axial and the circumferential direc-
tions shall be classified as primary (Pb). The remaining
25% shall be classified as secondary (Q). The stresses
induced by displacement controlled in-plane or
out-of-planemoments shall be classified as secondary (Q).

NB-3686 Flexibility Factors [See NB-3682(c) for
Definition]

NB-3686.1 Straight Pipe. For M = M1 or M2(see
Figure NB-3686.1-1):

=

=

k 1.0
Ml
EInom

Figure NB-3684-1
Direction of Stress Components

Legend:
σ = stress intensity (combined stress) at the point under

consideration
σn = stress component normal to the plane of the section
σr = stress component normal to the boundary of the section
σt = stress component in the plane of the section under consid-

eration and parallel to the boundary of the section
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Table NB-3685.1-1
Curved Pipe or Welding End Elbows, Internal Pressure

Location Surface Stress Direction Stress Index [Note (1)]
Round Cross Section

ϕ Inside σ n

+
+

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

D t A
t A

R r
R r

i
0.8( )

2( )
0.5(2 sin )

sin
o m

m
1

ϕ Mid σ n

ϕ Outside σ n

ϕ Inside σ t

=
D

t A
i

4( )
i

m
2

ϕ Mid σ t

ϕ Outside σ t

Out-of-Round Cross Section [Note (2)]
α Inside σ n i1 + i3
α Mid σ n i1
α Outside σ n i1 − i3

α Inside σ t i2 + 0.3i3
α Mid σ t i2
α Outside σ t i2 − 0.3i3

NOTES:
(1) The radial stress σr is equal to −P on the inside surface, to −P /2 on the midsurface, and to 0 on the outside surface.
(2) For out-of-round cross section:

=
+

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
i

D D D

t D t P E

( )

2
1.5

1 0.455( ) ( )
cos 2o

m o m
3

1 2
2 3
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Table NB-3685.1-2
Curved Pipe or Welding End Elbows, Moment Loading ( ≥ 0.2)

Location Surface Stress Direction Stress Index [Note (1)]
Torsional Moment,Mx

All All τ nt [Note (2)] 1.0
In-Plane or Out-of-Plane Moments My or Mz [Note (3)]

ϕ Outside σ n v σtm + σnb
ϕ Mid σ n v σ tm

ϕ Inside σ n v σtm – σnb

ϕ Outside σ t σtm + v σnb
ϕ Mid σ t σ tm

ϕ Inside σ t σtm − v σnb
NOTES:
(1) The radial stress σr is zero for all surfaces.
(2) τnt is a shear stress in the n–t plane andmust be appropriately combinedwith the principal stresses σn and σt to obtain principal stresses due

to combinations of Mx with My or Mz.
(3) Nomenclature for stress indices:

v = Poisson’s ratio
σtm = + [ + ]Xsin (1.5 18.75) sin 3 11.25 sin 5 /X2 4 — In-plane Mz

σnb = +X(9 cos 2 225 cos 4 )/X2 4 — In-plane Mz

σtm = + [ + ]Xcos (1.5 18.75)cos 3 11.25 cos 5 /X2 4 — Out-of-plane My

σnb = +X(9 sin 2 225 sin 4 )/X2 4 — Out-of-plane My

X1 = 5 + 6λ2 + 24ψ
X2 = 17 + 600λ2 + 480ψ
X3 = X1 X2 − 6.25
X4 = (1 − v2)(X3 − 4.5X2)
λ = ( )t R r v/ 1m

2 2 (Equations are valid for λ ≥ 0.2 only.)

ψ = PR2/Ertm
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For M = M3 (see Figure NB-3686.1-1):
=

=

k 1.0
Ml
GJnom

where

E = modulus of elasticity, psi (MPa)
G = shear modulus, psi (MPa)
I = plane moment of inertia, in.4 (mm4)
J = polar moment of inertia, in.4 (mm4)
l = one pipe diameter, in. (mm)

NB-3686.2 Curved Pipe andWelding Elbows. The flex-
ibility of a curved pipe orwelding elbow is reduced by end
effects, provided either by the adjacent straight pipe, or by
the proximity of other relatively stiffmembers that inhibit
ovalization of the cross section. In certain cases, these end
effects may also reduce the stress. The flexibility factors
may be calculated by the equations given below for k,
provided that:
(a) R/r is not less than 1.7;
(b) center line length Rα is greater than 2r;

(c) there are no flanges or other similar stiffeners
within a distance r from either end of the curved
section of pipe or from the ends of welding elbows.
For M1 or M2 (see Figure NB-3686.2-1):

=
+

Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

k
h Pr tE X

1.65 1
1 ( ) k

but not less than 1.0, and

= R
EI

M d( )
o

A
nom

For M3 (see Figure NB-3686.2-1):
=

=

k

M d

1.0

( )R
GJ o

A
nom

In both cases

A = total angle of curved pipe or welding elbow, rad
E = modulus of elasticity, psi (MPa)
G = shear modulus of elasticity, psi (MPa)
h = tR/r2
I = planemomentof inertiaof cross section, in.4 (mm4)

Figure NB-3685.2-1
Elbow Nomenclature

Moment Loads Round Cross Section

Out-of-Round Cross Section

Mz

D2

D1

t Direction n Direction

R

du

f

a

Mx

My
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J = polarmoment of inertia of cross section, in.4 (mm4)
P = internal pressure, psi (MPa)
R = bend radius, in. (mm)
r = pipe or elbow mean radius, in. (mm)
t = pipe or elbow nominal wall thickness, in. (mm)
Xk = r t R r6( / ) ( / )4/3 1/3

α = arc angle, rad

NB-3686.3 Miter Bends. The requirements of
NB-3681(d) apply.

NB-3686.4 Welding Tee or Branch Connections. For
welding tees (ASME B16.9) or branch connections (see
NB-3643) not included in NB-3686.5, the load displace-
ment relationships shall be obtained by assuming that the
run pipe and branch pipe extend to the intersection of the
run pipe center line with the branch pipe center line. The
imaginary juncture is to be assumed rigid, and the
imaginary length of branch pipe from the juncture to
the run pipe surface is also to be assumed rigid.

NB-3686.5 Branch Connections in Straight Pipe. (For
branch connections in straight pipe meeting the dimen-
sional limitations of NB-3683.8.) The load displacement
relationships may be obtained by modeling the branch
connections in the piping system analysis (see
NB-3672) as shown in (a) through (d) below. (see
Figure NB-3686.5-1.)
(a) The values of k are given below.
For Mx3:

[ ]=k D T T t d D T T0.1 ( ) ( )( ) ( )r r n b r
1.5 1

2

For Mz3:

[ ]=k D T T t d D T T0.2 ( ) ( )( ) ( )r r n b r
1

2

where

D = run pipe outside diameter, in. (mm)
d = branch pipe outside diameter, in. (mm)

E = modulus of elasticity, psi (MPa)
Ib = moment of inertia of branch pipe, in.4 (mm4) (to be

calculated using d and T′b)
M = Mx3 or Mz3, as defined in NB-3683.1(d)
Tr = run pipe wall thickness, in. (mm)
ϕ = rotation in direction of moment, rad

(b) For branch connections per FigureNB-3643.3(a)-1,
sketches (a) and (b):

[ ]

[ ]

= +

= < +

(

(

t T L r T T

T L r T T

if 0.5 2 )

if 0.5 2 )

n b i b b

b i b b

1

1

1
2

1
2

(c) For branch connections per Figure NB-3643.3(a)-1,
sketch (c):

= +

= + >
( )t T y

T L

if 30 deg

0.385 if 30 deg

n b n

b n

2
3

1

(d) For branch connections per FigureNB-3643.3(a)-1,
sketch (d):

= =t T Tn b b

NB-3686.6 Reducers.

(a) The reducer flexibility can be accurately repre-
sented by modeling a section of large-end diameter
pipe rigidly connected to a section of small-end diameter
pipe at the midpoint of the reducer as per Figure
NB-3686.6-1.
(b) Where the ratio >D t/ 552 2 , additional flexibility

should be considered. If the geometry requirements of
NB-3683.6(d) are met, the reducer flexibility may be
adjusted by applying the flexibility factor, k, below:

=k D t t t0.2( ) ( )2 2
0.24 0.4

1 2
0.66

NB-3690 DIMENSIONAL REQUIREMENTS FOR
PIPING PRODUCTS

NB-3691 Standard Piping Products

Dimensions of standard piping products shall comply
with the standards and specifications listed in Table
NCA-7100-1. However, compliance with these standards
does not replace or eliminate the requirements of
NB-3625.

NB-3692 Nonstandard Piping Products

The dimensions of nonstandard piping products shall
be such as to provide strength and performance as
required by this Subsection. Nonstandard piping products
shall be designed in accordance with NB-3640.

Figure NB-3686.1-1
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Figure NB-3686.2-1 Figure NB-3686.5-1
Branch Connections in Straight Pipe

Figure NB-3686.6-1
Reducers

Larger pipe modeled to
  midpoint of reducer

Midpoint of reducer

Smaller pipe modeled to
  midpoint of reducer
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ARTICLE NB-4000
FABRICATION AND INSTALLATION

NB-4100 GENERAL REQUIREMENTS

NB-4110 INTRODUCTION

Components, parts, and appurtenances shall be fabri-
catedand installed inaccordancewith the requirementsof
this Article and shall bemanufactured frommaterials that
meet the requirements of Article NB-2000.

NB-4120 CERTIFICATION OF MATERIALS AND
FABRICATION BY CERTIFICATE HOLDER

NB-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 NCA-8000, that the materials used comply with
the requirements of Article NB-2000 and that the fabrica-
tion or installation complies with the requirements of this
Article.

NB-4121.1ð23Þ Certification of Treatments, Tests, and
Examinations. If the Certificate Holder or Subcontractor
performs treatments, tests, repairs, or examinations
required by other Articles of this Subsection, the Certifi-
cate Holder shall certify that this requirement has been
fulfilled (see NCA-1224 and NCA-1225, or NCA-8410).
Reports of all required treatments and of the results of
all required tests, repairs, and examinations performed
shall be available to the Inspector.

NB-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
NB-2200) and that may reduce either tensile or impact
properties below the required values, the tensile and
impact tests shall be repeated by the Certificate Holder
on test specimens taken from test coupons that have
been taken and treated in accordance with the require-
ments of Article NB-2000.

NB-4121.3 Repetition of Surface Examination After
Machining. If, during the fabrication or installation of
an item, materials for pressure-containing parts are
machined, then the Certificate Holder shall reexamine
the surface of the material in accordance with
NB-2500 when:

(a) the surface was required to be examined by the
magnetic particle or liquid penetrant method in accor-
dance with NB-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 part.

NB-4122 Material Identification

(a) Material for pressure-retaining parts shall carry
identification markings that will remain distinguishable
until the component is assembled or installed. 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 or installation. In either case, an as-built
sketch or a tabulation of materials shall be made identi-
fying each piece of material with the Certified Material
Test Report, where applicable, and the coded marking.
For studs, bolts, nuts, and heat exchanger tubes it is
permissible to identify the Certified Material Test
Reports for material in each component in lieu of identi-
fying 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 material, shall be identified and controlled so
that they can be traced to each component or installation
of a piping system, or else a control procedure shall be
employed 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 ensure 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.

NB-4122.1 MarkingMaterial.Material shall bemarked
in accordance with NB-2150.

NB-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
of Article NB-4000,may be performed by the personswho
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performor supervise thework. These visual examinations
are not required to be performed by personnel and proce-
dures qualified to NB-5500 and NB-5100, respectively,
unless so specified.

NB-4125ð23Þ Testing of Welding and Brazing Material

All welding material shall meet the requirements of
NB-2400.All brazingmaterial shallmeet the requirements
of NB-4512.

NB-4130 REPAIR OF MATERIAL

NB-4131 Elimination and Repair of Defects

Material originally accepted on delivery in which
defects exceeding the limits of NB-2500 are known or
discovered during the process of fabrication or installa-
tion is unacceptable. The material may be used provided
the condition is corrected in accordance with the require-
ments of NB-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 NB-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.

NB-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 that
shall include a chart that shows the location and size
of the prepared cavity, theweldingmaterial identification,
the welding procedure, the heat treatment, and the exam-
ination results of repair welds.

NB-4200 FORMING, FITTING, AND ALIGNING

NB-4210 CUTTING, FORMING, AND BENDING

NB-4211 Cutting

Materials may be cut to shape and size by mechanical
means, such asmachining, shearing, chipping, or grinding,
or by thermal cutting.

NB-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.

NB-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
pressure-retaining material (see NB-4223), including
weld metal, provided the required dimensions are
attained (see NB-4214 and NB-4220), and provided
the impact properties of the material, when required,
are not reduced below the minimum specified values,
or they are effectively restored by heat treatment
following the forming operation. Hot forming is defined
as forming with the material temperature higher than
100°F (56°C) below the lower transformation tempera-
ture of the material. When required, the process shall
be qualified for impact properties as outlined in
NB-4213. When required, the process shall be qualified
tomeet thickness requirements as outlined in NB-4223.1.

NB-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 thematerial in the component.
These specimens shall be subjected to the equivalent
forming or bending process and heat treatment as the
material in the component. Applicable tests shall be
conducted to determine that the required impact proper-
ties of NB-2300 are met after straining.

NB-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

that 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 NB-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 NB-2300 is performed on each heat and lot, as appli-
cable, after forming.

NB-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 of material both before straining and after straining
and heat treatment to establish the effects of the forming
and subsequent heat treatment operations.
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(b) Specimens shall be taken in accordance with the
requirements of Article NB-2000 and shall be taken
from the tension side of the strained material.
(c) The percent strain shall be established by the

following equations.
For cylinders:

=
i
k
jjjjj

y
{
zzzzz

t
R

R

R
% strain

50
1

f

f

o
For spherical or dished surfaces:

=
i
k
jjjjj

y
{
zzzzz

t
R

R

R
% strain

75
1

f

f

o
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 lateral expansion and energy level data
(see NB-2300). In addition, drop weight tests shall be
made when required by NB-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 NB-2300), either the maximum change in
temperature or themaximumchange in lateral expansion.

NB-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.

NB-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-
eringNB-2211. If thematerial isnotpostweldheat treated,
the procedure must be qualified without postweld 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.

NB-4214 Minimum Thickness of Fabricated
Material

If any fabricationoperation reduces the thicknessbelow
the minimum required to sat is fy the rules of
Article NB-3000, the material may be repaired in accor-
dance with NB-4130.

NB-4220 FORMING TOLERANCES

NB-4221 Tolerance for Vessel Shells

Cylindrical, conical, or spherical shells of a completed
vessel, except formed heads covered by NB-4222, shall
meet the requirements of the following subparagraphs
at all cross sections.

NB-4221.1 Maximum Difference in Cross-Sectional
Diameters. The difference in in. (mm) 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

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 vessel. If
measured on the outside, the diameters shall be corrected
for the plate thickness at the cross section under consid-
eration (see Figure NB-4221.1-1). When the cross section
passes through an opening, the permissible difference in
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inside diameters given herein may be increased by 2% of
the inside diameter of the opening.

NB-4221.2 MaximumDeviationFromTrueTheoretical
Form for External Pressure.Vessels designed for external
pressure shallmeet the tolerances given in (a) through (c)
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 NB-4221.2(a)-1. Measurements shall be made
from a segmental circular template having the design

insideor outside radius depending onwhere themeasure-
ments are taken and a chord length equal to twice the arc
length obtained from Figure NB-4221.2(a)-2. For Figure
NB-4221.2(a)-1, the maximum permissible deviation e
need not be less than 0.3t. For Figure NB-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 NB-4221.2(a)-1 and

NB-4221.2(a)-2 is determined by (1) through (3) below.
(1) For cylinders, L is as given in NB-3133.2.
(2) For cones, L is the axial length of the conical

section if no stiffener rings are used or, if stiffener
rings are used, the axial length from the head bend
line at the large end of the cone to the first stiffener
ring, with Do taken as the outside diameter in inches
of the cylinder at the large end of the cone.

(3) For spheres, L is one-half of the outside diameter
Do, in.

Figure NB-4221.1-1
Maximum Difference in Cross-Sectional Diameters

Figure NB-4221.2(a)-1
Maximum Permissible Deviation e From a True Circular Form
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NB-4221.3 Deviations From Tolerances. Deviations
from the tolerance requirements stipulated in
NB-4221.1 and NB-4221.2 are permitted, provided the
drawings are modified and reconciled with the Design
Report (NCA-3211.40) and provided the modifications
are certified by a Certifying Engineer in an addendum
to the Design Report.

NB-4221.4 Tolerance Deviations for Vessel Parts
Fabricated From Pipe. Vessel 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 circu-
larity permitted by the specification for such pipe.

NB-4222 Tolerances for Formed Vessel Heads

The tolerance for formed vessel heads shall be as set
forth in the following subparagraphs.

NB-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 between themaximum andminimum 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 NB-4232.

NB-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 vessel. Such deviations shall be measured
perpendicular to the specified shape and shall not be
abrupt. The knuckle radius shall not be less than specified.

Figure NB-4221.2(a)-2
Maximum Arc Length for Determining Plus or Minus Deviation
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For 2:1 ellipsoidal heads, the knuckle radius may be
considered to be 17% of the diameter of the vessel.
(b) Hemispherical heads and any spherical portion of a

formed head shall meet the local tolerances for spheres as
given inNB-4221.2, usingLas theoutside spherical radius,
in., and Do as two times L.
(c) Deviation measurements shall be taken on the

surface of the base material and not on welds.

NB-4223 Tolerances for Formed or Bent Piping

The tolerances for formed or bent piping shall be as set
forth in the following subparagraphs.

NB-4223.1 Minimum Wall Thickness. In order to
ensure that the wall thickness requirements of the
design calculations are met, the actual thickness shall
be measured, or the process shall be qualified by demon-
strating that it will maintain the required wall thickness.

NB-4223.2 Ovality Tolerance. Unless otherwise justi-
fied by the Design Report, the ovality of piping after
bending shall not exceed 8% as determined by:

× D D D100 ( ) omax min

where

Do = nominal pipe outside diameter
Dmin = minimum outside diameter after bending or

forming
Dmax = maximum outside diameter after bending or

forming

NB-4230 FITTING AND ALIGNING

NB-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.

NB-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.

NB-4232 Alignment Requirements When
Components Are Welded From Two Sides

(a) Alignment of sections that 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 NB-4232-1, where t is the nominal thickness of
the thinner section at the joint.
(b) Joints in spherical vessels, joints within heads, and

joints between cylindrical shells and hemispherical heads
shall meet the requirements in Table NB-4232-1 for lon-
gitudinal joints.
(c) In addition, offsets greater than those stated in

Table NB-4232-1 are acceptable provided the require-
ments of NB-3200 are met.

NB-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, single or multiple tapers or slopes more
severe than3:1 are acceptable, provided the requirements
of NB-3200 are met.

NB-4233 Alignment Requirements When Inside
Surfaces Are Inaccessible

(a) When the inside surfaces of items are inaccessible
for welding or fairing in accordance with NB-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 NB-4233(a)-1,

Table NB-4232-1
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)
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sketch (a). However, other variables not associated with
the diameter of the itemoften result in alignments that are
offset rather than concentric. In these cases, themaximum
misalignment at any one point around the joint shall not
exceed 3∕32 in. (2.5 mm) as shown in Figure NB-4233(a)-1,
sketch (b). Should tolerances on diameter, wall thickness,
out-of-roundness, etc., result in inside diameter variations
that do notmeet these limits, the inside diameters shall be
counterbored, sized, or ground to produce a bore within
these limits, provided the requirements of NB-4250 are
met.

(-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 NB-4232.
(c) In addition, misalignments and offsets greater than

those stated inFigureNB-4233(a)-1 and singleormultiple
tapers or slopes more severe than 3:1 are acceptable
provided the requirements of NB-3200 are met.

NB-4240 REQUIREMENTS FOR WELD JOINTS IN
COMPONENTS

NB-4241 Category A Weld Joints in Vessels and
Longitudinal Weld Joints in Other
Components

Category A weld joints in vessels and longitudinal weld
joints in other components shall be full penetration butt
joints. Joints that have been welded from one side with
backing that has been removed and those welded from
one side without backing are acceptable as full penetra-
tion welds provided the weld root side of the joints meets
the requirements of NB-4424.

NB-4242 Category B Weld Joints in Vessels and
Circumferential Weld Joints in Other
Components

Category B weld joints in vessels and circumferential
weld joints in other components shall be full penetration
butt joints, except that piping NPS 2 (DN 50) and smaller
may be socket welded. When used, backing strips shall be
continuous in cross section. Jointspreparedwithopposing
lips to form an integral backing strip and joints with
backing strips that are not later removed are acceptable
provided the requirements of NB-3352.2 are met.

Figure NB-4233(a)-1
Butt Weld Alignment and Mismatch Tolerances for
Unequal I.D. and O.D. When Components Are Welded

From One Side and Fairing Is Not Performed

t

Component centerline

(b) Offset Centerlines

(a) Concentric Centerlines

Pipe centerline

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

Component centerlinePipe centerline

t = nominal thickness, in.

GENERAL NOTE: The weld end transitions are typical and are not
intended as requirements. Refer to NB-4250 for weld end transition
requirements.
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NB-4243 Category C Weld Joints in Vessels and
SimilarWeld Joints inOther Components

Category Cweld joints in vessels and similarweld joints
inothercomponents shall be full penetration joints, except
that NPS 2 (DN 50) and smaller socket welded joints may
be used on component nozzles and in piping. Joints that
have been welded from one side with backing that has
been removed and those welded from one side
without backing are acceptable as full penetration
welds provided the weld root side of the joints meets
the requirements of NB-4424. Either a butt-welded
joint or a full penetration corner joint as shown in
Figure NB-4243-1 shall be used.

NB-4244 Category D Weld Joints in Vessels and
SimilarWeld Joints inOther Components

CategoryDweld joints in vessels and similarweld joints
in other components shall be full or partial penetration
weld joints using one of the details of (a) through (e)
below.
(a) Butt-Welded Nozzles. Nozzles shall be attached by

full penetration butt welds through thewall of the compo-
nent, nozzle, or branch as shown in Figure NB-4244(a)-1.
Backing strips, if used, shall be removed.
(b) Corner-Welded Nozzles. Nozzles shall be joined to

the component by full penetration welds through the
wall of the component, nozzle, or branch similar to
those shown in Figure NB-4244(b)-1. Backing strips, if
used, shall be removed.
(c) Deposited Weld Metal of Openings for Nozzles.

Nozzles shall be joined to the component by full penetra-
tionwelds to built-upweld deposits applied to the compo-
nent or nozzle as shown in Figure NB-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 intersection with
either part being joined.
(d) Partial PenetrationWeldedNozzles. Partial penetra-

tion welds in components shall meet the weld design re-
quirements of NB-3352.4(d). Nozzles shall be attached as
shown in Figures NB-4244(d)-1 and NB-4244(d)-2.
(e) Oblique Nozzles. Oblique nozzles shall be joined to

the component by full penetration welds through the
nozzle as shown in Figure NB-4244(e)-1. Backing
rings, if used, shall be removed.

NB-4245 Complete Joint Penetration Welds

Complete joint penetration is considered to be achieved
when the acceptance criteria for the examinations speci-
fied by this Subsection have been met. No other examina-
tion is required to assess that complete penetration has
been achieved.

NB-4246 Piping Branch Connections

Piping branch connections shall be welded joints using
the details of (a), (b), or (c).
(a) Full Penetration Welded Branch Connections.

Branch connections shall be joined by full penetration
welds as shown in Figure NB-4246(a)-1 meeting the
following requirements:

(1) Backing strips if used shall be removed.
(2) The requirements of NB-3683.8(a) shall be met.

(b) Fillet and Partial Penetration Welded Branch
Connections. Fillet and partial penetration welded
branch connections shall meet the requirements of
NB-3661.3. Branch connections shall be attached as
shown in Figure NB-4246(b)-1.
(c) Welded Branch Connections per NB-4244. Welded

connections per NB-4244 are permitted; however, the
stress indices ofNB-3683.8 arenot applicable to all config-
urations.

NB-4250 ð23ÞWELDING END TRANSITIONS —
MAXIMUM ENVELOPE

The welding ends of items shall provide a gradual
change in thickness from the item to the adjoining
item. Any welding end transition that lies entirely
within the envelope shown in FigureNB-4250-1 is accept-
able, provided
(a) thewall thickness in the transition region is not less

than the minimum wall thickness of the adjoining pipe;
(b) sharp reentrant angles and abrupt changes in slope

in the transition region are avoided. When the included
angle between any two adjoining surfaces of a taper tran-
sition is less than 150 deg, the intersection or corner
(except for the weld reinforcement) shall be provided
with a radius of at least 0.05tmin;
(c) if the weld is subject to preservice inspection and if

counterboring is performed, the length of the counterbore
shall be aminimumof2tmin for pipe and aminimumof tmin
for components and fittings, as shown in Figure
NB-4250-2 or Figure NB-4250-3.
(d) Items subject to preservice MANDE (Section XI,

Division 2) shall be configured in such a manner that
all requirements for MANDE in the Design Specification
can be met.
(e) Transitions more severe than those stated herein

are acceptable provided the requirements of NB-3200
are met.

NB-4300 WELDING QUALIFICATIONS

NB-4310 GENERAL REQUIREMENTS

NB-4311 Types of Processes Permitted

Only thoseweldingprocesses that are capable of produ-
cing welds in accordance with the welding procedure
qualification requirements of Section IX and this
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Figure NB-4243-1
Acceptable Full Penetration Weld Details for Category C Joints (NB-3352.3)
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Figure NB-4244(a)-1
Nozzles Joined by Full Penetration Butt Welds
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Backing ring, 
    if used, shall 
    be removed 

(c) 

(e)

r1 t 

t

tn 

tn

r1r1 

r2

tn 

3/4 in. (19 mm) R min. 

3/4 in. (19 mm) R min. 

(f)

r2

r2 

r2 

r2 

r2

45 deg max.45 deg max. 

A 

A 

max. = 0.2t

18.5 deg max. 

Sections perpendicular and parallel to the
cylindrical axis of the component

Section A–A

30 deg max.

30 deg max.

t 

2

1

GENERAL NOTES:
(a) For definitions of symbols, see NB-3352.4(a).
(b) Reinforcement may be distributed within the limits prescribed by the Code.
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Figure NB-4244(b)-1
Nozzles Joined by Full Penetration Corner Welds

(a) (b) 

(c) (d) 

(e) 

(g)

(f) 

tn 

t 

tc 

tn 

r1 

r1 

r1 

r2

r2

r2 r2 

r1r1 

t 

Backing ring, 
 if used, shall 
 be removed 

Backing ring, 
 if used, shall 
 be removed 

Backing ring, 
 if used, shall 
 be removed 

t 

r1 t 

tc 

tc

tc 

t 

tc

t

tntn 

tn min. 

A 

A 
Section A – A

t 

tc 

tc 

tc r1 

tn 

tn 

tc 

tn 

r1 

t 

tn 

Sections perpendicular and parallel to the
cylindrical axis of the component

GENERAL NOTE: For definitions of symbols, see NB-3352.4(b).
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Figure NB-4244(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

tn

Step 1

Step 1

tn
tct

tn

r1

(b)

(c)

3/4 in. (19 mm)
    min.

3/4 in. (19 mm)
    min.

Step 2

Step 2

Backing ring,
    if used, shall
    be removed

Backing ring,
    if used, shall
    be removed

t

r1

t

tn

t

r1

(d)

3/4 in. (19 mm)
    min.

Step 2Step 1

r1

t

GENERAL NOTES:
(a) For definitions of symbols, see NB-3352.4(c).
(b) At Step 1 examination (see NB-5244) required before assembly.
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Figure NB-4244(d)-1
Partial Penetration Nozzles

t n 

r 1 

r 1 

r 2 
r 3 

r 1 

d 

d 

(a) (b) 

(d) 

3 / 4   t n  min. 

1 1 / 2  t n  min. 

1 / 16  in. (1.5 mm)   min. × 45 deg chamfer 

1 1 / 2   t n 
    min. 

1.25 t n  min. 1.25  t n  min. 

t 

1.25  t n  min. 

t n 

t c 

d 

t 

t 

t c 

t n 

r 1 

(c) 

t n 

t c 

d 

t 

r 1 

r 2 
r 3 

d 

(e) 

1 / 16 in.  (1.5 mm)   min. × 45 deg chamfer

3 / 4   t n  min. 

t 

t c 

t n 
W eld buildup added, 
    when required, to meet 
    reinforcement limitations 
    [Notes (2) and (3)] 

[Note (1)]

[Note (1)]

 

l

l

GENERAL NOTE: For definitions of symbols and other related requirements, see NB-3352.4(d).

NOTES:
(1) The 3∕4tn min. dimension applies to the fillet leg and the J-groove depth.
(2) Weld buildup, if used, shall be examined as required in NB-5244.
(3) Weld buildups are not attached to the nozzle.
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Figure NB-4244(d)-2
Partial Penetration Nozzle for Coaxial Cylinders

tn 5 lesser of tn1 and tn2 

Greater than 1.25tn min.

tn1 

tn2 d 

(a) 

(c) (d) 

(b) 

1.25tn min.

1.25tn min.

1.25tn min.

3/4tn min.

11/2tn min.

tn2 

r1 

tn1 tn1 

tn2 d d 

tn2 

tn1 

tc 

d 
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Figure NB-4244(e)-1
Oblique Connections

GENERAL NOTES:
(a) Step 1 examination required before assembly.
(b) For definitions of symbols, see NB-3352.4(e).
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Figure NB-4246(a)-1
Typical Piping Branch Connections Joined by Full Penetration Welds

45 deg max

NOTE: Alternate weld locations
 for sketches (a)–(e).

(a)

(b)

r2

r3

r2

Tb

r3

un 5 90 deg un 5 45 deg max.

(d)

r2

(e)

r2

(c)

r3

r2

GENERAL NOTE: Welds may be made from one or both sides in any of the locations shown.
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Figure NB-4246(b)-1
Typical Piping Branch Connections Joined by a Fillet Weld or a Partial Penetration Weld

Xmin

Xmin

Tb 

(a) 

Xmin

Tb 

(b) 

Xmin

Xmin Xmin
Xmin

Tb 

(c) 

Xmin

Tb 

(d) 

Xmin

Xmin

Tb 

Tb 5 Nominal branch pipe wall thickness 
Xmin 5 11/4Tb

5 Partial penetration weld groove angle $ 45 deg

Tb 5 Fitting wall thickness in the reinforcement zone 
(when the fitting is tapered in the reinforcement 
zone, use average wall thickness) 

   5 90 deg (fillet weld) is permitted

Xmin  5 11/4Tb
5 Partial penetration weld groove angle $ 45 deg;

uu

u
u

(e) 

Xmin

Xmin

Tb 

(f) 

Welded Outlet Fitting ASME B16.11 Coupling 

u

u
u
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Figure NB-4250-1
Welding End Transitions — Maximum Envelope

Radius of at least 0.05tmin

2

Radius not mandatory

Radius of at least 0.05tmin

Transition region

Inside

Component or Fitting

2tmin

tnom tmin

Maximum slope 1:3

Note (2)

Maximum [Note (1)]
Minimum (1.0tmin)

Outside

45 deg max.

30 deg max.

30 deg max.

11/2tmin

tmin

GENERAL NOTES:
(a) Weld bevel is shown for illustration only.
(b) The weld reinforcement permitted by NB-4426 may lie outside the maximum envelope.

NOTES:
(1) The maximum thickness at the end of the component is:

(a) the greater of tmin + 0.15 in. (3.8 mm) or 1.15tmin when ordered on a minimum wall basis;
(b) the greater of tmin + 0.15 in. (3.8 mm) or 1.0tnom when ordered on a nominal wall basis.

(2) The value of tmin is whichever of the following is applicable:
(a) the minimum ordered wall thickness of the pipe;
(b) 0.875 times the nominal wall thickness of pipe ordered to a pipe schedule wall thickness that has an under tolerance of 12.5%;
(c) theminimumorderedwall thicknessof the cylindricalweldingendof a componentor fitting (or the thinnerof the two)when the joint is

between two components.
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Subsection may be used for welding pressure-retaining
material or attachments thereto. Any process used
shall be such that the records required by NB-4320
can be prepared, except that records for stud welds
shall be traceable to the welders and welding operators
and not necessarily to each specific weld.

NB-4311.1 Stud Welding Restrictions. Stud welding is
acceptable only for nonstructural and temporary attach-
ments (see NB-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 flatpositionand 3∕4 in. (19mm)diameter for
all other welding positions. Postweld heat treatment shall
comply with NB-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.

NB-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 NB-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.

NB-4311.4 Inertia and Continuous Drive Friction
Welding.

(a) Inertia and continuous drive friction welding shall
not be used for the fabrication of vessels and piping.
(b) The weld between the two members shall be a full

penetration weld.

Figure NB-4250-2
ð23ÞComponent to Pipe Weld

tmin

Obstruction

Profile of valve, pump,
  nozzle, or fitting where
  applicable

Blend flush or smooth

tnom

2t + 4 in. (100 mm) or 6 in. (150 mm),
   whichever is greater

tmin 2tmin counterbore

GENERAL NOTE:
(a) The counterbore is not required to be parallel to the pipe O.D., provided that all other requirements of Figure NB-4250-2 are met.
(b) The wall thickness in the counterbore area shall be a minimum of tmin as defined in Figure NB-4250-1.
(c) The counterbore length shown is a minimum requirement.
(d) Cross-hatched area represents allowable weld profile after grinding/weld conditioning.
(e) Obstruction refers to hangers, lugs, trunnions, welded attachments, branch connections, or any other item that could interfere with UT

coverage of the weld required for PSI. Distances indicated are from the edge of the weld to the closer edge of the obstruction.

ASME BPVC.III.1.NB-2023

143ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NB (A
SME BPVC Sec

tio
n I

II D
iv 

1 N
B C

las
s 1

) 2
02

3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2023.pdf


NB-4320 WELDING QUALIFICATIONS, RECORDS,
AND IDENTIFYING STAMPS

NB-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 pressure
parts and to make permanent or temporary tack welds
used in such welding shall also meet the qualification re-
quirements 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) NCA-3131 provides specific additional require-
ments when welding services are subcontracted to or
through organizations not holding an appropriate Certi-
ficate of Authorization.

NB-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
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.

NB-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

Figure NB-4250-3
Pipe to Pipe Weld

GENERAL NOTES:
(a) The counterbore is not required to be parallel to the pipe O.D., provided that all other requirements of Figure NB-4250-3 are met.
(b) The wall thickness in the counterbore area shall be a minimum of tmin as defined in Figure NB-4250-1.
(c) The counterbore length shown is a minimum requirement.
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Certificate Holder shall keep a record of permanent
welded joints in each item and of the welders and
welding operators used in making each of the joints.
(b) When a multiple number of permanent structural

attachment welds, nonstructural welds, fillet welds,
socket welds, welds of specially designed seals, weld
metal cladding, hard surfacing, and tube-to-tube sheet
welds are made on an item, the Certificate Holder need
not identify the welder 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) The identification of welder or welding operator is

not required for tack welds.

NB-4323 Welding Prior to Qualifications

No welding shall be undertaken until after the welding
procedures that are to be used have been qualified. Only
welders andwelding operatorswho are qualified in accor-
dance with NB-4320 and Section IX shall be used.

NB-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.

NB-4330 GENERAL REQUIREMENTS FOR
WELDING PROCEDURE QUALIFICATION
TESTS

NB-4331 Conformance to Section IX Requirements

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.

NB-4333 Heat Treatment of Qualification Welds
for Ferritic Materials

Postweld heat treatment of procedure qualification
welds shall conform to the applicable requirements of
NB-4620 and Section IX. The postweld heat treatment
time at temperature shall 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.

NB-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 an alternative,
additional test welds can be made with each process
so that full-size specimens can be tested for each process.

NB-4334.1 Coupons Representing the Weld Deposit.
Impact test specimens and testing methods shall
conform to NB-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 NB-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.

NB-4334.2 Coupons Representing the Heat-Affected
Zone. Where impact tests of the heat-affected zone are
required by NB-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.
(b) The heat-affected zone impact test specimens and

testing methods shall conform to the requirements of
NB-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
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thickness permits, the axis of a specimen may be inclined
to allow the root of the notch to align parallel to the fusion
line. When a grain refining heat treatment is not
performed onweldsmade by the electroslag or electrogas
welding process, the notch for the impact specimens shall
be located in the grain coarsened region.
(c) For the comparison of heat-affected zone values

with base material values [see NB-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 NB-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 accordance with the requirements
of NB-2321.1.

NB-4335 Impact Test Requirements

When materials are required to be impact tested per
NB-2300, impact tests of theweldmetal and heat-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 NB-2330 and
NB-4334. Retests in accordance with the provisions of
NB-2350 are permitted.

NB-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 NB-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 NB-2310, regardless of the depth of
the repair.
(b) The impact test requirements and acceptance stan-

dards forweldingprocedurequalificationweldmetal shall
be the same as specified in NB-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
except where this is otherwise specified by NCA-1280 or
other parts of this Subsection.

NB-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
NB-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 and
are made by any process other than electroslag or elec-
trogas.

(2) the qualification for weld deposit cladding or
hard-facing on any base material.

(3) that portion of the heat-affected zone associated
with GTAW root deposits with a maximum of two layers
or 3∕16 in. (5 mm) thickness, whichever is less.
(b) The required testing shall be in accordancewith (c)

for base material tested under NB-2331 or NB-2332(b)
and in accordance with (d) for base material tested
under NB-2332(a).
(c) For heat-affected zones associated with base mate-

rial tested under NB-2331 or NB-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-
mens shall be tested at the (TNDT + 60°F) [TNDT +
33°C] temperature.

(3) The Charpy V-notch tests of the unaffected base
material shall meet the applicable requirements of
NB-2331(a) or additional testing shall be performed at
higher temperatures until the requirements of
NB-2331(a) 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 recordedon theweldingprocedurequalification
record (PQR). If the heat-affected zone average 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).

(5) Addit ional Charpy V-notch tests shal l
be performed on either the heat-affected zone or the
unaffected base material, or both, at temperatures
where the lateral expansion value of all three specimens
tested is not less than 35 mils (0.89 mm). The average
lateral expansion value for each test meeting this require-
ment shall be plotted on a lateral expansion versus
temperature graph. The difference in temperature THAZ
and TUBMwhere the heat-affected zone and the unaffected
base material average lateral expansion values are the
same and not less than 35 mils (0.89 mm) shall be
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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).
(d) For heat-affected zones associated with base mate-

rials tested under NB-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 NB-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 qualification
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 Table NB-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 THAZ
and TUBMwhere the heat-affected zone and the unaffected
base material average lateral expansion values are the
same shall be used to determine the adjustment tempera-
ture 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 unaffected base material specimens shall be
calculated and used as described in (e)(3).
(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.

(1) The RTNDT temperature established in NB-2331
or NB-2332(b) or the lowest service temperature speci-
fied in the Design Specification [see NB-2332(a)] for all of
the material to be welded in production welding proce-
dure specifications (WPSs) supported by this 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
theWPS provided they exhibit Charpy V-notch values that
are no less than the minimum required lateral expansion
value required by NB-2300 plus the difference in average
lateral expansion values established in (c)(7) or (d)(5).
(f) TheCharpyV-notch testing results shall be recorded

on the welding PQR and any offsetting TADJ or increased
toughness requirements shall be noted on the welding
PQR and on the WPS. More than one compensation
method may be used on a par basis.

NB-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 NB-4331 through NB-4335.

NB-4337 Welding of Instrument Tubing

Welding of P-No. 8 material instrument tubing may be
performed without the prescribed radiographic examina-
tionofArticleNB-5000, providedall of the additional rules
of (a) through (j) are met.
(a) Nominal tube size shall not exceed 1∕2 in. (13 mm),

and wall thickness shall not exceed 0.065 in. (1.6 mm).
(b) Automatic welding equipment shall be used.
(c) Welding shall be limited to the gas tungsten-arc

welding process.
(d) The welding procedures and welding operators

shall be qualified in accordance with Sections III and
IX. In addition, one sample weld shall be prepared for
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